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Purpose: To assess the effectiveness of XEN45, either alone or in combination with phacoemulsification, in open-angle glaucoma 
(OAG) patients in clinical practice.
Methods: Retrospective and single-center study conducted on OAG patients who underwent XEN45 implant, either alone or in 
combination with cataract surgery. We compared the clinical outcomes of the eyes of thosewho underwent XEN-solo versus those who 
underwent XEN+Phacoemulsification. The primary endpoint was the mean change in intraocular pressure (IOP) from baseline to the 
last follow-up visit.
Results: A total of 154 eyes, 37 (24.0%) eyes that underwent XEN-solo and 117 (76.0%) eyes that underwent XEN 
+Phacoemulsification, were included. The mean preoperative IOP was significantly lowered from 19.1±5.0 mmHg to 14.9±3.8 
mmHg at month-36, p<0.0001. Preoperative IOP was significantly lowered from 21.2±6.2 mmHg and 18.4±4.3 mmHg to 14.3 
±4.0 mm Hg and 15.2±3.7 mmHg at month-36 in the XEN-solo and XEN+Phacoemulsification groups, p<0.0004 and p=0.0009; with 
no significant differences between them. In the overall study population, the mean number of antiglaucoma medications was 
significantly reduced from 2.1±0.8 to 0.2±0.6, p<0.0001. There were no significant differences in the proportion of eyes with 
a final IOP ≤14 mmHg and ≤16 mmHg between XEN-solo and XEN+Phaco groups (p=0.8406 and 0.04970, respectively). Thirty- 
six (23.4%) eyes required a needling procedure.
Conclusion: XEN implant significantly lowered IOP and reduced the need of ocular hypotensive medication, while maintaining 
a good safety profile. Beyond week-1, there were no significant differences in IOP lowering between XEN-solo and XEN 
+Phacoemulsification groups.
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Introduction
Glaucoma is a chronic and progressive disease that requires treatment throughout the patient’s lifetime.1 Lowering 
intraocular pressure (IOP) is currently considered the main known modifiable risk factor.2

Although topical hypotensive medication is currently considered the first treatment-approach in most patients, not all 
the patients achieve adequate glaucoma control.3,4

Due mainly to its well-stablished IOP-lowering effect, trabeculectomy is currently considered the gold-standard in 
glaucoma surgery.5 However, it may lead to potential vision-threatening complications.6

Glaucoma surgery has experienced important advances over the last several years. Among them, minimally or 
microinvasive glaucoma surgery (MIGS) devices have been developed as safer and less traumatic means of lowering 
IOP in patients with glaucoma.7

The criteria for defining a MIGS device have been somewhat controversial,8,9 and the generally accepted definition of 
MIGS has been modified over the years.10 Although according to the classical definition there is some debate about 
considering the XEN device as a MIGS,8 for the purposes of this document, the term MIGS will apply to it.
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Different studies have evaluated the efficacy and safety of XEN45 implant in clinical practice showing its good 
effectiveness profile.11–21

However, none of them have evaluated the impact of the changes introduced in the technique from its development. 
XEN45 has usually been delivered using an ab-interno approach through a corneal incision.11–21 However, as surgeons 
have been gaining experience with the device, different changes, which aim to provide better clinical outcomes, have 
been introduced in the implantation technique.22–24 In addition, the information about the long-term effect of XEN45 
device is limited, with only few papers evaluating its effectiveness beyond 24 months.17,25–29 Moreover, the question of 
whether there are any differences in IOP lowering or reduction of ocular hypotensive medications between XEN alone or 
in combination with phacoemulsification in the long-term remain.

The main objective of this study was to assess the effectiveness over a period of 36-months, in terms of IOP lowering 
and reduction of ocular hypotensive medications, of XEN45 implant, either alone or in combination with phacoemulsi
fication, in OAG patients in clinical practice.

Methods
Study Design and Participants
Retrospective and single-center study conducted in OAG patients who underwent XEN 45 gel-stent implant, either alone 
or in combination with cataract surgery, between June 2016 and December 2019.

This study adhered to the tenets of the Declaration of Helsinki and all patients signed a written general consent to 
participate in studies, which was approved by the Ethics Committee of the Alicante General University Hospital. The 
Ethics Committee waived the need for written informed consent due to the retrospective nature of the study. Any 
information that could lead to an individual being identified has been encrypted or removed, as appropriate, to guarantee 
their anonymity.

A preprint has previously been published.30

Patients ≥18 years old with insufficiently medically controlled early to advanced OAG, according to Hodapp et al,31 

intolerance to topical hypotensive treatments; or poor treatment adherence, who underwent XEN45 implantation, either 
alone or in combination with cataract surgery, were included in the study.

Patients having a diagnosis of secondary glaucoma; presenting with active ocular inflammation or conjunctival 
alterations; or having a history of intolerance or allergic reaction to glutaraldehyde or porcine derivatives were excluded 
from the study.

Surgical Technique
All the surgical procedures were performed, under local anesthesia, by the same surgeon (MTMP). XEN implant was 
placed in the superior nasal quadrant using a standard ab-interno technique following a previously described technique.15 

Intraoperatively, a 27-gauge hypodermic needle was used to inject 0.1 mL of mitomycin-C (MMC) 0.01% subconjunc
tivally under the Tenon capsule.

Study Groups
The study sample was divided into two different groups: XEN-solo, eyes that underwent XEN implant alone; XEN 
+Phaco, eyes that underwent combined surgery (XEN + phacoemulsification).

Outcomes
The primary endpoint was the mean change in IOP from baseline to the last follow-up visit.

Secondary end-points included mean IOP at the last follow-up visit; the mean number of antiglaucoma medications 
and its changes from baseline; proportion of patients classified as success; proportion of patients achieving at the last 
follow-up visit IOP ≤21 mmHg; IOP ≤18 mmHg; IOP ≤16 mmHg; and ≤14 mmHg, irrespective of the % reduction; 
predictive factors associated with success; and incidence of adverse events.
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Definitions
Surgical success was defined as achieving a 20% reduction in IOP respective to preoperative value together with an IOP 
absolute value between 6 and 21 mmHg, without (Complete success) or with (Qualified success) antiglaucoma 
medications.

Patients with an IOP <6 mmHg for more than two consecutive visits, those who needed further glaucoma surgery, or 
those who had surgery for complications were also considered a failure.

Statistical Analysis
A standard statistical analysis was performed using MedCalc® Statistical Software version 20.211 (MedCalc Software 
Ltd, Ostend, Belgium; https://www.medcalc.org; 2023).

Descriptive statistics number (percentage), mean [standard deviation (SD)], mean [95% confidence interval (95% 
CI)], mean [standard error (SE)], median (interquartile range), or median (95% CI) were used, as appropriate.

Data were tested for normal distribution using a D’Agostino–Pearson test.
A repeated measures ANOVA or a Friedman’s two-way analysis test, as appropriate, were used to assess the changes 

in IOP and in number of antiglaucoma medications. Post hoc analysis for pairwise comparisons was done with the 
Scheffé’s method (ANOVA) or the Conover method (Friedman).

Repeated analysis of covariance (MANCOVA) was performed to assess the changes in IOP between study groups. 
The model included “type of surgery” (XEN alone or XEN+Phaco) as a factor and age, preoperative IOP, and number of 
preoperative ocular hypotensive medications as covariates.

Success survival rates were plotted for XEN solo and XEN+Phaco groups using Kaplan–Meier analysis and were 
compared using a Log rank test.

To test for preoperative differences between cohorts, Mann–Whitney test was used for continuous variables.
Categorical variables were compared using a Chi-square test and a Fisher’s exact test, as needed. P value less than 

0.05 was considered significant.

Results
A total of 154 eyes (100 patients) were included in the study, 37 (24.0%) eyes that underwent XEN alone and 117 
(76.0%) eyes that underwent combined surgery (XEN + phacoemulsification). In the overall study sample, the mean age 
was 72.1±8.9 years and 112 (74.7%) eyes were diagnosed with primary-OAG.

Table 1 shows the main clinical and demographic clinical characteristics of the study sample.
At the time of analysis, 114 eyes had data available up to 2 years after surgery and 63 eyes had data up to 3 years. 

Median (interquartile range) time of follow-up was 24.0 (24.0–24.0) months.

Table 1 Baseline Demographic and Clinical Characteristics of the Study 
Population

Characteristic Total Population  
(n=154)

XEN Solo  
(n=37)

XEN+Phaco  
(n=117)

P value

Age, years

Mean (SD) 72.1 (8.9) 69.6 (13.2) 72.9 (9.7) 0.4373a

95% CI 70.7–73.5 65.2–74.0 71.6–74.2

Sex, n (%)

Female 82 (53.2) 20 (54.1) 62 (53.0) 1.0000b

Male 72 (46.8) 17 (45.9) 55 (47.0)

Eye, n (%)

Right 76 (49.4) 14 (37.8) 62 (53.0) 0.1323b

Left 78 (50.6) 23 (62.2) 55 (47.0)

(Continued)
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In the overall study population, the mean preoperative IOP was significantly lowered from 19.1±5.0 to 10.8±5.0, 12.5 
±4.5, 14.9±5.0, 15.1±3.7, 14.4±3.2, 14.7±3.1, 14.8±3.8, and 14.9±3.8 mmHg at day-1, week-1, months 1, 3, 6, 12, 24, 
and 36, respectively; p<0.0001 each, respectively (Figure 1A).

Preoperative IOP was significantly greater in those eyes that underwent XEN alone than in those who underwent 
combined surgery (21.2±6.2 mmHg vs 18.4±4.3 mmHg, p=0.0021). Mean IOP was significantly lower at day 1 and week 
1 in the eyes that underwent XEN solo, but significantly greater at months 1 and 6. As compared to baseline, the IOP was 
significantly lowered in both groups (Figure 1B).

Table 1 (Continued). 

Characteristic Total Population  
(n=154)

XEN Solo  
(n=37)

XEN+Phaco  
(n=117)

P value

Diagnosis, n (%)c

POAG 112 (74.7) 26 (72.2) 86 (75.4) 0.1194d

PEX 22 (14.7) 3 (8.3) 19 (16.7)
CNAG 6 (4.0) 2 (5.6) 0 (0.0)

PIG 2 (1.3) 0 (0.0) 6 (5.3)

Other 8 (5.3) 5 (13.9) 3 (2.6)

IOP, mmHg;

Mean (SD) 19.1 (5.0) 21.2 (6.2) 18.4 (4.3) 0.0112a

95% CI 18.3–19.9 19.2–23.3 17.6 to 19.2

NOHM
Mean (SD) 2.1 (0.8) 2.6 (0.7) 1.9 (0.8) <0.0001a

95% CI 1.9 to 2.2 2.3 to 2.8 1.8 to 2.0

NOHM, n (%)

1 44 (28.6) 2 (5.4) 42 (35.9) <0.0001d

2 61 (39.6) 14 (37.8) 47 (40.2)

3 45 (29.2) 19 (51.4) 26 (22.2)

4 4 (2.6) 2 (5.4) 2 (1.7)

Notes: aMann–Whitney test. bFisher’s exact test. cDiagnosis data were available for 150 eyes. dChi- 
squared test for trend. 
Abbreviations: SD, standard deviation; CI, confidence interval; POAG, primary open-angle glaucoma; 
PEX, pseudoexfoliative glaucoma; CNAG, chronic narrow-angle glaucoma; PIG, pigmentary glaucoma; 
IOP, intraocular pressure; NOHM, number of ocular hypotensive medications; Phaco, phacoemulsification.

Figure 1 Mean intraocular pressure (IOP) over the course of follow-up. The vertical bars represent the 95% confidence interval. (A) In the overall study population. 
(B) A comparison between the eyes that underwent XEN solo and those eyes that underwent XEN+Phacoemulsification surgery. Mean IOP was significantly lower in 
the XEN solo group at day 1 and week 1, but significantly greater at preoperative, months 1 and 6. No significant differences were observed at any of the other IOP 
time points measured (Statistical significance was determined using the one-way ANOVA test with the Scheffé’s method). *p < 0.0001 as compared to baseline 
(repeated measures ANOVA and the Greenhouse-Geisser correction). 
Abbreviations: Preop, preoperative; D, Day; W, Week; M, Month; ns, not significant.
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There were significant differences in IOP lowering between XEN and XEN+Phaco procedures at day 1, week 1 
(absolute and percentage IOP lowering), and month-12 (absolute values) (Figure 2A and B).

After adjusting for age, preoperative IOP, and number of preoperative ocular hypotensive medications mean IOP lowering, 
both absolute and percentage terms, was significantly greater at day 1 and week 1 in the XEN-solo group. However, no 
significant differences were observed at any of the different time-point measured in both cohorts beyond (Table 2).

In the overall study population, the mean number of antiglaucoma medications was significantly reduced from 2.1 
±0.8 to 0.2±0.6, p<0.0001. The number of ocular hypotensive medications was significantly reduced in the XEN-alone 
(from 2.6±0.7 to 0.4±0.8, p<0.0001) and in the XEN+Phaco (from 1.9±0.8 to 0.2±0.5, p<0.0001) groups. The mean 
reduction of ocular hypotensive medications was significantly greater in the XEN-alone than in the XEN+Phaco group 
(mean difference: 0.4 drugs; 95% CI: 0.1 to 0.7; p=0.0134).

Table 2 Mean Changes in Intraocular Pressure (IOP) Over the Course of Follow-Up in the Eyes That 
Underwent XEN Alone (XEN) versus Those That Underwent XEN + Phacoemulsification (XEN 
+Phaco)

Mean Change in IOP, mm Hg Absolute Values

XEN XEN+Phaco Difference

Mean SE Mean SE Mean (SE) 95% CI Pa

Day 1 −10.1 0.9 −7.7 0.5 −2.3 (1.1) −4.5 to −0.4 0.0230

Week 1 −9.2 0.8 −5.7 0.4 −3.5 (0.9) −5.3 to −1.8 0.0001

Month 1 −3.5 0.9 −4.4 0.5 0.9 (1.0) −1.1 to 2.9 0.3807

Month 3 −4.0 0.7 −4.0 0.4 0.0 (0.8) −1.6 to 1.5 0.9742

Month 6 −4.4 0.6 −4.7 0.3 0.3 (0.7) −1.0 to 1.6 0.6141

Month 12 −4.1 0.6 −4.3 0.3 0.2 (0.7) −1.1 to 1.5 0.7644

Month 24 −3.1 0.8 −3.8 0.4 0.7 (0.9) −2.5 to 1.1 0.4215

Signification* P<0.0001 P<0.0001

(Continued)

Figure 2 A comparison of the mean IOP lowering from preoperative values in XEN and XEN+Phaco procedures. (A) Absolute values. (B) Percentage. *p<0.0001. **p<0.05. 
Statistical significance was determined using the Mann–Whitney test. 
Abbreviation: ns, Not significant.
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At the last follow-up visit, 83 (53.9%) eyes were classified as success, with 75 (48.7%) eyes classified as complete 
success.

Table 3 shows the proportion of eyes who achieved different IOP targets irrespective of the percentual reduction from 
baseline.

Kaplan–Meier survival analysis did not find any difference in the success rate between XEN-solo and XEN+PHACO 
groups (Mean hazard ratio: 1.97, 95% confidence interval 0.93 to 3.92; p = 0.0775) (Figure 3).

The most frequent post-surgical complication in the overall study population was the need for needling (n = 36 eyes 
[23.4%]), followed by bleb fibrosis (n = 33 eyes [21.6%]), Tenon’s cyst (n = 21 eyes [13.6%]) and the need for surgical 
revision (n = 16 eyes [10.5%]) (Table 4). Except for the need for surgical revision, no significant differences were 
observed in the incidence of adverse events between eyes that underwent XEN-solo and those that underwent XEN 
+Phacoemulsification (Table 4).

Discussion
The results of the current study demonstrated that XEN45 implant, either alone or in combination with cataract surgery, 
significantly lowered the IOP and reduced the need for postoperative ocular hypotensive medication in patients with 
OAG in a real-life scenario.

Table 3 Overview of the Proportion of Patients Who Achieved Specific Intraocular Pressure Levels, with and Without 
Hypotensive Medication, at the Last Follow-Up Visit

With/Without Treatment Without Treatment

Overall 
(n=154)

XEN 
(n=37)

XEN+Phaco 
(n=117)

p Overall 
(n=154)

XEN 
(n=37)

XEN+Phaco 
(n=117)

p

≤14 mm Hg, n (%) 73 (47.4) 17 (46.0) 56 (47.9) 0.8406 68 (42.4) 13 (35.1) 55 (47.0) 0.2053

≤16 mm Hg, n (%) 111 (72.2) 25 (67.6) 86 (73.5) 0.4970 101 (65.6) 20 (54.1) 81 (69.2) 0.0931

≤18 mm Hg, n (%) 135 (87.7) 31 (83.8) 104 (88.9) 0.4123 123 (79.9) 25 (67.6) 98 (83.8) 0.0326

>18 mm Hg, n (%) 19 (12.3) 6 (16.2) 13 (11.1) 0.4123 Not applicable

Table 2 (Continued). 

Mean Change in IOP, mm Hg Percentages

XEN XEN+Phaco Difference

Mean SE Mean SE Mean (SE) 95% CI Pb

Day 1 −51.0 4.8 −36.8 2.6 −14.2 (5.7) −25.5 to −3.0 0.0136

Week 1 −46.4 4.1 −27.0 2.2 −19.4 (4.9) −29.0 to −9.8 0.0001

Month 1 −15.5 4.5 −20.1 2.4 4.6 (5.3) −5.8 to 15.0 0.3844

Month 3 −14.8 3.7 −17.2 2.0 2.4 (4.4) −6.2 to 11.0 0.5852

Month 6 −19.0 3.0 −21.4 1.6 2.4 (3.5) −4.7 to 9.4 0.5089

Month 12 −17.5 3.2 −19.4 1.7 1.9 (3.7) −5.5 to 9.3 0.6172

Month 24 −11.8 4.1 −16.9 2.3 5.2 (4.9) −4.5 to 14.8 0.2937

Signification* P<0.0001 P<0.0001

Notes: aBonferroni corrected. *Repeated measures ANCOVA and the Greenhouse–Geisser correction. bRepeated measures 
analysis of covariance (MANCOVA). The model included “Type of surgery” (XEN solo versus XEN+Phaco) as factor and age, 
preoperative IOP, and number of preoperative ocular hypotensive medications as covariates. 
Abbreviations: IOP, intraocular pressure; SE, standard error; CI, confidence interval.
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The IOP lowering was significantly greater at day-1, week-1, and month-12 in the XEN-solo group than in the XEN 
+Phacoemulsification one.

Additionally, it should be highlighted the relatively high proportion of patients achieving low target IOPs, with 42.4% 
and 65.6% of the patients achieving an IOP ≤14 mm Hg and ≤16 mm Hg without treatment, respectively. The proportion 
of eyes who achieved an IOP ≤14 mmHg or IOP ≤16 mm Hg, both with and without treatment, were similar in both 
groups. However, the proportion of eyes who achieved an IOP ≤18 mmHg without treatment was significantly greater in 
the XEN+Phacoemulsification group.

From a clinical point of view, different studies have reported the mid- and long-term efficacy, in terms of IOP 
lowering and the amount of ocular-hypotensive medications reduction, and safety of XEN45 implant, either alone or in 
combination with phacoemulsification surgery, in OAG patients.14,16,17,25–29,32–38

Table 4 Incidence of Post-Surgery Complications After XEN45 Implant Surgery

Complication, n (%) Total Population  
(n=154)

XEN solo  
(n=37)

XEN+Phaco  
(n=117)

P valuea

Needling 36 (23.4) 13 (35.1) 23 (19.7) 0.0546

Bleb fibrosisb 33 (21.6) 11 (29.7) 22 (19.0) 0.1692

Tenon’s cyst 21 (13.6) 8 (21.6) 13 (11.1) 0.1057

Surgical revision 16 (10.5) 8 (21.6) 8 (7.0) 0.0119

Hyphema 8 (5.2) 3 (8.1) 5 (4.3) 0.3663

Anterior chamber flattening 3 (1.9) 2 (5.4) 1 (0.9) 0.0879

Infectionb 0 0 (0.0) 0 (0.0) na

Notes: aChi-squared test. bBleb-related infection or endophthalmitis. 
Abbreviations: n, number of eyes; na, not applicable.

Figure 3 Kaplan–Meier survival curve for success. Success occurred in 67.6% (25/37) of eyes that underwent XEN-solo surgery, while success occurred in 49.6% (58/117) of 
eyes that underwent combined surgery (XEN+Phaco). Mean hazard ratio (HR) 1.97, 95% confidence interval (0.93 to 3.92); p = 0.0775.
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In this respect, the results of the study do not differ significantly from the published evidence.
Our study found significant differences, throughout study follow-up, between the eyes that underwent XEN-alone and 

those eyes that underwent XEN+Phacoemulsification. However, such differences were not statistically significant after 
adjusting by different covariates.

Interestingly, these differences were not always in favor of the same group throughout follow-up. Preoperative IOP 
was significantly greater in the XEN-solo group, which can be justified by the fact that the surgery was indicated for 
purely hypotensive purposes.

The mean IOP was significantly lower in the XEN-solo group at day-1 and week-1, while it was significantly lower in 
the combined group at months 1 and 6. Nevertheless, in terms of percentage, there were no significant differences in IOP 
lowering between XEN-solo and XEN+Phacoemulsification beyond the week-1.

The effectiveness of XEN45 in combination with cataract surgery has been analyzed in some papers. However, there 
have been conflicting results regarding the superiority of the solo procedure over the combined procedure with cataract 
surgery.12,15,16,26,39

While some authors did not find significant differences in IOP lowering between XEN-alone and the XEN 
+Phacoemulsification groups,12,15,16 other ones reported higher success rates in the XEN-alone group.26,39

According to the results of Chen et al,40 both XEN-alone (mean difference: −7.8 mmHg; 95% CI: −8.21 to −7.38 
mmHg, p<0.001) and XEN+Phacoemulsification (mean difference: −8.35 mmHg; 95% CI: −9.82 to −6.88 mmHg, 
p<0.001) significantly lowered the IOP. However, another systematic review and meta-analysis published by Wang et al38 

has shown different results. They found better results for XEN alone compared XEN+Phacoemulsification procedures in 
IOP lowering but not in the reduction of ocular hypotensive medications.41

Regarding safety, the incidence and type of complications was similar to that previously published.11–21,25–29,32–39 

Thirty-six (23.4%) eyes underwent a needling procedure and 16 (10.5%) eyes required a surgical revision. Apart from the 
incidence of surgical revision, which was significantly greater in the XEN solo group, no differences were observed 
between the two study groups.

The main limitation of the current study is its retrospective design. Selection bias and potential confounders are 
inherent to retrospective studies. Nevertheless, the selection of strict inclusion/exclusion criteria, as well as the inclusion 
of a large number of eyes, may minimize these issues. In addition, the current study did not evaluate the endothelial cells 
count. It has been previously reported that XEN device in combination with phacoemulsification was associated with 
certain endothelial cell density reduction.42,43 Nevertheless, the endothelial cell density reduction was similar to that 
observed following standalone phacoemulsification.

Conclusions
The results of this study showed that XEN implant, either alone or in combination with cataract surgery is an effective 
treatment for lowering IOP and reducing the need for ocular hypotensive medication, while maintaining a good safety profile.

Additionally, except for the day-1 and week-1, our study did not find significant differences in IOP lowering at any of 
the different time-point measured between XEN-solo and XEN+Phaco.

Doubts remain to be clarified, such as, for example, the role of mitomycin-C concentration on clinical results or the 
cost-effectiveness of this procedure.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author (MTMP) upon reasonable 
request.
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