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Abstract: The XEN®45 Glaucoma Treatment System (gel stent; Allergan, an AbbVie company, Irvine, CA, USA) is a minimally invasive 
bleb-forming surgical device that was originally approved to lower intraocular pressure by diverting the aqueous humor from the anterior 
chamber to the subconjunctival space (like trabeculectomy) following ab-interno placement. Since approval of the gel stent in multiple 
countries, the implantation technique has evolved considerably, being performed ab interno or ab externo with open or closed conjunctiva, 
based on patients’ needs and/or surgeons’ preferences. Additional technical variations that can facilitate gel stent placement and/or improve 
outcomes have also emerged. This article aims to increase awareness of these developments to facilitate informed decision-making and 
improve surgical success and outcomes for patients. 
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Introduction
For patients with glaucoma in whom surgery is indicated1 to lower intraocular pressure (IOP) to their target value and 
minimize damage to the optic nerve, trabeculectomy has long been the gold standard procedure. Trabeculectomy is 
effective at lowering IOP because it diverts the aqueous humor directly from the anterior chamber to the subconjunctival 
space, bypassing the primary site of resistance to outflow, ie, the trabecular meshwork.2,3

The first published description of trabeculectomy in 19684 involved a full-thickness sclerectomy and surgical removal 
of a small section of Schlemm’s canal and adjacent trabecular meshwork. This was intended to eliminate the resistance 
barrier over a short distance and restore aqueous outflow, but was found to produce a filtering bleb as well in many 
patients. Unfortunately, the procedure was associated with serious complications of postoperative hypotony (for example) 
and a high failure rate. Since then, trabeculectomy has greatly evolved. The full-thickness sclerectomy has been replaced 
with the creation of a half-thickness scleral flap, and both Schlemm’s canal and the trabecular meshwork remain 
undissected.5,6 In addition, the original limbus-based conjunctival flap has been replaced with a fornix-based conjunctival 
flap, which is technically easier to perform, has a lower incidence of buttonholing as an adverse event, and may shorten 
the surgery time.5–7 Intraoperative use of antimetabolites/antifibrotics (eg, mitomycin C [MMC]) has also become widely 
accepted as it markedly increases the success rate, despite a known risk of complications.8,9 Nonetheless, to date, 
trabeculectomy remains associated with significant postoperative complications,10–22 which led to the development of 
alternative procedures, including minimally invasive glaucoma surgery23,24 with devices such as iStent Inject (Glaukos 
Corp, San Clemente, CA, USA) and the Hydrus Microstent (Alcon, Geneva, Switzerland), as well as minimally invasive 
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bleb-forming surgery23,24 (MIBS) with devices such as the PreserFlo Microshunt (Santen Pharmaceutical, Osaka, Japan) 
and XEN®45 Glaucoma Treatment System (gel stent; Allergan, an AbbVie company, Irvine, CA, USA).

The gel stent was designed to bypass ocular structures of high resistance (trabecular meshwork and Schlemm’s canal) 
and allow drainage of aqueous humor directly from the anterior chamber to the subconjunctival space (area of lower 
resistance),25 similar to trabeculectomy. However, the gel stent’s length and inner diameter were determined based on the 
Hagen-Poiseuille equation for laminar flow, to reduce the risk of hypotony following gel stent implantation, compared 
with trabeculectomy.26,27

Implantation of the gel stent has also evolved since publication of the pivotal study in 2017.28 Originally approved for 
placement using an ab-interno approach,29,30 surgeons have adapted the surgical procedure for use in real-world settings to allow 
both ab-interno and ab-externo implantation with closed or open conjunctiva.25,31 In the pivotal study, subconjunctival 
pretreatment of the target area with an MMC-soaked sponge was required by the United States (US) Food and Drug 
Administration,28 whereas most recent studies use a subconjunctival injection of MMC solution instead (allowing for a more 
accurate application/dosing of MMC32 while sparing the conjunctiva from dissection). Instead of advising that the implanted gel 
stent be “visually free and mobile”, we now recommend that the implanted gel stent be physically free from Tenon’s tissue by 
creating and maintaining a plane/space/pocket in which the implant is placed to reduce the risk of stent obstruction and 
subsequent fibrosis, and to facilitate aqueous humor outflow. Even the target population for gel stent placement has evolved, 
having advanced glaucomatous damage24 with a baseline average visual field mean deviation of −15.0 dB in the pivotal study28 

versus moderate glaucomatous damage24 with a baseline average visual field mean deviation of −8.0 dB in the APEX study33 and 
−7.4 dB in the Gold-Standard Pathway Study.34

This article aims to describe and summarize (Table 1) the latest developments and surgical pearls regarding gel stent 
implantation and how to ensure that the implant is free of Tenon’s tissue, whether a closed or open conjunctiva via ab- 
interno versus ab-externo approach is used, in hope of facilitating informed decision-making and improving surgical 
success and outcomes for patients with open-angle glaucoma (OAG).

Table 1 Key Steps to Increasing Surgical Success of the Gel Stent Implantation, Regardless of the Approach Useda

Preoperatively

Reduce ocular surface inflammation by managing ocular surface disease and starting corticosteroids a few weeks before surgery

When possible, reduce the number of IOP-lowering medications

Intraoperatively

Before the stent is deployed, any torsion/counterforce (including the traction suture) should be released to allow the eye to return to its natural 

position

Ensure that the gel stent is free from Tenon’s tissue by adopting a surgical technique that creates a space/pocket whether you perform the primary 

needling, PoST, or small incision, open the conjunctiva or not, or use an ab-interno or ab-externo approach

Leave OVD in the subconjunctival space; keeping the created space/pocket open can potentially reduce the risk of bleb failure by maintaining the 

tissues separated

MMC is key to the implantation’s success as it minimizes bleb fibrosis; the right dose (typically 40–60 ug) and technique should be determined based 

on the patient’s characteristics

The final goal of the surgery is to connect the anterior chamber to the subconjunctival space: a 1, 2, 3b positioning is ideal for posterior bleb 

formation

Stay away from the iris and cornea during implantation

Try to prevent bleeding by planning the surgery and needle exit point to avoid scleral vessels as much as possible; immediately control bleeding with 

pressure or cautery

(Continued)
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Preparing for Implantation
In the early 1990s, long-term use of topical IOP-lowering combination therapy was identified as a significant risk factor 
for failure of a glaucoma filtering procedure.36,37 Therefore, some of the authors recommend starting a preoperative 
medication regimen with topical/ophthalmic corticosteroids to prepare the ocular surface for surgery and help curb the 
ocular inflammatory response from the surgery or any preexisting inflammation (eg, ocular surface disease, chronic use 
of glaucoma medications, etc).

Some of the authors also recommend, when possible, reducing the number of topical IOP-lowering medications 
(especially agents causing hyperemia) before surgery and, if needed, replacing them with preservative-free alternatives or 
oral carbonic anhydrase inhibitors (Figure 1). It is worth noting, however, that some authors often skip those steps to 
avoid delaying the surgery.

The surgical procedure starts with a standard preparation and draping of the surgical field, followed by placement of 
a corneal traction suture (if preferred as a method for traction) in the target quadrant, ensuring that the traction suture 
does not obstruct view of the implantation. To do so, JP typically places a 6.0 Vicryl suture slightly nasally or temporally 
to avoid interference with visualization of the implant in the anterior chamber (Figure 2).

Scleral vessels should then be identified, and the surgical plan should involve avoiding placement of the implant 
through those vessels to prevent subconjunctival hemorrhage.

It is also important to position the implant in the angle so as to keep it away from the iris (which can otherwise block 
and obstruct the implant, especially in the presence of a low IOP in the early postoperative period) and the cornea (to 
reduce the risk of endothelial cell loss); one should aim to enter the anterior chamber above the trabecular meshwork.

These steps apply to all gel stent implantation approaches, whether performed via an ab-interno or ab-externo 
approach with closed or open conjunctiva.

XEN45 Implantation with Closed Conjunctiva or a Small Suture-Free 
Incision
Rationale
Implantation of the gel stent with closed conjunctiva (or suture-free incision) has minimal impact on the conjunctival 
tissue, allowing for a quick postoperative recovery and sparing the tissues for future surgical procedures.

Table 1 (Continued). 

To reduce the risk of nasal blebs and erosion, the final implant position should be as close as possible to 12 o’clock

Confirm intraluminal outflow when possible, either directly by visualization of a slow beading at the distal end of the implant, or indirectly from 
a bleb forming posteriorly following priming of the implant (instead of an anterior bleb raising at the implant scleral exit)

Postoperatively

To set the bleb for success, an appropriate regimen of corticosteroids should be prescribed in the early postoperative phase

In patients where occlusion of the implant is suspected (ie, with a sudden IOP increase), consider using Nd:YAG laser instead of needling

Postoperative needling should be attempted when bleb fibrosis is suspected35

When the first implantation is considered suboptimal (eg, learning curve, nonoptimized surgical technique, or unknown history of prior surgery), 

consider implanting another gel stent in a different location, using your most successful technique/approach

Note: a Although the authors do not necessarily follow all of the steps described in this table (please see the sections on Preparing for implantation; XEN45 implantation 
with closed conjunctiva or a small suture-free incision; XEN45 implantation with open conjunctiva; Current experience with XEN63; Postoperative care; Minimizing 
postoperative fibrosis; Long-term gel stent outcomes and obstruction; and When to perform a second gel stent implantation for details), there is general agreement that 
these are important considerations. b ~1 mm in the anterior chamber, ~2 mm as scleral tunnel, and ~3 mm in the subconjunctival space. 
Abbreviations: IOP, intraocular pressure; MMC, mitomycin C; Nd:YAG, neodymium-doped yttrium aluminum garnet; PoST, posterior sweep of Tenon’s capsule; OVD, 
ocular viscoelastic device.
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Ab-Interno Approach
Ab-interno implantation of the gel stent with closed conjunctiva is based on the technique previously described by 
Sheybani et al,34 and follows the usual steps: paracentesis, use of an ophthalmic viscoelastic device (OVD), creation of 
a main corneal incision, engaging the angle (with the needle of the injector), exiting in the subconjunctival space (after 

Figure 1 Case of a patient with baseline intraocular pressure (IOP) of 30 mmHg on 4 glaucoma medications who was referred for surgery. Preoperatively, the patient was 
treated with topical corticosteroids (benzalkonium chloride-free) three times a day (TID), and IOP-lowering medications were replaced with a preservative-free 
prostaglandin (once daily) and oral acetazolamide (250 mg TID) to reduce inflammation and prepare the ocular surface for gel stent implantation. Slit lamp (ocular surface) 
and confocal microscopy (corneal sub-basal nerve plexus layer) images were taken before medical treatment and 3 weeks after medical treatment. Top row: Ocular surface 
inflammation and high dendritic cell density at baseline. Bottom row: Quiet eye with a lower dendritic cell density at 3 weeks post-medical treatment. Images courtesy of 
Matteo Sacchi.

Figure 2 Images showing off-center placement of corneal traction sutures to avoid obstructing visualization of the gel stent during implantation. Images courtesy of Joseph 
Panarelli and Thomas Samuelson.
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any torsion/counterforce from the traction suture or other source has been released to allow the eye to return to its natural 
position), and deploying the implant to leave ~1 mm in the anterior chamber, ~2 mm as scleral tunnel, and ~3 mm in the 
subconjunctival space.

After or before deployment, additional maneuvers are needed to ensure that the implant is not caught or embedded in 
Tenon’s tissue, which in turn ensures outflow and increases the probability of surgical success (Figure 3; Video #1). 
These latest improvements are presented below.

Surgical Pearl from Arsham Sheybani: Primary Needling
● I consistently perform a primary needling after implantation. The rationale is that the subconjunctival space is a virtual 

space (ie, we create it or dissect the tissues, but it is not a true potential space or pre-existing cavity) and the distal end of the 
gel stent often gets caught in Tenon’s layer. This can cause additive resistance to the aqueous humor outflow at a minimum, 
or it can cause the implant to point upward toward the conjunctiva (Figure 4; Video #2), a risk factor for conjunctival 
erosion. In my experience with intraoperative optical coherence tomography (OCT), Tenon’s layer can indeed be seen 
around almost all devices, despite attempts for superficial placement of the gel stent (Figures 5 and 6; Video #3).

● It is also well known that early postoperative needling is commonly needed to increase surgical success of the gel 
stent; it thus seems logical to adopt primary needling as part of the standard implantation procedure instead of the 
postoperative care.

● Performed as shown in Video #3, after priming or forming a bleb (recommended to reduce the risk of conjunctival 
perforation), a primary needling with a 27G hypodermic needle ensures that the Tenon-related resistance is obviated 
(underneath and above the implant) and the distal end of the gel stent is free and lying flat. However, caution is 
necessary to avoid sweeping too aggressively/rapidly and causing a loss of view due to subconjunctival hemor
rhage. Some surgeons use a 27G needle to make a small puncture hole through which a cyclodialysis spatula is 
inserted and used to do a broad sweeping (preferably in a relatively dry area to ensure good visualization of Tenon’s 

Figure 4 Image showing a gel stent pointing up, prior to the primary needling. Image courtesy of Arsham Sheybani.

Figure 3 Intraoperative live optical coherence tomography images showing (A) insertion/beginning of Tenon’s capsule (blue arrow), as well as a hyporeflective space 
indicative of a lack of Tenon closer to the limbus (blue star), and (B) hydrated, expanded Tenon tissue 3 to 10 mm posterior to the limbus. Images courtesy of Herbert 
Reitsamer.
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tissue), with good reproducibility and a lower risk of conjunctival/scleral trauma, compared with using a needle 
(oral communication from Dr. Manjool Shah, November 2023).

● Injecting an OVD after the primary needling (Figure 7) provides better tissue separation, prevents contact, and thus 
reduces the risk of fibrosis. Some surgeons use OcuCoat (Bausch + Lomb, Laval, Quebec, Canada), which has 
a good viscosity/stiffness balance, compared with ProVisc (Alcon) and Healon (Johnson & Johnson Vision, 
Jacksonville, FL, USA).

● Inserting the needle as far away from the gel stent as possible and keeping it off the scleral bed/vessels reduces the 
risk of bleb leak (which can lead to bleb failure) and minimizes subconjunctival hemorrhage, respectively.

● One should also ensure to fulcrum the needle at the site of insertion (instead of pulling upward) to avoid tearing the 
conjunctiva. Should the latter occur, however, I (AS) recommend suturing it.

Figure 6 Images showing key steps of the primary needling. (A) Gel stent slightly curled (blue arrow) right after implantation. (B) Curled gel stent despite external 
manipulation. (C) Bleb formation showing a focal, tense bleb before the primary needling and suggesting interstitial placement (outflow resistance). (D) Elevation of the 
conjunctiva with forceps to keep the needle off the scleral bed/vessels. (E) Primary needling. (F) Diffuse bleb appearance after primary needling. Images courtesy of Arsham 
Sheybani.

Figure 5 Intraoperative live optical coherence tomography images showing (A) intraTenon placement of the gel stent and interstitial tissue surrounding the distal tip of the 
implant (blue arrows) before primary needling, and (B) subTenon placement of the gel stent and hyporeflective space (stars) after primary needling. Images courtesy of 
Herbert Reitsamer.
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● To avoid pulling/moving/displacing the implant, it is best to start sweeping the needle far from the distal end of the 
gel stent (and underneath it) before going closer to its base (where it exits in the sclera); sweeping can then proceed 
from the base of the implant toward the cul-de-sac until Tenon’s resistance is no longer felt. If the implant is curled, 
sweep gingerly to gently release it from Tenon’s tissue; if the implant is straight and appears mostly free, the 
sweeping can be a bit more aggressive.

● Proper visualization throughout the process is key. The goal is to separate the tissue planes so the needle moves 
freely and easily within the created space; if the primary needling is successful, one should not see the gel stent 
move with Tenon’s layer.

● In cases in which the view of the implant is lost due to hemorrhage, primary needling should be paused; the 
hemorrhage should first be stopped and then displaced superiorly (or away from the implant) by sweeping the blood 
with a blunt cannula against the conjunctiva. If the hemorrhage is significant, a peritomy and/or cautery may be 
necessary to clear the blood.

● In my experience, ab-interno implantation with closed conjunctiva and primary needling reduces the postoperative 
needling rate from ≥30% to <10%, compared with the same implantation technique without primary needling, and 
results in more favorable surgical success. The key is to raise the bleb to create space to work and sweep/needle as 
far away from the entry site as possible, starting at the distal end of the implant. Leaving OVD in the space keeps it 
open and avoids compression of the bleb (which eventually causes the tissues to stick together). Interestingly, 
Franco et al presented38 a technique (Air and Visco) in which an OVD is injected in the subconjunctival space after 
pneumo-dissection of Tenons’ tissue and before ab-interno implantation of the gel stent. The needling rate was 
20%,38 perhaps suggesting that pneumo-dissection is not as effective as a primary needling in creating a Tenon-free 
window. It is also worth noting two retrospective studies that compared outcomes in patients who underwent ab- 
interno implantation of the gel stent with or without a primary needling (and without subconjunctival OVD).39,40 At 
12 months, both showed no statistically significant differences between groups in terms of IOP and medication 
number reductions from baseline, but fewer postoperative interventions,39 needling,40 and clinic visits40 were 
required when the primary needling was performed.

● One potential disadvantage of this procedure, compared with the open-conjunctiva approach, is that one cannot 
really verify that outflow occurs through the implant (intraluminal flow), as opposed to peritubular flow. Also, 
subconjunctival hemorrhage can sometimes force the surgeon to open the conjunctiva. Raising the bleb by priming 
the implant and removing the OVD before needling can provide the space needed to avoid hitting a scleral vessel or 
puncturing the conjunctiva. Nonetheless, I still recommend being familiar with alternative implantation techniques 
in case Tenon’s tissue is thicker than estimated or subconjunctival hemorrhage obstructing the view does occur.

The data and my (AS) experience point convincingly to the importance of primary needling following gel stent 
implantation. If primary needling is not performed systematically, proper placement of the gel stent (subTenon or anterior 
to Tenon’s capsule) and use of a higher dose of MMC (see “Minimizing postoperative fibrosis” below) injected in the 
subconjunctival/subTenon space are ‒in our (AS, DG) opinion‒ critical to minimize fibrosis/scarring. However, I (AS) 
prefer to avoid high MMC doses when possible.

Figure 7 Images showing (A) a primary needling with cyclodialysis spatula and (B) injection of an ocular viscoelastic device after the primary needling. Images courtesy of 
Manjool Shah.
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Surgical Pearls from Davinder Grover: Pull Test and Posterior Sweep of Tenon’s Capsule (PoST)
● Following placement of the gel stent with closed conjunctiva, one should gently mobilize adjacent conjunctiva and 

perform a pull test (Video #4); one may not realize how often the implant gets caught (curled or not) in Tenon’s 
tissue unless a routine check-up is implemented.

● If the gel stent moves with the conjunctiva, it is very likely embedded within Tenon’s capsule (movement on the 
“pull test”). At this point, a PoST technique should be performed (Video #4) to create a Tenon-free window.41

● Initially designed for needling of the implant at the slit lamp, the Grover Fellman (GF) Spatula42 (Epsilon USA, 
Chino, CA, USA) is now used to perform the PoST technique immediately following gel stent implantation. This 
spatula provides a stiffer tool with a blunted, tapered tip (compared with a 30G needle) to allow atraumatic 
sweeping of Tenon’s tissue far into the fornix (10–12 mm) and away from the gel stent, while minimizing the risk of 
conjunctival perforation and cutting blood vessels (which can happen with a sharper instrument).

● Once the gel stent is implanted, I (DG) rotate the globe inferiorly with the traction suture and, with a bent, marked 
30G needle, create a small entry site into the superior temporal conjunctiva (as far posteriorly as possible in the 
superior temporal area to prevent the entry wound from leaking). The GF spatula is inserted through this site, which 
is easily identified by the marked entry point, and the tapered tip of the instrument allows to tunnel through Tenon’s 
tissue more easily and in a controlled fashion.

● When performing the PoST technique, it is important to 1) have good scleral support (ie, 2.0–2.5 mm of scleral 
tunnel to prevent implant displacement and peritubular flow), 2) sweep very slowly/gently (while keeping your eyes 
on the implant to avoid dragging it), 3) start sweeping on the scleral side of the implant before delicately proceeding 
to the conjunctival side, 4) stop sweeping if the implant starts moving (getting pulled out of the eye) and gently 
push the implant back into the anterior chamber before resuming sweeping, 5) avoid sweeping too far nasally (to 
avoid formation of a nasal bleb), and 6) inject MMC at the end of the surgery, as far posteriorly as possible into the 
area where Tenon’s tissue was swept.

● The goal is to ensure that Tenon’s tissue is disinserted in an area surrounding the gel stent, as small, localized 
disinsertions will otherwise tend to create walled-off blebs or Tenon’s cysts.

● Tenon’s tissue is rather thick, and one can usually see the disinserted tissue bunch up posteriorly to the Tenon-free 
window. Injecting MMC into this Tenon’s tissue allows delivery of MMC directly posterior to where the aqueous 
humor is being shunted, minimizes the risk of anterior migration of MMC (which could lead to an anterior ischemic 
bleb), and favors a better bleb morphology. Before I started performing the PoST technique, I typically injected 
60–80 μg of MMC (0.15–0.2 mL of a 0.4 mg/mL solution). However, since implementing the PoST technique, 
I have reduced my dose of MMC to ~40–60 μg (0.1–0.15 mL of a 0.4 mg/mL solution).

● The pull test and PoST technique should be repeated until the implant no longer moves with the conjunctiva.
● Intracameral dexamethasone is then given at the conclusion of the case. If the eye has previously undergone angle 

surgery, there is sometimes an increased risk of reflux bleeding and hyphema, in which case I typically give 
dexamethasone as a subconjunctival injection instead.

● If the entry wound leaks or there is a buttonhole, I use a single interrupted (or mattress) nylon suture to close the 
conjunctiva. Usually, Tenon’s tissue is thicker in the superior temporal quadrant, so be sure to incorporate Tenon’s 
tissue when placing a suture through the small conjunctival opening.

● In my experience, the PoST technique can provide an ideal (diffuse25) bleb morphology, predictably result in low- 
teen IOP with ≤1 medication at 12 months, and lower the postoperative needling rate to <10%. Additionally, 
visibility of the gel stent in the subconjunctival space is usually improved and I can regularly appreciate microcysts 
within the bleb, which was not always the case before implementation of the PoST technique.

● If a perforation occurs while sweeping to disinsert Tenon’s tissue, I recommend removing the implant and 
reinjecting the implant in another area as sutures will often times not remedy the situation. This is also why 
I perform the PoST technique with the GF spatula instead of a needle.

● Since 2023, I also routinely leave a small OVD “crown” around the subconjunctival tip of the gel stent. Specifically, 
once the PoST technique is complete, I tunnel to the subconjunctival space around the distal tip of the implant and 
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inject a small amount of Healon GV (Johnson & Johnson Vision) to create/maintain a small space that may inhibit 
fibroblast proliferation and consequent scar tissue formation around the subconjunctival tip of the implant in the 
immediate postoperative period (Figure 8).

● With this PoST technique, I see preimplantation IOPs in the mid-20s (mmHg) on several IOP-lowering medications 
decrease to the low-teens (mmHg) on ~1.0 IOP-lowering medication postimplantation, without major differences 
between the implant alone and phacoemulsification plus implant. That being said, in some analyses, eyes that 
received the gel stent as a standalone procedure tended to have a slightly lower IOP than those that underwent 
a combined phacoemulsification/gel stent procedure.

Data
In a retrospective study of 87 eyes (70 patients) with OAG refractory to prior surgical procedure and/or medications, ab- 
interno placement of the gel stent with closed conjunctiva (with or without phacoemulsification) followed by the PoST 
technique reduced the mean IOP from 18.7 mmHg (medicated baseline) to 13.1 mmHg (month 12), and the mean 
medication count from 3.4 (baseline) to 1.4 (month 12), representing reductions of 5.5 mmHg and 2.1 medications 
(P<0.005 for both).41 Notably, these findings are consistent with previously published studies in which reductions of 
6.1–8.4 mmHg and 1.4–2.1 medications were reported.33,34,43,44 However, our postoperative needling rate was consider
ably lower (9.2%; n=8/87)36 than that previously published (23%–45%),33,34,43–46 suggesting that the PoST technique 
can reduce the rate of postoperative needling.

Surgical Pearl from James Lee: Small-Incision Implantation
An alternative method to performing a primary needling or the PoST technique systematically, is the minimally invasive, 
small-incision, suture-free technique that allows subTenon placement of the gel stent and provides a large area of low 
resistance in the subTenon space, while requiring minimal manipulation of the conjunctiva (Video #5). Exposure to 

Figure 8 Images showing key steps of the PoST technique. (A) Entry site of the marked 30G needle. (B) Identification of the gel stent (blue arrow) and conjunctival entry 
point (blue star) using the Grover Fellman spatula. (C) Sweeping of Tenon’s tissue surrounding the gel stent. (D) Tenon-free window. (E) Pull test demonstrating that the gel 
stent is not moving with the conjunctiva or embedded in Tenon’s tissue. (F) Subconjunctival injection of a small amount of ocular viscoelastic device to create a “crown” 
around the distal tip of the implant. Images courtesy of Davinder Grover.
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MMC is also minimal (area-wise), which is important as MMC can lead to corneal and conjunctival toxicity, produce 
avascular blebs, inhibit lymphangiogenesis,8,32,47 and thus prevent use of other incisional procedures in the future.

The objective is to create a large, easily sealable, and well-defined subTenon space before implantation of the gel 
stent, with minimal damage to the overlying conjunctiva, so the area can be utilized for future surgeries if required. In my 
(JL) opinion, it is easier and more reproducible to create the subTenon space first and target it for implantation than to 
implant the gel stent and then perform a primary needling or the PoST technique. This approach also allows to apply 
a very low dose of MMC to a very specific area and thus minimize toxicity.

● A small (4-mm) conjunctival incision is made in the superotemporal conjunctiva. This allows easier disinsertion of 
Tenon’s tissue from the sclera.

● Instead of needling, blunt-tipped dissecting scissors are then used to create (by repeatedly opening and closing the 
scissors without actual cutting) a large subTenon space extending from the superotemporal incision site to within 
1.5 mm of the limbus in the target zone, and posteriorly to at least 15 mm (Video #5).

● After irrigation of the subTenon space with lidocaine and epinephrine (for anesthesia and hemostasis), MMC is 
applied using a presoaked sponge inside a 3D-printed cartridge, starting at 1.5 mm from the limbus and moving 
sequentially to 8 mm posteriorly. This allows direct surface contact with Tenon’s tissue and the sclera while 
preventing excess MMC from damaging the surrounding tissues. The MMC exposure time and concentration are 
controlled based on a patient’s risk profile for excessive subTenon space scarring. For example, I (JL) generally use 
0.1 mL of a 0.4 mg/mL solution for 30 sec in patients at low risk of fibrosis, and increase exposure time to 45 sec in 
patients at high risk of fibrosis, and no MMC-related complications have occurred so far in my practice.

● The subTenon space is then expanded with ProVisc (Alcon) to ease implantation in the preferred/targeted site.
● At this point, the gel stent can be delivered either ab interno or ab externo, depending on the patient’s anatomy. 

Placement is confirmed, and adjustments to the implant positioning are performed if needed.
● Once the excess of ProVisc is swept out of the subTenon space, making sure to leave enough behind to separate the 

overlying conjunctiva/Tenon’s layer from the sclera and minimize tissue contact, the incision is closed with tissue/ 
fibrin glue (Figure 9).

● If the patient’s IOP reaches 10 mmHg in the early postoperative period (usually within 1–2 weeks), digital massage 
of the eye is advised twice a day for 2–3 months.

A similar (“semi-open”) procedure was described by Kong et al48 and although the rate of qualified success (IOP 
6–21 mmHg or IOP reduction from baseline >20% with or without medications) at 12 months was high (97%), the rate of 
complete success (without medications) appeared low (32%). Whether this could be due to technical differences between 
approaches (eg, target quadrant) is unclear. Whether a primary needling, the PoST technique, or the suture-free 
implantation approach is used, the goal is to place the implant below Tenon’s layer and eliminate Tenon’s resistance 
by creating a space, and to leave OVD in the created space to keep it open (ie, maintain the tissues separated), which was 
shown (in the authors’ experience) to reduce the need for postoperative needling, as well as the risk of bleb failure. If 
postoperative needling is needed, having disinserted/swept Tenon’s tissue away during implantation will facilitate 
visualization of the implant and thus the needling itself. This does not mean, however, that the gel stent cannot be 
successfully implanted without dissection of Tenon’s tissue. For example, a case of gel stent implantation with OVD and 
without mechanical dissection of Tenon’s tissue was reported in an eye with advanced pseudoexfoliation glaucoma that 
had previously undergone several glaucoma surgeries/procedures.49 Specifically, Healaflow (Anteis S.A., Geneva, 
Switzerland) was used to create a subconjunctival “bubble” within which the subconjunctival end of the gel stent was 
positioned. Six months after implantation, IOP remained stable and at target (14 mmHg), without any medication.49

Most studies of the gel stent published to date are based on the ab-interno implantation with closed conjunctiva. In 
our opinion, advantages of this approach and related technical pearls (described above) include sparing the conjunctival 
tissue and the fact that surgical sutures are typically not needed. Disadvantages include the fact that the procedure does 
not allow to confirm redirection of aqueous outflow through the implant (versus peritubular flow). It is also noteworthy 
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that this procedure requires healthy, mobile conjunctiva in the target implantation area and is thus usually not indicated 
for patients who (for example) have conjunctival scarring due to a prior incisional glaucoma surgery in the target area.31

Ab-Externo Approach
Compared with ab-interno closed-conjunctiva implantation, the ab-externo closed-conjunctiva implantation tends to be 
an even less invasive procedure as it does not require corneal incisions, use of an OVD, or maneuver in the anterior 
chamber (ie, irrigation). It also expands the treatment area to the superotemporal quadrant and does not require crossing 
over the lens, making it potentially safer.50

The procedure, also known as transconjunctival implantation, is performed similarly as previously described by Vera 
et al.25 Any of the aforementioned techniques describing how to ensure that the implant is free of Tenon’s tissue and the 
implantation space/pocket remains open can be used in conjunction with this implantation approach to minimize fibrosis 
and increase the probability of surgical success. Some surgeons also stain the implant (with a purple marker or Trypan 
blue) to facilitate visualization of the implantation progress, or in cases with a particularly thick conjunctiva (oral 
communication from Dr. Robert J. Noecker, November 2023).

XEN45 Implantation with Open Conjunctiva
Rationale
Implantation of the gel stent with open conjunctiva has the advantage of allowing placement beneath Tenon's layer 
(which lowers the risk of conjunctival erosion, gel stent extrusion, and late infection), better control of the gel stent 
positioning, and implantation in patients with some conjunctival scarring.31 The surgeon can indeed move or dissect 
Tenon’s capsule, choose the exact placement location, visually confirm intraluminal flow, and make small adjustments 
more easily with the open-conjunctiva approach than the closed-conjunctiva approach.31 It also allows the use of higher 
concentrations of MMC (see “Minimizing postoperative fibrosis” below), as two tissue layers cover the implant, and 
could be an alternative surgery after implantation with closed conjunctiva fails.

Figure 9 Images showing key steps of the small-incision implantation technique. (A) Small (4-mm) conjunctival incision and dissection of a large subTenon space. (B) 
Posterior dissection of the subTenon space. (C) Controlled application of mitomycin C. (D) Expansion of subTenon’s space with an ocular viscoelastic device. (E) Gel Stent 
implantation. (F) Closure of the conjunctival incision with tissue/fibrin glue. Images courtesy of James Lee.
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Ab-Interno Approach by Joseph Panarelli
The basic procedure is as previously described,31 with additional details, adjustments, and guidance (Video #6).

● On surgery day, I like to start with a retrobulbar block so the patient remains still and comfortable throughout the 
procedure, but local anesthesia with a subconjunctival or subTenon injection of lidocaine 2%/epinephrine can be 
used instead.

● Regarding MMC, my preference is to do a subTenon injection of 60 ug as the implant will be placed under Tenon’s 
and conjunctival tissues.

● A fornix-based conjunctival flap is created (3–4 mm long) at the 11 or 1 o’clock position.
● Vannas scissors are used to make a small opening in the conjunctiva; dissection then proceeds posteriorly until 

incision of Tenon’s capsule at the desired insertion point.
● A superonasal or superotemporal pocket is dissected with blunt Westcott scissors, and cautery is used as needed to 

control bleeding. As mentioned above, staining the implant (with a purple marker or Trypan blue) will facilitate 
assessment of progress and positioning.

● Once the pocket is created and paracentesis is completed, a 2-mm clear corneal incision is made, and the anterior 
chamber is filled with a cohesive OVD.

● The injector needle is then inserted through the corneal incision and advanced across the anterior chamber toward 
the target quadrant and into the angle.

● The needle tip (bevel facing up) enters the trabecular meshwork and is pushed through the sclera so as to exit 2 mm 
posteriorly to the limbus. To help stabilize the eye, provide good countertraction, and avoid a flick during this step, 
Colibri forceps (0.12 mm), the Vera hook, or other instrument can be inserted into the paracentesis.

● Once the needle exits the sclera, any torsion/counterforce (including the traction suture) is released to allow the eye 
to return to its natural position before the stent is deployed. I (JP) actually like delivering the implant with the two- 
hand technique to avoid flicking (one hand on the injector and second hand to move the slider).

● Ideal positioning in the eye leaves ~1 mm in the anterior chamber, ~2 mm as scleral tunnel, and ~3 mm in the 
subconjunctival space. Gonioscopy should be performed to confirm angle placement.

● The open conjunctiva and direct visualization of the gel stent’s external end allow micro-adjustments to be made 
easily, ie, pull the implant out or push it into the anterior chamber (using tying forceps) as needed to ensure proper 
positioning, and observation of peritubular flow (if present).

● After removal of the OVD from the anterior chamber, a Weck-Cel (BVI Medical, Waltham, MA, USA) is used to 
touch the distal end of the gel stent and confirm that the aqueous humor flows through; if not, the gel stent should be 
primed by back-flushing it (from outside the eye) with sterile balanced salt solution (BSS) in a 25G or 27G cannula.

● Tenon’s layer and the conjunctiva are then carefully pulled up (to avoid dragging the implant into the anterior 
chamber) and forward, laid over the gel stent, and closed in a watertight fashion with either two winged sutures or 
two horizontal mattress stitches on the limbal side plus a short running closure on the other side. I (JP) do not 
necessarily do a two-layer closure but will sequentially pass through Tenon’s tissue and the conjunctiva to suture 
them down.

● Before the peritomy is fully closed, I (JP) inject Healon GV or even Healon5 (Johnson & Johnson Vision) to keep 
the space open and maintain the tissues separated (where the bleb will form).

● The corneal incisions should be hydrated with BSS, and a bleb should form. A Seidel test should also be performed 
to ensure that there is no conjunctival or corneal incision leak.

Ab-Externo Approach by Joseph Panarelli and Thomas Samuelson
In addition to the aforementioned advantages associated with implantation of the gel stent with an open conjunctiva, ab- 
externo implantation can be beneficial not only for the reasons mentioned above but also because 1) it allows treatment of 
patients that may otherwise not be eligible for ab-interno implantation (eg, due to prior trabeculectomy in the superior or 
superonasal area and/or certain facial features); 2) it reduces the likelihood of the gel stent’s distal end becoming 
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embedded in Tenon’s tissue due to fibrosis;25,31 and 3) it is ‒in my (JP) opinion‒ less prone to early failure. Consistent 
with points #2 and #3, Han et al51 reported blebs with greater horizontal extent at 2 weeks and 1 month following ab- 
externo implantation with open conjunctiva, which was associated with a lower surgical failure rate and higher success 
rate (ie, IOP ≤18 mmHg and either IOP reduction ≥30% or medication reduction ≥2 with final IOP inferior to baseline if 
baseline IOP was ≤18 mmHg) early on and at 12 months (74% versus published values for the standard ab-interno 
approach).

Some surgeons may also be more at ease with the ab-externo approach with open conjunctiva as it is technically 
closer to the approach used with glaucoma drainage device implantation,25,31 making the learning curve shorter and 
troubleshooting easier.

From a practical viewpoint, this procedure is based on that previously described by Panarelli et al,31 with a few 
modifications, additional details, and recommendations (Video #7 and Video #8).

● A 2–3 clock-hour limbal peritomy is made in the superonasal or superotemporal quadrant, followed by blunt 
dissection with Westcott scissors to separate the conjunctiva-Tenon’s adhesions and access the subTenon space 
(Video #8).

● It is best to cauterize the blood vessels at this point as this allows better visualization and reduces the risk of blood 
later occluding the distal end of the gel stent. However, cautery should not be overused as scleral elasticity helps 
maintain the implant in place and avoid migration postoperatively. Excessive cautery on the scleral tissue will 
reduce scleral elasticity and thus implant stability over time.

● In cases of significant or thick Tenon’s tissue (due to age, inflammation, scarring, or other risk factors), a limited 
tenonectomy can be performed. This can potentially decrease the risk of stent obstruction and early failure, but it 
can also increase the risk of a “thin bleb” forming with potential for conjunctival erosion.

● Once the gel stent injector is situated in the sclera (avoiding the 12 o’clock position), with the needle bevel up, 
a 2.0-mm scleral tunnel is created from the limbus (a longer tunnel tends to lead to a more anterior positioning of 
the implant while a shorter tunnel increases the chances of peritubular flow). The needle is then advanced through 
the sclera until the tip reaches the surgical limbus (Video #7).

● At this point, the needle is tilted downward (~30°) and advanced until it enters the anterior chamber.
● To avoid fragmenting the gel stent or under-/over-deployment, I (JP) recommend the following precautions: 1) 

check that there is no side or upward pressure on the injector and 2) pull the injector slightly back so that its sleeve 
is ~1 mm from the scleral entry point (Video #8). In my (TS) opinion, absolute control of the eye position is 
required during implantation. That is, the injector trocar must not influence the eye position. If it does, the eye will 
rotate as soon as the needle exits the sclera. Because the gel stent is still partially within the injector at this point, 
any rotation of the globe risks the so-called “flick” amputation of the stent. The eye position must thus be entirely 
controlled with either the traction suture or with a toothed forceps to eliminate any rotation as the needle exits the 
eye and the deployment is completed (Video #7).

● Alternatively, I (JP) use a 27G bent needle (as is done for tubes) and make a 2-mm tunnel. In my experience, this 
results in less peritubular flow while allowing better control. The technique is more ergonomic, easier to use in 
patients with deep-set eyes or prominent brows, and one does not have to worry about flicks.

● Once the gel stent is implanted, aqueous humor outflow through the gel stent should be visible and confirmed; if 
peritubular flow is present, I (JP) recommend drying the area with a Weck-Cel and confirming flow from the distal 
end of the stent. A 10.0 nylon encircling suture can be placed ~1 mm posteriorly to the limbus to reduce flow and 
minimize the risk of early hypotony, although I do not routinely do this. If flow is not seen after implantation, the 
chamber can be pressurized to prime the implant. If there is still no flow, the gel stent could be primed by back- 
flushing it (from outside the eye) with sterile BSS in a 25G or 27G cannula.

● Once flow through the gel stent is confirmed, its position can be adjusted with tying forceps so that ~1 mm extends 
in the anterior chamber (as described above).

● To reduce the risk of the stent becoming entangled within Tenon’s tissue, I (TS) make sure that the gel stent lays flat 
and then insert a sheet’s glide under Tenon’s layer but over the stent to protect its position. A perfectly placed 
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implant can potentially be bent sideways or dragged forward by Tenon’s tissue as the conjunctival flap is pulled 
forward to the limbus during placement of the initial sutures (peritomy closure). I (TS) also inject dexamethasone 
and an OVD (Amvisc Plus, Bausch + Lomb) within the created pocket to reduce inflammation and further elevate 
Tenon’s tissue (ie, create a domed canopy to keep the pocket open and the tissues separated), which in turn will help 
maintain the stent position, prevent its entanglement within Tenon’s tissue, and minimize the risk of bleb failure. 
Once the initial sutures are placed and the conjunctiva has been advanced to the limbus, the sheet’s glide is 
removed, and the peritomy closure is completed (Video #7).

● In my (TS) opinion, it is essential to inspect the stent position repeatedly to ensure that closure of the peritomy does 
not influence positioning.

● The Tenon and conjunctival tissues may be sutured together or in layers with polyglactin or nylon sutures (Video 
#8). My (JP) preference is to use horizontal mattress sutures at the limbus and a running wing suture at the one end 
(Figure 10).

● In patients at high risk for hypotony (eg, post-vitrectomy or with high myopia), an OVD agent (Amvisc Plus) is 
added at the end of the case and left in the anterior chamber. The amount used should be sufficient to maintain the 
anterior chamber while minimizing the risk of interfering with outflow through the gel stent (especially during the 
first 2–3 postoperative days) and consequent IOP spikes. The aqueous humor should eventually dilute the OVD, 
obviating the potential barrier to outflow.

In our (JP, TS) opinion, this approach is more flexible and forgiving than implantation with a closed conjunctiva 
approach, and the surgical time is essentially the same and predictable day after day. This is my (TS) fourth and favorite 
iteration of the gel stent surgical procedure, having transitioned from ab-interno implantation with closed conjunctiva to 
ab-externo/transconjunctival implantation with closed conjunctiva, then ab-externo implantation with open conjunctiva, 
and finally ab-externo implantation with open conjunctiva and an enhanced pocket (as described above).

Current Experience with XEN63
Rationale
Having a larger lumen, the 63-μm gel stent has the potential to produce greater reductions in IOP and IOP-lowering 
medications than the 45-μm version, due to lower resistance to outflow, albeit with a greater risk of hypotony. The inner 
diameter of the 63-μm gel stent (also 6-mm long) is nearly 40% larger than that of the 45-μm gel stent, increasing the 
lumen area by ~96%, while its outer diameter is only 12% greater (ie, 250 versus 220 μm, respectively), allowing use in 
the same injector and 27G needle. It is also worth noting that the outflow capacity of the 63-μm gel stent is ~1.24 μL/ 
min/mmHg, compared with ~0.33 μL/min/mmHg for the 45-μm gel stent and ~1.30 μL/min/mmHg for the PreserFlo 
Microshunt52 (Santen Pharmaceutical), another MIBS device approved for treatment of primary OAG.53 Moreover, the 
IOP drop within the 63-μm gel stent has been estimated at ~1.6 mmHg, compared with ~6 mmHg for the 45-μm gel stent 
and ~1.5 mmHg for the PreserFlo Microshunt (assuming an outflow of 2 μL/min for all). This represents a considerable 
difference in pressure drop between the two gel stents in steady-state conditions of bleb resistance, and suggests that IOP 
lowering with the 63-μm gel stent should ‒theoretically‒ be 4.0 to 4.5 mmHg greater than with the 45-μm gel stent.

Ab-Interno Approach with Closed Conjunctiva by Ike Ahmed
The 63-μm (inner diameter) gel stent has received CE Mark in 2011 and is indicated (in Europe and Canada) for the treatment 
of patients with primary OAG in whom previous medical treatments have failed.29 The surgical steps are similar to those used 
with the 45-μm version, including the need to release any torsion/counterforce from the traction suture and allow the eye to 
return to its natural position before the stent is deployed, and have been previously described by Vera et al.25

● Primary needling with a 30G needle is recommended to ensure that the implant is free of Tenon’s tissue, after which 
MMC (0.1 mL of a 0.4 mg/mL solution – see “Minimizing postoperative fibrosis” below) is injected intra-Tenon 
and massaged over the area (Video #9).
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● Technically speaking, needling is performed exactly the same way whether the 45-μm or 63-μm gel stent is used 
with or without phacoemulsification.

● When performing implantation with closed conjunctiva, it may be beneficial to prime the implant before implanta
tion (Figure 11).

Ab-Externo Approach with Open Conjunctiva by Ike Ahmed
● After placing a corneal traction suture, a limbal peritomy (2–4 clock hours) in one of the superior quadrants is 

performed as close to the 12 o’clock position as possible, followed by release of Tenon’s capsule from its insertion 
1.5 mm from the limbus. This will result in Tenon’s tissue retracting posteriorly. To avoid damaging Tenon’s tissue, 
it is important to identify the anterior capsule under the conjunctiva, grasp it and elevate it off the sclera, and release 
further adhesions. One should only bluntly dissect with Wescott scissors once it is clear that the subTenon space can 
be visualized under Tenon’s flap. I (IA) recommend doing a deep posterior dissection.

Figure 10 Images showing key steps of gel stent implantation with open conjunctiva. (A) A small peritomy is made. (B) Posterior dissection of Tenon’s capsule. (C) Gel 
stent implantation. (D) Gel stent measurement and adjustment. (E) Gel stent priming with a 27G needle or cannula. (F) Direct visualization of outflow through the gel stent. 
(G) Careful closure of the Tenon and conjunctiva over the gel stent. (H) Watertight closure of the incision. Images courtesy of Joseph Panarelli.
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● A superior pocket is then created, and bleeding vessels are gently cauterized as needed with a 23G endodiathermy. 
Excessive cautery on the scleral tissue should be avoided as it will reduce scleral elasticity and implant stability 
over time (the implant’s position depending on the scleral tunnel and tissue elasticity).

● MMC (0.4 mg/mL) is administered subTenon, either by injection (0.1 mL) or with sponges, being careful not to let 
MMC settle at the limbus. If injecting, one should not inject into Tenon’s tissue as this will hydroexpand it and 
increase the risk of entrapment of the implant when closing. It is best to create a pool of MMC under Tenon’s tissue 
and allow absorption in the tissue.

● Placing the gel stent injector ~2.0 mm from the limbus, bevel up on the sclera, the scleral tunnel is created (a shorter 
tunnel will increase the chances of peritubular flow and hypotony).

● The traction suture is used for countertraction as the needle is advanced through the sclera until the needle tip 
reaches the blue line.

● The needle is then tilted downward 30 degrees and advanced until it enters the anterior chamber. Specifically, I (IA) 
recommend advancing the slider halfway down and stopping. At this point, the entire injector/needle is slowly 
withdrawn from the scleral tract, allowing the implant to be laid in position. Any side or upward pressure on the injector 
(eg, from the traction suture) should be released to avoid breaking the implant. Turning the needle so the bevel faces 
down when withdrawing the needle can prevent flicking of the implant, which can otherwise occur with an upward bevel.

● For ab-interno implantation, the approach has been previously described by Vera et al25 (Video #10).
● The implant position can then be adjusted as needed with a pair of non-toothed forceps, ensuring that ~1 mm is 

visible in the anterior chamber (which can be confirmed with gonioscopy) and ~3 mm lies in the subTenon space.
● At this point, aqueous humor outflow through the stent should be visible by injecting BSS through a side port (no 

OVD is used in the anterior chamber with this approach). Alternatively, a 26G needle can be used to backflush the 
implant to initiate flow. In high-risk cases, a 9.0 or 10.0 nylon ripcord can be placed in the internal lumen of the 
implant to reduce outflow and minimize the risk of early hypotony.

● If peritubular flow is present, it is typically a transient phenomenon measured in hours and days, not weeks.
● Tenon’s tissue and the conjunctiva are then cautiously repositioned (to avoid dragging the gel stent into the anterior 

chamber) and sutured using a two-step approach: two wing sutures with 10–0 Vicryl are used to reposition Tenon’s layer 
1–2 mm from the limbus (making sure it is closed tautly), followed by closure of the conjunctiva at the limbus.

● A bleb should form.
● In having performed similar numbers of implantations with closed and open conjunctiva, I (IA) have observed that 

the bleb morphology differs between these approaches and appears to favor the open conjunctiva approach, likely 
because Tenon’s tissue remains more uniform (due to dissection) and blebs tend to be more posterior and diffuse, 
similar to trabeculectomy.

Figure 11 Priming of the 63-μm gel stent with a 27G cannula before implantation. Outflow can be visualized as small beading at the end of the implant. After flow through 
the lumen is confirmed, the implant is carefully reloaded back into the injector needle for implantation. Images courtesy of Iqbal Ike K Ahmed.
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Data
Placed ab-interno with closed or open conjunctiva, the 63-μm gel stent was shown to produce greater reductions in IOP 
(by ~4.8 mmHg; P=0.02) and medications (by ~1.5; P=0.0001) than the 45-μm gel stent.54 These findings are clinically 
relevant and important as the Hagen-Poiseuille equation, outflow capacity, and within-implant pressure drop predicted an 
additional IOP reduction of ~4.0‒4.5 mmHg with the 63-μm gel stent. Moreover, the reduction in medication count was 
not only statistically significant but considerable as well.

Compared with the 45-μm gel stent, the 63-μm gel stent was also shown to statistically significantly improve the rate 
of complete success (defined as IOP of 6–17 mmHg and ≥20% IOP reduction from baseline without IOP-lowering 
medications) by ~2.3 times (95% CI, 1.2, 4.3) at 12 months postimplantation.54 Mean IOP at 1 year was 12.7 mmHg on 
0.6 medications with the 63-μm gel stent (n=41/42) versus 15.5 mmHg on 1.7 medications with the 45-μm gel stent 
(n=37/42), and the proportion of medication-free patients at 1 year was statistically greater with the 63-μm gel stent 
(75%) than the 45-μm gel stent (40%; P=0.0013).54 The rate of qualified success (defined as IOP of 6–17 mmHg and 
≥20% IOP reduction from baseline with IOP-lowering medications or laser trabeculoplasty) was also improved with 63- 
μm gel stent, but the difference did not reach statistical significance.54

As might be expected, our study revealed more adverse events with the 63-μm gel stent than the 45-μm gel stent, and 
the rate of early hypotony-related complications such as choroidals/choroidal folds and shallow anterior chamber was ~5 
times greater with the 63-μm gel stent than the 45-μm gel stent.54 Although most adverse events and early complications 
were transient, caution is advised in patients at higher risk for such events, including older patients and those with 
myopia. In our experience,54 IOPs in the single digits last approximately 1 week (when observed) and most eyes 
exhibiting early hypotony in the presence of a deep anterior chamber and choroidals were stable, only requiring atropine 
(as cycloplegic) and observation. Nonetheless, I (IA) recommend a conservative approach and anterior chamber 
reformation with an OVD, especially in cases of shallow anterior chamber with big choroidals.

Although the outer diameter of the 63-μm gel stent is modestly greater than that of the 45-μm gel stent and should 
thus fit a little more tightly, there is still a risk of peritubular flow. Notably, however, serious adverse events were rare 
overall, and the rate of postoperative interventions (including needling and secondary surgeries) observed with the 63-μm 
gel stent was similar to that of the 45-μm gel stent.54

Potential limitations of our study54 included the small sample size (N=42 for each gel stent) and the fact that only ab- 
interno implantation was performed. Also, subgroup analyses based on the conjunctiva (open versus closed) were not 
conducted. As findings from large, prospective, multicenter studies of the 63-μm gel stent with long-term surveillance are 
published to expand the literature on this implant, it is hoped that the 63-μm gel stent will provide an additional option/ 
tool for ophthalmologists worldwide to help improve patient outcomes.

Postoperative Care
Postoperative care typically involves a topical/ophthalmic antibiotic to be used at home four times a day for 1 week. 
Regarding the use of topical/ophthalmic corticosteroids, there is no consensus, and different management options are 
used by the authors based on their clinical experiences, such as:

● ≥4 times a day for the first 2–4 weeks, with tapering afterwards. Additionally, nonsteroidal anti-inflammatory drugs 
can be used for 4 weeks.

● Every 2 hours for the first week and then tapered over 8–10 weeks.
● Following a standard/uncomplicated implantation with a clear anterior chamber at postoperative week 1, start 

tapering the corticosteroids (ie, three times a day during week 2, twice daily during week 3, and once daily for 1 or 
2 additional weeks).

Minimizing Postoperative Fibrosis
Overall, different approaches to injecting MMC have been widely adopted. For example, a subconjunctival injection of 
40 μg of MMC (0.1 mL of a 0.4 mg/mL solution) before the implant is placed is often used, preferably in the superior 
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quadrant. Nonetheless, total MMC doses commonly range from 20 μg (0.1 mL of a 0.2 mg/mL solution) in patients at 
very low risk of scarring to 60 μg (0.2 mL of a 0.3 mg/mL solution or 0.15 mL of a 0.4 mg/mL solution) in patients at 
high risk of scarring. In the past, doses higher than 60 μg (eg, 0.2 mL of a 0.4 mg/mL solution) have been used by the 
authors in patients at very high risk of scarring. However, unfavorable bleb characteristics (eg, avascular, limbal, or with 
thin conjunctiva) were more likely to occur,9 and such doses are no longer advised (or should be used with extreme 
caution). Some surgeons also believe that the total volume of MMC solution should not exceed 0.15 mL (to avoid raising 
IOP). Dr. Grover, for example, typically uses 0.10‒0.15 mL of a 0.4 mg/mL solution (40‒60 μg, respectively), while 
Dr. Panarelli uses 0.15 mL of a 0.4 mg/mL solution.

If a primary needling is performed and the MMC injection truly targets the subconjunctival space, there is probably 
no need to exceed 40 μg of MMC and the recommended volume. It is worth mentioning, however, that some surgeons 
prefer to inject MMC into Tenon’s tissue (distally from the implant tip) and then massage it forward with a cannula; 
Tenon’s tissue almost becomes friable and easier to pull away (oral communication from Dr. Lauren S Blieden, 
November 2023).

Subconjunctival injection of MMC after the implant has been placed has also been recommended by other authors, as 
it provides the additional benefit of applying the MMC exactly where the implant outflow occurs while avoiding the risk 
of blood obscuring view of the implantation site. If an OVD such as OcuCoat was used to raise the bleb prior to needling, 
its presence will also facilitate the MMC injection into the Tenon’s stump and reduce MMC migration toward the limbus, 
thus lowering the risk of limbal toxicity. It may thus be worth implementing this step as part of the standard implantation 
procedure.

Whether used pre- or postoperatively during implantation with a closed conjunctiva approach, it is important to 
remember that one should aim to apply the MMC at least 10 mm posterior to the limbus and try to create a barrier at the 
limbus (with a cotton ball, Weck-Cel, or OVD). Because of the natural posterior-to-anterior “migration” (due to the 
forces of the lid and fornix), the MMC will be pushed forward, and the effective final MMC location should be ~5 mm 
from the limbus. Any MMC applied closer to the limbus will not have much antifibrotic effect on the distal end of the 
implant and could create perilimbal ischemia or focal limbal stem cell deficiency with keratopathies developing in that 
area.

It is also worth noting that when implantation with open conjunctiva is performed, one should be careful to avoid 
MMC settling or contacting the conjunctival edges of the peritomy whether used pre- or postoperatively.

Long-Term Gel Stent Outcomes and Obstruction
In some patients, a sudden increase in IOP can be seen months or years after successful surgery and apparent control of 
the patient’s IOP. In our (DG, AS) opinion and experience, bleb failure due to fibrosis tends to occur gradually, so these 
abrupt IOP elevations are most likely caused by some debris occluding the internal lumen of the stent and restricting 
flow, which I (AS) have been able to document in some cases, using OCT. Left unattended, flow restriction can in turn 
allow the surrounding tissue to compress the bleb and promote fibrosis. When a patient presents with such sudden IOP 
elevation, a neodymium-doped yttrium aluminum garnet (Nd:YAG) laser rescue should thus be the first intervention 
attempted (not needling35).

The use of Nd:YAG laser has been previously shown to reestablish outflow by Fellman et al.55 In our (AS, DG) 
experience, this rescue treatment, together with the creation of an implantation pocket without Tenon’s resistance, has 
contributed to reducing the postoperative needling rate to ≤10% following gel stent implantation. Our (AS, DG) preferred 
approach for patients with sudden IOP elevations is as follows:

● Check the lumen of the gel stent end located in the anterior chamber and do not perform needling as first rescue 
treatment step if that lumen is occluded. Even if you are unable to see debris or an occlusion, do not assume that 
fibrosis is the primary cause of failure.

● Apply five to eight shots/pulses of Nd:YAG laser through a gonioscopy mirror that same day, using 0.3 to 1 
millijoules as settings and starting away from the gel stent in the anterior chamber (one will sometimes see the 
shockwave disrupt the occlusion) before aiming at the internal lumen of the implant.
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● If the Nd:YAG rescue treatment works, you will see an elevation of the bleb, along with a considerable reduction in 
IOP without hypotony (eg, from 35 to 25 mmHg in ~5 minutes), and the patient has a 50% chance of not requiring 
a needling later. As the occluding materials is broken down and dislodged, you may even see air bubbles and/or 
debris pass through the implant.

● One should not expect the IOP to decrease as quickly as post-needling of a bleb, so I (DG) recommend measuring 
the IOP ~20 minutes after the laser rescue treatment, and then again 1 week later (if possible).

● In our opinion, it is best to avoid needling patients in whom the bleb rises immediately after the laser rescue 
treatment.

When to Perform a Second Gel Stent Implantation
If the first gel stent surgery fails for an identifiable technical reason (eg, during the early learning curve, if phacoemulsi
fication performed immediately before implantation of the gel stent causes inflammation that interferes with outflow 
through the implant, or the chance of surgical failure due to ocular surface disease or inflammation is high), it may be 
possible to perform a second implantation in another area, using a different technique. However, if subconjunctival 
filtration appears suboptimal despite flawless implantation of the gel stent, then it may be preferable to consider an 
alternate glaucoma filtration surgery.

Discussion
This technique-based article indicates that, regardless of the implantation approach, curbing ocular surface inflammation 
preoperatively (by managing ocular surface disease and/or starting a corticosteroid regimen) will help increase the odds 
of surgical success. Based on published studies of trabeculectomy,36,37 also a bleb-forming procedure, reducing the 
number of IOP-lowering medications before the surgery should increase the odds of surgical success as well.

Intraoperatively, ensuring that the gel stent is free from Tenon’s tissue by creating an implantation space/pocket and 
keeping this implantation space/pocket open with an OVD is critical to minimize the risk of bleb failure, regardless of the 
preferred surgical (ab-interno versus ab-externo with open or closed conjunctiva) and space-creating (eg, primary 
needling, PoST, opening/dissecting the conjunctiva, or small incision) techniques. Use of MMC (typically 40–60 μg) 
is also strongly advised to help minimize bleb fibrosis and failure. In terms of implant positioning, we aim to put the 
implant as close as possible to 12 o’clock and away from the iris and cornea, with 1 mm in the anterior chamber, 2 mm as 
scleral tunnel, and 3 mm in the subconjunctival space. One should then seek to confirm intraluminal flow (when possible) 
and also be prepared to control bleeding with pressure or cautery if it occurs.

If one is caring for patients that have a greater need for IOP lowering (eg, with more advanced disease or a higher risk 
of progression), the 63-μm gel stent may be beneficial and is worth considering.

Postoperatively, an early regimen of corticosteroids should be prescribed, needling should be reserved for cases of 
suspected bleb fibrosis, sudden IOP increases should be addressed with Nd:YAG, and a replacement implant targeting 
a different area may be considered if the initial implantation is deemed suboptimal for identifiable reasons. This 
information is summarized in Table 1.

Optimizing surgical techniques over time and sharing best practices with colleagues has been key to offering the best 
possible outcomes for our patients. As studies of the gel stent conducted worldwide continue to be published,38,49,56–82 

additional surgical pearls and tips will undoubtedly emerge and lead to further refinement of the implantation technique. 
This article describes the key learnings and changes in the surgical techniques that are currently being used to implant the 
gel stent. It is based on the authors’ extensive experience, which has led them to achieve better outcomes and surgical 
success. We are hopeful that the article will increase awareness about these surgical options and pearls, and ‒ultimately‒ 
enable informed decision-making to improve outcomes in real-world/typical clinical settings.

Conclusions
The various techniques described herein should allow glaucoma surgeons to accommodate their patients’ needs, as well 
as their own preferences, when considering the gel stent as bleb-forming surgery to lower a patient’s IOP and medication 
burden. Whether placement of the 45-μm or 63-μm gel stent is performed with a closed or open conjunctiva, via an ab- 
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interno or ab-externo approach, the developments/steps detailed above and summarized in Table 1 are key to reduce the 
risk of surgical/bleb failure. As surgeons implement and become proficient with those developments/steps, gel stent 
implantation should become more predictable and patient outcomes should improve.
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