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Abstract 55 

 56 

Purpose: To determine intermediate IOP-lowering and adverse event profile of the 63 µm 57 

gelatin microstent (Xen63) with mitomycin C (MMC) compared to the 45 µm gelatin microstent 58 

(Xen45) with MMC. 59 

 60 

Design: Single centre, consecutive, retrospective cohort study 61 

 62 

Participants: Eighty-four glaucomatous eyes (42 Xen63 and 42 Xen45) with or without previous 63 

subconjunctival glaucoma surgery. 64 

 65 

Methods: Consecutive eyes that underwent Xen63 implantation with MMC from February 2020 66 

to June 2021 were compared with eyes who underwent Xen45 implantation with MMC. 67 

Standalone and combined cases with phacoemulsification were included.  68 

 69 

Main Outcome Measures: Primary outcome was the hazard ratio (HR) of failure of Xen45 vs. 70 

Xen63 eyes at 12-months, with failure defined as 2 consecutive intraocular pressures (IOP), 71 

(1)>17 mmHg, (2)<6 mmHg with 2 lines of vision loss, or (3)<20% reduction from baseline IOP, 72 

without (complete) or with (qualified) glaucoma medications. Secondary outcomes included IOP 73 

thresholds of 14 mmHg and 21 mmHg, postoperative IOP, medications, adverse events, 74 

interventions, and reoperations.  75 

 76 

Results: The complete success rate was higher in the Xen63 group (59.5% vs. 28.6%, 77 

p=0.009) at the primary IOP threshold of 6 to 17 mmHg but did not differ significantly for 78 

qualified success (66.7% vs. 45.2%, p=0.08). The crude HR of failure of Xen45 relative to 79 

Xen63 was 2.28 (95% confidence interval [C1], 1.21–4.32) and the adjusted HR was 7.90 (95% 80 

Jo
urn

al 
Pre-

pro
of



Xen63 vs. Xen45 Intermediate Outcomes 

 Page 3 of 30 

 

CI, 2.12–29.43). Xen63 eyes had significantly lower mean IOP (12.7 ±4.8 vs. 15.5 ±5.1mmHg, 81 

p=0.001) and fewer medication classes (0.6 ±1.1 vs. 1.7 ±1.6 meds, p=0.0005), with the degree 82 

of reduction in IOP and medication count being significantly greater in Xen63 eyes. There were 83 

28 and 21 distinct interventions in Xen63 and Xen45 eyes respectively, with 11.9% of eyes 84 

undergoing needling in each group. There were 34 and 19 distinct adverse events, in Xen63 85 

and Xen45 eyes respectively, most of which were early and transient. Nine Xen63 eyes (21.4%) 86 

and 6 Xen45 eyes (14.3%) underwent reoperation.  87 

 88 

Conclusions: Xen63 resulted in higher surgical success rates and fewer medications 89 

compared with Xen45. This was tempered by more postoperative interventions and adverse 90 

events, although most were transient.  91 

 92 
 93 
 94 
 95 
 96 
 97 
 98 
 99 
 100 
 101 
 102 
 103 
 104 
 105 
 106 
 107 
 108 
 109 
 110 
 111 
 112 
 113 
 114 
 115 
 116 
 117 
 118 
 119 
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Introduction 121 

 122 

Glaucoma is the leading cause of irreversible blindness worldwide and its prevalence continues 123 

to increase.1 Uncontrolled glaucoma poses a significant socioeconomic burden, as it often 124 

results in visual impairment from progressive visual field loss.1,2 As such, appropriate diagnosis 125 

and management of this disease remains a priority.   126 

 127 

The effectiveness of first-line treatments like topical drops is restricted by associated side-128 

effects, cost, and compliance.3,4 Some patients are not able to achieve intraocular pressure 129 

(IOP) control despite being on maximal medical therapy, thus requiring surgical intervention. In 130 

recent years, microinvasive approaches to glaucoma surgery has shifted the paradigm of 131 

glaucoma treatment, offering an alternative to decreasing IOP and reducing drop burden 132 

through a potentially safer and less invasive surgical approach than traditional glaucoma 133 

filtration surgery (trabeculectomy and tube shunt).5–7 MIGS (microinvasive glaucoma surgery) 134 

have been described to access physiologic outflow thru conventional and non-conventional 135 

pathways, while MIBS (microinvasive bleb surgery) are more controlled ways to create bleb 136 

filtering procedures.  Although the traditional surgical options have the most significant IOP-137 

lowering potential, these approaches can have unpredictable outcomes, prolonged recovery, 138 

and relatively high incidence of both early and late complications.8 Studies have demonstrated 139 

that MIGS and MIBS devices can reduce IOP with a high safety profile and rapid recovery.9–11 140 

 141 

The Xen microstent (Allergan, CA, USA)  is a biocompatible 6 mm MIBS device that promotes 142 

aqueous humor drainage to the subconjunctival space.12 The creation of a filtering bleb, through 143 

a controlled lumen size and length, bypasses the natural outflow pathway of aqueous humor, 144 

thereby lowering IOP.12–14 At time time of development, three different models, with different 145 

lumen sizes were created:  45 µm (Xen45), 63 µm (Xen63), 140 µm (Xen140).15,16  However, 146 
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initially, only Xen45 was made commercially available.15,16 Xen45 has previously been shown to 147 

produce effective IOP lowering with a good safety profile.11,17–28 Its main benefits are the 148 

controlled lumen size to avoid hypotony and the creation of a bleb without dissection, hence 149 

reducing conjunctiva disruption and surgical invasiveness.9,12  150 

 151 

Given its novelty, the experience with Xen63 has been limited. This study aimed to determine 152 

the intermediate IOP-lowering and adverse event profile after 63 µm gelatin microstent 153 

implantation with mitomycin C (MMC) compared to the 45 µm microstent with MMC. This study 154 

is amongst the first compare the impact of the Xen63 device on IOP and glaucoma medication 155 

use versus the Xen45 device. 156 

 157 
 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 
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Methods 185 

 186 

This is an investigator initiated, single centre, retrospective cohort study of consecutive patients 187 

who underwent Xen63 implantation with MMC either standalone or combined with 188 

phacoemulsification from February 2020 to June 2021, by 3 surgeons and clinical fellows in an 189 

academic ophthalmology center in the Greater Toronto Area, Canada. The results were 190 

compared with a matched cohort of patients who underwent Xen45 implantation, with MMC. 191 

This study reports 1-year outcomes or longer when available. The protocol adhered to the 192 

tenets of the Declaration of Helsinki and institutional review board approval was obtained from 193 

Trillium Health Partners. Cases were identified by chart review. Preoperative baseline 194 

characteristics, including demographics (age, sex, eye, ethnicity, diabetes status) and ocular 195 

characteristics (best-corrected visual acuity [BCVA]; IOP when the decision for surgery was 196 

made [decision IOP]; glaucoma medications; glaucoma diagnosis; glaucoma severity; cup-to-197 

disc ratio; visual field mean deviation; prior glaucoma interventions; and lens status), as well as 198 

follow-up data were collected through chart review. 199 

 200 

Inclusion and Exclusion Criteria 201 

 202 

Patients between 30 and 90 years of age with a diagnosis of primary open-angle, 203 

pseudoexfoliation, pigment dispersion, normal-tension, angle recession, combined mechanism, 204 

history of angle-closure, or juvenile glaucoma and undergo Xen63 or Xen45 implantation were 205 

included. Standalone Xen procedures, procedures combined with phacoemulsification, and 206 

those in patients with prior surgical interventions were included. All eligible patients had above 207 

target IOP, despite medical therapy.  208 

 209 
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Eyes that had atypical forms of glaucoma (neovascular glaucoma, uveitic glaucoma, 210 

iridocorneal endothelial syndrome, and Axenfeld-Rieger syndrome), had undergone previous 211 

corneal graft or retinal surgery, or had a follow-up duration less than 1 month were excluded.  212 

 213 

Gelatin Microstent Procedures 214 

 215 

The surgical approach was decided by the treating surgeon. In the closed conjunctival ab 216 

interno approach, the injector was placed in the main incision, and the needle was directed 217 

toward the superonasal quadrant, across the anterior chamber, remaining just anterior to the 218 

trabecular meshwork. A mirrored gonioscope was used to confirm proper placement. With 219 

another instrument providing countertraction, a needle was used to tunnel through scleral, 220 

coming out subconjunctival 2.5 mm from the limbus. Once the injector was withdrawn, proper 221 

subconjunctival and anterior chamber placement of the device was confirmed again under 222 

gonioscopic visualization. Primary needling with a 30G needle was performed around the 223 

implant to ensure it was free of Tenon’s capsule, after which an an intra-Tenon dose of 0.1mL 224 

MMC 0.2 mg/mL or 0.4 mg/mL was injected and massaged over the area. Viscoelastic was then 225 

removed from the anterior chamber manually with balanced saline solution (BSS), and the 226 

presence of a bleb was confirmed. A suture was variably placed at the side port incision.  227 

 228 

In the open surgical approach, a traction suture was placed, and the eye was brought to an 229 

inferior position. A superior fornix based conjunctival flap was created by making a 6 mm 230 

peritomy, then bluntly dissecting Tenon’s from sclera. Light cautery was applied. MMC on three 231 

merocele sponges, with concentrations from 0.2 mg/mL to 0.5 mg/mL, were placed under 232 

conjunctiva for a total of 2 minutes. After the sponges were removed, sub-Tenon’s spaces was 233 

irrigated with BSS.  The implant was then injected with an ab-interno technique as described 234 

above. BSS was put into the anterior chamber. Once adequate flow through the implant was 235 
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confirmed, Tenon’s and conjunctiva were closed in two separate layers using 9-0 Vicryl sutures. 236 

The presence of a bleb with a watertight seal was confirmed at the end of each case.  If 237 

combination cataract surgery was performed, it was completed prior to gel microstent 238 

implantation.  239 

 240 

Postoperative Management  241 

 242 

All patients were instructed to stop all glaucoma medications on the day of the surgery. 243 

Immediately after completion of the surgery, patients received Maxitrol (neomycin, polymyxin b 244 

and dexamethasone ophthalmic) ointment. The postoperative topical regimen included 1 week 245 

of topical antibiotic, 4 weeks of nonsteroidal anti-inflammatory drugs, and topical steroid every 2 246 

hours for the first week, followed by a taper over 8-10 weeks. Follow-up started on 247 

postoperative day 1, and patients were seen thereafter as per the treating surgeon’s discretion. 248 

All visits included a full anterior segment and bleb examination. If wound dehiscence, frank 249 

hypotony, or clinical signs of hypotony was noted, Seidel sign was assessed using a fluorescein 250 

strip and choroidal detachments were checked for by dilated examination. Throughout the 251 

course of follow-up, the need for glaucoma medications, interventions (e.g., needling, anterior 252 

chamber paracentesis, digital ocular compression), and reoperation was determined at the 253 

clinical judgement of the treating surgeon. 254 

 255 

Needling was performed at the slit lamp using a 27G needle or 30G needle. Twenty minutes 256 

before needling, 0.1 mL of MMC 0.5mg/mL was injected. Post-needling topical regimen included 257 

1 week of topical antibiotics and 1 week of steroid drops administered every 2 hours, which was 258 

then slowly tapered.  259 

 260 

Outcome Measures  261 
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 262 

The primary outcome was the hazard ratio (HR) of failure of Xen45 relative to Xen63 at 12 263 

months, with failure defined as: (1) IOP readings of less than 6 mmHg with more than 2 lines of 264 

vision loss from baseline (clinical hypotony) on two consecutive visits, (2) IOP readings of more 265 

than 17 mmHg without glaucoma medications (complete success), at least 1 month after 266 

surgery despite in-clinic interventions (including needling) (3) IOP reduction of less 20% from 267 

the decision IOP on two consecutive visits, (4) undergoing reoperation for glaucoma, or (5) no 268 

light perception (NLP) vision. Out-of-range IOP readings or medication use within the first 269 

postoperative month did not result in failure. Reoperation or loss of light perception vision were 270 

considered immediate failures. Cyclophotocoagulation, any glaucoma or conjunctival incisional 271 

surgery, and in-operating room revision of previous surgery were considered reoperations. 272 

These success and failure criteria have been previously described and are in line with World 273 

Glaucoma Association Guidelines on Design and Reporting of Glaucoma Surgical Trials.  274 

 275 

Secondary efficacy outcomes included success and failure criteria allowing for topical glaucoma 276 

medications or laser trabeculoplasty (qualified success), modified IOP thresholds of 6 to 14 277 

mmHg and 6 to 21 mmHg for complete and qualified success criteria with a 20% IOP reduction 278 

from baseline, and postoperative IOP, medication use, and BCVA in logarithm of the minimum 279 

angle of resolution (logMAR) units. We also investigated potential risk factors for failure, 280 

including sex, age, ethnicity, diabetes status, history of trabeculoplasty, history of laser 281 

peripheral irodotomy (LPI), glaucoma severity, decision IOP, preoperative vision, combination 282 

with phacoemulsification, and open conjunctival approach. 283 

 284 

Safety outcomes were early and late adverse events (including leak or dehiscence, hyphema, 285 

vitreous hemorrhage, choroidal detachments, macular folds, prolonged inflammation, corneal 286 

decompensation, macular edema, diplopia, iris incarceration, or blocked or exposed microstent), 287 
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more serious adverse events (including angle closure, retinal detachment, suprachoroidal 288 

hemorrhage, malignant glaucoma, blebitis, endophthalmitis, or NLP vision), postoperative 289 

interventions (such as needling, AC reformation or AC paracentesis), and reoperations for 290 

glaucoma. 291 

 292 

Statistical Analysis  293 

 294 

Descriptive statistics were performed for baseline characteristics and follow-up measurements. 295 

Categorical variables were reported as counts and percentages and Fisher exact tests were 296 

used to compare treatment groups. Depending on normality, continuous variables were 297 

presented as means (standard deviation, SD) or medians (interquartile quartile range, IQR) and 298 

compared with either two-sided Student t-tests or Wilcoxon tests. LogMAR equivalents were 299 

determined from Snellen visual acuity measurements.  300 

 301 

For each IOP threshold, survival analysis for complete and qualified success was calculated 302 

and displayed with Kaplan-Meier curves, which ensured loss to follow-up was accounted for. 303 

Log-rank tests were performed to compare survival between the two treatment groups. Cox 304 

proportional-hazards models were used to evaluate risk for failure of Xen45 relative to Xen63, 305 

on a univariate (crude) and multivariable (adjusted) basis: sex, age, ethnicity, diabetes status, 306 

history of trabeculoplasty, history of LPI, history of prior subconjunctival surgery, disease 307 

severity, elevated decision IOP, poor preoperative vision, combination with phacoemulsification, 308 

and open conjunctival approach. To approximate date with equivalent failure intervals, the Efron 309 

method was employed. Statistical significance was set at a 2-sided P value of 0.05 or less. All 310 

statistical analyses were carried out using SAS Studio software (SAS Institute Inc, Cary, North 311 

Carolina, USA) and graphs were created using either SAS Studio or Prism9 (Version 9.4.1, 312 

GraphPad Software, LLC).  313 
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Results 314 

 315 

Study Populations and Baseline Characteristics  316 

 317 

The study population included 42 eyes from 41 patients implanted with Xen63 between 318 

February 2020 to June 2021 and 42 eyes from 41 patients implanted with Xen45 between July 319 

2017 to September 2021, resulting in a total of 84 eyes. The 12-month IOP assessment was 320 

completed in 41 of 42 (97.6%) Xen63 eyes and 37 of 42 (88.1%) Xen45 eyes. More than half of 321 

all surgeries were done by one surgeon (58.2%).   322 

 323 

Overall, the demographic and key ocular baseline characteristics were similar between the 324 

treatment groups, which no statistically significant differences detected for any characteristic. 325 

Baseline characteristics are presented in Table 1. 326 

 327 

Complete and Qualified Surgical Success  328 

 329 

The unadjusted Kaplan-Meier survival curves for the IOP thresholds of 6 to 14 mmHg, 6 to 17 330 

mmHg, and 6 to 21 mmHg for complete and qualified success are presented in Figures 1A-C 331 

and 1D-F, respectively. The 12-month cumulative event-free survival rate for primary IOP 332 

threshold of 6 and 17 mmHg with no medications was 28.6% in the Xen45 group and 59.5% in 333 

the Xen63 group (p = 0.009, log-rank test). For qualified success criteria, which allows for the 334 

addition of glaucoma medications, surgical success improved to 45.2% and 66.8% (p = 0.08, 335 

log-rank test), in Xen45 and Xen63 eyes respectively (reasons for treatment failure at the 336 

primary outcome for complete and qualified success showed in Table S2). The crude HRs of 337 

failure of the Xen45 group relative to the Xen63 group, at all IOP thresholds (6 to 14, 17, and 21 338 

mmHg), were examined (Table 3). The Xen45 group showed a statistically higher risk of 339 
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surgical failure compared with the Xen63 group for complete success at all IOP thresholds, with 340 

the highest hazard at IOP of 6 to 14 mmHg (HR, 2.44, [95% Cl, 1.32–4.51]; p = 0.0033) 341 

compared to the other complete success criteria, IOP of 6 to 17 mmHg (HR, 2.28 [95% CI, 342 

1.21–4.32]; p = 0.0087) and 6 to 21 mmHg (HR, 2.28 [95% Cl 1.21–4.30]; p = 0.0089). Similar 343 

effect was seen for qualified success criteria at IOP of 6 to 14 mmHg (HR, 2.32 [95% Cl, 1.20–344 

4.50; p = 0.0111), but this effect did not reach statistical significance at the IOP thresholds of 6 345 

to 17 mmHg (HR, 1.86 [95% Cl, 0.91–3.78; p = 0.0841), and 6 to 21 mmHg (HR, 1.75, [95% Cl, 346 

0.85–3.58]; p = 0.1238).  347 

 348 

For the regression anlaysis identifying risk factors for failure, we used the strictest success 349 

criteria (IOP threshold 6 to 14 mmHg with ≥ 20% IOP reduction from baseline) for the greatest 350 

statistical power. In the adjusted analysis, the Xen45 group showed a statistically higher risk of 351 

surgical failure compared to the Xen63 group, at all IOP thresholds, for both complete and 352 

qualified success. All adjusted hazard ratios were of greater mangnitude than crude hazard 353 

ratios, with the highest hazard seen for complete success at IOP 6 to 14 mmHg (HR, 8.81, [95% 354 

Cl, 2.51–30.96]). There were no other significant risk factors for failure identified on a 355 

univariable or multivariable basis (Figure S2). 356 

 357 

Intraocular Pressure and Medication Use  358 

 359 

Mean IOP and medication use up to 1 year are shown in Figure 3A-B and Figure 4. IOP 360 

significantly decreased throughout the follow-up period in both Xen45 and Xen63 eyes, although 361 

the IOP was significantly lower in Xen63 eyes compared to Xen45 eyes at all follow-up time 362 

points except postoperative month 9 where there was no significant difference (Figure 4). At the 363 

1-year follow-up, the mean IOP was 15.5 mmHg (standard deviation [SD], 5.1) for the Xen45 364 

group and 12.7 mmHg for the Xen63 group (SD 4.8) (p = 0.001). Similarly, medication use was 365 
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significantly lower in the Xen63 group at postoperative month 3, 6, and 12, although this 366 

difference did not reach statistical significance at postoperative month 9. Mean medication count 367 

at 1-year follow-up was 1.7 (SD 1.6) for Xen45 eyes and 0.6 (SD 1.1) for Xen63 eyes (p = 368 

0.0005). 369 

 370 

The results of the analysis for change in IOP and medications from preoperative to 12 months 371 

are shown in Figure 5A-B. Compared to baseline, both groups significantly reduced IOP and 372 

medication use at 12 months; however, the reduction in the Xen63 group was significantly 373 

greater for both IOP (difference in change = - 4.8 mmHg; p = 0.02) and medication count 374 

(difference in change = -1.5 medications; p = 0.0001). At 12 months 34.1% of Xen45 patients 375 

and 73.2% of Xen63 eyes were medication free (P = 0.001) (Figure 6).  376 

 377 

There were no significant changes in BCVA from baseline in either treatment group, as shown 378 

in Figure S7.  379 

 380 

Postoperative Adverse Events and Interventions  381 

 382 

Table 4 shows early and late adverse events over a 12-month period. Overall, most adverse 383 

events occurred in the early postoperative period. There were more early adverse events in 384 

Xen63 eyes compared to Xen45 eyes (n=30 vs. n=15), but the same rate of late adverse events 385 

between the two groups (n=4 vs. n=4).  386 

 387 

Choroidal detachments and effusions occurred in the early postoperative period and occurred at 388 

a greater rate in the Xen63 group compared to the Xen45 group (n = 10, 23.8% vs. n = 2, 389 

4.8%). Of the 10 Xen63 eyes that had choroidals, 9 had documented IOP less than 6 mmHg. 390 

Nine patients had choroidal resolution with conservative management. One patient required AC 391 
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reformation with air fill (despite deep AC) on three separate visits for worsening choroidals and 392 

persistent hypotony. This patient eventually required a bleb revision to reduce the size of an 393 

overfiltering bleb (bleb compression surgery). There was resolution of the 2 choroidals in the 394 

Xen45 eyes with conservative management. All choroidal detachments resolved within 6 395 

months.  396 

 397 

All cases of hyphema were less than 2 mm in size. All, but one case, resolved with observation 398 

alone. One Xen63 eye with an expanding hyphema (from 1 mm to 1.5 mm) resolved after an AC 399 

reformation with air fill to stop active bleeding.   400 

 401 

There was 1 case of vitreous hemorrhage (VH) in a Xen63 eye and 2 cases of VH in the Xen45 402 

treatment group, all of which occurred in diabetic patients. One diabetic patient in each 403 

treatment group had macular edema, which required treatment with ketorolac and topical 404 

steroids.  405 

 406 

Bleb related adverse events also occurred infrequently in both groups. There was one case of 407 

persistent, postoperative binocular vertical diplopia secondary to hyperopia in a Xen63 eye, 408 

which was well controlled with prisms. One eye in each group had a positive seidel sign that 409 

required management with bandage contact lenses.  410 

 411 

Serious adverse events included corneal decompensation and malignant glaucoma (MG). There 412 

were no cases of angle closure, retinal detachment, suprachoroidal hemorrhage, blebitis, 413 

endophthalmitis, or loss of light perception. There was one case of corneal decompensation, 414 

occurring just past postoperative month 3, in a Xen45 eye with a history of underlying corneal 415 

endothelial dysfunction. The patient was initially managed with increased topical steroids, but 416 

eventually required Descemet's stripping endothelial keratoplasty. One case of MG occured in 417 
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each treatment group. In the Xen63 group, the patient presented with iridocorneal touch, 418 

shallow AC, and hyphema and was suspected to have MG.  This patient saw improvement after 419 

AC reformation with OVD and YAG laser and needling iridozonulovitrectomy (IZH). In the Xen45 420 

group, the patient presenting with MG was treated with YAG laser IZH and atropine, after which 421 

the AC deepened. Other cases of shallow AC occurred outside the picture of MG and resolved 422 

with observation.  423 

 424 

There were 21 distinct interventions in a total of 17 eyes and 28 distinct interventions in a total 425 

of 17 eyes in the Xen45 and Xen63 groups respectively (Table 5). The most common 426 

interventions were 5-FU injection and needling, which occurred at the same rate in both 427 

treatment groups (14.3% and 11.9% respectively). Both treatment groups had one IZH. 428 

Otherwise, MMC injection, device repositioning, and SLT only occurred in Xen45 eyes, at rate 429 

under 3%. All other interventions occurred at a greater rate in Xen63 eyes (AC reformations, AC 430 

taps, laser to ostomy, slit lamp goniosynechialysis (GSL), iris sweep, conjunctival suturing), with 431 

the rate of slit lamp GSL, iris sweep, and conjunctival suturing being under 3% overall. AC taps 432 

were done either very early in the post-operative period likely due to OVD left in the AC or to 433 

temporize IOP before going on to re-operation.  434 

 435 

Reoperations  436 

 437 

Six eyes in the Xen45 group and 9 eyes in the Xen63 group underwent reoperation (Table 6). 438 

The most common operations were tube shunt surgeries (Baerveldt tube shunt and Ahmed 439 

valve), followed by Xen revision, in which surrounding scar tissue was removed and the device 440 

was exchanged, if necessary.  441 

 442 
 443 
 444 
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Discussion 445 

 446 

This is single centre, consecutive, retrospective cohort study provides the largest dataset of 447 

relative IOP-lowering and adverse event profile of the novel Xen63 microstent to the 448 

conventional Xen45 microstent. The results showed, at postoperative year 1, there is a benefit 449 

in reducing IOP and medication burden and improving surgical success in glaucoma patients, in 450 

favor of Xen63 over Xen45. Glaucoma treatment with Xen63 reduced IOP to a greater extent 451 

than Xen45 (difference in change = - 4.8 mmHg; p = 0.02).  There was a greater degree of 452 

reduction in medication count (difference = -1.5 medications, p=0.0001) and a greater 453 

proportion of medication-free eyes in the Xen63 group compared with the Xen45 group (73.2% 454 

vs. 34.1%, p =0.001). Overall, risk of treatment failure was significantly higher in the Xen45 eyes 455 

compared to the Xen63 eyes at all IOP thresholds for complete success, with crude HR as high 456 

as 2.44 at IOP 6 to 14 mmHg ([95% Cl, 1.32–4.51]; p = 0.0033) and adjusted HR as high as 457 

8.81 at at IOP 6 to 14 mmHg ([95% Cl, 2.51–30.96]). 458 

 459 

The Xen45 results are similar to published outcome data on Xen45. The efficacy and safety 460 

profile of Xen45 (standalone and combined with phacoemulsification) has been well 461 

documented across several clinical studies, with significant reductions in IOP (baseline: 16–36.1 462 

mmHg to postoperative: 12–17.1 mmHg) and medication use (baseline: 1.9–3.6 to 463 

postoperative: 0.2–1.8) noted.11,15–26 Although limited, early Xen63 clinical studies have also 464 

demonstrated good efficacy in terms of IOP and medication use reduction, which was supported 465 

by the results of our study.29–32 Results from the first pilot study, evaluating 34 eyes that 466 

underwent Xen63 or Xen140 combined with phacoemulsification to treat open angle, 467 

pseudoexfoliative, and pigment dispersion glaucoma, reported an IOP decrease of 31.3% (22.4 468 

± 4.2 mmHg to 15.4 ± 3.0 mmHg, p <0.0001) and a reduction of 1.6 medications (from 2.5 ± 1.0 469 

to 0.9 ± 1.0) from baseline to 12 months.29 Long-term data from a prospective, multicentre trial 470 

Jo
urn

al 
Pre-

pro
of



Xen63 vs. Xen45 Intermediate Outcomes 

 Page 17 of 30 

 

indicated a 40% reduction in IOP (22.5 ± 4.2 mmHg to 13.4 ± 3.1 mmHg, p <0.001) and a 50% 471 

reduction in medication count (2.4 ± 1.3 to 1.2 ± 1.3, p<0.001) at 4-year follow-up. MMC was not 472 

used during the surgical procedure of both studies.30 In the limited trials evaluating the Xen63, 473 

the former version of the device was used, which was never made commercially available. The 474 

new, commercialized Xen63 device differs from the previous version in numerous ways, 475 

including needle gague, injector design, and implantation technique.33 The incision site for the 476 

new Xen63 is decreased compared to the older Xen63, as the newer device is introduced with a 477 

smaller 27G needle injector (0.4128 mm outer diameter) compared to the older 25G needle 478 

injector (0.5144 mm outer diameter).33 Early experience with the new Xen63 also suggests good 479 

short-term IOP-lowering and adverse event profile.33  480 

 481 

This study is the first to directly compare the potency and risk profile of the new Xen63 and 482 

Xen45, with only one other comparison study published using the older Xen63.31 Multiple 483 

surgeons participated in the study and MMC was used in all cases, making it more 484 

generalizable to clinical practice. Adding to this, patients were ethnically diverse with various 485 

glaucoma diagnoses on multiple glaucoma medications prior to device implantation. 486 

Demographics, and baseline ocular characteristics were well matched across the two treatment 487 

groups.  488 

 489 

Surgical success rates of Xen45 reported in the literature are wide ranging (15.4% to 90%), 490 

likely due to various study populations, designs, and definitions of success and failure.34 491 

Employing stricter criteria for surgical success, with a requirement of at least 20% IOP reduction 492 

from decision IOP, the complete surgical success of Xen45 at 12-months for the IOP threshold 493 

6 to 17 mmHg was 28.6%, which was about half that of Xen63 (59.5%). This study offers that 494 

Xen63 has a lower hazard of treatment failure, associated with higher rates of surgical success 495 

overall. It is well known that subconjunctival filtering surgery success can vary by surgical 496 
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factors like technique and antifibrotic medication use, as well as patient characteristics.35,36 The 497 

intraoperative MMC concentrations were similar among treatment groups, with the majority of 498 

patients (>95%) receiving MMC ≥0.4 mg/mL. However, in our study the inclusion of refractory 499 

glaucoma cases may have contributed to lower surgical success overall. Although treatment 500 

groups were well matched, multivariable analysis revealed the lower risk of failure in the Xen63 501 

group compared to the Xen45 group was maintained and amplified, suggesting perhaps the 502 

Xen63 group had more risk factors for failure, yet still preformed better. 503 

 504 

It is clear that Xen63 offers benefits in terms of IOP lowering and reduction of medication 505 

burden. In keeping with previous studies there was a 35% and 50% reduction in IOP at 12-506 

months in Xen45 eyes and Xen63 eyes, respectively. Nonetheless, the most important impact of 507 

MIBS is to maintain low IOP on fewer medications.37 Medication adherence drops significantly 508 

when patients are on multiple glaucoma medications, with resulting consequences for glaucoma 509 

progression in the form of visual field loss.4,38 Our study demonstrates that both Xen63 and 510 

Xen45 are effective in reducing medication use, but eyes implanted with Xen63 have a greater 511 

chance of eliminating medications. Although utilizing the older Xen63 device, Fernandez-Garcia 512 

et al. also confirmed Xen63 significantly reduces IOP compared to Xen45 at 12-months, with 513 

more stable reductions in IOP-lowering medications over 3-years.31 514 

 515 

Serious adverse events were rare among the two groups. Although the Xen63 group had more 516 

early adverse events, these were largely transient and minor. There were no cases of treatment 517 

failure as a result of persistent hypotony in Xen63 eyes. However, hypotony remains an 518 

important consideration, as hypotony-related adverse events like choroidal occurred at a greater 519 

rate in the Xen63 group compared to Xen45 group (23.8% vs. 4.8%). Early hypotony was a 520 

common adverse event in previous Xen63 studies, although these studies were not able to 521 

directly compare hypotony rates with Xen45 cases.12,30 522 
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 523 

The larger lumen size of Xen63, lowers resistance to flow and increases flow volume overall. In 524 

accordance with Poiseuille’s law, the resistance to flow of Xen63 is 3.8 times lower than 525 

Xen45.32 This results in a lower potential IOP across the devie and bleb, and a higher 526 

theoretical risk of hypotony in Xen63 eyes.29 Choroidal effusions occur in the setting of hypotony 527 

as there a reversal of the hydrostatic pressure gradient. In the postoperative setting, low IOP 528 

providing little opposition to the suprachoroidal osmotic pressure, coupled with excessive 529 

protein leakage from the choriocapillaris secondary to an inflammatory response, may lead to 530 

choroidal effusion.39,40 531 

 532 

Most patients with choroidal had documented IOPs of less than 6 mmHg, and those that did not 533 

presumably had an unreported episode of hypotony. The majority of cases (91.7%) resolved 534 

with conservative management or observation alone, with one Xen63 case requiring multiple AC 535 

reformations with air fill and subsequent bleb revision for persistent hypotony. However, in 536 

general, it is reassuring that there were no long-term complications due to hypotony in our study 537 

population.  538 

 539 

Overall, it is not surprising that greater rates of adverse events in the Xen63 treatment group 540 

was coupled with higher intervention and reoperation rates (21.4% vs 14.3%). This is not 541 

insignificant, as it predisposes to patients to greater harm and the system to higher costs.  542 

 543 

There are several limitations to this study. Although the sample size is small, to our knowledge, 544 

it is the largest cohort of Xen63 patients reported on. Having a greater number of cases would 545 

have increased the explanatory power of the study. The statistical power limits our safety 546 

assessment and the scope of multivariable analysis to assess for measured confounders. Given 547 

the low rate of serious complications, and a reassuring initial safety profile, the evaluation the 548 
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new Xen63 relative to the conventional Xen45 should continue. There are additional limitations 549 

inherent to the design of this retrospective study with a matched cohort. Confounding by 550 

indication is a primary concern for this study type. The concern arises when a new intervention 551 

(Xen63) is chosen for a patient with a greater likelihood of success and the older intervention 552 

(Xen45) chosen for those with more complicated cases. Although previous incisional surgery 553 

was not an exclusion criterion in our study, due to the limited number of Xen63 cases available, 554 

baseline analysis of the study population suggests that this effect did not occur, with most 555 

patients with a history of incisional surgery getting implanted with Xen63. However, the inclusion 556 

of such cases may have limited the surgical success rates of both treatments overall. In 557 

addition, the inclusion of two different surgical approaches (open and closed conjunctiva) 558 

creates some variability when evaluating surgical success, although the treatment groups were 559 

also well matched in this regard. We maintain that the matched cohort method is an approach 560 

allows us to take advantage of the large cohort of Xen45 patients and match most optimally to 561 

the smaller pool of patients in the Xen63 group. The post treatment IOP was compared to 562 

decision IOP with no prior washout period, limiting the ability to definitively evaluate IOP 563 

reduction attributable to the devices. Importantly, IOP, which is used as a marker of glaucoma 564 

stability, is only a surrogate metric.  565 

 566 

Further research is needed to compare these two treatments. Larger, multicenter observational 567 

studies, with long-term surveillance, will be important to better assess safety outcomes, 568 

including endothelial cell loss rates. Although these observational studies allow for greater 569 

generalizability, randomized control trials comparing the two devices should also be conducted 570 

to control confounding factors.  571 

 572 

In conclusion, this study adds to the limited information available on the novel Xen63 device. 573 

Treatment of glaucoma patients with Xen63 was associated with a lower risk of treatment failure 574 
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compared to the conventional Xen45 and demonstrated superior IOP and medication reduction. 575 

Although there were greater rates of early adverse events, particularly those that were 576 

hypotony-related, these were often transient. Nonetheless, the trade-off for greater potency 577 

appears to be more adverse events and subsequent interventions These results are promising 578 

for the risk/benefit profile of Xen63, but further evaluation is required.  579 
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Figure Captions 741 

  742 

Figure 1. Kaplan-Meier survival curves for complete and qualified success at various IOP 743 

thresholds plus at least 20% IOP reduction from baseline in Xen63 and Xen45 eyes. Complete 744 

success with IOP thresholds of A. 6 mmHg to 14 mmHg, B. 6 mmHg to 17 mmHg, C. 6 mmHg 745 

to 21 mmHg. Qualified success with IOP thresholds of D. 6 mmHg to 14 mmHg, E. 6 mmHg to 746 

17 mmHg, F. 6 mmHg to 21 mmHg. 747 

 748 

Figure S2. Forest plots showing risk factors for surgical failure overall. Crude (Left) and 749 

adjusted (Right) hazard ratios for surgical failure with 95% confidence intervals are shown. 750 

1Poor preop vision refers to preoperative best-corrected visual acuity of 0.4 logMAR or worse. 751 

2Moderate or advanced disease stage versus mild disease based on visual field mean deviation 752 

(-6 dB cutoff). Preop = preoperative; IOP = Intraocular pressure; LPI = laser peripheral 753 

iridotomy. 754 

 755 

Figure 3. A. Intraocular pressure (IOP), and B. Medication count from baseline to 12-months in 756 

Xen63 and Xen45 eyes. IOP and medication count, for both Xen63 and Xen45 eyes, decreased 757 

significantly over time from baseline (p < 0.001).  There were significant differences in mean 758 

IOP and medication count at postoperative month 3, 6, and 12 between Xen63 and Xen45 eyes. 759 

The error bars represent standard deviations. Preop = preoperative; POM = postoperative 760 

month.  761 

 762 

Figure 4. Box and whisker plot of preoperative to postoperative IOP. The middle lines indicate 763 

the median; the lower and upper ends of boxes indicate the lower and upper quartiles; the 764 

whisker ends from the 1st to the 99th percentile. The error bars represent standard deviations. * 765 
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indicates statistical significance in intraocular pressure between the Xen45 and Xen63 eyes. 766 

Preop = preoperative; POM = postoperative month. 767 

 768 

Figure 5. A. Intraocular pressure (IOP). B. Assessment of IOP and medication count at 12 769 

months for Xen45 eyes and Xen63 eyes. A. Compared with preoperative IOP, both Xen45 and 770 

Xen63 eyes had a significant reduction in IOP. B. Both groups significantly reduced medication 771 

use compared with preoperative values. The difference in change was significantly greater in 772 

the Xen63 group for both IOP and medication count. The error bars are standard deviations.  773 

 774 

Figure 6. The percentage of eyes using 0, 1, 2, or 3 or more medications at 12 months in 775 

Xen45 and Xen63 groups.  776 

 777 

Figure S7. BCVA from baseline in Xen63 or Xen45 eyes. There is no significant difference in 778 

the BCVA at POM12 compared to baseline in both groups. BCVA = best corrected visual acuity; 779 

Preop = preoperative; POM = postoperative month. 780 

 781 
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Table 1. Baseline Characteristics 
 

Characteristic Total Xen63 Xen45 P Value 

Eyes, n 84 42 42  

Demographic     

     Age, Median (IQR), 
years 

69.9 (58.0 –
75.3) 

67.0 (57.0–
75.0) 

71.2 (64.4–
76.8) 

0.12 

     >70 years old, n (%) 43 (51.2) 19 (45.2) 24 (57.1) 0.38 

     Left Eye, n (%)  47 (56.0) 25 (59.5) 22 (52.4) 0.66 

     Female, n (%)  43 (51.2) 23 (54.8) 20 (47.6) 0.66 

     Diabetes, n (%)  22 (26.2) 9 (21.4) 13 (31.0) 0.46 

     Ethnicity, n (%)     0.21 

          Caucasian 53 (63.1) 22 (52.3) 31 (73.8)  

          East Asian 6 (7.1) 5 (11.9) 1 (2.4)  

          South Asian 13 (15.5) 7 (16.7) 6 (14.3)  

          African 6 (7.1) 3 (7.1) 3 (7.1)  

          Caribbean 4 (4.8) 3 (7.1) 1 (2.4)  

          Middle Eastern 2 (2.4) 2 (4.8) –  

Vision     

     Preoperative VA 
(logMAR), median (IQR) 

0.3 (0.1–0.5) 0.4 (0.2–0.6) 0.3 (0.1–0.4) 0.15 

     Preoperative BCVA 0.4 
logMAR or worse, n (%)  

27 (32.1) 17 (40.5) 10 (23.8) 0.16 

Decision IOP*     

     >21 mmHg, n (%) 50 (59.5) 24 (57.1) 26 (61.9) 0.82 

     Median (IQR), mmHg 23.0 (19.0–
28.0) 

24.0 (19.0–
29.0) 

23.0 (19.0–
26.0) 

0.51 

Decision medication 
classes, median (IQR)* 

4.0 (3.0–4.0)  4.0 (3.0–5.0) 4.0 (3.0–4.0) 0.07 

Glaucoma type and severity     

     Disease type, n (%)     0.85 

          Primary open angle 51 (60.7) 28 (66.7) 23 (54.8)  

          Pseudoexfoliative 11 (13.1) 4 (9.5) 7 (16.7)  

          Pigment dispersion 6 (7.1) 2 (4.8) 4 (9.5)  

          Primary angle closure 6 (7.1) 3 (7.1) 3 (7.1)  

          Combined 
mechanisms 

7 (8.3) 3 (7.1) 4 (9.5)  

          Angle recession 2 (2.4) 1 (2.4) 1 (2.4)  

          Other 1 (1.2) 1 (2.4) –  

     Cup-to-disc ratio, median 
(IQR) 

0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.48 

     Preoperative MD, 
median (IQR) 

-11.7 (-23.6 to -
6.7) 

-11.1 (-22.5 to -
6.9) 

-12.1 (-24.2to -
5.3) 

0.95 

     Disease severity, n (%)†    0.30 

          Mild 19 (22.6) 7 (16.7) 12 (28.6)  
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          Moderate 23 (27.4) 14 (33.3) 9 (21.4)  

          Advanced 42 (50.0) 21 (50.0) 21 (50.0)  

Previous ocular 
laser/surgery, n (%)  

    

     Laser peripheral 
iridotomy  

12 (14.3) 6 (14.3) 6 (14.3) 1.0 

     Laser trabeculoplasty 52 (61.9) 26 (62.0) 26 (62.0) 1.0 

     ECP 1 (1.2) 1 (2.4) – 1.0 

     GSL 1 (1.2) – 1 (2.4) 1.0 

     Trabeculotomy/Trab. 
Stents  

9 (10.7) 4 (9.5) 5 (11.9) 1.0 

     Previous cataract 
surgery 

40 (47.6) 18 (42.9) 22 (52.4) 0.51 

     Previous Subconjunctival 
Surgery 

    

          Trabeculectomy 4 (4.8) 3 (7.1) 1 (2.4) 0.62 

          Xen 2 (2.4) 2 (4.8) – 0.49 

          Cypass 3 (3.6) 1 (2.4) 2 (4.8) 1.0 

Surgical Details, n (%)     

     Combined with cataract 
surgery 

22 (26.2) 11 (26.2) 11 (26.2) 1.0 

     Open surgical approach 44 (52.4) 22 (52.4) 22 (52.4) 1.0 

     Surgeon    0.22 

          1 49 (58.3) 28 (66.7) 21 (50.0)  

          2 33 (39.3) 13 (31.0) 20 (47.6)  

          3 2 (2.4) 1 (2.4) 1(2.4)  

     Intraoperative MMC    0.62 

          MMC 0.2 mg/mL 3 (3.6) 1 (2.4) 2 (4.8)  

          MMC 0.4 mg/mL 79 (94.1) 39 (92.9) 40 (95.2)  

          MMC 0.5 mg/mL 2 (2.4) 2 (4.8) –  
*At which time the decision was made to proceed with surgery. 
†Based on mean deviation on visual fields: mild, 0 dB to more than −6 dB; moderate, −6 dB 
to more than −12 dB; advanced, −12 dB or worse. 
BCVA = best-corrected visual acuity; ECP = endoscopic cyclophotocoagulation; GSL = 
goniosynechialysis; IOP = intraocular pressure; IQR = interquartile range; logMAR = logarithm 
of the minimum angle of resolution; MD = mean deviation (dB); MMC = mitomycin C; SD = 
standard deviation; VA = visual acuity. 
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Table 3. Crude and adjusted hazard ratios for failure in Xen45 relative to Xen63 eyes. 
 

IOP criteria 
Hazard Ratio (95% confidence interval) 

Crude  Adjusted 

Complete Success   

     6–14 mmHg + ≥20% reduction 2.44 (1.32–4.51) 8.81 (2.51–30.96) 

     6–17 mmHg + ≥20% reduction 2.28 (1.21–4.32) 7.90 (2.12–29.43) 

     6–21 mmHg + ≥20% reduction 2.28 (1.21–4.30) 7.85 (2.10–29.23) 

Qualified Success   

     6–14 mmHg + ≥20% reduction 2.32 (1.20–4.50) 6.65 (2.14–20.64) 

     6–17 mmHg + ≥20% reduction 1.86 (0.91–3.78) 5.47 (1.46–20.56) 

     6–21 mmHg + ≥20% reduction 1.75 (0.85–3.58) 4.89 (1.30–18.35) 

IOP = Intraocular pressure. 
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Table 4. Early and late postoperative adverse events in Xen63 and Xen45 eyes up to 1 
year  
 

Adverse Event 

Xen63, n = 42 Xen45, n = 42 

Early 
(<3 months) 

Late 
(≥3 months) 

Early 
(<3 months) 

Late 
(≥3 months) 

Minor, n (%)     

     Choroidals or choroidal folds 10 (23.8) – 2 (4.8) – 

     Shallow AC 5 (11.9) – 1 (2.4) 1 (2.4) 

     Hyphema* 5 (11.9) – 3 (7.1) – 

     Iritis 3 (7.1) 1 (2.4) 2 (4.8) 1 (2.4) 

     Diplopia 1 (2.4) – – – 

     Seidel 1 (2.4) – 1 (2.4) – 

     Dellen – – 1 (2.4) – 

     Iridocorneal touch 1 (2.4) – – – 

     Vitreous hemorrhage – 1 (2.4) 2 (4.8) – 

     Macular Edema – 1 (2.4) 1 (2.4) – 

     Xen-iris touch 2 (4.8) 1 (2.4) – – 

     Xen-cornea touch – – – 1 (2.4) 

     Migrated Xen 1 (2.4) – 1 (2.4) – 

Serious, n (%)     

     Corneal Decompensation – – – 1 (2.4) 

     Malignant Glaucoma  1 (2.4) – 1 (2.4) – 

Total  30 4 15 4 
*Hyphema measuring < 2 mm 
AC = anterior chamber.  
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Table 5. Postoperative interventions in Xen63 and Xen45 eyes up to 1 year  
 
Intervention, n (%) Xen63, n = 42 Xen45, n = 42 

     Needling 5 (11.9) 5 (11.9) 

     AC tap 5 (11.9) 3 (7.1) 

     AC reformation 3 (7.1) – 

     Laser to ostomy 5 (11.9) 3 (7.1) 

     5-FU Injection 6 (14.3) 6 (14.3) 

     MMC Injection – 1 (2.4) 

     Xen reposition – 1 (2.4) 

     Slit lamp GSL 1 (2.4) – 

     SLT – 1 (2.4) 

     IZH 1 (2.4) 1 (2.4) 

     Iris sweep 1 (2.4) – 

     Conjunctival suturing 1 (2.4) – 

Total 28 21 

AC = Anterior chamber; 5-FU = 5-Fluorouracil; GSL = Goniosynechialysis; IZH = 
Iridozonulovitrectomy. 
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Table 6. Postoperative revisions and reoperations in Xen63 and Xen45 eyes up to 1 
year 
 
Intervention, n (%) Xen63, n = 42 Xen45, n = 42 

     Xen revision 1 (2.4) 2 (4.8) 

     Additional Xen 
implantation 

2 (4.8) 1 (2.4) 

     Bleb compression 1 (2.4) – 

     Baerveldt tube shunt 2 (4.8) 1 (2.4) 

     Ahmed valve 3 (7.1) 2 (4.8) 

Total 9 6 
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Précis 
 
The 63µm gelatin microstent showed benefit over the 45µm gelatin microstent in improving 
surgical success, reducing intraocular pressure, and medications, although tempered by more 
adverse events. 
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