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Ab s t r ac t​
Aim and objective: To report the incidence of late-onset endophthalmitis following XEN45® stent implantation.
Background: Long-term safety profile and efficacy in relation to the so-called microinvasive glaucoma surgery (MIGS) techniques are still 
under evaluation. The XEN45® gel stent entails a bleb formation and often requires postoperative conjunctival management, differing from 
the current reviewed concept of minimally invasive procedures. Endophthalmitis has been described among the complications, triggered in 
the majority of cases by tube extrusion.
Cases description: From our chart of 293 eyes operated on between November 2016 and November 2019, five (1.7%) patients developed 
endophthalmitis, which took place in the months 3, 4, 5, 11, and 14 after surgery, respectively. Sixty percent had undergone previous needling 
procedures. All of them showed a previous flat bleb and developed perforation of the conjunctiva caused by the distal portion of the tube. 
One patient was early eviscerated due to a fateful course. Treatment consisted of intravitreal, oral, and topical antibiotics, as well as topical 
corticosteroids. Eighty percent underwent device withdrawal, conjunctival gap suturing, anterior chamber washout, aqueous humor (AH) tab 
extraction (one positive for S. epidermidis and one for Streptococcus agalactiae), and pars plana vitrectomy. A second patient was eviscerated 
due to phthisis bulbi. Out of three remaining patients, one underwent vitrectomy for retinal detachment, while two patients required glaucoma 
surgery for intraocular pressure control. The final VA was ≤20/125 in all patients.
Conclusion: The XEN45® device appears to trigger endophthalmitis by extruding the stent or unnoticed leakage through conjunctival defects. 
Special attention should be paid to flat and avascular blebs.
Clinical significance: This series shows a higher rate of endophthalmitis (1.7%) compared with previous studies with a significant sample size 
(0.4–1.4%).
Keywords: Endophthalmitis, Microinvasive glaucoma surgery, Minimally penetrating glaucoma surgery, Needling, Retrospective case series, 
Safety-profile, XEN45® gel stent.
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Bac kg r o u n d​
A large variety of new microinvasive glaucoma surgery (MIGS) 
techniques have been applied to glaucoma during the last two 
decades, aiming to decrease the comorbidity associated with classic 
filtering surgery. The concept of MIGS has included: procedures 
performed via ab interno, which provide effectiveness with a high 
safety profile, supposing minimal trauma to ocular tissues and 
rapid recovery.1 According to these statements, MIGS have been 
classified into four groups based on their mechanism of intraocular 
pressure (IOP) reduction: procedures increasing aqueous humor 
(AH) trabecular outflow, devices increasing suprachoroidal outflow, 
those entailing bleb formation for subconjunctival drainage, and 
procedures decreasing AH production.2,3

The XEN45® stent (Allergan, Dublin, Ireland) was approved by 
the FDA in 2016, consisting of a gel tube implanted from the anterior 
chamber into the subconjunctival space, creating a bleb. As part of 
the procedure, 0.1 mL of mitomycin-C (MMC) at 0.1–0.2 mg/mL or 0.1 
mL of 5-fluorouracil (5-FU) at 25 mg/mL4–6 are usually injected with 
a 30-gauge needle under the conjunctiva.3 Postsurgical needling 
revision rates have been reported in up to 71%,7 but most studies 
have notified numbers ranging between 30% and 45%.5,8–18

The mentioned characteristics distance the XEN45® stent from 
the concept of MIGS. Some authors already proposed in 2018 to 
better classify it as an example of minimally penetrating glaucoma 
surgery.19 The recently published European Glaucoma Society 

Guidelines (5th edition) have delimitated the term MIGS to only ab 
interno, bleb-less forming procedures, excluding suprachoroidal 
and subconjunctival devices.20

As a relatively recent device, the long-term safety profile 
is still under evaluation. After XEN gel stent implantation, the 
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reported intraoperative complications include intraoperative 
conjunctival or intraocular bleeding, need for stent relocation, 
or stent reimplantation. Postsurgical reported complications 
comprise hypotony, choroidal detachment, cyclodialysis cleft, 
hyphema, fibrin reaction in the anterior chamber, aqueous 
misdirection, IOP spikes, stent obstruction, extrusion or 
malposition, tube rupture, macular edema, hypotonous 
maculopathy, retinal detachment, central retinal vein occlusion, 
and endophthalmitis.4–6

XEN-related endophthalmitis has been described in single 
or case series reports, most of them caused by stent extrusion 
through the conjunctiva.21–28 This article aims to review the 
mechanisms, rates, bleb characteristics, the association to previous 
needling procedure, causative microorganisms, and management, 
considering our experience and the so-far previously reported 
cases.

Ca s e s De s c r i p t i o n​
We describe an endophthalmitis case series from a chart of 293 
eyes who underwent Xen implantation between November 2016 
and November 2019.

All procedures followed the principles of the Declaration of 
Helsinki, and we certify that informed consent was obtained from all 
the subjects before the surgery. Data were collected retrospectively 
from medical records. Patients’ data are summarized in Table 1.

Sample Description
Five eyes suffered endophthalmitis in the months 3, 4, 5, 11, and 
14 after surgery. The patient’s age ranged from 49 to 89 years. The 
indication for surgery was mild to moderate primary open-angle 
glaucoma (POAG), not responding and/or not tolerating topical 
drugs. Previous ocular history included recurring conjunctivitis 
and dacryocystorhinostomy in patient 1, and retinal detachment 
surgery in patient 5.

Ocular History
The mean preoperative IOP was 19 ± 3 mm Hg on 3 ± 1 drugs. Two 
different surgeons performed the procedures, taking place in July 
2018, October 2018, January 2019, February 2019, and June 2019.

Isolated XEN45® implantation was performed in patients 
1 and 4. The remaining patients underwent combined XEN45® 
implantation and phacoemulsification with intraocular lens 
implantation. A 0.1-mL injection of subconjunctival mitomycin-C 
(0.02%) was utilized as an anti-fibrotic agent. An intraoperative 
device extrusion was recorded in patient 1, who underwent second 
device implantation and suturing of the conjunctiva in the same 
surgical act. A second device was implanted in patient 5 in the same 
sitting, who showed a highly scarred conjunctiva due to previous 
retinal detachment surgery, and there was no bleb formation 
observed in the first attempt.

One hundred sixty-four (60%) eyes required needling during 
follow-up due to surgical failure before the endophthalmitis 
developed. The needling procedure was carried out with 
mitomycin-C (0.01%). All these patients had a previous flat bleb.

Endophthalmitis Findings
At the time of presentation, the clinical findings were perforation 
of the conjunctiva caused by the distal portion of the tube in 
all the patients. Two patients exhibited clear cornea, anterior 
chamber cells with a dense fibrin reaction, while three presented 

corneal edema, hypopyon (Fig. 1A), and flare. Only patient 1 
presented signs of blebitis, visualizing purulent secretion around 
the conjunctival gap.

Management
Antibiotic therapy was initiated with hourly drops of fortified 
ceftazidime (5%) and vancomycin (5%) for patient 1, presenting 
with signs of blebitis, while the others received moxifloxacin 
(0.5%) hourly. Intravitreal injections of vancomycin (1 mg/0.1 mL) 
and ceftazidime (2 mg/0.1 mL) were given to all patients, except 
for patient 4, who received amikacin (0.5 mg/0.1 mL) instead of 
ceftazidime due to a penicillin allergy. Oral linezolid (600 mg every 
12 hours) was administered to all patients. The corticosteroid 
therapy consisted of topical dexamethasone 0.1% drops four times 
a day for all patients.

A control visit after 48 hours revealed no improvement with a 
fateful course in patient 1, presenting VA of no light perception (LP), 
pancorneal epithelial ulcer, and stromal thinning with severe pain. 
This patient underwent evisceration after 1 week post-infection. 
The rest of the patients received scheduled surgery for AH tap 
extraction, device withdrawal, anterior chamber washout, and 
central core pars plana vitrectomy (PPV).

Aqueous humor samples were introduced in a thioglycollate 
medium and sent to the Microbiology Department to obtain the 
causative agent. Positive results were obtained in two patients: S. 
epidermidis (penicillin-resistant but sensible to tobramycin and 
vancomycin) in patient 1 and Streptococcus agalactiae (sensible to 
vancomycin) in patient 4.

Final Status and Further Surgeries
The follow-up time from surgery ranged from 6 to 29 months (mean 
follow-up time of 20 months).

Apart from patient 1, patient 4 also required evisceration in 
due course due to phthisis bulbi. Patients 2 and 5 developed raised 
IOP in the postoperative period and underwent second glaucoma 
surgery. Patient 2 underwent Ahmed valve implant while patient 
5 underwent non-penetrating deep sclerotomy. Patient 3 suffered 
a retinal detachment (Fig. 1B) and underwent a second PPV. The 
final VA in these three patients was ≤20/125, and the mean was 
IOP 16.5 ± 2.5 mm Hg.

Patients 2 and 3 required two further hypotensive topical drugs 
(patient 2 even after Ahmed valve implantation).

Di s c u s s i o n​
Taking classic surgery as a frame of reference, the incidence of 
endophthalmitis after a trabeculectomy appears to vary in previous 
studies between 0.17 and 13.2%. This may be due to differences in 
sample sizes, surgical techniques, and follow-up period. The US 
study found a 5-year cumulative incidence ranging from 0.45 to 
1.3% in 1,461 glaucoma filtering surgeries.29 With the introduction of 
antimetabolites in the 1990s, an increase in infections was observed. 
However, new studies have proven that the incidence has been 
reduced due to improved surgical techniques.30,31

Regarding glaucoma drainage devices (GDDs), the rate 
of endophthalmitis ranges from 0.5 to 5%.32 The tube vs 
trabeculectomy study showed a higher rate of infection in the 
trabeculectomy group, but the sample size limited it, and the results 
could not be reported as statistically significant.33

Being a recently introduced device, literature is scarce regarding 
endophthalmitis episodes after XEN45® implantation. Reported 
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endophthalmitis rates vary from 0.4 to 3%,5,6,15,34–36 after a 
maximum follow-up of 35.8 months. The superior boundary of this 
range corresponds to the calculated rate in a retrospective study 
performed by Başer and Seymenoğlu, including only 29 eyes to 
evaluate the effectiveness and safety of 5-fluorouracil as an anti-
fibrotic agent.36 If we consider larger sample sizes, the highest rate 
would be 1.4%, as reported by Ibáñez-Muñoz et al. in a retrospective 
study comprising 74 eyes.35

The mechanism behind infectious complications in glaucoma 
surgery varies according to the procedure. After trabeculectomy, 
the infection is usually produced due to the thinning of the bleb 
and leakage. GDD-associated episodes are produced due to the 

tube’s exposure after the erosion of the overlying Tenon’s fascia 
and conjunctiva. The tube serves as a conduit by which host flora 
may pass from the ocular surface into the eye.37

The gel stent can trigger both mechanisms, which could 
explain the higher rate of endophthalmitis in a shorter period. 
Concerning trabeculectomy, the meantime from the procedure to 
the diagnosis of endophthalmitis was 33 months in the US study,29 
while infections in our case series appeared after a mean time of 
7.4 months. Regarding GDD, Al-Torbak et al.38 observed a median 
interval of 206 days (range 63–330 days) between Ahmed valve 
implant surgery and diagnosis of endophthalmitis, while we found 
infection after a median interval of 150 days.

Table 1: Case series’ data

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Demographics
  Sex Female Female Male Male Male
  Age 89 81 85 82 49
  Eye Left Left Left Right Left
Ocular history POAG POAG POAG POAG POAG

Recurrent conjuncti-
vitis + Dacryocystitis 
DCR surgery

Allergic to 
sulfonamides

Allergic to Penicillin RD surgery

Presurgical status
  IOP 20 19 18 19 20
  VA 20/32 20/40 20/30 20/25 20/63
Previous topical 
hypotensive drugs

4 drugs 4 drugs 2 drugs 3 drugs 3 drugs

Type of surgery XEN45® alone XEN45® + 
Phacoemulsification

XEN45® + 
Phacoemulsification

XEN45® alone XEN45® + 
Phacoemulsification

Complications during 
surgery

Intrasurgical extrusion Not reported Not reported Not reported Not reported

Previous needling Twice Twice Not performed Not performed Once
Months from surgery 
to endophthalmitis 
presentation

5 4 3 14 11

Mechanism Conjunctival perfora-
tion

Conjunctival 
perforation

Conjunctival 
perforation

Conjunctival perfora-
tion

Conjunctival 
perforation

Clinical findings >½ AC hypopyon Dense fibrin 
component

<1/3 AC hypopyon 
(Fig. 1A)

<1/3 AC hypopyon Dense fibrin 
component

Culture S. epidermidis Negative Negative S. agalactiae Negative
Treatment
  AB Topical fortified Topical Topical Topical Topical

Intravitreal Intravitreal Intravitreal Intravitreal Intravitreal
Oral Oral Oral Oral Oral

  CS Topical Topical Topical Topical Topical
  PPV Not performed Performed Performed Performed Performed
Final status
  Second procedure Eviscerated Ahmed valve Retinal detachment 

surgery (Fig. 1B)
Phthisis bulbi 
eviscerated

NPDS

  AV 20/400 20/400 20/125
  IOP 20 12 14
  Hypotensive drugs 2 2 0
Mean follow-up Time 
(months)

6 23 17 29 25

POAG, primary open angle glaucoma; DCR, dacryocystorhinostomy; RD, retinal detachment; AC, anterior chamber; MMC, mitomycin C; AB, antibiotics; 
CS, corticosteroids; PPV, Pars plana vitrectomy; HM, hand motion; NPDS, non‐penetrating deep sclerectomy; VA, visual Acuity
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To evaluate specific characteristics of endophthalmitis 
associated with the XEN device, we reviewed the cases published 
so far in the PubMed database (Patients’ data are summed up 
in Table 2). Infections took place ranging from 3 to 24 months 
postoperatively. The first case was reported by Lim and Lim in 
February 2018, describing stent extrusion through a conjunctival 
gap.21 Most authors have suggested conjunctival erosion and/
or tube extrusion as the triggering mechanism of infection, 
often related to flat blebs.22–28 Only three cases cited no visible 
conjunctival epithelial defect nor leakage: one corresponding to an 
avascular bleb,27 one reporting impossibility to evaluate the bleb 
area due to intense inflammation during the presentation,39 and the 
one remaining to visualize a necrotic scleral patch under the stent 
position.25 Then, the second mechanism would entail susceptible 
thin avascular blebs, in which leakage defects may go unnoticed.

Needling procedure was performed in two out of twelve (17%) 
of the previously reported patients, as opposed to three out of 
five patients (60%) in our series. Due to this variability, we cannot 
establish a direct association between needling and a higher threat 
of posterior stent extrusion. Despite that, we attribute a higher risk 
of endophthalmitis to flat blebs, which are most likely to require 
needling procedures.40 It should be kept in mind that the use of 
anti-fibrotic agents for bleb revision would also increase the rates 
of vulnerable avascular blebs.

Lenzhofer et al., who have reported the highest rate of 
needling post-XEN to date, studied the relationship between stent 
position and final IOP. They postulate that a deeper location of the 
stent would avoid bleb leaks and bleb-related endophthalmitis 
and suggest that a correct intrasurgical hydrodissection of the 
conjunctiva and Tenon layers from deeper structures would 
facilitate better tube positioning.7

Considering causative agents, the Streptococcus species were 
identified as the most common pathogens in BRE after filtering 
surgery. Yamamoto et al. analyzed prospectively 170 bleb-related 
infections between 2005 and 2010 in Japan, reporting 54.7% of 
positive cultures among the intraocular tapping samples: 51.7% 
for Streptococcus, 13.7% for Staphylococcus, 10.3% for Enterococcus, 
and 6.9% for the Haemophilus species.41 Jin Kwon et al. reviewed 
67 cases of BRE between 1997 and 2015 in Australia. The rate of 
positive cultures was 71.6%: 43.8% of them were Streptococcus, 
20.8% Moraxella, 14.6% Staphylococcus, 10.4% Haemophilus, and 
6.3% of the Enterococcus species,32 although we have to consider 

that 22% of the positive results were obtained from conjunctival 
swabs.

Regarding the previous XEN-related reported cases (Table 
2), 58.3% exhibited a positive culture. Of them, 57.1% were gram-
positive [Staphylococcus aureus, Streptococcus oralis, Streptococcus 
pneumoniae, and Abiotrophia defective (nutritionally variant 
streptococci)]. In comparison, the other 42.9% were gram-negative 
bacteria (Enterococcus faecalis, Sphingobacterium spiritivorum, 
and Moraxella nonliquefaciens). In our series, we obtained 40% 
of positive cultures, all of them corresponding to gram-positive 
bacteria, one for S. agalactiae and another for S. aureus (Table 1). 
Combining our results with the previously published reports, the 
Streptococcus species appears as the most frequent pathogen 
(44.4% of the whole positive cultures) among the XEN-related 
endophthalmitis.

The decision to per form immediate PPV to manage 
endophthalmitis has been properly studied relating to acute 
episodes following cataract surgery. The prospective, randomized, 
multicenter Endophthalmitis Vitrectomy Study (EVS) was 
recommended in 1995 to perform core vitrectomy in cases 
presenting decreased VA to LP.42 Several years later, Kuhn and 
Gini proposed complete PPV in patients suffering from acute 
postphacoemulsification endophthalmitis, presenting abnormal 
reflex or not responding to initial medical therapy within the first 
24 hours, based on consecutive series of 47 patients in which 91% 
resulted in a VA of 20/40 or better after the intervention.43

There is no definite consensus regarding BRE. Episodes following 
glaucoma surgery use tend to be late-onset endophthalmitis, and 
little literature for decision-making is found. In the study performed 
by Al-Turki et al. in 2010, 32% received initial PPV. Poorer final visual 
outcomes were found among non-vitrectomized patients (25.5% 
presenting final VA of no LP) vs vitrectomized patients (16.7% 
presenting VA of no LP), but these percentages were not statistically 
significant.44 In 2015, Ohtomo et al. reported a median value for 
VA of 20/125 after PPV in 11 patients suffering endophthalmitis 
following trabeculectomy, but there was no comparative group.45 
A more recent retrospective series published by Negretti et 
al. reported the results after performing early PPV in several 
kinds of endophthalmitis. From the patients included, five cases 
followed glaucoma surgery: one after XEN implant, three after 
trabeculectomy, and one associated with the drainage tube. The 
visual outcomes in this specific group improved by 80% after PPV, 

Figs 1A and B: Findings corresponding to patient 3. (A) Anterior segment photography shows corneal edema and 1.2 mm hypopyon at day 1 of 
presentation; (B) Ultra-widefield retinography demonstrates several retinal hemorrhages and inferior retinal detachment after the first PPV procedure
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but the results were not statistically significant.46 Therefore, clear 
indications and protocols are still to be determined.

Nevertheless, let us analyze XEN-related cases from our series 
(patient 1–Table 1) and the previously published reports (Table 2). 
We observe that the final visual outcomes are quite variable. Still, 
as a remarkable fact, 100% of the non-vitrectomized cases were 
early eviscerated or enucleated,26,39 suggesting a clear benefit of 
performing early PPV on such patients.

As a specific forethought in our series, we considered our 
episodes not to be surgeon-dependent, and we dismissed 
association to any device defect, given that the endophthalmitis 
developed at different periods postoperatively and that the 
surgeries were performed in different months between July 2018 
and June 2019.

Limitations of this review include the retrospective analysis 
of our cases and the heterogeneity of clinical data among the 
other reviewed reports. We cannot yet estimate a mean incidence, 
considering that only our series report a percentage, while the 
literature is limited to descriptive reports, and other authors have 
not indicated the rates of endophthalmitis about XEN.

Co n c lu s i o n​
Endophthalmitis about the subconjunctival device XEN45® exhibits 
the typical characteristics of bleb-related infections: it can debut 
at any moment after the initial surgery, and thinner blebs are more 
vulnerable. In addition, the stent remains as a foreign body under 
the conjunctiva, associating the threat of tube extrusion similarly 
to drainage devices. Consequently, the safety profile in terms of 
infection resembles the one previously reported in non-MIGS 
procedures but developing earlier during follow-up. A careful XEN 
position surveillance should be carried out, especially in those cases 
presenting flat or avascular blebs, which have the highest risk of 
presenting endophthalmitis.

Cl i n i c a l Si g n i f i c a n c e​
The calculated rate of endophthalmitis in our chart of 293 operated 
eyes reaches 1.7%, which is higher than numbers reported in 
previous studies with a significant sample size (0.4–1.4%). This 
case series highlights the necessity of bleb supervision in patients 
undergoing XEN45® stent implantation.
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