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Abstract: The Xen gel stent (Allergan Inc, an AbbVie company; Dublin, Ireland) was conceived as an option for patients requiring 
modest IOP reduction but for whom trabeculectomy was not yet indicated. As with any glaucoma surgery, establishing criteria for 
patient selection and identifying factors that contribute to a high likelihood of success are important. To help guide clinical decision- 
making, a systematic review of published studies on the gel stent was performed, with the goal of understanding postoperative 
outcomes based on clinical and patient factors. Results were organized around a series of pertinent clinical questions based on 
scenarios encountered in clinical practice. Criteria for including studies were intentionally broad, with the objective of simulating the 
diverse population of glaucoma patients encountered in real-world practice. Outcomes for IOP and medication reduction postopera-
tively were assessed in various analyses, including in eyes with various glaucoma types and severity; in eyes naïve to surgery as well 
as those with a history of prior incisional glaucoma surgery; and when surgery was performed as a standalone procedure or at the time 
of cataract surgery. The results of each of the various analyses were consistent in demonstrating that successful gel stent surgery 
achieved a postoperative IOP of approximately 14.0 mm Hg and reduction to fewer than 1 glaucoma medication. Additional data are 
shown on outcomes by method of implant (ab interno vs ab externo); intraoperative use of antifibrotics; and rates of needling in 
published studies. 
Keywords: glaucoma, glaucoma surgery, bleb, Xen, gel stent

Introduction
The Xen gel stent (Allergan Inc, an AbbVie company) is a 6-mm-long hydrophilic tube composed of porcine gelatin 
crosslinked with glutaraldehyde that facilitates an outflow path to the subconjunctival space with minimal conjunctival 
trauma during the surgery.1 The blebs formed after the gel stent implantation are distinct in appearance compared to 
trabeculectomy blebs.2 When it is placed in the eye, the implant swells to become a tissue-conforming, non-migrating 
channel.3 By connecting the anterior chamber and subconjunctival space to direct aqueous drainage, the gel stent does 
not rely on the conventional outflow pathway.4 The implant was originally studied using an ab interno approach for 
implantation, although more recently, some authors have proposed an ab externo implantation technique.5,6

Laminar flow through the gel stent can be predicted using the Hagen-Poissuielle formula, which states that outflow 
resistance of a medium with a known viscosity at a given flow rate is the result of the ratio of the lumen diameter to its 
length. Three gel stents, all 6-mm in length but with different internal lumen diameters, were initially designed: ~45 µm 
(Xen45), ~63 µm (Xen63), and ~140 µm.5 All three devices have been subjected to preclinical and clinical testing, but 
currently only the Xen45 is commercially available. With a 6-mm length and 45-µm internal lumen, the dimensions of 
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Xen45 provide 6 to 8 mm Hg of flow resistance, assuming a 1.2 µL/min flow rate and normal aqueous viscosity.7 These 
characteristics restrict the outflow of aqueous humor, thereby mitigating the risk of hypotony. In flow model testing, the 
45-µm gel stent was found to reach steady-state pressure of 8.9 mm Hg at a flow rate of 2 µL/min,8 which approximates 
aqueous humor production in the human eye.9 The 45-µm device received a CE Mark for approval in Europe in 2013 and 
was granted an indication for use in refractory glaucoma by the US Food and Drug Administration in 2016.4

The safety of the 45-µm device has been confirmed in prospective and retrospective studies, consistently demonstrat-
ing postoperative IOP in the mid-to-low teens with a high probability of reducing medication burden in numerous 
settings, across diverse populations, and in varying degrees of glaucoma severity.5,10–12 A lack of standardized definitions 
for postoperative complications has been noted as a complicating factor in assessing the safety of new glaucoma devices 
in clinical trials.13,14 In a pivotal prospective clinical trial, the most commonly reported adverse events in the post-
operative period after gel stent surgery were needling (32.3%), hypotony (24.6%), IOP increase greater than 10 mm Hg 
from baseline (21.5%), anterior chamber tap (9.2%), and wound leak/dehiscence (9.2%).15 Schlenker et al reported 
a more favorable safety profile with the gel stent compared to trabeculectomy in an international, multicenter, retro-
spective interventional cohort study of 509 eyes of 432 patients.16 Lenzhofer et al found no device-related risks for loss 
of best-corrected visual acuity (BCVA) among eyes with primary open-angle glaucoma undergoing standalone or 
combination procedures.17 Long-term safety with the device has also been confirmed with up to 3 years of follow-up.12

To further guide clinical decision-making, this systematic review of the literature was performed to describe 
effectiveness outcomes in terms of the most likely IOP response and potential to reduce medication burden after gel 
stent surgery, either alone or combined with cataract surgery, across a broad range of patient types, in varying degrees of 
glaucoma severity, and according to a variety of clinical and patient factors.

Methods
The primary intent of this systematic review was to determine the most likely IOP lowering and medication reduction 
associated with the gel stent in a wide assortment of patient types and settings. To further facilitate decision-making, 
results are organized according to a series of pertinent clinical questions most likely to be encountered in real-world 
clinical practice.

After excluding case studies and case series, a total of 111 studies reporting outcomes on the Xen45 gel stent that 
were published through June 30, 2021, were screened for this review, encompassing studies describing outcomes 
associated with the gel stent as an active comparator or as a control group compared to other interventions, as well as 
studies describing gel stent outcomes in studies without a control arm. After data from all studies were reviewed, 35 were 
excluded that did not report on IOP and medication outcomes, and 3 were excluded that did not report reliable data on 
IOP and medication use. To avoid ambiguity, a study that reported outcomes in bilateral simultaneous gel stent 
implantation was excluded.18 Three additional studies were excluded because the design and/or intent of the study 
introduced potential bias; excluding these studies assured consistency among included studies.

Partial data were included from select studies. Two studies reported outcomes of ab interno and ab externo 
surgeries;19,20 to ensure consistency with other studies in the systematic review, only the ab interno cohorts were 
included in the analysis, while outcomes from the ab externo group were summarized in a separate data table herein. 
Another study comparing outcomes between a first and second gel stent implant surgery in the fellow eye was included, 
but only data from the first-operated eye were considered.21 For two studies, data from individual study groups were 
included [studies compared primary open-angle glaucoma (POAG) versus pseudoexfoliative glaucoma (PEXG)].11,22 

Data from each study group were included separately in the systematic analysis, and the data are also summarized in 
a data table.

IOP lowering and medication reduction were selected as the primary focus of this systematic review for three reasons. 
First, these are the most widely reported efficacy outcome values in published studies, and thus provide a basis for 
comparing results across studies with different methodologies. Second, change in IOP (and/or final target pressure 
achieved) and medication use from baseline are frequently used in clinical practice to make evidence-based decisions. 
Third, as these are commonly used outcome variables in both clinical trials and real-world practice, there is consensus on 
how these values should be reported. By comparison, this review will not discuss surgical success rates (inclusive of 
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complete, partial, and qualified success) or failure rates, as the definitions of these values are not standardized in the 
literature. Safety outcomes associated with the gel stent and recommendations for managing intra- and postoperative 
complications have been reported elsewhere.5,23

Microsoft Excel was used to calculate all statistics used in this study. Weighted mean averages were calculated based 
on the number of eyes enrolled in each study. When information was available on the number of eyes remaining at 
various timepoints, that variable was used for calculating the weighted mean average—for example, when calculating the 
weighted mean average for 12-month outcomes, remaining eyes under evaluation at that timepoint were used for 
weighting the mean average. A similar schema was used when considering outcomes at 24 or 36 months.

Efficacy Outcomes
What are the Most Likely Outcomes for IOP and Medication Reduction Following Gel 
Stent Implantation?
We identified 59 studies for use in an overall analysis, in which the weighted mean average for IOP and medication use 
was based on reporting at the conclusion of the study, irrespective of length of follow-up. Similar analyses were 
performed to determine outcomes at 12 months based on 45 studies, at 24 months based on 17 studies, and at 36 months 
based on 6 studies. Weighted mean for IOP and medication use were also determined from 18 studies that followed 
patients prospectively and from 41 studies that collected data retrospectively. A summary of our various analyses is 
shown in Table 1.

A total of 59 studies representing 4280 total eyes reporting complete pre- and postoperative data on IOP and 
medication use were included in the overall analysis of change in IOP and medication use from baseline to the end of 
the study (regardless of timepoint).4,5,10–12,15,16,19–22,24–72 These studies followed a median 50 eyes (range, 12–242) of 
patients with a median age of 72.1 years (range, 53.4–80.9) for a median 12 months (range, 6–36). The weighted mean 

Table 1 Summary of IOP and Medication Reduction Across Various Study Types According to 
Weighted Mean Average

Overall 12 Month 24 Month 36 Month Prospective Retrospective

n (studies)a 59 45 17 6 18 41

n (eyes)b 4280 3122 1154 294 1591 3111

Preop IOPc 22.0 22.2 18.4 23.0 18.7 23.2

Median (IQR) 22.0 (3.8) 22.0 (3.1) 21.5 (4.1) 21.7 (3.6) 21.6 (2.7) 22.5 (3.5)

Range 15.3–36.1 15.3–32.2 18.2–36.1 18.2–36.1 19.0–26.4 15.3–36.1

Postop IOPc 14.6 14.2 14.2 13.8 14.1 14.8

Median (IQR) 14.2 (1.6) 14.6 (1.6) 14.2 (0.7) 14.0 (1.2) 13.9 (1.1) 14.6 (1.8)

Range 15.3–18.5 11.3–18.5 12.6–19.3 12.6–18.5 12.1–17.6 11.3–18.5

Preop Medsc 2.8 2.7 2.5 2.4 2.6 2.8

Median (IQR) 2.8 (0.5) 2.8 (0.6) 2.5 (0.7) 2.4 (0.6) 2.8 (1.0) 2.8 (0.4)

Range 1.4–4.0 1.4–3.8 1.4–4.0 1.9–3.7 1.4–3.8 1.4–4.0

Postop Medsc 0.7 0.7 0.9 0.7 0.7 0.8

Median (IQR) 0.8 (0.6) 0.8 (0.6) 0.6 (0.5) 2.4 (0.6) 0.5 (0.6) 0.9 (0.6)

Range 0.0–2.0 0.2–1.8 0.3–2.0 0.4–1.1 0.0–1.7 0.0–2.0

Notes: aNumber of studies reviewed. bSum of eyes across studies. cWeighted mean values across studies. 
Abbreviations: IOP, intraocular pressure; IQR, interquartile range; Meds, medications; n, number; Postop, postoperative; Preop, 
preoperative.
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preoperative IOP was 22.0 mm Hg on 2.8 glaucoma medications, and the weighted mean postoperative IOP at last 
follow-up was 14.6 mm Hg on 0.7 glaucoma medications.

Forty-five studies (n = 3122 total eyes) reported 12-month outcomes with complete pre- and postoperative IOP and 
medication use.4,5,10–12,15,19,20,25,27–33,35–40,42–48,51–53,55,57–60,62–68 In these studies, the median number of eyes followed 
was 52 (range, 12–242) and median age was 72.2 years (range, 53.4–80.9). The weighted mean preoperative IOP was 
22.2 mm Hg on 2.5 glaucoma medications, and the weighted mean postoperative IOP was 14.2 mm Hg on 0.7 glaucoma 
medications.

Follow-up to 24 months was reported in 17 studies (n = 1154 eyes).12,21,22,32–34,36,37,49–52,56–58,60,65 The weighted 
mean preoperative IOP was 18.4 mm Hg on 2.5 medications and the weighted mean postoperative IOP was 14.2 mm Hg 
on 0.9 medications. Follow-up to 36 months was reported in 6 studies (n = 294 eyes).12,32,34,37,51,56 The weighted mean 
preoperative IOP was 23.0 mm Hg on 2.4 medications and the weighted mean postoperative IOP was 13.8 mm Hg on 0.7 
medications.

We sought to understand if there were any meaningful differences between studies following patients prospectively 
and retrospectively. In 18 prospective studies representing a total of 1591 eyes, a median of 53 eyes (range, 12–221) were 
followed for a median of 12 months (range, 8–36).5,10,11,15,21,22,29,31,37,40,43,44,50,54,55,58,63,69 In 41 retrospective studies 
representing 3111 total eyes, a median of 52 eyes (range, 13–242) were followed for a median of 12 months (range, 6– 
36).4,12,16,19,20,24–28,30,32–36,38,39,41,42,45–49,51–53,56–62,64,66–68,70,72 Prospective studies had a lower weighted mean average 
preoperative IOP (18.7 mm Hg) relative to retrospective studies (23.2 mm Hg), but the weighted mean averages for 
postoperative IOP, as well as pre- and postoperative medication use, were similar (Table 1).

We assessed IOP and medication use outcomes in selected studies that reported the number of eyes at enrollment and 
at the various timepoints through the follow-up period (Table 2). A difference in any variable when the mean average was 
weighted according to eyes at enrollment versus eyes at follow-up might indicate that eyes lost to follow-up, for whatever 
reason, might bias the data. However, the analysis demonstrated similar weighted mean averages for pre- and post-
operative IOP, as well as pre- and postoperative medication use, in studies reporting data at end of follow-up (overall), at 
12 months, and at 24 months, suggesting that study attrition was not a factor in reported outcomes. Furthermore, none of 
the weighted mean averages was notably different than findings in other analyses for this study, thus providing greater 
confidence in the accuracy of the outcomes reported herein.

Data from studies reporting IOP values at interim study visits were used to compile information about the expected 
IOP and IOP change from baseline at day 1 and week 1, and at months 1, 3, 6, 12, 24, and 36 (Figure 1). Available mean 
IOP values were tightly clustered at all time points (Figure 1B). IOP values from follow-up study visits were used to 
calculate median difference from baseline (Figure 2). The gel stent has been compared to other glaucoma surgeries in 
a few studies. An overview of outcomes from eight studies reporting IOP medication reduction from baseline to end of 
follow-up is shown in Table 3.16,51,64,67,73–76

Table 2 Attrition Analysis

Preop IOP Postsop IOP Preop Meds Postop Meds

Overall analysis 
16 studies

WMA by n of eyes at final f/ua 17.5 14.4 2.5 0.9

WMA by n of eyes at enrollmentb 19.1 14.4 2.5 0.9

12-month analysis 
12 studies

WMA by n of eyes at final f/ua 21.0 14.9 2.5 0.8

WMA by n at enrollmentb 21.1 14.9 2.6 0.8

24-month analysis 
12 studies

WMA by n of eyes at final f/ua 17.2 14.8 2.5 0.8

WMA by n of eyes at enrollmentb 18.4 14.7 2.5 0.8

Notes: aThe calculation for mean average was weighted according to the number of eyes at the final follow-up, at the 12-month time point, and the 24- 
month time point, respectively. bThe calculation for mean average was weighted according to the number of eyes at study enrollment. 
Abbreviations: f/u, follow-up; IOP, intraocular pressure; n, number; Postop, postoperative; Preop, preoperative WMA, weighted mean average.
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Interpretations
Our various analyses show consistent and predictable IOP lowering with corresponding reduction in medication use after 
gel stent surgery across studies with varying length of follow-up and in studies with differing methodology and study 
design (Table 1). Taken together, the expected postoperative IOP after gel stent implantation is approximately 14.0 mm 
Hg on fewer than one ocular medication. After an initial decrease to around 9.0 mm Hg on day 1, IOP begins to stabilize 
around month 1, and then remains in the low-to-mid-teens through month 12; in successful eyes, the pressure remains 
consistent through longer-term follow-up of 24 and 36 months (Figure 1).

Our findings may have value for decision-making in the setting of real-world glaucoma practice. Our various analyses 
included studies with a wide assortment of glaucoma types, different degrees of glaucoma severity, and a range of 
baseline IOP. Additionally, certain studies enrolled patients who failed prior surgical interventions or were progressing 
despite use of medication, and in others, the prognosis was less guarded, but patients were nevertheless projected to 

Figure 1 Two graphical depictions of weighted mean IOP over time after gel stent implantation among studies reporting data at baseline and at 12 months, as well as one 
additional interim time point. A line graph (A) shows the weighted mean IOP among qualifying studies at baseline and at day 1, week 1, and at months 1, 3, 6, 12, 24, and 36 
(“n” represents the number of studies reporting data for the given time point and the number at each time points is the weighted mean IOP; additional data is shown in the 
accompanying table). As shown in a scatter plot (B), IOP outcomes among studies reporting baseline and 12-month data, as well as at least one additional time point, was 
consistent.
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benefit from pressure reduction and/or ability to reduce or discontinue use of pressure-reducing medications. 
Furthermore, our review also included gel stent implantation in standalone and combination procedures. The aggregated 
study population thus mimics an all-comers analysis, and it may be useful as guidance among the diverse array of 
patients encountered in daily practice.

In the Advanced Glaucoma Intervention Study, IOP that was consistently below 18 mm Hg yielded almost zero risk 
of progression over 6 years of follow-up.77 Long-term fluctuation of IOP is associated with visual field deterioration.78 

Furthermore, in the Early Manifest Glaucoma Trial, risk of progression decreased by 8% for each mm Hg reduction in 
pressure from baseline, but there was a 13% increase in risk of progression for each mm Hg higher than baseline.79 In the 
same population of patients, elevated mean IOP over time was a risk factor for glaucomatous progression, with the 
hazard ratio rising by 11% for every mm Hg of higher IOP.80 An increase in the average IOP over time has also been 
correlated with deterioration on visual field.77,81 Taken together, achieving consistently low target pressure post- 
intervention, preferably ≤18 mm Hg, reduces risk of progression and portends a more favorable prognosis for visual 
function. In at least one study, filtration surgery was found to yield greater diurnal IOP control than maximum tolerated 
medical therapy,82 and in severe OAG, medication use is associated with more progressive visual field loss and less IOP 
lowering than surgery, as well as a higher risk of treatment failure.83

The limitations of including an intentionally wide assortment of studies in our analyses should be acknowledged. The 
wide variety of inclusion and exclusion criteria of the various studies, the differing methodologies, and the distinct study 
populations each introduce confounding variables that limit the ability to draw definitive conclusions. Since nonrando-
mized data were included in the analysis, the potential that confounding by indication influenced data reporting cannot be 
ruled out. However, taken together, the various studies included in this report include a representative sample of the 
variety of patients seen by the ophthalmologist in everyday clinical practice, and our findings provide a reasonable 
barometer of likely IOP and medication outcomes during the postoperative period at different timepoints.

Figure 2 Median difference in IOP from baseline to day 1, to week 1, and to months 1, 3, 6, and 12 among studies reporting data at baseline and at 12 months, as well as one 
additional interim time point. On the graph, “n” represents the number of studies reporting data for the given time point and the number at each time points is the median 
difference in IOP from baseline to that time point. Additional data is provided in the accompanying table.
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Table 3 Studies in Which Gel Stent Was Compared with Another Glaucoma Surgery

Length n Mean Age Preop IOP (mm 
HG)

Postop IOP (mm HG) Preop Meds Postop Meds

Marcos Parra73 Xen 12m Solo:17 
Combo:48

Solo:71.2±11.7 
Combo:72.7 

±6.2

Solo:22.2±6.8 
Combo:18.0±4.5

Solo: −6.7 (range, −10.4 – −3.0) 
Combo: −3.5 (−5.0 – −2.0)

2.2±0.0 0.1±0.4

Trab Solo:30 

Combo:26

Solo:67.0±9.8 

Combo:72.3 

±10.2

Solo:21.3±5.8 

Combo:20.0±4.7

Solo: −8.1 (range, −10.4 – −5.9) 

Combo: −7.3 (range, −9.3 – 

−5.9)

2.4±0.7 0.2±0.5

Nuzzi51 Xen 36m 21 

12m: 17 
24m: 15 

36m: 12

73.6±6.4 24.8±6.1 12m: 18.5±2.4 

24m: 19.3±2.3 
36m: 19.6±2.1

2.26±1.01 12m: 0.45±0.82; 73% 

zero meds 
24m: 0.45±0.82 

36m: 0.55±0.82; 64% 

zero meds

Trab 39 

12m: 20 
24m: 18 

36m: 12

74.9±8.5 26.1±6.5 12m: 15.8±3.4 

24m: 15.0±3.0 
36m: 15.7±3.8

2.15±0.96 12m: NR; 93% zero 

meds 
24m: NR 

36m: zero; 100% zero 

meds

Baerveldt 15 

12m: 13 
24m: 11 

36m: 10

77.1±7.6 30.7±6.2 12m: 16.3±2.924m: 15.6 

±3.136m: 15.7±3.8

2.53±0.99 NR

Schlenker16 Xen Median 

15m

185 Median 65.0 

(IQR, 53.7– 
73.6)

Median 24.0 (IQR, 

19.0–30.0)

Median 13.0 (IQR, 11.0–16.0) Median 3.0 (IQR, 

3.0–4.0)

Zero (IQR, zero-1.0) 

12m: 74.9% zero meds

Trab Median 
7.8m

169 Median 67.2 
(IQR, 59.2– 

74.8)

Median 24.0 (IQR, 
19.0–30.0)

Median 13.0 (IQR, 11.0–16.0) Median 3.0 (IQR, 
3.0–4.0)

Zero (IQR, zero-zero) 
12m: 64% zero meds

Sheybani74 Xen 12m 95 23.1±5.8 14.4±4.1 2.4±1.0 0.6±1.0

Trab 44 22.6±5.7 11.8±3.5 2.1±1.0 0.5±0.5

Stoner64 Trab 12m 52 77.8±9.5 21.4±8.3 13.0±0.6 2.8±1.2 1.5±0.2

(Continued)
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Table 3 (Continued). 

Length n Mean Age Preop IOP (mm 
HG)

Postop IOP (mm HG) Preop Meds Postop Meds

Ex-Press 48 67.5±12.7 18.9±7.0 11.5±0.8 3.1±1.4 0.5±0.2

Theilig67 Xen 12m 100 70.9 (range, 

68.6–73.2)

24.5±6.7 16.6±4.8 3.0±1.1 1.4±1.5

Trab 100 70.3 (range, 

68.6–72.1)

24.8±7.8 14.8±4.0 3.3±1.2 1.3±1.4

Wagner75 Xen 12m 82 73.0 (range, 

65.8–80.0)

Median 19.0 (range, 

16.8–25.0)

−7.2±8.2 Median 2.0 (range, 

1.0–3.0)

0.3±0.5 

classes of meds

Trab 89 67.2 (range, 

59.2–74.8)

Median 21.0 (range, 

17.0–27.0)

−10.5±9.2 Median 3.0 (range, 

2.0–4.0)

0.2±0.4 

classes of meds

Wanichwecharungruang76 Xen 24m 57 70.4±8.4 21.6±4.0 14.6 2.2±1.4 0.5

Trab 57 68.9±8.6 22.5±5.8 12.5 2.4±0.7 0.8

Abbreviations: Combo, combination surgeries; IOP, intraocular pressure; IQR, interquartile range; Meds, medications; m, months; n, number; NR, not reported; Postop, postoperative; Preop, preoperative; Trab, trabeculectomy.
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Do Baseline Factors Influence Outcomes After Gel Stent Implantation?
Our analysis collected sufficient data to assess IOP outcomes and impact on medication according to mean baseline IOP 
(Table 4) and by mean baseline age (Table 5). There was insufficient data to properly review other baseline factors.

Among 58 studies that recorded a minimum of 12 months of follow-up, the postoperative weighted mean IOP was 13.6 mm                            

Table 4 IOP and Medication Reduction According to Starting IOP

Grouped by Starting IOPa Group by Tercileb

< 20 ≥ 20, < 25 ≥ 25 First Tercile Second Tercile Third Tercile

n, studies 10 43 5 19 20 19

n, eyes 712 3003 498 1458 863 1892

Preop IOPc 18.5 21.1 29.9 19.5 22.1 29.9

Median (IQR) 19.0 (2.0) 22.3 (1.0) 27.4 (5.8) 19.8 (1.6) 22.1 (1.1) 24.5 (1.1)

Range 15.3–19.8 20.0–24.9 25.1–36.1 15.3–21.0 21.1–23.4 23.5–36.1

Postop IOPc 13.6 14.5 13.8 14.0 14.7 13.8

Median (IQR) 13.6 (0.5) 14.8 (1.2) 13.4 (1.6) 13.9 (1.1) 14.8 (1.7) 14.7 (2.4)

Range 12.0–14.6 12.1–18.5 11.3–15.9 12.0–16.2 12.1–18.2 11.3–18.5

Preop Medsc 2.5 2.6 3.1 2.4 2.8 3.1

Median (IQR) 2.0 (0.8) 2.8 (0.4) 3.1 (0.6) 2.3 (0.9) 2.9 (0.3) 3.0 (0.7)

Range 1.4–3.6 1.4–4.0 2.7–3.7 1.4–3.6 1.4–3.8 2.3–4.0

Postop Medsc 0.9 0.8 0.5 0.8 0.9 0.5

Median (IQR) 0.9 (0.6) 0.8 (0.6) 0.4 (0.3) 0.7 (0.5) 0.9 (0.7) 0.7 (0.8)

Range 0.3–1.8 0.0–2.0 0.3–1.7 0.3–1.8 0.0–1.8 0.0–2.0

Notes: aStudy outcomes in studies with mean baseline IOP of < 20 mm Hg; ≥ 20 mm Hg < 25 mm Hg; and ≥ 25 mm Hg. bOutcomes assessed in 
three clusters, from lowest to highest baseline IOP: first 19 studies; second 20 studies; and third 19 studies. cWeighted mean values across 
studies. 
Abbreviations: IOP, intraocular pressure; IQR, interquartile range; Meds, medications; n, number; Postop, postoperative; Preop, preoperative.

Table 5 IOP and Medication Outcomes by Mean Age at Study Enrollment

Grouped by Agea Grouped by Tercileb

< 70 ≥ 70, < 75 ≥ 75 First Tercile Second Tercile Third Tercile

n, studies 12 27 10 16 17 16

n, eyes 936 2067 584 1211 1229 1147

Baseline IOPc 25.5 22.5 20.4 25.2 22.8 20.8

Median (IQR) 22.9 (3.3) 22.7 (3.9) 21.1 (2.0) 24.0 (3.3) 22.6 (3.5) 20.8 (2.4)

Range 19.2–32.2 16.0–26.4 16.8–22.3 19.2–32.2 16.0–24.9 16.8–26.4

Postop IOPc 14.3 15.1 14.0 14.5 15.7 14.0

Median (IQR) 14.5 (1.8) 14.6 (2.1) 13.9 (1.3) 14.7 (1.8) 14.7 (2.3) 13.9 (1.3)

(Continued)
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Hg, 14.5 mm Hg, and 13.8 mm Hg in studies with a baseline IOP below 20 mm Hg, between 20 and 25 mm Hg, and over 25 mm 
Hg, respectively.4,5,12,15,16,19–22,24–70,72 In all three groups of studies, the weighted mean average number of postoperative 
medications was less than 1. The results were similar for a second analysis in which studies were clustered in terciles from lowest 
mean baseline IOP to highest: First 19 studies (range, 15.3–21.0 mm Hg),4,10,12,21,22,26,32,35,37,41,46–48,50,54,60,61,65,68 second 20 
studies (range, 21.1–23.4 mm Hg),24,28,30,31,33,34,38,40,42–45,53,55,57,58,62–64,69 and third 19 studies (range, 23.5–36.1 mm 
Hg).5,15,16,19,20,25,27,29,36,39,49,51,52,56,59,66,67,70,72

There were 49 studies (n = 3587 eyes) available for an analysis of outcomes by mean baseline age.4,5,10,11,15,16,19–22,24– 

30,32–44,46,47,49–53,55,59,61–68,72 The weighted mean average postoperative IOP was 14.3 mm Hg, 15.1 mm Hg, and 14.0 mm Hg 
among studies with a baseline age younger than 70 years,16,20,25,26,28,39,40,49,52,55,60,65 between 70 and 74.9 
years,5,10,11,15,19,22,24,27,29,30,32–36,38,41,46,47,50,51,59,61,63,66–68,72 and older than 75 years, respectively.4,10,21,22,37,42–44,53,62,64 

Outcomes were similar in a second analysis in which studies were clustered in terciles from youngest reported age to oldest 
reported age: The first 18 studies had an age range from 53.4 to 70.5 years,15,16,20,25,26,28,39,40,49,52,55,59,63,65,66 the second 17 
studies had a range from 70.6 to 74.0 years,5,10,19,22,24,27,30,32–36,41,47,51,67,68,72 and the third 18 studies had an age range of 74.3 
to 80.9 years.4,10,11,21,22,29,37,38,42–44,46,50,53,61,62,64

Due to limitations in data reporting across studies, we could not properly address whether prior therapy or 
surgery affects postoperative IOP and medication use. Nevertheless, findings from some of the studies in our 
analysis are illustrative. In a series of 259 eyes, 91 of which were followed to 12 months, there was similar efficacy 
in IOP reduction among eyes with or without prior glaucoma filtration surgery, and no difference in number of 
medications used postoperatively, rates of bleb management, or rates of adverse events.84 Laborda-Guirao et al 
found greater IOP reduction in eyes with previous surgery (32.3%) compared to eyes without (24.3%), although the 
difference was not statistically significant.47 In the latter, there was also no difference in outcomes among implants 
placed in the inferior quadrants versus superior, suggesting the ability to use the gel stent in eyes where the superior 
quadrants are unsuitable for conjunctival manipulation due to a previous filtration surgery. Hengerer et al compared 
the effectiveness of the gel stent in 45 eyes with no prior glaucoma intervention and 103 eyes which previously 
failed a prior glaucoma intervention (trabeculectomy [n = 31], micro-bypass stent [n = 31], cyclophotocoagulation 
[n = 24], phacoemulsification [n = 11], and laser [n = 6]). In that study, IOP was reduced in eyes without and with 
prior interventions from 36.0±10.7 mm Hg on 3.6±0.8 medications and 31.6±8.9 mm Hg on 3.0 ± 1.0 medications at 
baseline, respectively, to 14.2 ± 3.4 mm Hg on 0.3±0.7 medications and 14.3±4.2 mm Hg on 0.3±0.7 medications at 
12 months, respectively.85 Widder et al compared outcomes in a group of eyes receiving a gel stent after previous 
failed trabeculectomy (Group 1; n = 30) and a group of eyes with no previous surgery (Group 2; n = 60). In that 

Table 5 (Continued). 

Grouped by Agea Grouped by Tercileb

< 70 ≥ 70, < 75 ≥ 75 First Tercile Second Tercile Third Tercile

Range 11.3–17.6 12.0–18.5 13.0–15.3 11.3–17.6 12.0–18.5 13.0–16.4

Baseline Medsc 3.1 2.7 2.5 3.0 2.8 2.5

Median (IQR) 3.1 (0.6) 2.6 (0.7) 2.8 (1.0) 3.0 (0.6) 2.6 (0.6) 2.8 (0.9)

Range 1.4–4.0 1.4–3.7 1.9–3.4 1.4–4.0 1.9–3.7 1.9–3.4

Postop Medsc 0.7 0.7 0.7 0.8 0.7 0.7

Median (IQR) 0.9 (0.8) 0.7 (0.5) 0.5 (0.5) 0.9 (0.8) 0.6 (0.4) 0.6 (0.6)

Range 0.0–2.0 0.1–1.8 0.2–1.5 0.0–2.0 0.2–1.4 0.2–1.8

Notes: aStudy outcomes according to studies with mean ages < 70 years; ≥ 70 years < 75 years; and ≥ 75 years. bOutcomes assessed in three 
clusters, from youngest to oldest mean age: First 16 studies (range, 53.4–70.5 years); second 17 studies (range, 70.6–74.0); and third 16 studies 
(74.3–80.9 years). cWeighted mean values across studies. 
Abbreviations: IOP, intraocular pressure; IQR, interquartile range; Meds, medications; n, number; Postop, postoperative; Preop, preoperative.
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study, preoperative IOP was 24.6±4.7 mm Hg and 24.3±6.2 mm Hg in Group 1 and Group 2, respectively; 
postoperative IOP was 13.7±5.0 mm Hg and 14.2±3.7 mm Hg in Group 1 and Group 2, respectively. Medication 
use was reduced from 2.9±1.1 at baseline in Group 1 to 0.5± 1.1 postoperatively, and from 2.7±1.2 at baseline in 
Group 2 to 0.3±0.6 postoperatively.70 Karimi et al reviewed outcomes in 17 eyes receiving a gel stent after a prior 
failed trabeculectomy. IOP was reduced from 21.5±2.4 mm Hg preoperatively to 13.6±3.4 mm Hg at month 12 
(P < 0.05), and medication use was reduced from 2.8±0.6 at baseline to 1.0±1.3 at month 12 (P < 0.05).45

Interpretations
Neither baseline IOP or age at enrollment influenced postoperative IOP or postoperative medication use. A history of 
prior intervention does not appear to influence outcomes after gel stent implantation. Our analyses by baseline factors 
align with the outcomes from analyses at 12, 24, and 36 months of follow-up and among prospective and retrospective 
studies. Nevertheless, more data among these subpopulations would be helpful in predicting likely outcomes after gel 
stent surgery.

Our analyses could not identify any other meaningful predictors of postoperative IOP and medication use. For 
example, only a few studies assessed outcomes in non-Caucasian populations,28,48 and one additional study noted that 
stratification by ethnicity had no impact on either diurnal IOP reduction or achieving 20% or greater IOP reduction on the 
same or fewer medications.15 On the other hand, Schlenker found that white ethnicity was associated with a decreased 
rate of failure (crude hazard ratio [HR], 0.49; 95% CI, 0.30–0.81; adjusted HR, 0.49; 95% CI, 0.25–0.96).16 Based on the 
limited information available, we are not able to draw conclusions about outcomes according to ethnicity.

Is There Any Evidence of a Difference in Outcomes in Standalone versus Combination 
Procedures?
To ensure a balanced analysis of outcomes in combined and standalone gel stent surgeries, we restricted the analysis to 10 
studies reporting complete pre- and postoperative IOP and medication use in standalone gel stent implantation, in combina-
tion with cataract surgery, and in the overall population.5,17,19,30,47,53,54,56,64,83 Outcomes with respect to IOP lowering and 
reduction in medication use were consistent with other analyses performed in this systematic review (Table 6).

Table 6 Summary of Median Outcomes for Postoperative IOP 
and Medication Use Among 11 Studies Reporting Outcomes in 
the Overall Population, as Well as in Combination and 
Standalone Surgeries

Combinationa Standalonea Overalla

Preop IOPb 21.7 22.5 18.5

Median (IQR) 21.2 (2.9) 22.1 (3.7) 22.5 (3.2)

Range 18.4–24.8 19.6–25.0 19.2–24.5

Postop IOPb 14.9 13.4 14.7

Median (IQR) 14.7 (2.8) 15.1 (0.8) 14.5 (1.7)

Range 12.5–17.1 12.9–20.9 13.1–18.2

Preop Medsb 2.6 2.9 2.8

Median (IQR) 2.5 (0.4) 3.0 (0.4) 2.8 (0.5)

Range 1.9–3.4 2.4–3.4 1.9–3.4

Postop Medsb 0.8 0.7 1.0

(Continued)
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Interpretations
The available evidence suggests that surgeons can choose to use the gel stent as a standalone procedure or in combination 
with cataract extraction.

While we found little difference in studies comparing standalone and combination procedures, some authors have 
reported better success rates associated with standalone gel stent procedures.5,10,70 Fea et al reported lower week 1 IOP 
among standalone procedures, but no difference at any other timepoint, as well as greater mean IOP and medication 
reduction from baseline to final follow-up among standalone compared to combination procedures.5 In a retrospective 
case series, compared to combined procedures, standalone procedures yielded lower IOP and a greater percentage of 
patients achieving ≤18 mm Hg, ≤15 mm Hg, and ≤12 mm Hg at 12 months; however, intergroup differences were not 
statistically significant.4 Karimi reported a higher percentage of patients using zero medications after standalone 
procedures (53.4%) compared to combined gel stent and cataract surgery (41.1%), but no difference in mean IOP or 
number of glaucoma medications after 18 months of follow-up.46 A larger IOP-lowering effect associated with 
standalone compared to combination procedures was found in two studies.10,47 By comparison, Barao et al reported 
a non-statistically significant trend for greater IOP-lowering and medication-sparing effects in combination procedures 
compared to standalone.24 Other studies, however, noted no difference between groups of patients after standalone or 
combination procedures.46,58,86

Information on need for reoperation is available from a few select studies. In a study of 171 eyes, Fea et al found that 
the need for secondary surgical intervention (SSI) was low overall (12%) and numerically higher in a group of eyes after 
standalone gel stent surgery (n = 8) versus combination surgery group (n = 4).5 Lenzhofer noted five patients requiring 
SSI (7%) among those undergoing standalone procedures and zero in those undergoing combination procedures (P = 
0.058).17 Reitsamer found a numerically higher survival probability in maintaining overall success (defined as ≥20% IOP 
reduction from medicated baseline without need for a second surgery, clinical hypotony, or topical IOP-lowering 
medications) at 3 years associated with standalone compared to combination procedures.12 Mansouri et al reported 5 
eyes in a standalone group and 12 eyes in a combination group (P = 0.63) as total failures, defined as the need for 
reoperation due to uncontrolled IOP (n = 16) or persistent bleb leak (n = 1).10 Poelman et al found no difference in SSI 
rates between eyes undergoing solo or combination procedures.54

The minimal differences noted in our aggregate analysis are not entirely unsurprising considering how the gel stent 
directs aqueous flow dynamics. Cataract surgery is well known to have positive benefits for lowering IOP.87 While the 
exact IOP-lowering mechanism is unknown, cataract surgery is understood to improve trabecular outflow in some 
manner. Such changes in outflow facility may be irrelevant after placement of a gel stent, as outflow is intended to bypass 
the conventional outflow pathway structures. Because of its similar outflow mechanism, outcomes from trabeculectomy 
with or without cataract surgery might provide some insight. According to a Consensus Report from the World Glaucoma 
Association, phacotrabeculectomy appears to be less effective at reducing IOP than trabeculectomy alone in OAG.88

Table 6 (Continued). 

Combinationa Standalonea Overalla

Median (IQR) 0.8 (0.4) 0.9 (0.6) 1.0 (0.4)

Range 0.5–1.0 0.0–1.4 0.4–1.8

Notes: aCombination surgeries were defined as gel stent implantation and cataract 
surgery in the same procedure and standalone procedures represent gel stent 
implantation without cataract surgery. Results in the overall population of these 
studies is presented for comparison. bWeighted mean values across studies. 
Abbreviations: IOP, intraocular pressure; IQR, interquartile range; Meds, medica-
tions; n, number; Postop, postoperative; Preop, preoperative.
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Does IOP Response or Effect on Postoperative Medication Use Differ According to 
Glaucoma Type?
A limited number of studies reported outcomes among eyes diagnosed with POAG compared to PEXG 
(Table 7).11,22,36,89,90 Similarly, data are limited but nonetheless encouraging in the setting of uveitic glaucoma. 
Qureshi et al reported outcomes in an observational case series of 37 eyes with medically uncontrolled glaucoma 
secondary to uveitis. Mean IOP was reduced from 36.1±9.6 mm Hg on 3.69±0.46 glaucoma medications at baseline to 
12.63±4.13 mm Hg on 0.62±1.1 glaucoma medications at 12 months.56 In an exploratory prospective case series of gel 
stent implantation in 24 eyes to treat uncontrolled uveitic glaucoma, mean IOP was 30.5±9.8 mm Hg at baseline and 
mean glaucoma medication use 3.3±0.8; at 12 months, mean IOP was 12.2±3.1 mm Hg, and mean glaucoma medication 
use was 0.4±0.9.91

Interpretations
The available evidence supports the use of the gel stent in patients with both primary and secondary OAG. Given that 
pseudoexfoliation is a risk factor for rapid glaucomatous progression,92 more data on the gel stent in this glaucoma 

Table 7 Studies Reporting Outcomes in Eyes with POAG and PEXG

Study Design 
(Duration)

n Mean 
Age

Preop 
IOP

Postop 
IOP

Preop 
Meds

Postop 
Meds

Notes

Dar et al89 Retrospective, 

single center 

(6m)

POAG 23 74.0 

(9.7)

22.6 (7) 16.7 (6) 3.6 

(0.5)

0.4 (0.8) IOP reduction, med reduction, 

needling rates, need for meds similar 

at 6m 
Among patients with zero meds, 

lower final IOP in PEXG (12.2±3.5) 

vs non-PEXG (15.8±5.7)

PEXG 23 74.2 

(9.3)

24.3 (9) 14.8 (7) 3.6 

(0.5)

0.6 (1.1)

Gernhart 
et al36

Retrospective, 

observational 
(24m)

POAG 46 70.5 

(7.8)

23.0 

(9.6)

12m: 13.8 

(4.8)24m: 
14.3 (4.3)

2.8 

(1.0)

0.5 No difference in IOP; med reduction; 

surgical success (POAG: 61.45% at 
12m, 54.5% at 24m; PEXG: 53.8% at 

12 m, 60% at 24m)
PEXG 43 72.6 

(9.6)

24.7 

(9.3)

12m: 15.0 

(6.5)24m: 

13.2 (4.3)

2.6 

(1.1)

0.8

Mansouri 
et al11

Prospective, 

interventional 
(12m)a

POAG 57 71.3 

(8.7)

19.8 

(5.8)

13.9 (4.6) 1.9 

(1.6)

0.4 (0.8) Needling in 36.8% (POAG) and 

37.7% (PEXG) 
Complete success: 42% POAG vs 

63% PEXG (P = 0.06)
PEXG 53 78.5 

(8.5)

19.7 

(8.2)

13.6 (4.3) 2.0 

(1.3)

0.5 (0.8)

Gillmann 
et al22

Prospective, 

interventional 
(24m)a

POAG 57 71.3 

(8.7)

19.8 

(5.8)

14.5 (3.6) 1.9 

(1.6)

0.6 (0.9) Success rate: 51.4% POAG vs 57.1% 

PEXG 
Needling rates: 42.8% POAG vs 

43.2% PEXG 

Additional glaucoma surgery: 14.3% 
POAG vs 15.9% PEXG (P = 0.89)

PEXG 53 78.5 

(8.5)

19.8 

(8.2)

14.2 (3.8) 2.0 

(1.3)

0.4 (0.7)

Hengerer 
et al90

Retrospective, 
single center 

(12m)

POAG 67 69.6 
(13.7)

31.9 
(8.5)

14.0 (2.6) 3.3 
(0.8)

0.3 (0.7) No difference at any time during 
study in IOP reduction, med 

reduction 

Zero meds at 12 m: 88.1% (POAG) 
and 83.1% (PEXG)

PEXG 43 74 
(8.3)

31.6 
(9.0)

13.3 (3.1) 3.1 
(1.0)

0.3 (0.6)

Note: aThese two studies followed the same cohort of patients prospectively for 12 and 24 months. 
Abbreviations: IOP, intraocular pressure; PEXG, pseudoexfoliation glaucoma; POAG, primary open-angle glaucoma; SD, standard deviation; m, month; meds, medication; 
n, number; postop, postoperative; preop, preoperative.
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subtype are needed. A higher success rate in POAG eyes compared to PEXG eyes was found in one study, but the results 
were not statistically significant.27 Other studies have reported no difference in success rates.25,36,57

In a study reporting outcomes after a single gel stent implant in different types of primary and secondary glaucomas, 
Schargus et al reported reduction in mean IOP and medication use across all treatment groups from baseline to 12 
months: POAG (22.8±6.5 mm Hg and 2.5±1.2 medications to 15.1±4.6 mm Hg and 0.8±1.3 medications); normal- 
tension glaucoma (16.6±3.4 mm Hg and 2.6± 0.9 medications to 11.6±2.2 mm Hg and 0.6±0.9 medications); PEXG (28.0 
±7.9 mm Hg and 2.9±1.2 medications to 17.1±6.6 mm Hg and 1.0±1.3 medications); and secondary glaucoma (28.9 
±13.9 mm Hg and 2.7±0.9 medications to 15.5±6.9 mm Hg and 0.9±1.4 medications).59

The positive effect of gel stent in differing glaucoma subtypes is perhaps unsurprising given its intended mechanism 
of directing aqueous drainage. Similar to trabeculectomy, the gel stent creates a non-physiological pathway that bypasses 
traditional outflow, albeit with a more favorable safety profile. As a consequence, the gel stent consistently achieves 
sustained IOP in the mid-to-low teens,58 which is lower than the expected outcome after MIGS options targeting the 
trabecular meshwork and/or Schlemm canal.93–96 Intuitively, the gel stent should achieve these effects regardless of the 
glaucoma etiology.

Does Use of an Ab Interno or Ab Externo Approach, or Employment of Open 
(Subtenon) versus Closed Conjunctiva (Subconjunctival) Placement, Affect IOP 
Response and Medication Reduction Postoperatively?
At the time of our systematic review, there were two studies that compared outcomes after ab externo versus ab interno 
delivery of the implant19,20 and one study that compared outcomes after gel stent implantation in eyes operated with an 
open (subtenon) or closed (subconjunctival) technique.97 There were two retrospective analyses of outcomes with an 
open technique (subtenon placement) published after the cutoff date for the current review.98,99 As these data pertain to 
a key clinical question on the use of the gel stent in clinical practice, findings from the one study comparing open 
(subtenon) versus closed conjunctiva (subconjunctival) gel stent placement are reviewed below, while select findings 
from the other four studies are shown in Table 8. In addition, the authors are aware of one additional study reporting 
12-month outcomes after ab externo delivery, but it was unavailable at the time of our systematic analysis.100

Do et al compared outcomes after gel stent implantation in eyes operated with an open (subtenon) or closed 
(subconjunctival) technique. Preoperative IOP was statistically significantly higher in the open group (n = 76; 26.4 
±8.6 mm Hg) compared to the closed group (n = 61; 23.0±7.8 mm Hg; P = 0.01), and the former was more likely to have 
had a prior incisional glaucoma surgery (20% vs 5%; P = 0.01). Preoperative medication use was similar, 3.6±0.11 in the 
open group 3.6±0.14 in the closed group. The 12-month postoperative IOP in the closed group (n = 26) was 17.0±9.5 mm 
Hg on 1.8±1.6 glaucoma medications. In the open group, the 12-month postoperative IOP was 13.6±6.3 mm Hg on 0.9 
±1.4 glaucoma medications (P = 0.02 vs closed group). Compared to the closed group, the open group had significantly 
greater percent IOP reduction from baseline (24.8% vs 43.1%; P = 0.02) and required fewer medications at 3 months (1.2 
vs 0.6, P = 0.02) and 12 months (1.8 vs 0.9, P = 0.02). The open technique was also associated with a lower rate of 

Table 8 Key Outcomes in Studies Reviewing Ab Interno versus Ab Externo Surgeries and Semi-Open (Subtenon) Placement

Study Group n Mean Age 
(SD)

Preop IOP Postop IOP Preop 
Meds

Postop 
Meds

Postop 
Needling 

(n)

Efficacy Notes

Tan et al19 

12m 
retrospective 
study

Ab interno 50 71.0 (13.4) 23.5 (8.6) −28.6%; 14.7 

(0.8)

3.7 (1.1) −1.81 42% (21) No difference in rates of 

numerical hypotony, 

choroidal effusion, ≥ 2 

Snellen line loss 

Reoperation rates: 20.0% 

(10) interno and 10.0% 

(3) externo; P = 0.351

Ab 

externo

30 67.6 (9.3) 

P = 0.19a

26.5 (9.7) 

P = 0.164a

−40.1%; 13.8 

(1.1) 

P = 0.208a

4.0 (1.2) 

P = 0.182a

−1.86 

P = 0.913a

26.7 (8) 

P = 0.231a

(Continued)
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postoperative needling (11.8%) compared to the closed technique (36.1%; P = 0.001). The authors speculated that 
opening the conjunctiva, coupled with the more extensive dissection of Tenon, allowed for more consistent placement of 
the gel stent implant, which in turn resulted in reduced risk for intra- and postoperative occlusion.97

Interpretations
At the current time, there is not enough evidence to clearly state that an open approach is favorable compared to a closed, 
and longer-term follow-up from the study mentioned above is forthcoming. The ability to utilize various techniques 
(open versus closed, ab interno vs ab externo) permits surgeons greater flexibility in determining an appropriate surgical 
plan for the individual patient.

There are some theoretical advantages in using an ab externo approach: The target area for implantation is expanded, 
corneal incisions are not required, viscoelastic use is optional, intraocular maneuvers are minimized, the learning curve is 
shorter, and there is less chance the distal end of the implant will become embedded in the Tenon layer.101 Ab externo 
placement may be performed with or without opening of the conjunctiva.6

While surgical approach is important, the overall goal of a gel stent surgery is to achieve proper placement of the 
device to optimize outflow performance. According to the manufacturer, 1-2-3 positioning with a free and mobile stent is 
most likely to achieve the desired outflow postoperatively: The proximal end of the implant should extend 1.0 mm into 

Table 8 (Continued). 

Study Group n Mean Age 
(SD)

Preop IOP Postop IOP Preop 
Meds

Postop 
Meds

Postop 
Needling 

(n)

Efficacy Notes

Ucar et al20 

12m 
retrospective 
study

Ab interno 44 63.8 (9.0) 27.4 (8.6) 11.3 (1.7) 2.7 (1.1) 0.3 (0.3) 45.5% (20) No difference in rates of 

implant shortening, 

overfiltration, implant 

extended to AC, implant 

outside conjunctiva, 

hypofiltration 

Success by WGS 

criteria:c 

interno: 82.3% complete, 

15.8% partial, 1.9% failure 

externo: 81.5% complete, 

17% partial, 1.5% failure

Ab 

externo

43 61.8 (8.8) 

P = 0.443a

29.2 (6.1) 

P = 0.08a

10.7 (2.0) 

P = 0.485a

2.7 (1.0) 

P = 0.171a

0.3 (0.5) 

P = 0.263a

27.9% (12) 

P = 0a

Dangda 

et al98 

12m 
retrospective 
study

Semi-open 

(subtenon)

26 69.4 (8.0) 28.1 (7.8) 12.9 (4.0) 

P<0.01b

3.5 (0.9) 0.3 (0.6) 

P<0.01b

12% (3) Hypotony (27%) and 

hyphema (23%) were 

most common 

postoperative 

complications 

Functional blebs on AC- 

OCT in 22/26 eyes, 

demonstrated as 

episcleral cavity 

extending posterior to 

the limbus

Kong et al99 

12m 
retrospective 
study

Semi-open 

(subtenon)

37 77.5 (10.6) 19.6 (6.0) 11.2 (2.6) 

P < 0.01b

3.5 (1.1) 1.6 (1.4) 

P < 0.001b

19% (7) Success by WGS 

criteria:c Qualified 

success in 97.3%; 

complete success in 32%

Notes: aDifference ab externo versus ab interno. bDifference from baseline. cWorld Glaucoma Association definition of success = IOP > 6 and < 21 mmHg or reduction of 
IOP greater than 20% vs baseline; “complete” = w/o meds; “qualified” = w/ or w/o meds; “failure” = not meeting the above criteria, or any return to OR for glaucoma 
reoperation, stent removal, loss of vision to no light perception (NPL) or hypotony (defined as IOP < 6 mmHg on two occasion after three months from the operation). 
Abbreviations: AC-OCT, anterior chamber optical coherence tomography; IOP, intraocular pressure; SD, standard deviation; m, month; Meds, medication; n, number; 
postop, postoperative; preop, preoperative; WGC, World Glaucoma Association.
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the anterior chamber, 2.0 mm of the implant should reside in the scleral tunnel, and the distal end should be 3.0 mm into 
the subconjunctival space.102 Optimal results can be achieved when the device is patent, well-positioned, and no 
viscoelastic is retained in the anterior chamber.29 Primary needling at the time of gel stent implantation may be beneficial 
in leading to a free and mobile implant, with one study showing that it substantially reduced the need for postoperative 
needling (3.9% vs 25.7%; P = 0.003).103

Is There Any Consensus on Optimal Use of Anti-Metabolites in Conjunction with Gel 
Stent Implantation?
We were able to calculate the absolute mean dose of mitomycin C (MMC) based on full reporting of dosage used in 37 
studies that also recorded pre- and postoperative IOP and medication use. Among 14 studies using an absolute dose of 10 
µg, the weighted mean average IOP was reduced from 24.4 mm Hg on 2.7 medications at baseline to 15.2 mm Hg on 0.7 
medications at the end of follow-up.5,24,26,28–30,32–36,89,104 Among 21 studies using an absolute dose of 20 µg, the 
weighted mean average IOP was reduced from 21.6 mm Hg on 2.7 medications at baseline to 14.4 mm Hg on 0.8 
medications at the end of follow-up.5,10,15,21,24,28,33,34,44–48,50,54–56,60,63,65,68 Only two studies were available with 
a calculated mean dose of 40 µg; due to the paucity of data, these data are not shown.49,62 Additional studies using 
other absolute mean doses were identified: ~25 µg and 30 µg; however, due to incomplete data reporting, these studies 
were not included in this analysis. Among the group of studies with a calculated absolute dose of 10 µg, 10 also reported 
the needling rate; the range of reported needling rates was 2.5%30 to 62.0%.57 Among studies with a calculated absolute 
dose of 20 µg, all 21 also reported the needling rate; the range of reported needling rates was 8.8%47 to 46.2%.5

Interpretation
There is no consensus on optimal use of anti-metabolites in conjunction with gel stent implantation; however, there 
appears to be a trend between the use of mitomycin and postoperative IOP. A more complete discussion of needling rates 
is included in the following section.

What is the Available Evidence on the Need for Needling Following Gel Stent 
Surgery?
A wide range of needling rates has been reported in the literature, as low as 2.5%30 to as high as 67%.49 In 59 studies 
reporting needling rates, the median needling rate was 34%. There was notable heterogeneity in the timing to first 
needling, how the procedure was performed (including use of antifibrotic), and whether and how frequently needling was 
repeated. Most interventions occur within the first 1–3 months after the initial surgery.4,10,11,25,27,35,38–40,44,46,57,58 

Repeated needling in the same eye was consistently reported.5,27 Use of a 27- or 30-gauge needle for the procedure is 
typically preferred.10,11,35,46,86 Across studies, various other nuances of needling were described, including approaches 
with and without antifibrotics; use of pharmacologic measures for bleb revision as an alternative to needling; varied use 
of adjuncts (MMC, fluorouracil [5-FU], bevacizumab, other); and different settings for performing needling (ie, in the 
clinic vs repeat visits to the operating room).

Interpretations
The available data support adopting a low barrier for initiating needling in clinical practice, and whether and how many 
times it is repeated should be dictated by the individual patient’s clinical profile and the surgeon’s judgment. In our 
review, most needling interventions were performed in the first 1 to 3 months postoperatively, although some studies 
reported needling 12 or 17 months after the initial surgery.24,25 By comparison, time to needling following trabeculect-
omy is about 4.5 months.105,106 Across studies, needling was usually performed only once; however, multiple needling 
interventions in the same eye were consistently reported. Studies in eyes following trabeculectomy have found that an 
increased number of needlings was associated with surgical failure, presumably due to increased risk for scarring and 
fibroblastic proliferation.107 Whether these findings are applicable for gel stent blebs is not clear, although it is likely that 
repeated needling of gel stent blebs contributes a similar risk for scarring.
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Whether the requirement for needling in the postoperative period is considered a complication of surgery is 
controversial. Some authors contend that needling of a scarred filtering bleb is the preferred first-line approach to 
rescue failing blebs and delay additional surgery, and therefore should not be considered a complication.10,16,38 In the 
context of incisional surgery, the American Academy of Ophthalmology Preferred Practice Patterns state that bleb 
needling is part of periopostoperative care to improve aqueous flow and lower IOP as necessary, based on the physician’s 
assessment of bleb function.108 Furthermore, needling post-trabeculectomy has been found to be effective in lowering 
IOP at 12 months, and needling with adjunctive use of 5-FU is more effective than medical treatment in lowering IOP at 
12 months.109 Similar findings have been found after needling revision following gel stent implantation, with most 
studies noting that the procedure is relatively safe and associated with low risk of implant amputation and hypotony. 
When successful, needling optimizes outflow dynamics, yielding up to 40% IOP lowering compared with preneedling 
values.84

Data on alternative options to needling are limited. In a retrospective study of 5-FU used alone as an alternative to 
needling in 39 eyes, Walek et al reported a 69% unqualified success rate (postoperative IOP < 18 mm Hg and >20% 
reduction from baseline without any antiglaucoma medication use and no evidence of progression); however, the low 
number of patients and a lack of a comparison group suggest that more data are needed.69 One retrospective study found 
more favorable survival rates and lower reintervention rates associated with open filtering bleb revision compared to 
needling; however, high patient attrition and nonstandardized methodology hamper the ability to make definitive 
comparisons.110 In a retrospective series of 151 eyes, 13.9% (n = 21) underwent revision surgery for a persistently 
elevated bleb. Among eyes followed after revision surgery for 1 year, 16 patients had a mean IOP of 26.1±8.3 mm Hg on 
2.0 drops prerevision and a mean IOP of 16.3±3.7 mm Hg on 0.7 drops after 12 months of follow-up.111 In a separate 
prospective case series of 221 eyes, postoperative needling was not performed, and instead patients were subjected to 
a second surgery in which the conjunctiva of the bleb area was opened, followed by mechanical removal of all tissue 
adhesions.54 In our opinion, the latter exposes patients to new intra- and postoperative risks that can be avoided with 
needling.

Taken together, there is no consensus on the expected rate of needling in the gel stent postoperative period. 
Furthermore, needling is associated with a favorable risk-benefit ratio, with a low potential for adverse outcomes and 
a high probability of improving the clinical course. The data suggest a reasonable probability that needling will be 
required after gel stent implantation, but the number of needlings is variable and contextual. Because elevated IOP 
secondary to an encapsulated bleb contributes to a vicious cycle of ever-increasing IOP, needling may be considered an 
expected part of postoperative management to decrease the potential for surgical failure. Given the suggestion of benefit, 
primary needling at the time of gel stent implantation should be considered, as it is associated with a significant reduction 
in the need for postoperative needling and postoperative clinic visits,103 especially in eyes at risk for postoperative bleb 
failure or occlusion of the stent.84

Conclusions
This systematic review of the literature demonstrates consistent IOP of around 14.0 mm Hg with use of around 1 
glaucoma medication after successful gel stent surgery in studies reporting outcomes in a wide range of glaucoma types 
and severity at 12, 24, and 36 months of follow-up; in both prospective and retrospective study designs; regardless of 
baseline age or baseline; irrespective of whether the procedure was performed in a standalone setting or combined with 
cataract surgery; and in cases where either an ab interno or ab externo surgical technique was employed. It provides 
additional evidence to support the use of anti-metabolites at the time of surgery to reduce the risk of postoperative 
fibrosis and to promote healing; however, data are inconclusive on ideal dosing and delivery. The perception of 
postoperative needling has evolved, from once being considered a safety consideration in US registration clinical trials 
to being deemed part of periopostoperative care to improve aqueous flow and lower IOP as necessary as per real-world 
practices.
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Precis
A systematic review of published studies on the Xen45 gel stent suggests a high likelihood of achieving postoperative 
IOP of approximately 14.0 mm Hg with requirement for fewer than 1 supplemental glaucoma medication.

Abbreviations
5-FU, Fluorouracil; HR, hazard ratio; MMC, mitomycin; POAG, primary open-angle glaucoma; PEXG, pseudoexfolia-
tive glaucoma; SSI, secondary surgical intervention.
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