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Purpose: To compare the safety and effectiveness of standalone Kahook Dual Blade (KDB) excisional goniotomy to standalone ab- 
interno Xen gel stent implantation in eyes with moderate-to-severe open-angle glaucoma (OAG).
Methods: A single-center, retrospective study including eyes with moderate-to-severe OAG undergoing standalone KDB goniotomy 
or Xen gel stent implantation was conducted. Intraocular pressure (IOP), the number of antiglaucoma medications taken daily, and 
best-corrected visual acuity (BCVA) were recorded at baseline and for up to 36-months. Primary outcomes assessed included changes 
from baseline in IOP and the number of antiglaucoma medications taken. Intergroup comparisons were conducted using independent- 
samples Student’s t-tests. The incidence of intraoperative and postoperative adverse events and the need for glaucoma surgical re- 
interventions were also recorded.
Results: Eyes receiving standalone KDB (n=26) or Xen gel stent (n=45) surgery were analyzed. The baseline mean IOP and number 
of antiglaucoma medications in both groups were as follows: KDB: 23.2 ± 6.0 mmHg, 2.2 ± 1.4 medications; Xen: 22.7 ± 8.8 mmHg, 
3.0 ± 1.0 medications. At 36 months, IOP was reduced to 16.6 ± 5.4 mmHg in KDB eyes (n=23, −23.5%; p=0.0004) and 15.3 ± 5.6 
mmHg in Xen gel stent eyes (n=15, −22.1%; p=0.006), while number of antiglaucoma medications was reduced to 1.1 ± 0.7 (−30.8%; 
p=0.0005) and 2.2 ± 1.4 (−25.6%; p=0.01), respectively. Three eyes (11.5%) in the KDB group and 19 eyes (42.2%) in the Xen gel 
stent group required additional surgery before month 36 due to refractory high IOP.
Conclusion: Both KDB goniotomy and Xen gel stent implantation significantly lowered the IOP and antiglaucoma medication burden 
in patients with moderate-to-severe OAG. While the Xen gel stent is frequently used to treat moderate-to-severe OAG patients with 
uncontrolled IOP, standalone KDB goniotomy may be equally effective as a long-term intervention, reducing the need for subsequent 
glaucoma surgery.
Keywords: kahook dual blade, micro-invasive glaucoma surgery, open angle glaucoma, xen gel stent

Introduction
Glaucoma is the leading cause of irreversible blindness in developed and developing countries.1,2 As the projected 
increase in disease prevalence is expected to reach 111.8 million individuals worldwide by 2040,1 the need for effective 
glaucoma treatment options is being explored. Elevated intraocular pressure (IOP) is the most common finding in open- 
angle glaucoma (OAG), and is considered the only modifiable risk factor for disease progression.3–5 Traditional IOP- 
lowering glaucoma treatments have evolved from antiglaucoma medications, lasers, and invasive bleb-based procedures 
(eg, trabeculectomy and drainage device implantation) to minimally invasive glaucoma surgery (MIGS). MIGS has 
revolutionized glaucoma management by offering a significant reduction in IOP with minimal tissue trauma and reduced 
procedural risks.6,7 When compared to traditional incisional procedures, MIGSs provide faster postoperative recovery, 
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improved patient satisfaction, and shorter operation times, though they may slightly compromise on IOP-reducing 
efficacy.6,7 By targeting the aqueous outflow through the Schlemm’s canal, subconjunctival space, or suprachoroidal 
space,8 MIGS lower IOP by altering aqueous humor dynamics and can be performed with or without cataract surgery.

The Kahook Dual Blade (KDB; New World Medical, Rancho Cucamonga, CA) is a novel goniotomy blade created to 
produce a more complete removal of trabecular meshwork (TM) tissue through an ab interno approach under gonioscopic 
visualization. It is a single-use, disposable instrument that manually excises a strip of TM tissue using two parallel 
blades, leaving a direct opening for the aqueous humor to pass from the anterior chamber into the Schlemm’s canal. The 
footplate of the KDB rests on the outer wall of Schlemm’s canal and provides a controlled excision, thereby preventing 
deeper penetration or trauma that may induce scarring. KDB restores the normal aqueous outflow by removing tissue 
from the site of outflow obstruction in the OAG and TM and avoids complications associated with bleb formation. Thus, 
the procedure results in minimal tissue damage, quicker recovery times, and less fibrosis over time, leading to effective 
long-term outcomes.9,10 KDB goniotomy has been shown to be effective in the treatment of OAG as a standalone therapy 
or when combined with phacoemulsification. Studies have reported an IOP reduction of 24–36% and an antiglaucoma 
medication reduction of 26–40% for up to 12 months after standalone KDB.11,12

The Xen gel stent (Allergan Inc., CA, USA) is an implant that directs aqueous flow from the anterior chamber into the 
subconjunctival space through a scleral channel. The device consists of a small hydrophilic tube made of porcine 
collagen-derived gelatin cross-linked with glutaraldehyde. A gel stent can be molded when soft and hydrated. It is 
noninflammatory and causes a minimal fibrotic response in the extraocular tissue. Initially, three distinct designs were 
developed: Xen 140, Xen 63, and Xen 45, each measuring 6.0 mm in length but varying in their lumen diameters of 140 
μm, 63 μm, and 45 μm, respectively. Currently, the Xen 45 is the only version commercially available. Implantation of 
the Xen gel stent is commonly conducted via an ab interno approach, which does not necessitate dissection of the 
conjunctiva. It can be implanted through a clear corneal incision providing subconjunctival filtration, thus avoiding 
conjunctival incisions and related complications such as bleb leak or hypotony. Alternatively, an ab-externo approach 
may be employed, which can involve surgical dissection of the conjunctiva. In this technique, the conjunctiva is 
displaced anteriorly, and a needle is inserted through the scleral tissue roughly 2.5 mm from the limbus, entering the 
anterior chamber where the stent is subsequently deployed. In procedures requiring conjunctival dissection, the stent is 
positioned 2.5 mm from the limbus. After placement of the implant, the conjunctiva and Tenon’s layer are closed with 
sutures. This procedure has demonstrated significant IOP reduction as a standalone procedure or when combined with 
phacoemulsification in various studies.13–16

These two procedures – excisional goniotomy with the KDB and Xen gel stent implantation –act through different 
IOP-reducing mechanisms. KDB goniotomy removes a strip of the TM to improve the flow of aqueous humor, while the 
Xen gel stent is placed under the conjunctiva to establish a permanent drainage channel that directs aqueous egress from 
the anterior chamber to the subconjunctival space. To our knowledge, there is only one study in the literature comparing 
the outcomes of standalone KDB goniotomy to Xen gel stent implantation over a 24-month follow-up period. Therefore, 
additional studies are needed to directly compare the clinical outcomes of both procedures over long-term follow-up. 
This study aimed to fulfill this unmet need by evaluating the 36-month safety and efficacy outcomes of KDB goniotomy 
and Xen gel stent implantation when performed as standalone procedures for the treatment of moderate-to-severe OAG.

Methods
This was a retrospective, nonrandomized analysis of the data of patients diagnosed with moderate to severe OAG who 
underwent elective standalone KDB excisional goniotomy or Xen gel stent implantation at the Mayo Clinic in 
Jacksonville, Florida, United States from January 2015 to December 2020. No protected health information, as defined 
by the Health Information Portability and Accounting Act, was collected, and all procedures were conducted in 
accordance with the ethical standards of institutional and/or national research committees. The study protocol was 
approved by the Institutional Review Board (IRB) of the Mayo Clinic (IRB: 18–000006) and was conducted in 
accordance with the tenets of the Declaration of Helsinki. Informed consent was waived by the Mayo Clinic IRB as 
the study was retrospective in nature and all information was de-identified. Patients aged > 18 years who were diagnosed 
with OAG (including pseudoexfoliative and pigmentary glaucoma) were included. Data collection included a complete 
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review of the patient’s ophthalmic history, including previous surgeries, number of antiglaucoma medications taken, 
Goldmann applanation IOP, Snellen best-corrected visual acuity (BCVA), gonioscopy findings, non-dilated and dilated 
slit-lamp biomicroscopy examination of the anterior and posterior segments, and standard automatic perimetry using 
a Humphrey Field Analyzer (Carl Zeiss Meditec Inc., Dublin, CA, USA). Baseline IOP was calculated at the last follow- 
up visit prior to surgery. Glaucoma severity was classified according to the current International Classification of 
Diseases, Tenth Revision classification system. The indications for surgery in all cases were moderate-to-severe OAG 
with suboptimal IOP control despite maximally tolerated medications or confirmed disease progression, as recorded by 
Humphreys field analysis. Patients with previous laser or surgical treatment for glaucoma were included. The exclusion 
criteria consisted of patients aged less than 18 years with corneal opacities not permitting an adequate view for surgery 
and associated retinal or optic nerve disease.

All the surgeries were performed by a single surgeon (S.D). Both surgeries were performed under topical anesthesia 
with monitored care, and the eye was prepared with betadine (povidone-iodine) and draped. During KDB surgery, 
a 2.2 mm clearcut keratome was used to enter the anterior chamber with a shelf-like incision. Viscoelasticity was used to 
inflate the anterior chamber and a gonioscopic contact lens was placed over the cornea to visualize the angle. The KDB 
device was advanced into the anterior chamber, and approximately 120° of TM tissue was excised circumferentially. 
Miochol was used to constrict pupils. During the Xen gel stent implantation surgery, a 2.75 mm clearcut keratome was 
used to enter the anterior chamber with a shelf-like incision. Viscoelasticity was used to fully inflate the anterior chamber 
and a gonioscopic contact lens was placed over the cornea to visualize the angle. Under the ab interno approach, the Xen 
gel stent implant was placed in the superonasal region, confirming that it entered the anterior part of the TM, exiting 
3 mm from the limbus, with the bevel facing the 12’ clock hour in the sclera. The remaining viscoelastic material was 
irrigated from the anterior chamber and the wounds were sealed. With a 30-gauge needle 0.2 mg/mL of mitomycin 
C mixed with preservative-free lidocaine was injected in the superior nasal quadrant and mitomycin C was massaged to 
form a diffuse elevated bleb. Topical antibiotics and steroid drops were administered postoperatively for both procedures.

The postoperative data collected included BCVA, IOP, slit-lamp examination, and review of antiglaucoma medica-
tions and surgical complications on day 1, week 1, and months 1, 3, 6, 12, 24, and 36. The primary outcomes were 
changes in IOP from baseline and number of antiglaucoma medications at 36 months. Surgical success was defined as 
>20% IOP reduction from baseline to 36 months on the same or fewer antiglaucoma medications. Failure was defined as 
the need for an additional glaucoma procedure to control IOP. The secondary outcome measures were the incidence of 
complications (intraoperative and postoperative) and reoperations related to both procedures. Patient data were censored 
after failure. An IOP spike was defined as an IOP elevation of ≥10 mmHg from baseline or an IOP of ≥30 mmHg. 
Needling was referred to the in-office revision of bleb using 5-Fluorouracil, and “bleb revision” referred to surgical 
revision of scarring, wound leak, or use of Mitomycin-C for a failing bleb. Additional glaucoma surgeries were defined 
as any procedure performed, including open bleb revision, Xen gel stent replacement, or any other drainage procedure to 
control the IOP. In-office needling was not considered a complication or additional procedure.

Statistical Analysis
All data were de-identified and analyzed using BlueSky Statistics v10.3.1-Pro (BlueSky Statistics LLC, Chicago, IL, 
USA). Baseline characteristics and study outcomes were compared using independent-samples Student’s t-tests for 
continuous variables, and Pearson’s chi-squared test and Fisher’s exact test, as needed, for categorical variables. An 
independent-samples Student’s t-test was used for the evaluation of IOP and the number of antiglaucoma medications 
from baseline for up to 36 months between the KDB and Xen gel stent groups. All tests within this analysis were 2-sided, 
and a p-value of ≤ 0.05, was considered statistically significant. Kaplan-Meier analysis was used to compare the 
probability of failure, and Log rank test was used for statistical comparisons.

Results
Seventy-one eyes of 55 patients, including 26 eyes of 17 patients who underwent standalone KDB goniotomy and 45 
eyes of 38 patients who underwent standalone Xen gel stent implantation, were included in the analysis. Eleven patients 
in the Xen gel stent group (24.4%) did not have 36-month data due to death (n=1) or loss to follow-up (n=10).
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Baseline clinical and demographic characteristics of the participants are shown in Table 1. No significant differences 
were observed in the baseline characteristics (such as age, sex, or ethnicity) between the KDB and Xen groups. The KDB 
group had a larger number of eyes with pigmentary glaucoma (n=7, 26.9%) than the Xen gel stent group (n=1, 2.2%). 
The eyes that underwent KDB goniotomy were all pseudophakic (n=26; 100%) compared with the eyes in the Xen gel 
stent group (n=41; 91.1%). The severity of glaucoma was comparable between the groups (p=0.33). In both groups, 
46.7% and 34.6% of the eyes in the Xen and KDB groups, respectively, had undergone previous glaucoma surgery and/or 
laser procedure (p=0.11).

Table 1 Baseline Demographics and Preoperative Characteristics

Variable Summary KDB (N=26) Xen (N=45) p value

Age 0.478

Mean (SD) 73.731 (6.558) 71.111 (8.988)

Sex 0.462

Female 17 (65.4%) 25 (55.6%)

Male 9 (34.6%) 20 (44.4%)

Race 0.876

Asian 1 (3.8%) 3 (6.7%)

Black 2 (7.7%) 2 (4.4%)

Did not disclose 0 (0.0%) 1 (2.2%)

Hispanic 2 (7.7%) 2 (4.4%)

White 21 (80.8%) 37 (82.2%)

Type of Glaucoma 0.002

Other 0 (0.0%) 2 (4.4%)

Pigmentary glaucoma 7 (26.9%) 1 (2.2%)

POAG 17 (65.4%) 41 (91.1%)

Pseudoexfoliative glaucoma 2 (7.7%) 1 (2.2%)

Severity of Glaucoma 0.335

Moderate 6 (23.1%) 6 (13.3%)

Severe 20 (76.9%) 39 (86.7%)

Lens Status 0.289

Phakic 0 (0.0%) 4 (8.9%)

Pseudophakic 26 (100.0%) 41 (91.1%)

Previous Glaucoma Procedures 0.117

Glaucoma Surgery 0 (0.0%) 5 (11.1%)

Micropulse Laser Therapy 1 (3.8%) 7 (15.6%)

None 17 (65.4%) 24 (53.3%)

(Continued)
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Figure 1 and Table 2 show the mean IOP reduction between the groups at each time point. Mean baseline values for 
IOP were comparable between both groups (KDB: 23.2 ± 6.0 mmHg; Xen gel stent group: 22.7 ± 8.8 mmHg; p= 0.31). 
At 36 months, the mean IOP was 16.6 ± 5.4 mmHg after KDB goniotomy (n=23, −23.5%; p=0.0004) and 15.3 ± 5.6 
mmHg after Xen gel stent implantation (n=15, −22.1%; p=0.006). The IOP reduction was comparable between both 
groups at 36 months (p=0.18). Statistically significant reductions in IOP occurred at each time point after surgery in both 
groups (p<0.001), and there were no significant differences between the groups at any time point.

At 36 months, surgical success was achieved in 53.8% of the KDB eyes. Of these, 3 eyes (29.4%) did not require 
antiglaucoma medications. Three eyes (11.5%) were considered failures because they required additional glaucoma 
surgery to control IOP. These eyes underwent a subsequent glaucoma procedure at a mean of 21 months (range: 3–36 
months) after goniotomy. In the Xen gel stent group, surgical success was achieved in 31.1% of the eyes, and of these, 
only 1 eye was medication-free. Nineteen eyes (42.2%) required additional surgery to control the IOP. Most of the 
surgical failures occurred within the first 12 months. Eyes that did not require secondary surgical reintervention during 
the first postoperative year were more likely to maintain long-term IOP stability. Figure 2 shows the Kaplan-Meier 

Table 1 (Continued). 

Variable Summary KDB (N=26) Xen (N=45) p value

SLT 8 (30.8%) 9 (20.0%)

Preoperative IOP 0.625

Mean (SD) 23.231 (6.022) 22.733 (8.755)

Preoperative Medications 0.365

Mean (SD) 2.231 (1.394) 2.956 (1.043)

Abbreviations: KDB, Kahook Dual Blade; IOP, intraocular pressure; POAG, primary open- 
angle glaucoma; SD, standard deviation; SLT, selective laser trabeculoplasty.

Figure 1 Mean IOP (in mmHg) at baseline and all time points for KDB goniotomy and Xen gel stent implantation groups. N values at baseline, 1 month, 3 month, 6 months, 
12 months, 24 and 36 months were 26, 26, 23, 22, 24, 18, and 23 in the KDB group and 45, 44, 42, 34, 25, 21and 15 in Xen Gel Microstent group. Error bars indicate 
standard deviation.
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analysis of the cumulative probability of failure for KDB goniotomy and Xen gel stent implants. A significant difference 
was observed between the groups (Log rank test, p= 0.008).

Figure 3 and Table 2 depict the mean reductions in the antiglaucoma medication burden between both groups at all 
time points. The mean preoperative medication use was comparable between the groups (p=0.36). The number of 
antiglaucoma medications taken in the KDB group at baseline and 36 months were 2.2 ± 1.4 and 1.1± 0.7, respectively 

Table 2 IOP and Medication Outcomes at Baseline and All Time Points

KDB Goniotomy Xen Gel Stent Implantation

Time 
Period

N Mean 
(SD)

Mean 
Reduction 
from 
Baseline 
(SD)

Mean % 
reduction

p-value N Mean 
(SD)

Mean 
Reduction 
From 
Baseline 
(SD)

Mean % 
Reduction

p-value p-value for 
Between 
Group 
Comparison

IOP

Preop 26 23.2 

(6.0)

45 22.7 

(8.8)

0.31

Month 1 26 15.5 

(5.8)

−7.7(7.8) 28.0 <0.0001 44 14.7 

(6.7)

−8.4(9.8) 32.2 <0.0001 0.57

Month 3 23 14.8 

(5.4)

−9.4(5.3) 38.2 <0.0001 42 14.2 

(5.4)

−8.4(9.5) 30.3 <0.0001 0.68

Month 6 22 14.0 

(4.3)

−9.4(7.8) 32.9 <0.0001 34 14.6 

(5.7)

−7.8(9.0) 27.1 <0.0001 0.61

Month 12 24 14.8 

(3.6)

−8.1(6.2) 31.0 <0.0001 25 14.2 

(4.0)

−6.4(7.2) 25.8 0.0002 0.33

Month 24 18 15.8 

(6.0)

−7.4(6.8) 27.0 0.0002 21 18.5 

(9.7)

−3.6(7.2) 10.9 0.03 0.48

Month 36 23 16.6 

(5.4)

−6.4(7.3) 23.5 0.0004 15 15.3 

(5.6)

−5.4(6.5) 22.1 0.006 0.18

Medications

Preop 26 2.2 

(1.4)

45 3.0 

(1.0)

0.36

Month 1 26 1.3 

(1.1)

−0.9(0.8) 39.7 <0.0001 44 1.5 

(1.2)

−1.4(1.2) 45.5 <0.0001 0.48

Month 3 23 1.4 

(1.2)

−0.8(1.0) 29.3 0.0007 42 1.8 

(1.2)

−1.1(1.1) 33.7 <0.0001 0.23

Month 6 22 1.7 

(1.0)

−0.7(0.9) 21.6 0.0015 34 1.8 

(1.2)

−1.3(1.1) 40.2 <0.0001 0.79

Month 12 24 1.5 

(1.2)

−0.8(1.1) 30.2 0.0015 25 1.8 

(1.3)

−1.0(1.2) 35.8 0.0002 0.15

Month 24 18 1.6 

(0.6)

−1.2(1.3) 25 0.0014 21 2.0 

(1.4)

−0.9(1.2) 28.2 0.002 0.02

Month 36 23 1.1 

(0.7)

−1.1(1.3) 30.8 0.0005 15 2.2 

(1.4)

−0.8(1.1) 25.6 0.01 0.002

Abbreviations: KDB, Kahook Dual Blade; IOP, intraocular pressure; SD, standard deviation.
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(−30.8%; p=0.0005). Within the Xen gel stent group, the number of antiglaucoma medications taken were 3.0 ± 1.0 
and 2.2 ± 1.4, respectively (−25.6%; p=0.01). Statistically significant reductions in the need for antiglaucoma 
medications occurred at all time points in both groups (p<0.001), and there was a significant difference in antiglau-
coma medications reduction in the KDB group compared with the Xen gel stent group at 24 months (p<0.02) and 36 
months (p<0.002).

The complications and surgical reinterventions are presented in Tables 3 and 4. No sight-threatening complications 
were observed in either of the groups. Additionally, the BCVA and HVF remained stable across all eyes throughout the 

Figure 2 Kaplan-Meier cumulative probability of failure for Kahook Dual Blade goniotomy and Xen gel stent implant. There was significant difference between both groups 
(log-rank p= 0.008).

Figure 3 Mean medication use at baseline and all time points for KDB goniotomy and Xen gel stent implantation groups. N values at baseline, 1 month, 3 month, 6 months, 
12 months, 24 and 36 months were 26, 26, 23, 22, 24, 18, and 23 in the KDB group and 45, 44, 42, 34, 25, 21and 15 in Xen Gel Microstent group. Error bars indicate 
standard deviation.
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follow-up period. Hypotony, hyphema, and IOP spikes were the most common adverse events in both the groups. The 
hyphotony and hyphema were mostly self-limiting. An IOP spike was observed in 11.5% (n=3) and 4.4% (n=2) of 
KDB and Xen eyes, respectively. The addition of AGMs was required to control IOP spikes in all five eyes. The 
observed complications did not differ significantly between the groups (p=0.49). Needling, although not considered 
a complication or additional surgery, was performed in 10 of the 45 eyes (22.2%) in the Xen gel stent group. Among 
these, 3 eyes underwent needling once, 6 eyes underwent needling twice, and 3 eyes underwent >3 needling sessions. 
The first needling session was performed during the first six postoperative months. Within 36 months, additional 
glaucoma surgery was performed in 22 eyes, with 3 eyes in the KDB group (11.6%) and 19 eyes in the Xen gel 
group (42.2%).

Discussion
In recent years, MIGSs have gained popularity as effective options for reducing IOP in patients with OAG. This 
retrospective study compared the effectiveness of standalone KDB excisional goniotomy and ab-interno Xen gel stent 
implantation in reducing the IOP and antiglaucoma medication burden. Both procedures significantly reduced the IOP 
and number of antiglaucoma medications from baseline, for up to 36 months postoperatively. Mean IOP and number of 
antiglaucoma medications in the KDB group were reduced by 23.5% and 30.8% at 36 months, respectively, comparable 
to two prior studies on KDB excisional goniotomy that reported mean IOP reductions by 24–31% and mean antiglau-
coma medication reductions by 26–37% under a shorter-term follow-up (6–12 months).11,17 This reduction in IOP is also 
comparable to similar procedures such as incisional goniotomy with the Trabectome (NeoMedix Corp., Tustin, CA, 
USA)18–20 and Gonioscopy-assisted transluminal trabeculotomy (GATT).21–24 There are only a few studies have 

Table 3 Incidence of Postoperative Complications Following 
Standalone KDB Goniotomy versus Xen Gel Stent Implantation

Complications KDB (N=26) Xen (N=45) p value

Choroidal Detachment 0 (0.0%) 1 (2.2%) 0.45

Hyphema 2 (7.7%) 1 (2.2%) 0.27

Hypotony 1 (3.8%) 4 (8.9%) 0.43

IOP spike 3 (11.5%) 2 (4.4%) 0.26

None 20 (76.9%) 37 (82.2%) 0.59

Abbreviations: KDB, Kahook Dual Blade; IOP, intraocular pressure.

Table 4 Incidence of Secondary Surgical Reinterventions 
Following KDB Goniotomy versus Xen Gel Stent 
Implantation

KDB (N=26) Xen (N=45) p value

Reinterventions <0.05

Bleb revision 0 (0.0%) 2 (4.4%)

GDD 2 (7.7%) 4 (8.9%)

MicroPulse 1 (3.8%) 6 (13.3%)

Repeat Xen 0 (0.0%) 7 (15.6%)

None 23 (88.5%) 26 (57.8%)

Abbreviations: KDB, Kahook Dual Blade; GDD, glaucoma drainage 
device.
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demonstrated the efficacy of KDB goniotomy in patients with refractory glaucoma. Our study showed comparable results 
to those of Salinas et al17 who reported a significant reductions in IOP (24%) and antiglaucoma medication burden (36%) 
at 6 months post-KDB goniotomy in severe and refractory glaucoma patients.

The present study also demonstrates the IOP-lowering potential of standalone Xen gel stent implantation, with a mean 
IOP reduction of 22.1% at 36 months, consistent with most published Xen studies.13,14,25 Few studies have evaluated the 
efficacy of the XEN implant in patients who have undergone previous glaucoma laser and/or surgical procedures26–28 but 
Lewczuk et al29 demonstrated that surgical success rates after Xen gel stent implantation in eyes with a history of 
previous glaucoma surgeries did not differ from those in surgically naïve eyes. Previous studies on Xen gel stent 
implantation have shown the need for postoperative revisions due to fibrosis.25 After 36 months of follow-up, some Xen 
eyes in our study also required postoperative bleb revisions (n=2; 4.4%), and nearly half of the eyes (n=19; 42.2%) 
required another surgical procedure to control IOP. This reintervention rate is comparable to previous reports by Laroche 
et al30 who reported that 40% of Black and Afro-Latino patients required secondary glaucoma surgery following Xen gel 
stent implantation at 12 months, and Gillmann et al31 who reported a reoperation rate of 26.1% in Caucasian patients 
following Xen gel stent implantation with or without concomitant phacoemulsification at 36 months.31 Our study also 
reports the same observed trend that the majority of surgical failures occurred during the first few postoperative months. 
Eyes that did not require any additional procedures to control IOP during the first few months were more likely to 
maintain a stable long-term IOP. Hence, identifying preoperative risk factors may help to achieve optimal surgical 
outcomes.

Within the PubMed-indexed literature, only one report comparing retrospective outcomes between KDB and Xen gel 
stent surgery was found but with a shorter follow-up period and lower retention rate. Duong et al32 evaluated the 24- 
month outcomes of both procedures and concluded that comparable IOP and antiglaucoma reductions, as well as safety 
profiles, were observed in both groups. In contrast, our study demonstrated a significantly favorable safety profile with 
KDB goniotomy over a longer follow-up period, although the IOP and antiglaucoma medication reductions were 
comparable between the groups. By lowering topical medication use, the KDB may also tackle problems related to non- 
adherence, ocular surface toxicity, and health care costs. Although the demographic and baseline ocular characteristics 
were similar between both groups, permitting reasonable analysis, future prospective studies with long-term data are 
needed to more conclusively assess and compare the surgical outcomes between both procedures.

The advantages of this study include its long-term follow-up and the evaluation of data related to standalone MIGS. 
Despite growing evidence that standalone MIGS lowers IOP and antiglaucoma medication dependence, few studies have 
evaluated the effects of standalone MIGS without the influence of cataract surgery.33 Limitations of this study include its 
retrospective design and incomplete follow-up. Additionally, the Kaplan-Meier analysis did not account for differences in 
the types of glaucoma.

Overall, this study demonstrated that both Xen gel stent implantation and KDB goniotomy are effective options for 
reducing IOP and antiglaucoma medication use in uncontrolled moderate-to-severe OAG as a standalone procedure. 
Although the percentage of IOP reduction achieved at 36 months was similar between the groups, Xen gel stent-treated 
eyes required more medications and had a higher rate of reintervention than KDB goniotomy-treated eyes. Thus, 
lowering the antiglaucoma medication burden and the reduced need for postoperative reintervention makes KDB 
goniotomy a potentially favorable long-term option in patients with moderate-to-severe OAG compared with Xen gel 
stent implants.

Conclusion
In summary, both standalone procedure can effectively reduce IOP and antiglaucoma medication use for up to 36 months 
in eyes with moderate-to-severe OAG. In most eyes, KDB goniotomy was shown to be non-inferior to Xen gel stent 
implantation, and the need for secondary glaucoma surgery was delayed or prevented for at least 36 months. Although 
Xen gel stent implantation is a highly effective method to control IOP, patients should be advised regarding the 
procedure’s loss of efficacy over time, potential risk of failure, possible need for bleb revisions, and probability of 
repeat surgery.
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