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ABSTRACT 

Purpose: This study investigated the efficacy and safety of a cross-linked collagen stent 

(XEN 45) with or without cataract surgery in the treatment of glaucoma. 

Setting: Real-life setting. 

Design: Prospective, open-label, multicenter clinical trial. 

Methods: Eligible patients with glaucoma inadequately controlled by treatment, or poor 

compliance or intolerance to topical therapy were included. Patients were divided into those 

with implant only (solo group; phakic and pseudophakic patients) and implant combined with 

cataract surgery (combo group). Differences in average intraocular pressure (IOP) and 

number of medications between baseline and study end (12 months), and the rate of qualified 

and complete success were evaluated. 

Results: Overall, there were 115 patients in the solo group (43 phakic and 72 pseudophakic) 

and 56 in the combo group. Compared with baseline, mean IOP (23.9 ± 7.6 to 15.5 ± 3.9) and 

number of medications (3.0 ± 1.1 to 0.5 ± 1.0) decreased significantly at study end (P < 0.001 

for both). A >20% and >30% reduction in IOP from baseline was achieved by 72.3% and 

52.6% of patients, respectively. IOP at one week post-op was a predictor of success, and the 
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needling rate was inversely correlated to early post-op IOP. The number of pre-operative 

medications and patientage were not significantly associated with failure. 

Conclusions: Insertion of the XEN 45 stent alone or combined with phacoemulsification is 

effective and safe in the treatment of open angle glaucoma, with a substantial reduction in 

IOP and number of medications. Future randomized, comparative studies on the use of this 

device are warranted. 
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INTRODUCTION 

 

Glaucoma is a group of diseases leading to a chronic and progressive optic neuropathy and 

loss of vision. It affects more than 60 million patients and represents the second cause of 

blindness worldwide;1,2 its prevalence is increasing due to aging of the world's population.3,4 

Primary open-angle glaucoma (POAG) is the most common form of the disease.4 The aim of 

all glaucoma treatments is to decrease intraocular pressure (IOP), since IOP is the only 

modifiable parameter among other well-identified risk factors. The modalities of treatment 

should be individualized considering the characteristics of the disease (type of glaucoma, 

stage, rate of progression) and the patient (age, lifestyle, expectations). Increasing attention to 

quality of life has emerged in recent years and new surgical techniques have been designed to 

reduce possible morbidity connected with traditional glaucoma surgery. 

Target IOP is most often used in clinical practice and is defined as a decrease of at 

least 20% in early glaucoma and 30% in moderate glaucoma versus baseline IOP.XEN 45 is 

a new device consisting of a porcine gelatin stent cross-linked with glutaraldehyde and comes 

preloaded in an injector; it has been designed to create a channel from the anterior chamber 

(AC) to the subconjunctival space and to allow aqueous humor outflow when inserted 

through a small corneal incision via a minimally invasive procedure.5-7 Several studies have 

demonstrated that the device is both effective and safe, either alone7-10 or combined with 

other interventions.11-17 XEN 45 has been approved by the FDA on the basis of the favorable 

results in terms of efficacy and safety in a pivotal study on 65 patients with glaucoma 

refractory to other therapeutic interventions.9 The aim of our study was to evaluate the 

efficacy and safety of XEN 45 in a real-life setting, either alone or combined with standard 

phacoemulsification, in a group of patients with glaucoma. 
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PATIENTS AND METHODS  

Study design and participants 

This was a prospective, open-label, multicenter clinical trial on real-life patients from 7 

European centers, with data collected according to a common protocol. In all centers, the 

study protocol was approved by the local Ethics Committee, and patients gave written 

informed consent prior to enrollment. The study was conducted in accordance with the ICH 

Harmonized Tripartite Guidelines for Good Clinical Practice and principles of the 

Declaration of Helsinki.  

Eligible patients had glaucoma inadequately controlled by treatment, or a poor compliance or 

intolerance to topical therapy. Patients with narrow-angle glaucoma, ocular pemphigoid, 

phacodonesis, or patients with a conjunctival scar, which in the opinion of the surgeon could 

compromise the outcome of the procedure, were excluded. Contrary to recommendations in 

the instruction manual of the XEN 45, and considering the real-life setting of the present 

study, patients who had previously undergone surgery for glaucoma or who had pseudo-

exfoliation were not excluded. 

Patients with a significant cataract (decrease of visual acuity ≥7/10 or with significant 

cataract-related visual symptoms) were treated with standard phacoemulsification combined 

with implantation of the XEN 45 device. Patients were divided into two groups: implant only 

(solo group) and implant combined with cataract surgery (combo group); within the solo 

group, phakic and pseudophakic patients were also analyzed separately. 

 

XEN 45 stent and surgical technique 

The XEN 45 gel stent (Allergan, Dublin, Ireland) is made of porcine collagen cross-linked 

with glutaraldehyde. The cross-linked collagen stent is 6 mm long, has a 45 µm inner lumen 

diameter, and is preloaded into a single-use injector. Standard ophthalmic surgical techniques 

ACCEPTED

 Copyright © 20 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.20 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Fea, A. M., Bron, A. M., Economou, M. A., Laffi, G., Martini, E., Figus, M., Oddone, F. (2020).
A real-life prospective study on the efficacy of the XEN 45 stent: a European study. Journal

of Cataract and Refractive Surgery, Epub ahead of print, 1-42. , DOI : 10.1097/j.jcrs.0000000000000065

 6 

were used to prepare patients and eyes. In the combo group, all subjects underwent standard 

corneal phacoemulsification with intraocular lens implantation. If the surgeon considered it 

necessary, acetylcholine was injected into the AC to constrict the pupil before implant of a 

cross-linked collagen stent. The majority of needlings were performed with 5-fluorouracil (5-

FU) at the discretion of the surgeon. Intraoperative 0.1 mL mitomycin C 0.02% (MMC) was 

injected sub-conjunctivally using a 30 G hypodermic needle under Tenon capsule and spread 

with a microsponge applied to the conjunctiva in the superior nasal quadrant where the 

implant was to be inserted before the implant was injected or, in case of cataract extraction, 

before phacoemulsification (performed in 13 patients at the surgeon’s discretion). Using an 

ab interno approach, the preloaded injector needle was inserted through a 1.8 mm corneal 

incision in case of the solo procedure (or a 2.2 mm corneal incision in case of combo with 

cataract) opposite to the site of desired implantation after the AC was filled with the highly 

cohesive viscoelastic device. The needle was then directed across the AC towards the 

superonasal quadrant. Intraoperatively, a goniolens could be used at the surgeon’s discretion 

to verify placement through the angle to avoid trauma to the iris, iris root, or the trabecular 

meshwork. The implant tracked 3.0 mm posterior to the limbus exiting through the sclera into 

the subconjunctival space. Approximately 1 to 2 mm of the implant was left in the AC to 

provide a connection from the AC to the subconjunctival space. Viscoelastic material was 

removed from the AC by irrigation/aspiration in the combo group or by washing with saline 

in the solo group.  

 

Post-operative management 

Topical IOP-lowering medications, as well as systemic IOP-lowering medications, were 

suspended on the day of surgery. Antibiotic-corticosteroid therapy or corticosteroid 

monotherapy was administered and progressively withdrawn over one month. In the 
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following months, a drop of corticosteroid was administered at the dosage and schedule 

according to the physicians’ preferences.  

After surgery, needling was performed if necessary either at slit-lamp or in the operating 

room according to the surgeon’s preference (IOP increase over target, flat bleb or fibrotic 

bleb, or high risk of bleb failure in the investigator’s opinion). In case of repeated failure after 

needling, IOP-lowering medications were restarted. The number of post-operative needling 

procedures allowed were left to the investigator’s discretion. If the IOP remained higher than 

the patient’s target pressure in two consecutive measurements after needling and/or if, 

according to the surgeon’s opinion, bleb revision was not possible, IOP-lowering medications 

were restarted with the regimen decided by the physician. IOP-lowering medications were 

also started while waiting for the needling procedure, if necessary. 

 

Assessments 

Patients were evaluated with a baseline pre-operative visit (within 1 month prior to surgery) 

and follow-up assessments were planned at 1 day, 1 week, and 1, 3, 6, 9, and 12 months after 

surgery. During the baseline visit, patients’ personal and anamnestic data were collected as 

follows: IOP measurement assessed by two operators, best-corrected visual acuity evaluation, 

an examination of the anterior segment and the fundus, and a computerized visual field 

testing. The two-operator IOP measurement was repeated at each post-operative visit at 9 am 

(± 1 hour); if in the opinion of the surgeon the bleb was cystic or flat, or in the case of IOP 

increase over target in two consecutive measurements at least one day apart, needling with 5-

FU or MMC was performed according to the center protocol.  

 

 

 

ACCEPTED

 Copyright © 20 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.20 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Fea, A. M., Bron, A. M., Economou, M. A., Laffi, G., Martini, E., Figus, M., Oddone, F. (2020).
A real-life prospective study on the efficacy of the XEN 45 stent: a European study. Journal

of Cataract and Refractive Surgery, Epub ahead of print, 1-42. , DOI : 10.1097/j.jcrs.0000000000000065

 8 

Endpoints 

The primary endpoints were the reduction in mean IOP and number of medications between 

baseline and study end. The rates of qualified success (defined as IOP ≤18, 16, and 14 

mmHg, and a >20% and >30% IOP reduction from baseline, irrespective of pharmacological 

treatment) at 12 months and complete success (same IOP reductions as above and without 

pharmacological treatment) were also evaluated and compared between groups. Failures were 

considered IOP <4 mmHg for more than two post-operative visits, need for further glaucoma 

surgery or surgery for complications. We also calculated whether IOP on day 1 (<6, 8 or 10 

mmHg) was related to complete success. Moreover, we evaluated whether an increase in IOP 

of >4 mmHg or >6 mmHg between the first three post-operative visits (at 1 day, 1 week, and 

1 month) was related to the success rate or to the number of needling procedures. The pre-

operative number of eye drops and patient age were evaluated as possible risk factors for 

failure or to the number of needling procedures.  

 

Statistical analysis 

All analyses were performed on the intent-to-treat (ITT) population. Patients with more than 

30% missing data were dropped and case-wise deletion was used in the remaining data set. 

Variables with a normal distribution were expressed as mean ± standard deviation and 

compared using a paired or unpaired t-test. Categorical variables were expressed as numbers 

(percentages) and compared with Fisher’s exact test or Mann-Whitney test as appropriate. 

Correlations were evaluated using the Pearson coefficient for Gaussian and Spearman for 

non-Gaussian distributed variables. A P value of <0.05 was considered significant and all 

tests were two-tailed. Analyse-it 4.8 and Prism 8 software were used for the analysis.  
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RESULTS 

Demographic and baseline characteristics 

In total, 298 patients were enrolled; 171 patients had ≥9 months of follow-up and were 

included in the analysis. As no significant differences were detected at baseline between the 

enrolled population and the patient population with ≥9 months follow-up (Table 1), the 

analyzed sample can be considered representative of the entire population. Of the 171 

patients, 115 were treated with the XEN-45 gel stent only (solo group; 43 phakic and 72 

pseudophakic) and 56 with the XEN-45 gel stent plus phacoemulsification (combo group); 

two patients with mixed mechanism glaucoma were included, one in each treatment group 

(Table 2).  

Twelve patients (8 in the solo group and 4 in the combo group) underwent other surgical 

procedures; data from these patients were considered until the last visit before surgery. 

Rupture of the stent occurred during the needling procedure in one patient; this data was, 

however, included in the analysis. 

Of the 171 patients with baseline assessment, data were available for 131, 166, 166, 148, 145, 

141, and 137 patients at 1 day, 1 week, and 1, 3, 6, 9, and 12 months after surgery, 

respectively. At the 12-month visit, data were available for 87.1% of patients (149/171), 

including patients who needed other glaucoma surgery.  

Despite not being a randomized study, baseline characteristics of the combo and solo groups 

were mostly similar, with the exception of IOP and number of medications, which were 

significantly higher in the solo group than in the combo group; the solo group also had 

significantly higher visual acuity, which was as expected (Table 2). 
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Efficacy 

Compared with baseline, mean IOP and number of medications decreased significantly at 12-

month follow-up (from 23.9 ± 7 to 15.5 ± 3.9 and from 3.0 ± 1.1 to 0.5 ± 1.0, respectively; 

both P < 0.001) (Figure 1). Figure 2 shows the same set of IOP data presented in a scatterplot 

format to show the changes in pressure. Although 28 patients were receiving acetazolamide 

combined with topical therapy at baseline (Table 2), no patients received acetazolamide 

during the post-operative period.  

One week and 1 month post-operative IOP were correlated with final IOP (P = 0.04 and P = 

0.01 respectively), whereas there was no correlation between 1 day post-operative IOP and 

final IOP (Table 3). Patients with a 1 week post-operative IOP <6, 8 or 10 mmHg had a 

significantly higher probability of success defined as an IOP ≤14, 16 or 18 mmHg at the final 

follow-up visit, as did patients with a 1 month post-operative IOP <10 mmHg (Table 3). In 

addition, patients with a change in IOP between 1 week and 1 month of <4 or 6 mmHg had a 

significantly higher chance of achieving an IOP ≤16 or 18 mmHg at the final follow-up visit 

(Table 3). 

Neither patient age nor the number of medications at baseline were related with treatment 

outcome.  

The number of needling procedures was significantly correlated with 1 day (r=0.24, P = 

0.006), 1 week (r=0.27, P < 0.001), and 1 month (r=0.32, P < 0.0001) post-operative IOP, but 

not with the pre-operative number of medications or pre-operative IOP, nor to patient age. 

Patients subjected to needling had a similar pre-operative IOP (no needling, 23.3±7.5; 

needling, 24.4±7.7; P=0.96), although post-operative IOP was significantly less in the group 

that did not undergo needling (no needling, 14.8±3.1; needling, 16.5±4.5; P = 0.01) with no 

differences in the number of medications pre- and post-operative (no needling: pre-, 2.9±1.2; 

post-, 0.3±0.9; needling: pre-, 3±0.9 and 0.8±1.2). All three patients with uveitic glaucoma 
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were subjected to needling (one patient once and two patients twice each).Patients who did 

not undergo needling had a significantly higher rate of complete success at the end of follow-

up period compared with patients treated with needling, with an IOP ≤14 mmHg in 68.8% vs. 

46.7%, (P = 0.02), ≤16 mmHg in 66.7% vs. 41.9%, (P = 0.002), and ≤18 mmHg in 66.7% vs. 

39.3% of patients (P = 0.001).  

Compared with baseline, IOP decreased in both the combo and solo groups at the final visit 

(from 21.42 mmHg to 15.81 mmHg, and from 25.03 mmHg to 15.36 mmHg, respectively) 

(Figure 3). At 1 week, IOP was significantly lower in the solo group compared with the 

combo group (P = 0.04), but no significant differences were detected at the following visits. 

Throughout the follow-up period, the mean number of medications was not significantly 

different between the two groups. 

No significant differences in IOP or the number of medications were detected between 

phakic and pseudophakic patients in the solo group at the end of the follow-up period (Figure 

4). 

The mean difference between baseline and the end of the follow-up period in IOP and the 

number of medications was significantly higher in the solo group compared with the combo 

group (P = 0.0032 and P < 0.0001, respectively) (Table 4). Compared with baseline, IOP and 

the number of medications were reduced at the final visit by 38.6% and 83.7% in the solo 

group and by 26.2% and 80.1% in the combo group, respectively. Phakic patients achieved 

the highest percentage reduction for both parameters.  

Table 5 shows the final results at the 12-month follow-up visit. Overall, a >20% and >30% 

IOP reduction from baseline was achieved by 72.3% and 52.6% of patients, respectively, and 

71.5% of patients were without medications (70.8% and 71.9% in the combo and solo 

groups, respectively). There were no significant differences between phakic and 

pseudophakic patients in terms of the percentage of patients with a >20% and >30% IOP 
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reduction from baseline. Similarly, no significant differences were found for either qualified 

or complete success, with IOP ≤18 and ≤16 mmHg with or without medications, respectively, 

although more patients in the solo group achieved complete success with IOP ≤14 mmHg and 

no medications compared with the combo group (41.6% vs. 22.9%, respectively; P = 0.03) 

(Table 5). For qualified success in the solo group, a higher percentage of phakic patients 

obtained IOP ≤16 and ≤14 mmHg compared with the pseudophakic group (72.4% and 62.1% 

vs. 70.0% and 40.0%, respectively), but these differences were not statistically significant 

(Table 5). 

In the subpopulation of patients who had undergone previous surgery for glaucoma or other 

ocular procedures no differences were observed in the number of needlings, although it is 

worthwhile mentioning that conjunctival perforation occurred in one case and hypoathalamia 

was seen in another case that resolved with medical therapy. In addition, one patient who had 

undergone previous iridectomy was subjected to successive trabeculectomy and one with 

prior trabeculectomy needed an Ahmed valve. The number of re-interventions in the group 

with prior ocular interventions was numerically higher compared to those without, although 

statistical analysis was not possible due to the small number of patients. In consideration of 

the different diagnoses, the only subgroup with a sufficient number of patients was those with 

pseudoexfoliation. There were no significant differences between these patients and the 

remaining group in terms of number of drugs administered (0.2±0.5 vs 0.6±1.0) or needlings 

(1.0±1.3 vs 0.8±1.2) at last follow-up. In addition, IOP at last follow-up was also similar 

(14.9±3.4 vs 15.6±3.9), even if those with psuedoexfoliation has a slighter higher pre-

operative IPO (25.0±6.5 vs 23.6±7.7). Of the three patients with uveitis, one had been 

previously subjected to trabulectomy and needed a Baerveldt valve. The other two patients 

had an IOP at follow-up that was slightly higher than the entire group (21.1 vs 19.3, 
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respectively) and a mean of 2 vs 3 drugs administered. Bleeding in the anterior chamber was 

also observed in one of these patients. 

 

Safety 

Post-operative complications are reported in Table6. Additional surgery was performed in 12 

(7%) patients (8 in the solo group and 4 in the combo group) including: trabeculectomy 

(n=8), Ahmed valve implant (n=1), Baerveldt valve implant (n=1), vitrectomy for malignant 

glaucoma (n=1), and bleb revision for exposure to the cross-linked collagen stent (n=1). Four 

of the additional procedures were done on patients who had undergone previous glaucoma 

surgery.  

Overall, 147 needlings were performed in 79 patients (46.2%), corresponding to 1 (n=41), 2 

(n=21), 3 (n=10), 4 (n=3), 5 (n=2), and 6 procedures (n=2). The needling rate was 

significantly higher in patients in the combo group compared with the solo group (48.21% vs. 

45.22%, P < 0.01), and in pseudophakic vs. phakic patients (45.83% vs. 44.19%, P = 0.002) 

(Table 7). 

Cases of hyphema, hypoathalamia, choroidal detachment, and fibrin reaction were all treated 

with medical therapy and had a post-operative course that was broadly similar to entire 

population. The case of perforation was treated with suture of the conjunctiva and topical 

antibiotic therapy, and resolved after 4 weeks. The case of stent rupture did not require 

intervention. The cases of stent repositioning and stent in the anterior chamber underwent 

removal and reimplantation of the stent. All these cases had outcomes that were similar to the 

entire group. The case of malignant glaucoma manifested on the fourth day; following 48 

hours of medical therapy with atropine and acetazolamide the patient was subjected to 

vitrectomy 23 G (VPP) associated with irido-zonular-hyaloidectomy of the anterior chamber. 

The outcome was satisfying with good control of ocular pressure (19.0 mmHg at 6 months; 
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timolol 0.1% every morning), but visual acuity was reduced to 1/10. The reduced visual was 

partially attributable to pre-existing age-related dry maculopathy. There were no cases of 

endophthalmitis.  

 

DISCUSSION 

This prospective, open-label, multicenter clinical trial aimed to demonstrate the effectiveness 

and safety of the XEN 45 stent in patients with uncontrolled glaucoma or with poor 

compliance or intolerance to medical therapy in a real-life setting. In our study, the 35.2% 

reduction seen in IOP is consistent with previous prospective studies, which showed 

reductions of 35.6%,7 31%,16 and 30.4%18 . Although our inclusion criteria differed, the final 

(one year) IOP of 15.5 mmHg is in line with that reported by other studies: 15.9 mmHg,7 

13.9 mmHg,16 and 14.9 mmHg18 , suggesting that the results obtained with the use of XEN 

45 stent are consistent, at least in a Caucasian population. It is of note that both mean IOP 

and the percentage of patients with IOP ≤18 and 16 mmHg (83.7% and 60.7% of patients 

with IOP ≤18 mmHg and ≤15 mmHg, respectively, in the Apex study18 compared with 81% 

and 70% of patients with IOP ≤18 mmHg and ≤16 mmHg, respectively, in our study) are 

very similar to those reported in the multicenter Apex group study. This is despite the fact 

that, in the Apex study, only POAG patients with moderate severity and without previous 

glaucoma surgery were included.  

Previous studies have speculated that a low IOP in the early post-trabeculectomy period may 

be predictive of a more favorable outcome. Some have suggested that lower IOPs on first 

post-operative day are predictive of longer-term success,19 while others found that IOPs at the 

first month20 were a predictive factor for success;21 Karimi et al. found that low IOP on day 1 

after XEN gel implantation may be a positive predictive factor for final outcomes (Table 8).22 

In our study, 1 week and 1 month post-operative IOP were correlated with the final IOP, 
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whereas day 1 post-operative IOP was not. By grouping patients according to IOP at day 1, 1 

week and 1 month, those with a lower IOP at 1 week had a higher chance of success. 

Patients with an IOP difference of <4 or <6 mmHg between the 1 week and 1 month post-

operative visits had a higher probability of having a final IOP ≤16 or 18 mmHg. Early IOP 

post-surgical procedures for glaucoma may be influenced by a variety of different factors and 

this might explain why we did not observe any relationship with the success rate and day 1 

post-operative IOP. Week 1 post-operative IOP seems to hold a greater predictive value 

towards the final IOP. Similar results were obtained when comparing the IOP difference 

between week 1 and month 1.  

Previous authors used anterior segment-optical coherence tomography to find predictors of 

surgical success.23,24 Although the bleb resulting after implantation of a cross-linked collagen 

stent is smaller and easier to study compared to the one after trabeculectomy, bleb analysis is 

time consuming and there are no widely accepted definitions of bleb morphology. The 

possibility of summarizing a variety of factors in a single variable (early post-operative IOP) 

that can be a reasonable predictor of the longer IOP target is promising, although it should be 

confirmed by further studies. Midha and colleagues demonstrated that eyes with lower IOP 

on day 1 were less likely to require needling.25 Similarly, we found a significant correlation 

with IOP at day 1, week 1 and month 1, but not with pre-operative IOP patient age, number 

of pre-operative medications, or number of needling procedures. Taken together, these 

observations strongly support the hypothesis that early post-operative IOP can predict the 

final surgical outcome and suggest that closer follow-up is warranted in patients with a 

relatively higher post-operative IOP. 

The percentage IOP reduction in this sample is not a meaningful way of measuring success 

due to the fact that starting IOP pressures were significantly different between the solo and 

combo groups, and a floor effect may not be excluded. As far as final pressures are 

ACCEPTED

 Copyright © 20 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.20 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Fea, A. M., Bron, A. M., Economou, M. A., Laffi, G., Martini, E., Figus, M., Oddone, F. (2020).
A real-life prospective study on the efficacy of the XEN 45 stent: a European study. Journal

of Cataract and Refractive Surgery, Epub ahead of print, 1-42. , DOI : 10.1097/j.jcrs.0000000000000065

 16 

concerned, which are an important marker of success, there was no significant difference 

between the solo and combo groups. 

The solo group demonstrated a significantly higher percentage of patients with IOP 

≤14mmHg at the 12-month follow-up visit, a significantly higher mean decrease of 

medications, and significantly fewer patients who underwent needling. Taken together, these 

data suggest that the combination of phacoemulsification with the XEN 45 gel stent may be 

slightly less effective compared with implantation of the same stent alone. If we do not 

concentrate only on mean pressure, but analyze our data in more detail, it is apparent that 

there are differences between the two groups and that these differences are clinically 

meaningful. This can also explain some of the different results described in the literature. Our 

results are in line with the those reported by Mansouri and colleagues.16 Widder et al.10 

similarly reported a better success rate in solo surgery, while other authors could not show 

any difference between solo and combo surgery.13,15,18 It should be noted, nevertheless, that 

both Karimi et al.15 and the Apex study18 only compared mean IOPs between the two groups, 

which was also not significantly different in our sample.  

The needling rate in our sample was higher (46.1%) compared with previous studies (range 

2.4%–43%26) and probably reflects a proactive approach to needling. It should also be noted 

that no strict guidance was prospectively defined and that different centers used different 

approaches. In the literature, nevertheless, there is no clear and objective criteria for needling 

other than increased IOP or appearance of bleb, which is a somewhat subjective criterion. 

Furthermore, in our group, some surgeons prefer to establish a limit for the number of 

needling procedures (i.e., no more than 2 or 3), because they fear the cumulative effect of 

antimetabolite injections or feel that if two needling procedures are ineffective the probability 

of success with a third needling would be very low; others, however, may proceed with 

needling whenever they deemed it necessary and eventually decided to use steroids instead of 
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antimetabolites to limit potential adverse events. Further research is definitely warranted in 

this area to better define the number, type, and indications for needling. Additional surgery 

was required by 7% of our patients and one-third of those requiring additional surgery had 

glaucoma surgery prior to implantation of the XEN 45 stent. Little is known about the results 

of implantation of a cross-linked collagen stent on patients with previous surgery, although 

Karimi et al.15 suggested that the XEN implant was equally effective in patients with or 

without previous glaucoma surgery (18 patients of 226). Most complications reported in our 

study were self-limited with medical therapy (hyphema, choroidal detachment, fibrinoid 

reaction in the AC), but a case of malignant glaucoma, which required vitrectomy, also 

occurred as well erosion through the conjunctiva. Although rare, these complications may 

lead to a severe impairment of visual function.27 

The strengths of this study are represented by its prospective, multicenter (with a common 

protocol), and comparative design, its real-life setting, the relatively large number of cases, 

and the subanalysis between phakic and pseudophakic patients. This study is limited by its 

non-randomized design, and by the differences, albeit slight, at baseline between the combo 

and solo groups in terms of IOP and number of medications. Finally, baseline unmedicated 

IOP was not recorded, due to the lack of a wash out period. 

In conclusion, our study showed that insertion of the XEN 45 stent alone or combined with 

phacoemulsification is effective and safe in the treatment of open angle glaucoma, with a 

substantial reduction of IOP and number of medications, a good success rate, and a low 

number of adverse effects. Future randomized, comparative studies with a long-term follow-

up on the use of this device are warranted. 
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WHAT WAS KNOWN 

• In patients with glaucoma, the association with cataract is common and combined 

surgical therapy is often needed.  

• The XEN 45 stent was effective and safe in the surgical treatment of glaucoma.  

WHAT THIS PAPER ADDS 

• The use of the XEN 45 stent, either alone or in combination with phacoemulsification, 

is effective and safe in the treatment of open angle glaucoma in a “real-life setting”. 

• The combination of the XEN 45 stent plus phacoemulsification may be slightly less 

effective than implantation of the same stent alone. 

• Early post-operative IOP may predict the final surgical outcome suggesting closer 

follow-up in patients with a relatively higher post-operative IOP is warranted. 

 

SYNOPSIS 

In a “real-life” setting, the XEN 45 stent was effective and safe in treatment of open angle 

glaucoma, either alone or in combination with phacoemulsification. 
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FIGURE LEGENDS 

Figure 1. Mean intraocular pressure (IOP) and number of medications during the study. 

 

Figure 2. Scatterplot of intraocular pressure (IOP) reduction as a function of post-operative 

IOP (last follow-up). 

 

Figure 3. Mean intraocular pressure (IOP) and number of medications during the study, solo 

vs. combo group (The first row of numbers refers to the combo patients at each follow-up 

visit and the second row to the solo patients. The bars represent number of medications and 

the lines represent IOP). 

 

Figure 4. Mean intraocular pressure (IOP) and number of medications in the standalone 

cross-linked collagen stent procedure (solo group) according to lens status (phakic or 

pseudophakic). (The first row of numbers refers to phakic patients at each follow-up visit and 

the second row to pseudophakic patients. The bars represent number of medications and the 

lines represent IOP). 
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TABLES 

Table 1. Baseline characteristics of the patient population with ≥9 months of follow-up 

compared with the overall enrolled population. 

 
 All 

(n=298) 

Follow up ≥9 months 

(n=171) 

p-value 

Age, mean ± sd 70.3 ± 11.8 70.5 ± 11.8 0.88 

Female, n (%) 149 (50.0%) 89 (52.0%) 0.70 

Left eye, n (%) 146 (49.0%) 87 (50.9%) 0.70 

Phakic, n (%) 165 (55.4%) 98 (57.3%) 0.69 

    

Glaucoma type, n (%)    

 Primary open angle glaucoma 235 (78.9%) 134 (78.4%) 0.90 

 Exfoliative glaucoma 39 (13.1%) 27 (15.8%) 0.42 

 Juvenile glaucoma 4 (1.3%) 2 (1.2%) 0.93 

 Mixed mechanism glaucoma 9 (3.0%) 2 (1.2%) 0.22 

 Normal tension glaucoma 7 (2.3%) 3 (1.8%) 0.82 

 Uveitic glaucoma 3 (1.0%) 3 (1.8%) 0.79 

 Ocular hypertension 1 (0.3%)  0.78 
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Previous laser treatment, n (%)    

 SLT 58 (19.5%) 47 (27.5%) 0.05 

 ALT 1 (0.3%) 1 (0.6%) 0.63 

    

Previous surgery, n (%)    

 Trabeculectomy 6 (2.0%) 4 (2.3%) 0.83 

 Deep sclerectomy 2 (0.7%) 1 (0.6%) 0.90 

 Iridectomy 1 (0.3%) 1 (0.6%) 0.63 

 Vitrectomy (epiretinal membrane) 1 (0.3%)  0.47 

 Buckling 1 (0.3%) 1 (0.6%) 0.63 

 Keratoplasty 1 (0.3%)  0.47 

    

Acetazolamide, n (%) 68 (22.8%) 28 (16.4%) 0.12 

Medications pre-op, mean ± sd 3.03 ± 1 3.0 ± 1.1 0.76 

IOP pre-op (mmHg), mean ± sd 25.1 ± 8.14 23.85 ± 7.6 0.10 

Central corneal thickness, mean ± sd 533.6 ± 38.9 530.2 ± 43.04 0.38 

Mean defect, mean ± sd -12.67 ± 8.61 -11.66 ± 8.34 0.22 

ACCEPTED

 Copyright © 20 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.20 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Fea, A. M., Bron, A. M., Economou, M. A., Laffi, G., Martini, E., Figus, M., Oddone, F. (2020).
A real-life prospective study on the efficacy of the XEN 45 stent: a European study. Journal

of Cataract and Refractive Surgery, Epub ahead of print, 1-42. , DOI : 10.1097/j.jcrs.0000000000000065

3 

 

Pattern standard deviation, mean ± sd 6.95 ± 3.13 7.19 ± 2.9 0.41 

BCVA, mean ± sd 0.65 ± 0.27 0.67 ± 0.26 0.43 

 
Abbreviations: ALT, argon laser trabeculoplasty; BCVA, best-corrected visual acuity; IOP, 

intraocular pressure; SLT, selective laser trabeculoplasty. 
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Table 2. Baseline characteristics of solo group (cross-linked collagen stent only) and combo group (cross-linked collagen stent implant 

combined with cataract surgery) treatment groups. 

 
 Combo group 

(n=56) 

Solo group 

(n=115) 

p-value  

(Solo vs. 

Combo) 

Phakic 

(n=43) 

Pseudophakic 

(n=72) 

p-value 

(Phakic vs. 

Pseudophakic) 

Age (years), mean ± sd 71.4 ± 7.9 70 ± 13.3 0.47 62.2 ± 15 74.7 ± 9.4 <0.001 

Female, % 31 58 0.66 15 43 0.02 

       

Glaucoma type, n        

 POAG 45 89 0.66 31 58 0.41 

 PXG 8 19 0.71 8 11 0.84 

 Juvenile  2 0.33 2  0.27 
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 Mixed mechanism glaucoma 1 1 0.81 1  0.79 

 NTG 1 2 0.55 1 1 0.72 

 Uveitic 1 2 0.55  2 0.72 

       

Previous surgery, n       

 Trabeculectomy  3 0.55  3 0.45 

 Deep sclerectomy  1 0.71  1 0.79 

 Iridectomy  1 0.71 1  0.79 

 Buckling 1  0.71    

 PKP  1 0.71  1 0.79 

       ACCEPTED

 Copyright © 20 Published by Wolters Kluwer on behalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.20 



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Fea, A. M., Bron, A. M., Economou, M. A., Laffi, G., Martini, E., Figus, M., Oddone, F. (2020).
A real-life prospective study on the efficacy of the XEN 45 stent: a European study. Journal

of Cataract and Refractive Surgery, Epub ahead of print, 1-42. , DOI : 10.1097/j.jcrs.0000000000000065

6 

 

Acetazolamide, n 4 24 0.007 10 14 0.80 

Medications pre-op, mean ± sd 2.5 ± 1.0 3.25 ± 1.0 <0.001 3.19 ± 0.96 3.3 ± 1 0.32 

IOP pre-op (mmHg), mean ± sd 21.4 ± 7.0 25.03 ± 7.6 0.003 26.7 ± 9.8 24 ± 5.7 0.06 

BCVA, mean ± sd 0.54 ± 0.26 0.73 ± 0.24 0.001 0.84 ± 0.21 0.65 ± 0.22 0.001 

 
Abbreviations: BCVA, best-corrected visual acuity; IOP, intraocular pressure; n, number; NTG, normal-tension glaucoma; OHT, ocular 

hypertension; PKP, Penetrating Keratoplasty; POAG, primary open-angle glaucoma; PXG, pseudoexfoliation glaucoma; sd, standard deviation. 
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Table 3. Association between final intraocular pressure (IOP) and early post-operative IOP, 

and between final IOP and ∆ in early post-operative IOP. 

 Final IOP 

 ≤14 mmHg ≤16 mmHg ≤18 mmHg 

Early post-operative IOP    

 1 day IOP <6 mmHg 0.91 0.13 0.17 

 1 day IOP <8 mmHg 0.20 0.22 0.29 

 1 day IOP <10 mmHg 0.21 0.32 0.41 

    

 1 week IOP <6 mmHg 0.02 0.01 0.02 

 1 week IOP <8 mmHg 0.002 0.01 0.04 

 1 week IOP <10 mmHg 0.02 0.003 0.03 

    

 1 month IOP <6 mmHg 0.70 0.78 0.61 

 1 month IOP <8 mmHg 0.002 0.12 0.28 

 1 month IOP <10 mmHg 0.02 0.01 0.01 

    

∆ in early post-operative IOP    
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 ∆ IOP day 1 - week 1 <4 mmHg 0.32 0.13 0.13 

 ∆ IOP day 1 - month 1 <4 mmHg 0.79 0.63 0.77 

 ∆ IOP week 1 - month 1 <4 mmHg 4.41 0.04 0.07 

    

 ∆ IOP day 1 - week 1 <6 mmHg 0.13 0.08 0.09 

 ∆ IOP day 1 - month 1 <6 mmHg 0.15 0.09 0.14 

 ∆ IOP week 1 - month 1 <6 mmHg 0.25 0.03 0.02 
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Table 4. Mean difference between baseline and the end of the follow-up period in intraocular 

pressure (IOP) and number of medications according to the treatment groups. 

 IOP mmHg,  

mean ± sd 

Number of medications, 

mean ± sd 

Overall -7.4 ± 7.9 -2.32 ± 1.31 

Combo -4.54 ± 8.35 -1.94 ± 1.16 

Solo -8.8 ± 7.5* -2.6 ± 1.35** 

 Phakic -10.88 ± 9.79 -2.7 ± 1.42 

 Pseudophakic -7.78 ± 5.88 -2.6 ± 1.33 

Abbreviations: sd, standard deviation 

*P = 0.0032 vs combo group 

** P < 0.0001 vs combo group 
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Table 5. Final results at the 12-month follow-up visit. 

 Overall 

(n=137) 

Combo group 

(n=48) 

Solo group 

(n=89) 

P value  

(Solo vs. 

Combo) 

Phakic 

(n=29) 

Pseudophakic 

(n=60) 

P value 

(Phakic vs. 

Pseudophakic) 

No medications 98 (71.5) 34 (70.8)  64 (71.9) 0.53 22 (75.3) 42 (70)  0.44 

IOP reduction from baseline        

 >20% 95 (69.3) 28 (58.3) 67 (75.3)  0.06 23 (79.3) 44 (73.3) 0.73 

 >30% 69 (50.4) 20 (41.7)  49 (55.1)  0.19 19 (65.5) 30 (50) 0.25 

        

IOP (mmHg), with 

medications 

       

 ≤18 111 (81.0) 39 (81.3) 72 (80.9) 0.96 22 (75.9) 50 (83.3) 0.41 
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 ≤16 97 (70.8) 34 (70.8) 63 (70.8) 1 21 (72.4) 42 (70.0) 0.82 

 ≤14 59 (43.1) 17 (35.4) 42 (47.2) 0.19 18 (62.1) 24 (40.0) 0.08 

        

IOP (mmHg), without 

medications 

       

 ≤18 84 (61.3) 28 (58.3) 56 (62.9) 0.60 17 (58.6) 39 (65.0) 0.73 

 ≤16 74 (54.0) 23 (47.9) 51 (57.3) 0.29 17 (58.6) 34 (56.7) 0.96 

 ≤14 48 (35.0) 11 (22.9) 37 (41.6) 0.03 15 (51.7) 22 (36.7)  0.18 

Abbreviations: IOP, intraocular pressure; ns, not significant. Data is shown as number of patients (%). 
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Table 6. Post-operative complications. 

 All Solo group Combo group 

Hyphema 33 15 18 

Hypoathalamia 7 5 2 

Choroidal detachment 16 12 4 

Fibrin reaction in the anterior chamber 1 1 - 

Cross-linked collagen stent exposition 1 1 - 

Perforation after needling 1 1 - 

Stent rupture  1 1 - 

Stent in the anterior chamber 3 2 1 

Stent repositioning 2 1 1 

Malignant glaucoma 1 1 - 
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Table 7. Needling procedures performed during the post-operative period. 

 Patients who 

underwent 

needling, n (%) 

Overall 

needling, n  

Needling 

procedures, 

mean ± sd 

Combo (n=56) 27 (48.21)* 54  0.98 ± 1.4 

Solo (n=115) 52 (45.22) 93  0.98 ± 1.15 

 Phakic (n=43) 19 (44.19)** 28 0.65 ± 0.9 

 Pseudophakic (n=72) 33 (45.83) 65  0.90 ± 1.3 

Abbreviations: n, number, sd, standard deviation. 

*Κ2=6.32, P < 0.01 vs. solo group 

** Κ2=9.45, P < 0.002 vs. pseudophakic group 
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Table 8. Comparison of outcomes between studies. 

Author Design Mean pre-op 

IOP (mmHg)*  

Mean post-op 

IOP (mmHg)*  

% IOP Mean pre-op 

medication* 

Mean post-op 

medication* 

% medication 

reduction 

Present study Pro mc  23.9 (7.6) 15.5 (3.9) 35.2 3 (1.1) 0.5 (1) 83.3 

Galal et al. 

201712 

Pro sc 16 (4) 12 (3) 23 1.9 (1) 0.3 (0.4) 95 

Grover et al. 

20177 

Pro mc 25.1 (3.7) 15.9 (5.2) 35.6 3.5 (1.0) 1.7 (1.5) 38.5 

Fea et al. 

201723 

Pro sc 21.8 (2.8) 14.9 (2.1) 31.6 2.92 (1.16) 0.5 (0.53) 83 

De Gregorio et 

al. 201811 

Pro sc 22.5 (3.7) 13.1 (2.4) 41.8 2.5 (0.9) 0.4 (0.8) 84 

Mansouri et al. Pro sc 20 (7.1) 13.9 (4.3) 31 1.9 (1.3) 0.5 (0.8) 73.7 
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201816 

Heidinger et al. 

20198 

Retro sc 22.8 (6.9) 17.1 (5.9) 22.7 2.9 (1) 1.8 (1.4) 37.9 

Karimi et al. 

201915 

Retro mc 19.3 (6.0) 14.2 (4.4) 25.3 2.6 (1.1) 0.8 (1) 69.2 

Reitsamer et al. 

201918 

Pro mc 21.4 (3.6) 14.9 (4.5) 30.4 2.7 (0.9) 0.9 (1.1) 66.7 

Abbreviations: IOP, intraocular pressure; mc, multicenter; Pro, Prospective; Retro, Retrospective; sc, single center; sd, standard deviation.  

*Data is presented as mean (sd). 
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