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ABSTRACT

Introduction: The aim of this study was to
investigate the 2-year postoperative efficacy of
the XEN45 Gel Stent by evaluating the reduc-
tion of intraocular pressure (IOP) and the need
for eye pressure-lowering medications in a
multicenter setting in Switzerland.
Methods: Patients with various types of glau-
coma who received a XEN45 Gel Stent with or

without combined phacoemulsification cataract
surgery at five hospitals in Switzerland were
retrospectively enrolled. Pre- and postoperative
IOP, the number of antiglaucoma medications,
and the need of subsequent interventions to
control IOP were assessed. The success rate was
defined as a C 20% reduction of IOP 2 years
postoperatively without the need for subse-
quent glaucoma surgery.
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M. Töteberg-Harms
Department of Ophthalmology, Medical College of
Georgia, Augusta University, Augusta, GA, USA

C. Tappeiner � M. Iliev � M. Tschopp
Medical Faculty, University of Bern, Bern,
Switzerland

C. Tappeiner
Department of Ophthalmology, University Hospital
Essen, University Duisburg-Essen, Essen, Germany

Ophthalmol Ther

https://doi.org/10.1007/s40123-024-00917-y

http://orcid.org/0000-0002-9768-8301
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-024-00917-y&amp;domain=pdf
https://doi.org/10.1007/s40123-024-00917-y


Results: A total of 345 eyes were included:
44.3% with primary open-angle, 42.0% pseu-
doexfoliation, and 13.7% with other types of
glaucoma. Of these, 206 patients were followed
for 2 years. Preoperatively, the mean IOP was
26.3 ± 8.9 mmHg and the mean number of
antiglaucoma medications administered was
3.0 ± 1.3. Two years postoperatively, the suc-
cess rate was 66.0% (95% confidence interval
59.3–72.1%), the IOP had dropped by 43.8% to
14.8 ± 5.7 mmHg, and the number of medica-
tions was reduced by a mean of 2.0 ± 1.7 per
day. Postoperative complications and the need
for interventions remained low.
Conclusion: The XEN45 Gel Stent successfully
reduced IOP and the number of antiglaucoma
drugs in most patients at 2 years
postoperatively.

Keywords: XEN; Implant; Pseudoexfoliation
glaucoma; Open angle glaucoma; Success rate

Key Summary Points

This study aimed to investigate the
efficacy of the XEN45 Gel Stent.

The implantation of XEN45 is a surgical
procedure aiming to lower intraocular
pressures (IOP) and prevent blindness
among patients suffering from glaucoma.

It was examined whether XEN45 can
achieve C 20% IOP reduction.

The XEN45 can successfully reduce IOP.

INTRODUCTION

Glaucoma is the primary cause for irreversible
complete loss of vision worldwide [1, 2]. Its
progression is multifactorial [3, 4]; however, the
intraocular pressure (IOP) is the only proven
risk factor that can be adjusted to slow disease
progression. Multiple studies have shown that
lower IOP values are associated with a lower risk

for glaucoma progression [5, 6]. As a result, first-
line therapy for treating glaucoma involves the
application of IOP-lowering medication or laser
treatment, such as selective laser trabeculo-
plasty (SLT), neodymium-doped yttrium alu-
minum garnet (Nd:YAG)-iridotomy or
cyclophotocoagulation (CPC), depending on
the glaucoma etiology. Second-line treatment
consists of several surgical approaches [7, 8],
which can be subcategorized into conventional
filtration surgery, minimal invasive glaucoma
surgeries (MIGS), or minimal invasive bleb
surgeries (MIBS) [9–11]. One MIBS approach
involves implanting the XEN45 Gel Stent
(XEN45; Allergan-Abbvie, North Chicago, IL,
USA), which is a 6-mm collagen-based gelatin
implant cross-linked with glutaraldehyde
designed to be surgically injected from the
anterior chamber into the subconjunctival
space in order to increase outflow of aqueous
humor and hereby reduce IOP [12]. The use of
cross-linked gelatin stent ab interno techniques
in order to create drainage blebs was first
described in 1995 by Prof. Yu [13]. This type of
surgery is considered MIBS, because it is mini-
mally invasive and creates an external subcon-
junctival fistula or bleb, similar to
trabeculectomy (TE), without eliminating the
option of conventional filtration surgery in the
future [14].

Advantages of MIGS and MIBS procedures
compared to conventional glaucoma surgeries
are less tissue trauma and faster postoperative
recovery and patient satisfaction [15, 16].
According to Sheybani et al. the XEN45 Gel
Stent appears to be noninferior to trabeculec-
tomy, per the percentage of patients achiev-
ing C 20% IOP, while requiring fewer
postoperative interventions, having better
visual recovery, and fewer adverse events [17].
Thus, there has been a significant shift from
conventional glaucoma surgeries to MIGS
recently [18], which are commonly performed
as standalone procedures or in combination
with cataract surgery. However, despite their
popularity during the last decade, the long-term
efficacy of MIGS and MIBS is often debated.

Hence, the aim of this study was to investi-
gate the 2-year postoperative efficacy of the
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XEN45 Gel Stent by evaluating the reduction of
IOP and the need for eye pressure-lowering
medications in a multicenter real-world setting
in Switzerland. To our knowledge, this is the
largest reported XEN study with a long obser-
vation period.

METHODS

This retrospective multicenter study analyzed
patients with glaucoma treated with the XEN45
Gel Stent in five tertiary ophthalmology referral
centers in Switzerland (University Hospitals of
Basel, Bern and Zurich and the Cantonal
Hospitals of Aarau and St. Gallen). The study
was approved by the corresponding ethics
committee (Lead Ethics Committee: Ethics
Committee Northwest and Central Switzerland;
Swiss Ethics ID 2020-01143) and was conducted
in accordance with the Declaration of Helsinki
and national and international laws.

Patients diagnosed with glaucoma were ret-
rospectively enrolled if they were older than
18 years and had received a primary XEN45
between January 1, 2016 and December 31,
2019. Patients who declined the use of their
health data for research purposes were excluded
from the study.

The total number of patients with available
pre- and postoperative IOP data was referred to
as the full analysis set (FAS). Patients whose
postoperative IOP values could not be retrieved
for the whole 2-year follow-up period were not
excluded from the study; they remained in the
FAS, as long as at least one postoperative IOP
measurement was available. Patients with data
for the whole 2-year postoperative period were
referred to as the per protocol set (PPS). For
patients who had both eyes surgically treated,
one eye was randomly excluded from the anal-
ysis before defining FAS and PPS to avoid treat-
ing both eyes independently of each other.

The preoperative IOP was determined on the
day surgery was indicated. IOP measurements
were noted on the first postoperative day as well
as 1 week, 1 month, 3 months, 6 months,
1 year, and 2 years postoperatively. Addition-
ally, the number of antiglaucoma medications

was recorded preoperatively and at the last
available follow-up examination. All complica-
tions and postoperative interventions were
recorded.

All patients were treated with a XEN Gel
Stent 45 lm through a classic ab interno
approach as described previously in multiple
publications, e.g., Fae et al. [19], Vera et al. [12]
and Saletta et al. [20]. The XEN45 implantation
was performed as a standalone surgery or in
combination with phacoemulsification cataract
surgery. Postoperative therapy included corti-
costeroids tapered for at least 3 months and
local antibiotics.

The primary outcome of this study was the
success rate of XEN45 surgery at 2 years post-
operatively. Success was defined as C 20% IOP
reduction at the 2-year follow-up examination.
Numerical hypotony (IOP B 5 mmHg) or the
need for subsequent glaucoma surgery was
regarded as an unsuccessful outcome. We de-
fined ‘‘total success’’ as successful cases without
antiglaucoma medication or postoperative
interventions within a 2-year postoperative
period. Further we looked into the ‘‘total success
allowing needling’’, since needlings are expec-
ted after filtrating surgeries such as XEN45 sur-
gery and should be regarded as part of the
postoperative care rather than a complication
and are therefore usually termed ‘‘needling
procedure’’ [21]. The secondary outcomes
included success rate of XEN45 surgery at the
last available IOP measurement, the reduction
in total number of antiglaucoma medications,
and the evaluation of complication rates. As a
supplementary analysis, we identified potential
predictors for a successful XEN45 implantation.
We also explored whether the success of XEN45
implantation in one eye could predict the suc-
cess of the implantation in the other eye of a
patient.

All analyses were performed in R version
4.2.1 (2022-06-23) or higher (R Core Team,
2022). For the primary analysis, the success rate
of surgery was estimated on the basis of the PPS.
In addition to the estimated success rate, a 95%
confidence interval (CI; Wilson’s score interval)
was reported. Spearman correlations were per-
formed in the exploratory analysis to determine
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whether success in one eye was associated with
success in the other eye. Univariate logistic
regression models were used to identify poten-
tial predictors for a successful surgery. We
looked for the multiple logistic regression
model containing the set of most important
determinants (among the considered predic-
tors), using an automated variable selection
based on the Akaike information criterion
(AIC).

RESULTS

The raw data comprised 408 eyes of 357
patients. Overall, 63 eyes were excluded
including two because of duplication and one
because of prior XEN45 glaucoma surgery.
Additionally, nine eyes were excluded from all
analyses because of missing preoperative IOP
measurements and follow-up data. Finally, 51
patients were treated bilaterally, but only one
eye was included in the final analysis. Thus, the
final FAS database contained 345 eyes (345
patients) and the PPS dataset contained 206
eyes (206 patients; eyes with complete 2-year
follow-up data). All analyses were performed for
both the FAS and the PPS population. Baseline
characteristics for the included patients are
displayed in Table 1. Overall, 153 (44.3%) eyes
of the FAS population had primary open angle
glaucoma, 145 (42.0%) eyes had pseudoexfoli-
ation glaucoma, and 47 (13.6%) eyes had other
types of glaucoma.

In the PPS population the mean IOP
decreased by 43.8%. The mean IOP reduced
from 26.3 ± 8.9 mmHg preoperatively to
14.8 ± 5.7 mmHg at 2 years postoperatively.
The postoperative IOP values in the PPS popu-
lation were between 6 and 21 mmHg in 88.8%
of cases (95% CI 83.8–92.4%), between 6 and
17 mmHg in 76.7% of cases (95% CI
70.5–82.0%]), and between 6 and 14 mmHg in
53.4% of cases (95% CI 46.6–60.1%) (Table 2).
Boxplots of postoperative IOP measurements
are displayed in Fig. 1.

The mean number of preoperative IOP-low-
ering medications was 3.0 ± 1.3 in the FAS and
the PPS population. Postoperatively mean

number had reduced for both populations to
1.1 ± 1.3, while 53.7% of patients in the FAS
did not need any IOP-regulating medication.
The average change in number of antiglaucoma
medications needed was - 2.0 ± 1.7 in the FAS
and the PPS population (Fig. 2).

Surgery-related complications in the FAS
population included choroidal detachment
(9.3%), hyphema (5.2%), shallow anterior
chamber (3.8%), dislocation of the XEN45
implant (3.2%), a positive Seidel test (1.4%),
hypotony maculopathy (1.2%), endophthalmi-
tis (0.3%), and extrusion of the implant (0.3%)
(Table 3). Postoperative interventions included
laser iridoplasty (0.6%), Nd:YAG laser to
implant (2.9%) due to obstruction, open bleb
revision (8.7%), anterior chamber (AC) deep-
ening with buffered salt solution or viscoelastic
device (1.7%), and subsequent glaucoma sur-
gery (10.4%). In 37.1% of eyes in the FAS pop-
ulation, at least one needling with or without
MMC or 5-FU was performed. An injection of
MMC or 5-FU without needling was performed
in 12.5% of eyes. In total 42.2% of the PPS
population required needling within the 2-year
period after surgery. In our study, eyes with
successful XEN45 implantation needed fewer
needlings than patients with unsuccessful
XEN45 implantation (33.6% vs 44.0%). Gener-
ally, more postoperative interventions were
needed for patients with unsuccessful XEN45
implantation surgery, except for the AC deep-
ening with buffered salt solution or optical vis-
coelastic device, which was more common in
eyes following successful surgery. The standard
mean differences (SMD) are described in
Table 4.

The success rate of surgery, which was the
primary outcome of this study, was calculated
on the basis of the PPS population. In the PPS
population at 2 years postoperatively the suc-
cess rate of surgery was 66.0% (95% CI
59.3–72.1%), while the ‘‘total success’’ rate was
23.5% (95% CI 18.1–29.5%). The ‘‘total success
allowing needling’’ rate was 30.1% (95% CI
23.8–36.2%).

Finally, none of the analyzed potential fac-
tors showed a strong predictive value for suc-
cessful XEN45 implantation (Table 5). The
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estimated odds ratios suggested that patients
who underwent any glaucoma surgery other
than SLT or TE prior to XEN45 implantation
might have had lower chances of a successful
XEN45 implantation (OR 0.4 [95% CI 0.1, 1.0]).
Furthermore, a successful XEN45 implantation
in the first eye had a positive predictive power
on the postoperative outcome of the second
eye.

DISCUSSION

In this study, we investigated the efficacy of
MIBS with the XEN Gel Stent 45 lm implant to
treat glaucoma. We found that XEN45 surgery
lowered IOP to the mid-teens and reduced the
need for antiglaucoma medications.

The success rate of the XEN45 surgery at
2 years in our study (66.0%) is in line with the
success rates reported in the literature (34–86%)
[22]. The IOP reduction at 2 years in our study
(43.8%) is comparable to the rates presented by
Lenzhofer et al. (n = 64 eyes) [23] at 4 years
postoperatively (40%); however, the reduction
observed in this study is higher compared to
other studies of a similar size at 2 years postop-
eratively such as the 27.8% reported by Reit-
samer et al. (n = 202 eyes) [24] or 37% by
Gillmann et al. (n = 149) [25]. The high success
rate in our population could be due to a higher
preoperative baseline IOP if one assumes that a
successful XEN45 implantation sets the post-
operative IOP at approximately 15 mmHg as
described by Chen et al. [22] independently of
the preoperative IOP values. The baseline IOP of

Table 1 Baseline characteristics for included patients

Baseline characteristics FAS PPS

N (eyes) 345 206

Age at surgery (years),

mean (SD)

73.6 (12.5) 73.0 (13.4)

Sex (%), female 199 (57.7) 117 (56.8)

Operated eye (%), right 177 (51.3) 106 (51.5)

Lens status (%), phakic 123 (35.7) 64 (31.1)

Glaucoma type (%)

POAG 153 (44.3) 85 (41.3)

PEX 145 (42.0) 87 (42.2)

Narrow angle 8 (2.3) 5 (2.4)

Pigmentary 5 (1.4) 4 (1.9)

Secondary 31 (9.0) 24 (11.7)

Juvenile 3 (0.9) 1 (0.5)

Previous ocular surgery

(%)

105 (30.4) 73 (35.4)

Previous SLT (%) 62 (18.0) 45 (21.8)

Prior trabeculectomy (%) 38 (11.0) 28 (13.6)

Prior canaloplasty (%) 3 (0.9) 2 (1.0)

Prior CPC (%) 8 (2.3) 5 (2.4)

Prior valve surgery (%) 4 (1.2) 1 (0.5)

Prior other glaucoma

surgery (%)

3 (0.9) 2 (1.0)

Any glaucoma surgery

except SLT or prior

trabeculectomy (%)

16 (4.6) 9 (4.4)

Surgery type (%)

XEN 275 (79.7) 172 (83.5)

Phaco ? XEN 70 (20.3) 34 (16.5)

IOP before surgery

(mmHg), mean (SD)

25.45 (8.5) 26.3 (8.9)

Number of drugs,

mean (SD)

3.0 (1.3) 3.0 (1.3)

BCVA before surgery,

median [IQR]

0.60 [0.3,

0.8]

0.60 [0.4,

0.8]

Table 1 continued

Baseline characteristics FAS PPS

Steroid responder (%) 28 (8.1) 22 (10.7)

FAS full analysis set, PPS per protocol set, POAG primary
open angle glaucoma, PEX pseudoexfoliation glaucoma,
SLT selective laser trabeculoplasty, CPC cyclophotocoag-
ulation, Phaco phacoemulsification cataract surgery, IOP
intraocular pressure, BCVA best corrected visual acuity, SD
standard deviation, IQR interquartile range
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this study was 26.3 mmHg, while that in the
study by Reitsamer et al. [24] was 21.4 mmHg,
and in the study by Gillmann et al. [25] it was
20.8 mmHg. The postoperative IOPs were all
around 15 mmHg (14.8 ± 5.7 mmHg in this
study, 15.2 mmHg in Reitsamer et al. [24], and
13.1 mmHg in Gillmann et al. [25]). It can be
postulated that the decision-making for
implanting a XEN45 Gel Stent should be based
on the need to achieve a target IOP of about
15 mmHg, rather than the need to lower the
IOP by a certain percentage.

In this study, 2 years postoperatively the IOP
was regulated with approximately two
(2.0 ± 1.7) antiglaucoma medications per day
fewer compared to baseline. This reduction is
slightly higher compared to other large studies
such as Reitsamer et al., Gillmann et al., and
Wanichwecharungruang et al. where the
change in the mean number of IOP-lowering
medications was between - 1.5 and - 1.7
[24–26]. However, these studies had a lower
mean preoperative number of antiglaucoma
medications than our study (2.7 and 2.2 vs 3.03)

Table 2 Descriptive overview of outcomes

Outcome FAS Missing (%) PPS Missing (%)

Number (eyes) 345 206

IOP (mmHg) after 1 day, mean (SD) 8.2 (6.1) 3.8 8.2 (6.4) 1.5

IOP (mmHg) after 1 week, mean (SD) 10.5 (6.9) 2.9 10.7 (7.3) 1.0

IOP (mmHg) after 1 month, mean (SD) 13.6 (6.4) 5.2 13.5 (6.4) 2.4

IOP (mmHg) after 3 months, mean (SD) 14.3 (5.3) 18.8 14.2 (5.1) 11.2

IOP (mmHg) after 6 months, mean (SD) 14.6 (5.3) 22.3 14.3 (5.0) 10.2

IOP (mmHg) after 12 months, mean (SD) 14.7 (5.1) 30.4 15.0 (5.2) 9.7

IOP (mmHg) after 24 months, mean (SD) 14.8 (5.7) 40.3 14.8 (5.7) 0.0

IOP after 24 months 6–21 mmHg (%) 183 (88.8) 40.3 183 (88.8) 0.0

IOP after 24 months 6–17 mmHg (%) 158 (76.7) 40.3 158 (76.7) 0.0

IOP after 24 months 6–14 mmHg (%) 110 (53.4) 40.3 110 (53.4) 0.0

Success at last available IOP (%) 229 (66.4) 0.0 136 (66.0) 0.0

Success at last IOP after 12 months (%) 169 (65.0) 24.6 136 (66.0) 0.0

Success after 24 months (%) 136 (66.0) 40.3 136 (66.0) 0.0

Total success after 24 months (%) 48 (19.0) 27.0 48 (23.5) 0.0

Total success allowing needling (%) 61 (27.2) 35.1 61 (30.0) 1.5

Number of drugs after 24 months, mean (SD) 1.1 (1.3) 34.2 1.1 (1.3) 1.5

Change in drugs needed, mean (SD) - 2.0 (1.7) 34.2 - 2.0 (1.7) 1.5

BCVA after 1 month, median [IQR] 0.6 [0.3, 0.8] 19.7 0.5 [0.3, 0.8] 10.7

BCVA change after 1 month, mean (SD) 0.0 (0.3) 19.7 0.0 (0.2) 10.7

The missing percentage describes the amount of unavailable data at each point in time
FAS full analysis set, PPS per protocol set, IOP intraocular pressure, BCVA best corrected visual acuity decimal Snellen, SD
standard deviation; IQR interquartile range
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[24, 26]. In Gabbay et al. a similar reduction in
medications compared to this study was seen;
the mean number of medications dropped from
2.6 ± 1.1 at baseline to 0.5 ± 0.9 at 24 months
[27]. In the study by Lenzhofer et al. a signifi-
cant reduction in the mean number of IOP
lowering medication was reported from
2.4 ± 1.3 preoperatively at baseline to 1.2 ± 1.3
(- 50%, n = 34) postoperatively [23].

The documented complication rates in this
study, hyphema (5.2%), shallow AC rates
(3.8%), and XEN45 dislocation (3.2%), were
lower in comparison to other studies such as
Scheres et al. where 22% of XEN45 treated eyes
showed hyphema, 5% required reformation of

AC due to hypotony, and migration of XEN45
was seen in 2% of eyes [28]. Inner obstruction of
the implant, which could be resolved with
Nd:YAG laser, was described by Lenzhofer et al.
[23] in 3% (2 patients) of cases, which is similar
to the 2.9% reported in this study. Although
needlings with MMC or 5-FU are expected after
filtrating surgeries like a XEN45 implantation
[21], in this study the higher number of need-
lings was associated with unsuccessful XEN45
implantation. Yang et al. report that XEN45
implantation surgery requires a higher number
of postoperative needlings than TE, which is a
conventional ab externo filtrating surgery [29].
The high number of bleb needlings after XEN45

Fig. 1 Boxplots of IOP measurements (mmHg) over time in the FAS population. IOP intraocular pressure, FAS full
analysis set
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implantation might reflect the fact that during
ab interno approach the conjunctiva is not
being undermined.

As part of the supplementary analysis of this
study, the potential predictors for a successful
XEN45 surgery were investigated. The age at
surgery did not affect the success of XEN45
surgery. POAG and PEX glaucoma showed sim-
ilar postoperative success rates, which falls in
line with an emerging amount of literature as
seen in the review and meta-analysis by Yang
et al. [29]. Whether the success for these two
glaucoma types is superior or inferior to the
other glaucoma types could not be reliably
evaluated because of the low number in the
latter group. The comparison between XEN45 as
a standalone surgery or in combination with
phacoemulsification cataract surgery did not
show a statistically significant difference in the
success of the surgery. Similar results are repor-
ted by the majority of studies between XEN and
combined surgery (phaco-XEN) [29–32]. Previ-
ous SLT did not alter the success rates. Previous

trabeculectomy showed a slightly reduced suc-
cess rate. Other previous glaucoma surgeries
such as CPC and tube shunt surgery were rela-
ted to an even lower success rate. Similarly,
Lewczuk et al. in 2021 reported no differences
in success rates between XEN45 implantation in
43 surgery-naive patients with glaucoma and 43
patients after previous glaucoma surgeries [33].

Our real-world study has several strengths.
One is the multicenter design and inclusion of
various glaucoma types. Furthermore, to our
knowledge, it is the largest study assessing the
long-term (i.e., 2 years) success of the XEN45
implant in patients with glaucoma. Neverthe-
less, we acknowledge some limitations. First, it
is a retrospective study design. Second, many
patients opted for follow-up examinations at
their ophthalmologist in private practice, which
made it more difficult to obtain all data. Thus, a
selection bias cannot be excluded. However,
this bias would most likely be in favor of
reporting worse success rates. For example, only
complicated cases may have led patients to

Fig. 2 Number of drugs required preoperatively and at 2 years postoperatively (PPS population). The marginal
distributions at each time point are also displayed
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attend all follow-up examinations at a tertiary
center. Third, most patients were white. Success
rates are usually better and complication rates
lower in white patients compared to patients
with more pigmentation, e.g., African-Ameri-
cans [34]. Finally, among hospitals and sur-
geons, slight variations with regard to MMC

concentration used, the amount of time taken
for its application, and the use of contact lens
at the end of the surgery were seen. Therefore,
the results might have varied between the
hospitals and the surgical technique cannot
be compared in every detail as reported in
other studies.

Table 3 Descriptive overview of complications and postoperative interventions

Complications and interventions; eyes (%) FAS PPS

N (eyes) 345 (100) 206 (100)

Hyphema 18 (5.2) 14 (6.8)

Positive Seidel test 5 (1.4) 4 (1.9)

Shallow AC 13 (3.8) 8 (3.9)

Choroidal detachment 32 (9.3) 23 (11.2)

Hypotonous maculopathy 4 (1.2) 4 (1.9)

Endophthalmitis 1 (0.3) 0 (0.0)

Dislocation of XEN 11 (3.2) 8 (3.9)

Extrusion of XEN 1 (0.3) 1 (0.5)

Other complications within 1 month 5 (1.4) 5 (2.4)

Other complications between 1 and 3 months 2 (0.6) 2 (1.0)

Number of needlings with MMC or 5-FU

0 217 (62.9) 119 (57.8)

1 124 (35.9) 83 (40.3)

2 3 (0.9) 3 (1.5)

3 1 (0.3) 1 (0.5)

Nd:YAG laser to XEN 10 (2.9) 9 (4.4)

MMC or 5-FU injection without needling 43 (12.5) 33 (16.0)

Iridoplasty 2 (0.6) 2 (1.0)

Open bleb revision 30 (8.7) 24 (11.7)

Viscoat and/or Healon injection 6 (1.7) 6 (2.9)

Secondary glaucoma surgery 36 (10.4) 31 (15.0)

FAS full analysis set, PPS Per protocol set, AC anterior chamber, MMC mitomycin, 5-FU 5-fluorouracil, Nd:YAG neo-
dymium-doped yttrium aluminum garnet laser
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Table 4 Frequencies of postoperative interventions, stratified by success after 24 months and with standardized mean
differences

Intervention, eyes (%) FAS PPS

No success Success SMD No success Success SMD
116 eyes 229 eyes 70 eyes 136 eyes

MMC or 5-FU injection without needling 15 (12.9) 28 (12.2) 0.02 14 (20.0) 19 (14.0) 0.16

Number of needlings 0.26 0.34

0 65 (56.0) 152 (66.4) 34 (48.6) 85 (62.5)

1 48 (41.4) 76 (33.2) 33 (47.1) 50 (36.8)

2 2 (1.7) 1 (0.4) 2 (2.9) 1 (0.7)

3 1 (0.9) 0 (0.0) 1 (1.4) 0 (0.0)

Nd:YAG laser to implant 5 (4.3) 5 (2.2) 0.12 5 (7.1) 4 (2.9) 0.19

Iridoplasty with laser 1 (0.9) 1 (0.4) 0.05 1 (1.4) 1 (0.7) 0.07

Revision surgery 14 (12.1) 16 (7.0) 0.17 11 (15.7) 13 (9.6) 0.19

Viscoelastic device injection 1 (0.9) 5 (2.2) 0.11 1 (1.4) 5 (3.7) 0.14

FAS full analysis set, PPS per protocol set, SMDs standardized mean differences, Nd:YAG neodymium-doped yttrium
aluminum garnet, MMC mitomycin, 5-FU 5-fluorouracil

Table 5 Odds ratios (ORs) and 95% CIs for potential predictors of success

Potential predictors of success FAS PPS

OR 95% CI AIC OR 95% CI AIC

Age at surgery 1.0 [1.0, 1.0] 442.3 1.0 [1.0, 1.0] 267.7

Glaucoma type 447.7

PEX 1.0 [0.6, 1.6]

Narrow-angle 0.5 [0.1, 2.1]

Pigmentary 1.9 [0.3, 37.4]

Secondary 0.6 [0.3, 1.3]

Juvenile 0.2 [0.0, 2.5]

Previous ocular surgery 0.9 [0.5, 1.4] 444.1 0.9 [0.5, 1.6] 267.9

Any glaucoma surgery except SLT or TE 0.4 [0.1, 1.0] 441 0.4 [0.1, 1.5] 266.2

Previous SLT 1.1 [0.6, 2.0] 444.5 1.0 [0.5, 2.1] 268.0

Previous trabeculectomy 0.9 [0.4, 1.8] 444.4 0.8 [0.3, 1.8] 267.7

Combined surgery (phaco ? XEN) 0.9 [0.5, 1.6] 444.4 0.8 [0.4, 1.8] 267.7

For the PPS, we do not report the estimated ORs for glaucoma type, as the estimates from the corresponding logistic
regression model had very high standard errors due to perfect separation problems with very rare glaucoma types
FAS full analysis set, PPS per protocol set, AIC Akaike information criterion, CI confidence interval, OR odds ratio, PEX
pseudoexfoliation glaucoma, SLT selective laser trabeculoplasty, phaco phacoemulsification, TE trabeculectomy
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CONCLUSION

XEN45 Gel Stent surgery successfully reduced
IOP and the number of antiglaucoma medica-
tions in most patients up to 2 years postopera-
tively with a low complication rate. This
favorable outcome in a real-world setting sup-
ports the effective glaucoma control by XEN45
Gel Stent surgery. This might influence clinical
practitioners on the use of MIGS for the man-
agement of glaucoma and might contribute to
the development of further filtrating implants
possibly requiring even less postoperative care.
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echeanu A. Pharmacotherapy of glaucoma. J Ocul
Pharmacol Ther. 2015;31:63–77.

9. Saheb H, Ahmed IIK. Micro-invasive glaucoma
surgery: current perspectives and future directions.
Curr Opin Ophthalmol. 2012;23:96–104.

10. Qidwai U, Jones L, Ratnarajan G. A comparison of
iStent combined with phacoemulsification and
endocyclophotocoagulation (ICE2) with the Pre-
serFlo MicroShunt and XEN-45 implants. Ophthal-
mol Eye Dis. 2022;14:251584142211256.

11. Birnbaum FA, Neeson C, Solá-Del VD. Microinva-
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