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Aim: This study was aimed to summarize the complications and their management associated with XEN gel stent implantation.

Methods: A systematic review of literature was conducted using Medline (via PubMed), EMBASE, the Cochrane Library databases, and China National Knowledge Infrastructure, from their inception to February 1, 2024.

Results: A total of 48 studies published between 2017 and 2024 were identified and included in the systematic review, including 16 original studies (retrospective or prospective clinical studies), 28 case reports, and 4 case series, which followed patients for up to 5 years. Early postoperative complications of XEN gel stent implantation include hypotony maculopathy (1.9–4.6%), occlusion (3.9–8.8%), suprachoroidal hemorrhage (SCH), choroidal detachment (0–15%), conjunctival erosion, and exposure of the XEN gel stent (1.1–2.3%), wound and bleb leaks (2.1%) and malignant glaucoma (MG) (2.2%). Mid-postoperative complications of XEN gel stent implantation included migration of XEN (1.5%), ptosis (1.2%), endophthalmitis (0.4–3%), macular edema (1.5–4.3%), hypertrophic bleb (8.8%) and subconjunctival XEN gel stent fragmentation (reported in 2 cases). Late postoperative complications reported in cases included spontaneous dislocation and intraocular degradation.

Conclusion: XEN gel stent implantation is a minimally invasive glaucoma surgery (MIGS) procedure for glaucoma, known for its potential to minimize tissue damage and reduce surgical duration. However, it is crucial to note that despite these advantages, there remains a risk of severe complications, including endophthalmitis, SCH, and MG. Therefore, postoperative follow-up and early recognition of severe complications are essential for surgical management.
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Introduction

Glaucoma is the leading cause of irreversible blindness, and an estimated 111.8 million people aged 40–80 years old will be affected by glaucoma globally in 2040 (1, 2). The only confirmed modifiable glaucoma risk factor is elevated intraocular pressure (IOP). Multiple methods to reduce IOP have been explored and verified, including medications, laser, and surgery, with new therapies continuously revolutionizing glaucoma treatment (3). Trabeculectomy is a classical surgical method for glaucoma and has been the standard procedure in many medical centers for decades, with sound evidence supporting its long-term efficacy and safety (4, 5). However, severe complications, including malignant glaucoma (MG), bleb-related infection, and expulsive choroidal hemorrhage (6), can occur.

The recent development of new devices that are significantly less invasive, collectively termed minimally invasive glaucoma surgery (MIGS), offers a new perspective on reducing IOP with lower risk, shorter operating times, and faster recovery (7). It is performed using a less invasive “ab interno” approach, which reduces damage to surrounding tissues and preserves the conjunctiva (8, 9). Currently, the XEN gel stent (Allergan PLC, Irvine, CA, United States) has been the only MIGS device that allows subconjunctival filtration and has been used to treat open-angle glaucoma (10). However, it has also been reported in some case series to be effective in treating angle closure glaucoma (11), uveitic glaucoma (12), neovascular glaucoma (13), iridocorneal endothelial (ICE) syndrome (14), and steroid-induced glaucoma (15). The XEN gel stent comes in three different diameters (45, 63, and 140 μm) to provide varying levels of IOP control.

The XEN45 is a tubular implant with a total length of 6 mm and an inner diameter of 45 μm, made of cross-linked porcine gelatin, a type of hydrophilic collagen. The implant is rigid when dry and becomes soft within 1–2 min when hydrated, adapting to the tissue shape, thus preventing migration and potential erosion. Studies have shown that the gel stent is approximately 100 times more flexible than the silicone tubing used in traditional tube–shunt surgery (16). The implant is housed in a disposable preloaded handheld inserter designed specifically for ab interno surgical implantation (7) (Figure 1A). It was designed based on principles of laminar fluid dynamics (Hagen–Poiseuille equation) to prevent early postoperative hypotony, as demonstrated by recent experimental studies (19). The rate of aqueous humor turnover is estimated to be 1.0–1.5% of the anterior chamber (AC) volume per minute, which is 2.4 ± 0.6 μL/min (mean ± standard deviation [SD], daytime measurements in adults aged 20–83 years), and the XEN45 provides a flow of 1.2 μL/min (at a 5 mmHg pressure gradient), offering approximately 6–8 mmHg flow resistance, which reduces the risk of hypotony (16).
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FIGURE 1
 (A) Grover et al. (17). (B) Hypertrophic bleb. (C,D) Kosior-Jarecka et al. (18).


The ab interno procedure involves inserting the Xen Gel Stent through a clear corneal incision, positioning it within the trabecular meshwork and extending it into the subconjunctival space. By creating a new drainage pathway that bypasses the trabecular meshwork, the Xen implant facilitates aqueous humor outflow from the anterior chamber to the subconjunctival space, where it is absorbed by the surrounding tissue (20). XEN gel stent implantation directly drains aqueous humor from the AC to the subconjunctival space, bypassing the resistance of the dysfunctional trabecular meshwork (16). XEN gel stent implantation has been reported to provide up to 56% reduction in IOP and a decrease in the average number of medications used by 2.7 at 12 months (21). Furthermore, it has a lower complication rate compared to conventional trabeculectomy (22). The advantages of XEN gel stent implantation include minimally invasive access through ab interno/ab externo approaches, preservation of the sclera and conjunctiva, better preservation of corneal endothelium, elimination of the need for iridectomy and sutures, and shorter surgery time (23). Additionally, XEN gel stent implantation can be performed alone or concurrently with cataract surgery (24). General recommendations for preoperative assessment, surgical technique, and postoperative follow-up of XEN gel stent implantation have been published (25). However, despite numerous clinical studies and case reports providing relevant information, a comprehensive summary of complications associated with this surgical method, especially rare ones, has not been compiled. In this systematic review, we aim to comprehensively summarize all complications of XEN 45 gel stent implantation, including their incidence, risk factors, available treatments, and preventive measures.



Methods

Following the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) and the Meta-analysis of Observational Studies in Epidemiology (MOOSE) (26), a comprehensive search of Medline (via Pubmed), EMBASE, the Cochrane Library databases, and China National Knowledge Infrastructure were performed from their conception to February 1st, 2024. The search was independently performed by two investigators, Lu Gan and Lixiang Wang, using a combination of keywords in English or their corresponding Chinese terms, including “XEN,” “glaucoma,” “micro-stent,” “gel implant,” and “MIGS.” In addition to the computer-assisted search, the references in the articles retrieved from this bibliographic search were also manually searched and studied. The detailed steps and results of the search strategy are presented in Figure 2.
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FIGURE 2
 The flow diaphragm of study selection for the systematic review.


Studies published in English or Chinese were included in the review. The following criteria were used to select studies for the systematic review: (1) The study should be a prospective or retrospective cohort study, case report, case series, or letter to the editor. Reviews, editorial materials, and meeting abstracts were not included. (2) The surgery of interest should be XEN45 gel stent implantation, regardless of whether it was performed in combination with other surgeries (e.g., cataract surgery). (3) The post-operational complications should be reported. Exclusion criteria were as follows: (1) Animal studies. (2) Incomplete report of surgical complications or lack of essential data for analysis. (3) XEN63. (4) XEN140.

The data extracted from the included studies included author names, publication year, publication types, number of patients, age, sex, surgical method, surgical complications, and follow-up results. The data extraction process was independently conducted by two reviewers, Lu Gan and Lixiang Wang.



Systematic review

A total of 48 studies published between 2017 and 2024 were identified and included in the systematic review, including 16 original studies (retrospective or prospective clinical studies), 28 case reports, and 4 case series. Patients were followed for up to 5 years after XEN gel stent implantation. Below, we provided a summary of perioperative complications, their mechanisms, and management. A brief summary of surgical complications is listed in Table 1.



TABLE 1 Summary of surgical complications of XEN gel stent implantation.
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Early postoperative period (0–30 days)


Occlusion of XEN

Occlusion of the XEN stent lumen is a relatively common complication that can occur at various times after surgery, with a reported incidence between 3.9 and 8.8% (27, 28). The occluding objects can be blood clots, fibrous scar tissue, or the iris (29, 85) due to the stent’s small internal lumen (29, 30, 86, 87). In Asian eyes with a relatively shallow AC and crowded anterior segment, there is an increased likelihood of anatomical obstruction of the XEN implant by the iris. Specialists have proposed several potential causes for this occlusion event, including the posterior positioning of the XEN gel stent opening, which results in a higher risk of iris occlusion; the short length of insertion into the AC; overactive filtration leading to local turbulence in the early postoperative period; and the patient habit of rubbing the surgical eye, resulting in shifting of the floppy iris. The approach to relieving occlusion depends on the etiology and nature of the occluding objects. For iris-related occlusion, argon laser peripheral iridoplasty or low energy neodymium-doped yttrium aluminum garnet (Nd:YAG) laser lysis of the blocking iris is commonly used to alleviate local occlusion (30). When the XEN gel stent implant is blocked with fibrin or blood clots, the occluding objects can be removed through intracameral injection of tissue plasminogen activator, ablation with Nd:YAG laser, or surgical clamping using internal limiting membrane forceps or vitreous scissors. Alternatively, surgery with a 10–0 nylon suture may be performed to recanalize the XEN gel stent (29, 31–34).



Hypotony maculopathy

HM is a relatively rare complication associated with XEN gel stent implantation that can occur within less than 1 week or more than 1 month, with a reported incidence of 1.9–4.6% (27, 62) (Figures 1C,D). Macular hypotony is characterized by a decrease in visual acuity caused by macular folds, retinal edema, papilledema, and vascular tortuosity. It is believed that low IOP levels cause thickening of the perifoveal choroid and sclera, resulting in their central displacement, which is visible as macular folds. Over time, these changes lead to photoreceptor damage and become irreversible, which may limit the recovery of visual function even after restoring normal IOP (35, 88). Several risk factors for hypotony after glaucoma surgery have been identified, including myopia, young age, the use of antimetabolites, pre-existing inflammation, aphakia, and old age accompanied by a thin conjunctiva and thinner central corneal thickness (36–38). Patients with high myopia are at a higher risk of developing ocular hypotony due to their thin scleral wall, which may result in potential leakage of aqueous humor from the scleral incision adjacent to the site of XEN gel stent insertion (39). Treatment options for hypotony after glaucoma surgery, mainly caused by over-filtrating blebs, include conservative management with topical autologous serum (40), transconjunctival compressive sutures (18), bleb injection of autologous blood (41) or viscoelastic material (42), as well as AC injection of viscoelastic material (43) or gas (44). Conservative management usually has minor and short-lasting effects. Surgical management involves transconjunctival flap suturing (45, 46), excision of thin blebs and conjunctival advancement (35), patch grafting using donor sclera (47, 89), donor cornea (90), as well as autologous conjunctiva (91, 92).



Suprachoroidal hemorrhage

SCH is characterized by the accumulation of blood in the potential space between the choroid and the sclera, originating from the long/short posterior ciliary artery. It is a potentially sight-threatening but rare complication of XEN gel stent implantation, which can occur both intraoperatively or postoperatively. A number of potential risk factors have been linked to the development of intra-/post-operative SCH, including high preoperative IOP, severe postoperative hypotony, aphakia, pseudophakia, anticoagulation, white race, prior intraocular surgery, low postoperative IOP, systemic hypertension, ischemic heart disease, as well as pulmonary disease (93, 94). The exact pathophysiology of SCH is not fully understood, but the increased preoperative IOP, sudden decreased IOP, and postoperative hypotony are accepted risk factors associated with this complication in XEN implantation (48). Several SCH patients have been reported to be related with XEN gel stent implantation, and some cases were complicated with retinal detachment requiring surgical interventions (49–52). Wang et al. reported an 86-year-old patient on rivaroxaban due to atrial fibrillation who developed “kissing” SCH 3 days after the surgery resulting from ocular hypotony, which resolved with prompt surgical drainage (49). A sudden decease in IOP within or post-surgery is identified as the most significant risk factor. Once SCH occurs, various methods should be used to control the bleeding and preserve eyesight alongside the eyeball. Greater emphasis should be placed on preventive measures, and prompt action should be taken to close the wound. If the bleeding cannot be controlled, the sclera can be incised at a distance of 8–10 mm behind the limbus, which may allow for salvage of the SCH (95, 96). However, whether visual outcomes of early surgical intervention (via choroidal tap/par plana vitrectomy) turn out better in contrast to those of conservative management is still under debate. Particularly for cases with limited SCH, a wait-and-see strategy for the spontaneous absorption of bleeding is a reasonable choice, but close follow-up is essential (51). For patients with known risk factors, including old age, anticoagulant use, and high IOP before surgery, SCH should be anticipated and promptly managed.



Choroidal detachment

CD is characterized by an abnormal accumulation of either blood or serum in the suprachoroidal space, which is located between the choroid and the sclera. Under physiological conditions, this space represents a potential volume owing to the close adjacency of the choroid and sclera. Under pathological conditions, fluid accumulation in this space may occur based on the changes in ocular fluid dynamics, specifically the equilibrium between hydrostatic and oncotic pressure. The incidence of CD following XEN gel stent implantation surgery varies from 0 to 15% in different studies and is considered a relatively common complication in some medical centers (17, 27, 53–56). The average time between XEN implantation and the onset of CD is approximately 1 week (56). Low post-operative IOP is a well-established risk factor for CD after glaucoma filtering surgeries. Patients who are taking multiple IOP-lowering medications before surgery are at an increased risk of developing CD after XEN gel stent implantation (97–99). The use of mitomycin C (MMC) may directly harm the ciliary epithelium, leading to decreased secretion. Additionally, the incidence of CD increases with age and is more frequent in the elderly, since their thin scleral wall makes the vortex veins susceptible to compression and leakage under increased venous pressure (56, 97, 99). The prognosis for CD is generally favorable, with most cases experiencing complete resolution within 5–30 days after onset. Patients may experience spontaneous resolution or use topical or oral steroids and cycloplegics as treatment options.



Conjunctival erosion and exposure of XEN gel stent

The erosion of the conjunctiva and extrusion of the XEN gel stent may occur shortly after the implantation surgery or months later. This mechanical complication has been reported in several studies (57, 100–102). Potential mechanisms for the initial conjunctival erosions include: (1) the administration of the anti-metabolite MMC; (2) the ab interno approach; (3) the subconjunctival position; (4) prolonged use of topical anti-glaucoma medications; as well as (5) mechanical stress, for instance, from elderly patients rubbing their eyes with their hands. The use of anti-metabolites can enhance the success rate of filtering surgery by mitigating the wound-healing process, yet it may increase the risk of bleb-related complications, like a thin-walled cystic bleb or surgically induced necrotizing scleritis (57, 58, 103). Since the XEN gel stent is implanted using the ab interno approach without the need for conjunctival dissection or sutures, there is a risk of malposition of the distal end of the implant. Continuous friction may then lead to conjunctival erosion and exposure of the stent (59). On the other hand, the application of topical anti-proliferative agents like MMC, to prevent conjunctival scarring and improve the success rate of glaucoma filtering surgery, is associated with the formation of thin-walled, cystic filtration blebs and may increase the risk of XEN gel exposure (104). Conservative methods, including pressure patching, wearing contact lenses, crosslinking, and application of vitamin A ointments remain the feasible way to manage bleb leakage (60, 61). When conservative methods fail, surgical management techniques such as the use of free conjunctival autograft, amniotic membrane graft, ab interno repositioning of the XEN gel stent through the AC, along with the direct suturing of the conjunctival defect have been shown to effectively repair the leaking conjunctiva and restore functional bleb (57–59). However, recurrent bleb leakage and exposure of the implant can still occur, making management challenging. Olate-Pérez et al. reported a case of managing a patient with conjunctival perforation that occurred 18 months after XEN gel stent implantation. The stent broke as the surgeon attempted to track the short distal end of the stent from the conjunctival side and was unable to be removed (57, 105). Therefore, caution should be taken during the implantation procedure, and the use of a fixation suture may be helpful, although further study is needed.



Bleb leakage

Bleb leakage is an uncommon but potentially sight-threatening complication of XEN gel stent implantation, with a reported incidence of 2.1% (62). Persistent conjunctival bleb leakage may cause over-infiltration and ocular hypotony, increasing the risk of infection, stent displacement, and endophthalmitis. During the surgery, the application of adjunctive antifibrotic agents such as mitomycin-C is responsible for creating a thin-walled perilimbal bleb that is prone to erosion and leakage. Additional risk factors consist of bleb manipulation, laser suturolysis, needling, or injection of autologous serum (63). In addition, some surgeons have found that dislocation and inappropriate positioning of the external part of the XEN gel stent, which directly rubs against the overlying conjunctiva, causes conjunctival erosion and subsequent leakage (106). The management of a leaking bleb includes conservative measures such as therapeutic contact lens as well as non-surgical treatments (autologous blood injection, fibrin glue injection, cryotherapy application, or laser treatment of the leaking bleb). Surgical procedures, including amniotic membrane transplantation, conjunctival autograft, as well as conjunctival sliding, can also be adopted (64). Conjunctival autograft can repair the leaking bleb, but sometimes replacement of the dislocated stent is required. In a case reported by Salinas et al., a 72-year-old female patient with bilateral pseudoexfoliation glaucoma and cataract received XEN gel stent implantation and phacoemulsification for both eyes at a one-week interval. Bleb leakage and exposure of the XEN gel stent occurred early after surgery at 2 weeks, which was managed by implantation of a new XEN gel stent and ab-externo bleb revision with removal of the old XEN gel stent (107). Surgeons need to carefully check the correct position of the stent during surgery to reduce the risk of direct conjunctival erosion. Some research suggests that a single session of crosslinking for a thin-filtered bleb with leakage following an episode of blebitis has demonstrated efficacy in resolving the bleb leakage (61, 63–65). The objective of employing crosslinking in a thin-walled leaking bleb is to promote the formation of covalent bonds in the collagen fibers of the conjunctival wall of the bleb, thereby enhancing its rigidity and resistance to rupture, reducing permeability, and thus preventing leakage (64). However, in instances where large holes are unlikely to seal, surgical management must be considered the preferred treatment option.



MG

MG is an uncommon but severe complication associated with all glaucoma surgeries. It presents with flattening of the central and peripheral AC and increased IOP with secondary angle closure. MG can develop early after surgery or years later and can occur in phakic, aphakic, or pseudophakic eyes (108). Schlenker et al. reported the incidence of MG to be 2.2% in 187 patients undergoing XEN gel stent implantation with the application of MMC, similar to other types of glaucoma surgeries for angle closure glaucoma (66, 67). It can be difficult to identify MG early in its course before an increase in IOP develops. Ultrasound biomicroscopy of the eyes during a MG episode reveals anterior rotation of the ciliary processes that press against the lens equator and limit the normal flow through the AC (109). The mechanisms associated with MG are not fully understood. The misdirection of the aqueous humor backward into the vitreous cavity and the forward displacement of the lens-iris diaphragm are recognized etiologies for the development of MG (69). Managing MG is challenging. The goal of medical treatment is to decrease aqueous humor production and vitreous shrinkage while concurrently reducing resistance in the channel of aqueous humor flow into the AC. The current acceptable conservative treatment regimen includes applying atropine, phenylephrine, blockers, and acetazolamide locally, as well as administering a 50% glycerol solution orally and mannitol intravenously. Local corticosteroids help reduce the associated inflammatory process. If improvement is achieved, the dosage of hyperosmotic agents can be decreased, followed by carbonic anhydrase inhibitors. However, mydriatic cycloplegic medications should be continued (109). Nevertheless, it has been reported that symptoms of MG tend to reappear when drugs are discontinued or modified. Therefore, medical treatment is considered temporary and is used in conjunction with laser iridotomy, posterior capsulotomy, and hyaloidotomy. However, currently, only one case report has discussed the management of MG associated with XEN gel stent implantation, which is similar to other surgeries (68). The key aim is to disrupt the anterior displacement of the iris-lens diaphragm, either by laser capsulotomy, hyaloidotomy, or iridotomy, or by surgical methods such as vitrectomy or posterior capsulotomy (69). However, the prognosis of MG and its risk factors associated with XEN gel stent implantation are largely unknown.



Ptosis

Ptosis is a relatively rare complication associated with XEN gel stent implantation, with a reported incidence of 1.2% (62). Some proposed mechanisms for the cause of ptosis after surgery include lid edema from locally administered anesthetic, initial myotoxic effects, and compression of the upper eyelid against the orbital bones from the eyelid speculum, which reduces blood flow to the levator muscle and contributes to the edema (110, 111). Causes of temporary ptosis are believed to include eyelid edema, indirect infiltration of the LPS by retrobulbar or peribulbar anesthesia, and ocular surface disturbance (112). Permanent postoperative ptosis is widely thought to be due to dehiscence of the LPS aponeurosis. The majority of ptosis cases develop early after surgery and may spontaneously resolve, but surgical management is necessary for persistent ptosis. Possible reasons for the higher incidence of ptosis associated with XEN gel stent implantation include levator aponeurosis injury with speculum use for wide opening of the palpebral fissure and the difficulty in washing out the toxicity of MMC and xylocaine compared to trabeculectomy. A “wait-and-see” strategy for transient ptosis resolution is reasonable, but further research is needed to explore possible ways to reduce the risk of ptosis.




Mid-postoperative period (1–6 months)


Migration of XEN implant

The XEN gel stent implant is a highly flexible tube that easily conforms to the tissue shape and adopts an “S shape” when inserted into the AC through the scleral canal (16). However, if the XEN implant is not placed correctly, it can be affected by external forces such as blinking forces from the orbicularis muscle, friction, and micro-trauma, which may cause migration. Grover et al. reported an incidence of MG of 1.5% in 74 patients (17). As reported by Ali et al., when the XEN stent implant is placed deeper into the AC and the remaining length of the tube implanted under the subconjunctival space is less than 2 mm, the XEN implant becomes less flexible and its distal tips are angled obliquely, making it prone to dislocation under external forces (113). Therefore, it is recommended to carefully place the XEN implant with approximately 1 mm of visible insertion into the AC, approximately 3 mm of the exiting part out of the sclera, and 2 mm of the tube situated within the subconjunctival space (25). Prior to surgery, ensure appropriate treatment for patients with allergic eye disease to minimize eye rubbing and prevent stent migration as well as subsequent complications. While we cannot conclusively confirm eye rubbing as the primary trigger of this complication, it is probable that it played a role in the stent migration. Dervenis et al. presented a comparable case and proposed a modification in XEN stent design to prevent dislocation, for instance, a gradual increment in the lumen width (70).



Endophthalmitis

Endophthalmitis is a rare but potentially sight-threatening complication. Currently, only four studies have reported cases of endophthalmitis associated with XEN gel stent implantation. These cases occurred more than 3 months after surgery and were related to bleb complications (103, 114–116). The incidence of this condition is reported to be between 0.4 and 3% (27, 55, 71–73). Risk factors for bleb-related endophthalmitis include the use of anti-metabolites, a thin avascular bleb, bleb leakage, stent exposure, use of topical steroids, as well as young patient age (114). The common causative pathogens of bleb-related endophthalmitis are Streptococcus species, Moraxella, coagulase-negative Staphylococcus, and Propionibacterium acnes (117). Lim hypothesized that coinciding gastrointestinal infection and poor handwashing with stent exposure may lead to the transmission of intestinal pathogens to the conjunctiva and the onset of bleb infection (115). Erosion of the conjunctiva and exposure to the stent are the most common direct causes of endophthalmitis associated with XEN gel stent implantation, and prompt surgical management is essential (103, 115). The exposed stent is generally removed, and intensive infection control measures such as vitrectomy, intravitreal injection of antibiotics, bleb revision, subconjunctival antibiotics, and systemic antibiotics are applied (103). The IOP is managed medically and through other filtering surgeries after complete control of the infection. Simple bleb-related infections without stent exposure can be successfully managed conservatively with systemic and topical antibiotics and dexamethasone, without the need to remove the XEN gel stent. A good prognosis is possible for patients who receive prompt and intensive management, as evidenced by two reported cases that recovered within two lines of vision loss compared to their previous visual acuity (114). To reduce the risk of stent exposure and bleb-related complications, it is advised to use an appropriate surgical technique including posterior application of anti-metabolites, minimizing migration of anti-metabolites toward the limbus, superior placement of the stent away from the lid margin and interpalpebral aperture, and early management of bleb erosion (114).



Macular edema

ME is a transient and generally benign condition associated with the combined therapy of XEN gel stent implantation and phacoemulsification. It has been reported to have an incidence of 1.5–4.3% (62, 74, 75). In a study that followed 261 eyes receiving XEN gel stent implantation with or without phacoemulsification for an average of 8.5 months, four cases of ME occurred. All of these cases occurred in eyes receiving the combination therapy and resolved spontaneously without further treatment (75). Oddone et al. reported seven cases of ME during a 12-month follow-up of 239 cases (62). The cause is believed to be post-phacoemulsification Irvine-Gass syndrome, but further studies are needed to confirm its cause and prognosis. The cases were self-limiting and did not have an impact on visual acuity or visual field.



Hypertrophic bleb

XEN gel stent implantation surgery creates an artificial drainage pathway for the aqueous humor into the subconjunctival space, where it is mainly absorbed by the conjunctival lymphatics. Similar to other filtering surgeries, it results in a local diffuse bleb that covers approximately one-fourth of the circumference. Hypertrophic bleb is a rare and late complication of XEN gel stent implantation surgery, which occurs months to years after the procedure (Figure 1B). It presents as an extensively enlarged bleb that covers large areas and may cause mechanical ectropion. Interestingly, most hypertrophic blebs form and extend toward the nasal conjunctiva. Tracers injected into the subconjunctival space have revealed that the nasal quadrant of the conjunctiva has three times more outflow pathways than the temporal quadrant, which corresponds to the dominant nasal distribution of the conjunctival lymphatic system (118–120). A retrospective cohort study followed 57 eyes with XEN gel stent implantation for 24 months and reported the development of nasal hypertrophic bleb in five eyes (8.8%). These blebs may recur after needle tapping (76). Managing hypertrophic bleb after XEN gel stent implantation is challenging, and the effects of different management methods have only been reported in a few case studies. Conservative therapies include injecting autologous platelet concentrates, blocking the ab-interno stent with viscoelastic material, and sealing the bleb with tissue adhesive. However, there is a potential risk of extensive bleb adhesion and increased IOP (77, 78). Some surgeons use scleral fixation sutures to restrict the infiltration of aqueous humor into the subconjunctival space and guide its outflow toward the posterior part of the eye (79, 80). A functional bled and drainage pathway is preserved but its efficacy and safety still need further evaluation. Yavuzer and Meşen employed the “drainage channel with sutures” approach to address a hypertrophic bleb complication that arose following the third month of XEN gel implantation (80). Pavičić-Astaloš et al. described a post-operative complication involving dysaesthesia attributed to a large hypertrophic inferonasal bleb that manifested 5 months following XEN implantation. The management involved bleb revision surgery in conjunction with scleral fixation sutures. No post-operative complications were reported, and intraocular pressure (IOP) was effectively controlled during the 20-month follow-up assessment (79).



Subconjunctival XEN gel stent fragmentation

The XEN gel stent is a hydrophilic implant made of gelatin, which quickly swells and becomes soft after implantation through hydration (17). Its gelatinous nature makes it highly compatible with the surrounding microenvironment and flexible enough to conform to the curvature within the subconjunctival space. However, there have been reports of breakage and fragmentation of the subconjunctival part when the surgeon attempted to relocate the stent using forceps (105). Novak-Laus et al. also reported a case of “spontaneous” fragmentation of the subconjunctival part of the XEN gel stent discovered during a regular follow-up visit 3 months after surgery in a patient who denied rubbing their eye or experiencing any incidental trauma that could explain the breakage (81). Despite the fragmentation of the stent, it was not replaced because the distal end remained in the Schlemm’s canal and the patient maintained normal IOP (81). Bustros et al. reported a case where a fragment of the XEN gel implant was inadvertently damaged during the needling procedure, 2 months postoperatively. One month later, the patient’s IOP remained controlled, and the bleb functioned well (82). It is pivotal for the surgeons to be cautious during the needling procedure. Particularly in cases where SCH impairs visibility, it is essential to postpone the procedure until optimal visibility can be ensured.

Although breakage of the XEN gel stent is a rare complication, with only two reported cases at present, further testing is required to assess the mechanical strength of the stent. It is important to avoid any forceful grasping of the stent during surgery.




Late postoperative period (from 6 months)


Late spontaneous dislocation of stent

As discussed above, most cases of XEN gel stent dislocation occur relatively soon after surgery due to inappropriate positioning of the stent and erosion of the conjunctiva covering. Late spontaneous dislocation of the XEN gel stent is generally rare and has only been reported in case studies, and its cause remains largely unknown. Boese et al. described a case of a 73-year-old male patient with advanced primary open angle glaucoma who underwent an uncomplicated combined phacoemulsification procedure with ab interno gelatin stent implantation. The stent remained in place during the 6-month follow-up period but spontaneously dislocated during a regular follow-up visit without any triggering events or subjective symptoms. The patient denied the history of any trauma or eye rubbing at any point. The cause of spontaneous stent dislocation remained poorly understood, and the authors suspected that insufficient scleral support may lead to the dislocation of the gelatin implant. Another possibility was that repeated deployment during the surgery might have resulted in a looser fit (83). Since further investigation and evidence are lacking, more research is required to calculate the incidence of this rare complication and explore ways to reduce the risk of spontaneous dislocation. Surgeons should maintain close follow-up to promptly detect stent dislocation.



Intraocular degradation

The XEN gel stent is made of porcine gelatin crosslinked with glutaraldehyde, which is hydrophilic in nature and quite stable when implanted. The purpose of the crosslinking process is to ensure that the XEN gel stent serves as a permanent device for controlling IOP (16, 121). Preclinical studies have demonstrated that the structure of the XEN gel stent remains intact after 12 months of implantation in dog eyes and over 6 months in nonhuman primate eyes (16). However, a case with the degradation of the XEN gel stent was reported by Widder et al. in a 63-year-old patient, 3 years after implantation. No unique characteristics were identified in this patient, and the degradation primarily affected the intracameral and intrascleral parts of the stent. The degradation caused irregularities in the surface and lumen of the stent, resulting in loss of function. Surgical intervention was required to remove the degraded stent (84). Currently, there has been a lack of long-term observation regarding the implantation of XEN gel stents, and no other reports of intraocular degradation have been documented. However, it is possible that the incidence of intraocular degradation is underestimated, as non-functional stents are typically managed conservatively through needling, and only a few removed stents are carefully examined. Furthermore, it remains unclear whether the degraded materials in the eye are toxic or contribute to further blockage of the aqueous humor drainage system, necessitating further investigation.





Summary and conclusion

Currently, the implantation of XEN gel stents has been demonstrated as an effective method for controlling IOP in patients with early, moderate, advanced, or refractory glaucoma. Long-term observational studies with follow-up periods of up to 5 years support its safety and efficacy (122). Early postoperative complications of XEN gel stent implantation include HM (1.9–4.6%), occlusion (3.9–8.8%), SCH, CD (0–15%), conjunctival erosion, and exposure of the XEN gel stent (1.1–2.3%). Additionally, there may be incidents of wound and bleb leaks (2.1%) and MG (2.2% incidence). Mid-postoperative complications of XEN gel stent implantation include migration of the XEN stent (1.5% incidence), ptosis (1.2% incidence), endophthalmitis (0.4–3%), ME (1.5–4.3%), hypertrophic bleb (8.8% in 5 out of 57 eyes), and subconjunctival fragmentation (as reported in 2 cases) of the XEN gel stent. Late postoperative complications, which have only been reported in isolated cases, include late spontaneous dislocation and intraocular degradation. Our systematic review was the first comprehensive summary of complications associated with XEN gel stent implantation. It demonstrated rare complications, their incidence, mechanisms, and management methods. Most of these complications are mild and transient, and conservative therapy is usually sufficient. However, when conservative methods fail, surgical management has been shown to be effective. Among these complications, SCH, endophthalmitis, and MG are potentially sight-threatening but rare occurrences in XEN gel stent implantation. Surgeons must pay special attention to these complications. SCH, although rare, can be potentially sight-threatening. Conservative management and early surgical intervention, either through choroidal tap or pars plana vitrectomy, have also been reported (62). Endophthalmitis is a rare but potentially sight-threatening complication. In such cases, the exposed stent is typically removed, and intensive infection control measures such as vitrectomy, intravitreal injection of antibiotics, and systemic antibiotic use are applied (53). As for the management of MG, only one case report discussed the approach. It involves disrupting the anterior displacement of the iris-lens diaphragm, either through laser capsulotomy, hyaloidotomy, iridotomy, or surgical methods like vitrectomy or posterior capsulotomy (69).

The XEN 45 gel stent provides a surgical treatment option for glaucoma that is minimally invasive, resulting in shorter surgical time and less intraoperative discomfort for the patient compared to trabeculectomy. It can be performed as a standalone procedure or combined with phacoemulsification. Although it belongs to the category of MIGS and offers advantages such as reduced tissue damage and quicker surgical time, there is still a risk of severe complications, including endophthalmitis, SCH, and MG. Therefore, close monitoring and early identification of severe complications are crucial for surgeons.
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