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Abstract
Purpose To evaluate the effectiveness of an ab interno subconjunctival gelatin implant as primary surgical intervention in
reducing intraocular pressure (IOP) and IOP-lowering medication count in medically uncontrolled moderate primary open-
angle glaucoma (POAG).
Methods In this prospective, non-randomized, open-label, multicenter, 2-year study, eyes with medicated baseline IOP 18–
33 mmHg on 1–4 topical medications were implanted with (phaco + implant) or without (implant alone) phacoemulsification.
Changes in mean IOP and medication count at months 12 (primary outcomes) and 24, clinical success rate (eyes [%] achieving
≥ 20% IOP reduction from baseline on the same or fewer medications without glaucoma-related secondary surgical intervention),
intraoperative complications, and postoperative adverse events were assessed.
Results The modified intent-to-treat population included 202 eyes (of 218 implanted). Changes (standard deviation) in mean IOP
and medication count from baseline were − 6.5 (5.3) mmHg and − 1.7 (1.3) at month 12 and − 6.2 (4.9) mmHg and − 1.5 (1.4) at
month 24, respectively (all P < 0.001). Mean medicated baseline IOP was reduced from 21.4 (3.6) to 14.9 (4.5) mmHg at
12 months and 15.2 (4.2) mmHg at 24 months, with similar results in both treatment groups. The clinical success rate was
67.6% at 12 months and 65.8% at 24 months. Overall, 51.1 (12 months) and 44.7% (24 months) of eyes were medication-free.
The implant safety profile compared favorably with that published for trabeculectomy and tube shunts.
Conclusions The gelatin implant effectively reduced IOP and medication needs over 2 years in POAG uncontrolled medically,
with an acceptable safety profile.
ClinicalTrials.gov registration number: NCT02006693 (registered in the USA).
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Introduction

Topical therapy is the usual first-line treatment for open-angle
glaucoma, but is often hampered by poor adherence [1, 2].
Traditional subconjunctival drainage procedures, such as
trabeculectomy and tube shunts, lower IOP most effectively
but are relatively invasive and associated with both short- and
longer-term complications that may result in significant loss of
visual acuity [3–7]. Newer minimally invasive glaucoma sur-
gery (MIGS) that permits earlier intervention is becoming part
of the treatment armamentarium for glaucoma, providing a
better safety profile than conventional approaches [8]. MIGS
devices that can be implanted in conjunction with cataract
surgery to facilitate aqueous drainage into Schlemm’s canal
[9] or the supraciliary space [10] offer modest IOP lowering.
An ab interno gelatin stent (XEN®45, Allergan plc, Dublin,
Ireland) that also meets the criteria for MIGS [11] bypasses
conventional outflow pathways that are known to be
obstructed in primary open-angle glaucoma (POAG) by cre-
ating a connection between the anterior chamber and
subconjunctival space [8], in a manner similar to the gold
standard trabeculectomy. The device is implanted ab interno,
either as a stand-alone procedure or in combination with cat-
aract surgery, without conjunctival dissection. The hydrophil-
ic gelatin implant swells and conforms to surrounding tissues,
which helps maintain its position post-implantation.

Results from studies demonstrating the IOP-lowering per-
formance and safety of the gelatin implant at 1 year across a
spectrum of glaucoma patients have been published [12–17].
The present study was designed to evaluate, over 2 years in
typical clinical settings, the effectiveness of the gelatin im-
plant as primary surgical intervention in reducing IOP and
the number of topical IOP-lowering medications in patients
with POAG uncontrolled on topical therapy.

Methods

Study design

This prospective, non-randomized, open-label, multicenter
clinical study (ClinicalTrials.gov identifier: NCT02006693)
was conducted between December 2013 and January 2017
in eight countries (Austria, Belgium, England, Germany,
Italy, Poland, Spain, and Switzerland). The study complied
with Good Clinical Practice/International Council for
Harmonisation Guidelines, the Declaration of Helsinki, and
all applicable country-specific regulations governing the con-
duct of clinical research, depending on which provided greater
protection to the individual. The protocol was approved by an
independent ethics committee prior to study start, and all pa-
tients were to provide written informed consent before initiat-
ing treatment.

Study population

The inclusion criteria were as follows: diagnosis of moderate
POAG (defined by a mean deviation score between − 3 and
− 12 dB) uncontrolled on topical therapy; medicated IOP ≥ 18
and ≤ 33 mmHg; use of one to four topical IOP-lowering
medications; area of healthy, free, and mobile conjunctiva in
the target quadrant; Shaffer angle grade ≥ 3 in the target quad-
rant; ≥ 18 years of age; signed written informed consent; and
availability, willingness, and sufficient cognitive awareness to
comply with the examination procedures and schedule.

Exclusion criteria included a diagnosis of any glaucoma
other than POAG; prior incisional glaucoma surgery (prior
iridotomy was acceptable if angles were open); prior cataract
surgery in the study eye ≤ 3 months before study treatment;
presence of scarring, prior surgery, or other pathologies in the
conjunctiva (target quadrant); history of corneal surgery/
disease; central corneal thickness ≤ 490 or ≥ 620μm; presence
of vitreous in the anterior chamber; presence of intraocular
silicone oil; clinically significant inflammation or infection
in the study eye within 30 days prior to the preoperative visit;
active ophthalmic disease/disorder that could confound study
results; impaired episcleral venous drainage; and known or
suspected allergy/sensitivity to drugs required for the implan-
tation (including anesthesia), or any of the device components
(e.g., bovine or porcine products, and glutaraldehyde).

Both eyes could be implanted (study eyes) provided they
met the eligibility criteria and surgeries for each eye were
performed at least 30 days apart.

Perioperative procedures

The gelatin implant was placed ab interno either as a stand-
alone procedure (implant alone) or in combination with cata-
ract surgery (phaco + implant), based on whether the surgeon
and patient deemed cataract surgery necessary at the time of
glaucoma surgery.

Consistent with typical clinical practice, investigators
could adjust the preoperative medication regimen as believed
necessary/appropriate. Recommendations included a topical
steroid (prednisolone acetate 1% or equivalent, or
benzalkonium chloride [BAK]-free difluprednate 0.05%) four
times daily (QID) in the study eye one week before surgery,
and a topical antibiotic (fluoroquinolone or equivalent,
preferably BAK-free) QID on day − 1 (preoperative).
Topical (in the study eye) or systemic IOP-lowering medica-
tions were to be suspended on day 0 (surgery day). The sur-
gery was performed using standard ophthalmic operating
techniques and perioperative medications (including anesthe-
sia), as customary for the investigator. Adjunctive antifibrotic
therapy was administered pre-/perioperatively via
subconjunctival injection, at the surgeon’s discretion (includ-
ing type and dose).
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In the implant alone group, an ab interno approach (de-
scribed by Vera and Horvath [8]) was used to place the
gelatin stent, connecting the anterior chamber to the
subconjunctival space. General surgical steps for implan-
tation included creating temporal clear corneal main and
side port incisions; filling the anterior chamber with cohe-
sive viscoelastic; inserting the needle tip of the injector
through the main incision and advancing across the anteri-
or chamber (toward the superior-nasal quadrant), with nee-
dle entry at the desired angle position and advancement
through the sclera using a second instrument at the side
port to provide stabilization and counterforce; visualizing
the needle and needle tip bevel in the subconjunctival
space; deploying the gelatin stent; removing the injector
and viscoelastic; pressurizing the anterior chamber; and
creating a subconjunctival bleb with a balanced salt solu-
tion. All incisions were hydrated at the end of the surgery.
The target for an ideally positioned stent was 1 mm in the
anterior chamber, 2 mm in the scleral tunnel, and 3 mm in
the subconjunctival space. If incorrectly positioned, the
device could be adjusted or exchanged.

In the phaco + implant group, phacoemulsification was
performed and an intraocular lens was inserted, followed by
placement of the gelatin implant if the cataract surgery was
successful and uncomplicated. If complications that could po-
tentially impact the study results (such as corneal burn, vitre-
ous loss requiring vitrectomy, and placement of an anterior
chamber lens) occurred during cataract surgery, the eye was
withdrawn from the study.

The postoperative treatment regimen was per investiga-
tor’s discretion. Recommendations included topical anti-
biotic (fluoroquinolone or equivalent, preferably BAK-
free) QID for 1 week, as well as topical steroid (prednis-
o lone ace t a t e 1% or equ iva l en t , o r BAK-f r ee
difluprednate 0.05%) QID for ≤ 4 weeks and titrated
thereafter based on clinical assessment of postoperative
inflammation. If a patient required further IOP lowering
postoperatively, the investigator had the option of
reintroducing ocular hypotensive medications in a step-
wise fashion (i.e., 1 drug class at a time) and/or needling
the bleb. Consistent with the American Academy of
Ophthalmology’s Preferred Practice Pattern Guidelines
[1], needling was part of the standard postoperative care
to improve aqueous flow and lower IOP based on the
investigator’s clinical assessment of bleb function.
Consistent with other recent studies [18, 19], needling
was not considered an adverse event (AE) or glaucoma-
related secondary surgical intervention (SSI) but was doc-
umented as a postoperative procedure; it could be per-
formed at any point in the postoperative period, as be-
lieved necessary by the investigator. No specific protocol
was mandated, and use of an antifibrotic agent at the time
of needling was also left to the investigator’s discretion.

Assessments

Postoperative visits were scheduled at day 1, weeks 1 and 2,
and months 1, 3, 6, 9, 12, 18, and 24. IOP was determined at
medicated baseline and each postoperative visit using
Goldmann applanation tonometry and a masked, two-person
method [20]; two consecutive measurements were taken,
followed by a third if the first two differed by ≥ 3 mmHg.
The average or median IOP was used for analysis, depending
on whether two or three measurements were taken, respective-
ly. Use of topical IOP-lowering medications was assessed at
baseline and all postoperative visits.

Safety assessments included intraoperative complications
(day 0 only), monocular best-corrected visual acuity—
measured in Snellen (at all postoperative visits except day 1)
and converted into logMAR for analysis, slit-lamp
biomicroscopy, and postoperative AEs (at each postoperative
visit). AEs of interest, such as shallow anterior chamber with
iridocorneal touch, choroidal effusion, macular edema, macu-
lar folds, corneal erosion, and corneal edema, were specifical-
ly assessed and documented. Ophthalmoscopy (cup/disc ra-
tio), pachymetry (central corneal thickness), and visual field
(mean deviation) were assessed at baseline, month 12, and
month 24.

Outcomes and analyses

All effectiveness analyses were performed using the modified
intent-to-treat (mITT) population (i.e., all enrolled eyes [with
verified informed consent documentation] that received an
implant and met the IOP and IOP-lowering medication count
inclusion criteria). The primary effectiveness outcomes were
the changes in mean IOP and mean number of topical IOP-
lowering medications in the study eyes from baseline to
month 12; these parameters were also assessed at all other
postoperative visits up to 24 months (secondary effectiveness
outcomes).

Clinical success was defined as achieving ≥ 20% IOP re-
duction on the same or fewer IOP-lowering medications at
month 12 (or 24), compared with baseline, without
glaucoma-related SSI (which did not include needling) or in-
tention to be converted to another procedure during the study.

Other effectiveness outcomes included the mean IOP and
mean IOP-lowering medication count (topical) at each study
visit, as well as the proportion of eyes achieving specific target
IOPs, proportion of topical medication-free eyes and their
mean IOP, proportion of eyes requiring needling, along with
the mean number of needling procedures per eye, number of
eyes with 1, 2, 3, or > 3 needling procedures, overall needling
rate, needling rate by site, and clinical success rate in needled
eyes, at 12 and 24 months. The median needling rate was also
calculated based on the month-24 needling rate for each site.
AEs were summarized by counts and percentages, using the
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safety population (i.e., all eyes enrolled in the study that re-
ceived the gelatin implant). Descriptive statistics were used to
summarize all endpoints in the overall population, based on
observed data (i.e., without imputation for missing data).
Statistical testing was also performed to compare the changes
from baseline in mean IOP and mean IOP-lowering medica-
tion count at months 12 and 24 between treatment groups.
Because 19 patients had both eyes treated, a random effect
model [21] was used to adjust for correlation between those
eyes. Analysis was also performed using only one eye per
patient (i.e., the first treated eye). In addition, the differences
in needling procedures per eye between groups were analyzed
using the modifiedWilcoxon rank-sum test (adjusting for cor-
relation [22]). All analyses were generated using the SAS®
software version 9.3 (SAS Institute Inc., Cary, NC, USA).

Enrollment of up to 200 eyes was planned; due to unknown
variability of the procedure’s effect on IOP, a formal calcula-
tion of sample size was not performed. The study was remote-
ly monitored using a risk-basedmonitoring approach with one
onsite visit at the end of the study. Although an interim anal-
ysis at 12 months was performed as planned and interim data

cuts presented in scientific meetings (listed above), reported
herein is the final analysis, performed after completion of the
24-month visit.

Results

Demographics, baseline characteristics, and surgical
parameters

Overall, 240 eyes (217 patients) entered the study and 219
(200 patients) were enrolled (Fig. 1). A total of 218 eyes of
199 patients received the gelatin implant at 21 sites and were
included in the safety population. The number (%) of patients
implanted at each site ranged from 1 (0.5) to 28 (14.1) (mean
9.5; median 7.0). Overall, 197/218 (90.4%) eyes completed
the 12-month visit; 174/218 (79.8%) completed the 24-month
visit, while 44/218 (20.2%) discontinued the study (Fig. 1).
No eye was withdrawn due to complications from cataract
surgery. Data were comparable in the mITT population, with
182/202 (90.1%) and 161/202 (79.7%) eyes completing the

Enrolled
a

(N = 200 patients; 219 eyes)

Entered the study

(N = 217 patients; 240 eyes)

Safety population
b

(N = 199 patients; 218 eyes)

mITT population
c

(N = 185 patients;

202 eyes)

Implant only

(N = 112 patients; 120 eyes)

Phaco + implant

(N = 87 patients; 98 eyes)

Discontinuations (N = 29, 24.2%) due to:

Conversion (n = 12; 10.0%)

Lost to follow-up (n = 7; 5.8%)

Death (n = 2; 1.7%)

Implant malposition (n = 1; 0.8%)

Consent withdrawal (n = 1; 0.8%)

Other
d
 (n = 6; 5.0%)

Discontinuations (N = 15, 15.3%) due to:

Conversion (n = 1; 1.0%)

Lost to follow-up (n = 1; 1.0%)

Death (n = 3; 3.1%)

Explantation (n = 1; 1.0%)

Other
d
 (n = 9; 9.2%)

Completed the 24-month visit

(N = 91 eyes; 75.8%)

Completed the 24-month visit

 (N = 83 eyes; 84.7%)

Completed the 12-month visit

(N = 103 eyes; 85.8%)

Completed the 12-month visit

 (N = 94 eyes; 95.9%)

Fig. 1 Patient disposition. mITT,
modified intent-to-treat; Phaco,
phacoemulsification with
intraocular lens placement. a

Patients/eyes with verified
informed consent documentation
(incomplete consent
documentation, N = 21). b

Enrolled and received an implant
(did not receive an implant, N =
1). c All enrolled eyes that
received an implant and met the
IOP and IOP-lowering
medication count inclusion
criteria. d No specific reasons
were recorded
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12- and 24-month visits, respectively, and 41/202 (20.3%)
discontinuing the study. Patient demographics and baseline
characteristics for the mITT population are summarized in
Table 1; a total of 25 (23.6%) eyes in the implant alone group
were pseudophakic.

Adjunctive antifibrotic therapy (administered by
subconjunctival injection) was used in all eyes; 99% received
mitomycin C (MMC), while the remaining 1% received 5-
fluorouracil (5-FU). The time of administration and absolute
doses are detailed in Table 2.

Effectiveness

In the mITT population (N = 202), the change standard devi-
ation (SD) in mean IOP from preoperative medicated baseline
at 12 months (primary time point) was − 6.5 (5.3) mmHg
(P < 0.001). The change (SD) in mean number of IOP-
lowering medications was − 1.7 (1.3) (P < 0.001). Notably,
the changes in both outcomes were also statistically signifi-
cant at all other post-operative visits (P < 0.001), reaching −
6.2 (4.9) mmHg and − 1.5 (1.4) at month 24, respectively
(Fig. 2). The mean percentage change in IOP from medicated
baseline was − 29.3% at month 12 and − 27.8% at month 24
(Fig. 2).

Overall, results were similar in both treatment arms. The
mean changes in IOP from medicated baseline were − 6.6
(5.6) and − 6.4 (5.0) mmHg at month 12 and − 6.4 (5.2) and
− 5.9 (4.6) mmHg at month 24 in the implant alone and
phaco + implant groups, respectively (P > 0.50). In these
groups, the mean changes in IOP-lowering medication count
were − 1.8 (1.3) and − 1.6 (1.2) at month 12 and − 1.5 (1.5)
and − 1.5 (1.2) at month 24, respectively (P > 0.48). The
mean percentage changes in IOP from medicated baseline
were − 29.6 (month 12) and − 28.2% (month 24) in the former
group and − 29.1 (month 12) and − 27.2% (month 24) in the
latter (Fig. 2).

At 24 months, outcomes were also similar in pseudophakic
eyes that received the implant alone (IOP reduction,
− 8.4 mmHg; reduction in medication number, − 1.5; n = 15
in the mITT population) versus the overall implant alone
group and the phaco + implant group. The outcomes also ap-
peared similar between phakic (n = 80) and pseudophakic
(n = 25) eyes that received the implant alone, although no
statistical comparisons were made between these groups.

Because 19 patients had both eyes implanted, two sensitiv-
ity analyses were conducted. One used a random effect model
to adjust for correlation between those eyes [21], while the
other included only one eye per patient. Results of both

Table 1 Patient demographics
and baseline characteristics
(mITT population)

Demographics/characteristics Implant alone

N = 106

Phaco + implant

N = 79

Total

N = 185

Mean age, years (SD) 68.3 (11.7) 76.5 (6.1) 71.8 (10.5)

Sex, n (%)

Female 55 (51.9) 40 (50.6) 95 (51.4)

Male 51 (48.1) 39 (49.4) 90 (48.6)

Race, n (%)

White 103 (97.2) 75 (94.9) 178 (96.2)

Black/African-American 2 (1.9) 1 (1.3) 3 (1.6)

Asian 1 (0.9) 3 (3.8) 4 (2.2)

Preoperative IOP, mmHg (SD)a 21.7 (3.8) 21.0 (3.4) 21.4 (3.6)

Mean IOP-lowering medications, n (SD)a 2.7 (0.9) 2.5 (0.9) 2.7 (0.9)

Use of IOP-lowering agents, n (%)a,b

β-Blockers 94 (82.5) 66 (75.0) 160 (79.2)

Carbonic anhydrase inhibitors 82 (71.9) 51 (58.0) 133 (65.8)

Parasympathomimetics 1 (0.9) 3 (3.4) 4 (2.0)

Prostaglandin analogs 102 (89.5) 83 (94.3) 185 (91.6)

Sympathomimetics 40 (35.1) 26 (29.5) 66 (32.7)

Pseudophakic, n (%) 25 (23.6)c 0 25 (13.5)

Average visual field mean deviation, dB (SD)a − 7.9 (8.6) − 8.0 (9.2) − 8.0 (8.9)

IOP, intraocular pressure; mITT, modified intent-to-treat; phaco, phacoemulsification with intraocular lens place-
ment; SD, standard deviation
a Based on the number of eyes in the implant alone group (N = 114), the phaco + implant group (N = 88), and the
total population (N = 202)
b Totals exceed 100% in each cell because several patients/eyes were using multiple IOP-lowering agents
c The remaining eyes were phakic (n = 80) or aphakic (n = 1)
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sensitivity analyses were similar to the effectiveness outcomes
described in the above paragraphs.

The clinical success rate was 67.6% at 12 months and
65.8% at 24 months in the mITT population (Figs. 3 and 4).
Looking at specific IOP targets achieved at 12 and 24 months,
55.6 (n = 99/178) and 48.4% (n = 78/161) of eyes with avail-
able data achieved IOP reductions ≥ 30% from preoperative
medicated baseline at 12 and 24 months, respectively (Fig. 5).
In addition, the proportion of eyes achieving IOP ≤ 18, ≤ 15,
and ≤ 12 mmHg was 83.7, 60.7, and 27.5% at 12 months, and
85.1, 62.7, and 24.2% at 24 months, respectively (Fig. 6).

Remarkably, 51.1 (n = 91/178) and 44.7% (n = 72/161) of
eyes with available data at 12 and 24months were medication-
free (topical), with a mean IOP (SD) of 13.8 (3.1) and 14.3
(3.1) mmHg, respectively (Table 3). Among the medication-
free eyes, 79/91 (86.8%) and 59/72 (81.9%) achieved clinical
success at 12 and 24 months, respectively.

Needling

In the mITT population, the overall needling rate was 41.1%
(n = 83/202), without statistically significant differences be-
tween the implant alone (43.9%; n = 50/114 eyes) and phaco +
implant (37.5%; n = 33/88) groups at month 24 (P > 0.5). The
median needling rate was 33%.

The mean (SD) and median numbers of needling pro-
cedures per eye at 24 months were 1.6 (1.1) and 1.0 in the
overall population, with a range of 1 to 6. The majority of
needled eyes (n = 56/83; 67.5%) had one procedure
(Table 4), and the mean time (SD) to the first needling
was 152 (160) days (median, 90 days). In 74/83 (89.2%)
cases, an antifibrotic agent (MMC, 5-FU, or other) was
used during the procedure. The clinical success rate in

needled eyes, as defined in the “Methods” section, was
59.2% at 12 months and 44.6% at 24 months.

Safety

Intraoperative complications were reported in 10 (4.6%)
eyes, the most common being anterior chamber bleeding
in 6 (2.8%) eyes (Table 5). A total of 65/218 (29.8%) eyes
had one or more postoperative ocular AEs (Table 6);
glaucoma-related SSI due to uncontrolled IOP (n = 14/
218; 6.4%—the most common being trabeculectomy)
and hyphema (n = 10/218; 4.6%) were most frequently
reported (Table 6). Overall, 44/218 (20.2%) eyes had nu-
meric hypotony (< 6 mmHg, self-resolved) within the first
2 postoperative weeks. Only 5/218, however, were record-
ed as AEs, all of which occurred within 1 week post-
implantation and resolved by the 1-month visit without
any intervention. No eyes had persistent hypotony, de-
fined in the protocol as IOP < 6 mmHg at two consecutive
postoperative visits > 30 days apart. Notably, there were
no clinical hypotony-related complications (such as flat
anterior chamber with iridocorneal touch extending to
the pupil, hypotony maculopathy, and choroidal effusion
lasting > 30 days [requiring surgical intervention]), retinal
detachment, vitreous hemorrhage, or any other AE caus-
ing permanent visual impairment.

Three patients died during the study (due to decompen-
sated cirrhosis, cardiac arrest, and hepatocellular
carcinoma—not device/procedure-related), one of whom
had both eyes implanted. Twelve patients (14 eyes) expe-
rienced non-fatal serious AEs (SAEs), of whom seven
(nine eyes) had systemic SAEs. Six patients (six eyes)
had ocular SAEs, five of which were in study eyes:

Table 2 Time and absolute dose
of adjunctive antifibrotic therapy
administered during surgery
(mITT population)

Implant alone

(N = 114)

Phaco + implant

(N = 88)

Total

(N = 202)

Absolute dose (μg)

10, n (%)a 85 (74.6) 72 (81.8) 157 (77.7)

20, n (%)a 21 (18.4) 7 (8.0) 28 (13.9)

> 20–40, n (%)a 7 (6.1) 4 (4.5) 11 (5.4)

60–80, n (%)a 1 (0.9) 3 (3.4) 4 (2.0)

500, n (%)b 0 2 (2.3) 2 (1.0)

Time of administration

Day before surgery 9 (7.9) 6 (6.8) 15 (7.4)

Before implantation 100 (87.7) 69 (78.4) 169 (83.7)

After implantation 0 4 (4.5) 4 (4.5)

Unspecified (perioperative) 5 (4.4) 9 (10.2) 14 (6.9)

mITT, modified intent-to-treat; phaco, phacoemulsification with intraocular lens placement
aMitomycin C
b 5-Fluorouracil
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cataract aggravated, retinal disorder (central retinal vein
occlusion reported at 12 months, without elevated IOP),
conjunctival erosion (implant exposure), glaucoma-related
SSI (due to hospitalization for surgery), endophthalmitis
(reported 15 months after implantation—detail provided
in Table 6), and high IOP with SSI (cyclodestructive pro-
cedure) in the untreated fellow eye (n = 1 each; Table 6).
One patient had both systemic and ocular SAEs.

Not unexpectedly, mean best-corrected visual acuity (SD,
logMAR) improvements from baseline at 12 and 24 months
were noted in the phaco + implant group (− 0.27 [0.24] and
− 0.23 [0.24]), compared with the implant alone group (− 0.02
[0.19] and 0.01 [0.21]), respectively. Changes in mean central
corneal thickness (SD) were not statistically significant at 12
and 24 months. The change from baseline in average visual
field mean deviation was not statistically significant at
24 months (− 1.0 [8.3]; P = 0.138).

Discussion

This prospective, 24-month, non-randomized, open-label,
multicenter study conducted in typical clinical settings
assessed the long-term effectiveness and safety of the gelatin
implant in patients with POAG uncontrolled on topical IOP-
lowering medications. Mean IOP was reduced from 21.4 (3.6)
(medicated baseline) to 14.9 (4.5) mmHg at month 12 and
15.2 (4.2) mmHg at month 24; the mean IOP-lowering med-
ication count decreased from 2.7 (0.9) at baseline to 0.9 (1.1)
at month 12 and 1.1 (1.2) at month 24. Similar results were
observed in both treatment groups at all postoperative visits up
to 24 months (P > 0.4, between-group comparisons). In addi-
tion, no differences in outcomes were noted at 24 months in
pseudophakic eyes that received the implant alone, compared
with the overall implant alone group and the phaco + implant
group. These findings are consistent with other reports of
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studies with this device, including the US pivotal trial in re-
fractory glaucoma [23], as well as independent, retrospective
[14, 17, 18, 24–26] and prospective [12, 13, 15, 16, 19,
27–29] studies in glaucoma, showing effectiveness at 1 year.
Among those, a prospective, open-label study of the implant
used alone or in combination with cataract surgery (N = 149
eyes) [16] showed that the mean medicated IOP and mean
number of medications decreased from 20.0 (7.1) mmHg
and 1.9 (1.3) at baseline to 13.9 (4.3) mmHg (P < 0.01) and
0.5 (0.8) (P < 0.001) at 1 year, respectively. In our study, the
mean percentage change in IOP from medicated baseline was
− 29.3% at month 12, consistent with those published by
Mansouri et al. (31% reduction) [16] and Grover et al.
(35.6% reduction) [23], for example.

Although the patient populations and mode of administra-
tion of adjunctive antifibrotic therapy differed in the study by
Grover et al. [23], the one by Mansouri et al. [16], and ours,
the effectiveness of the gel stent in reducing IOP and need for
IOP-lowering medications appear similar. In addition, our re-
sults not only demonstrate continued effectiveness of the gel-
atin implant at 2 years, with a mean % IOP reduction of
27.8%, but also show strikingly stable IOP values frommonth
1 to 2 years (despite a small, expected elevation at month 3
that may correlate with the median time to first needling). The
clinical success rate also remained stable between months 12

(67.6%) and 24 (65.8%), further supporting the long-term
effectiveness of the gelatin implant. Overall, 60.7 and 62.7%
had IOP ≤ 15 mmHg at 12 and 24 months, respectively. It is
also notable that the results were comparable whether implan-
tation was performed as a stand-alone procedure or in combi-
nation with cataract surgery.

Needling can be an effective intervention in the postopera-
tive management of gelatin stent implantation to restore bleb
function, in line with recommendations by the American
Academy of Ophthalmology after trabeculectomy [1]. There
was variation in needling rate between study sites, as evi-
denced by the difference between the overall needling rate
and the median needling rate. Overall, 41.1% of eyes
underwent at least one needling procedure (74.7% [n = 62/
83] occurring within the first 6 months post-surgery), and
44.6% of the needled eyes achieved clinical success criteria
at month 24, with comparable results in both treatment
groups.

The study results are also clinically relevant when com-
pared with other MIGS devices. For instance, in a 2-year piv-
otal trial, no statistically significant difference in mean IOP
reduction from a washed-out baseline was reported at
24 months between patients who received the trabecular
micro-bypass stent during cataract surgery (mean IOP: 18.6
[3.4] mmHg at baseline, 17.1 [2.9] mmHg at 24 months) and
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those who underwent cataract surgery alone (mean IOP: 17.9
[3.0] mmHg at baseline, 17.8 [3.3] mmHg at 24 months) [30].
Similarly, the mean number of IOP-lowering medications
used at 24 months was not statistically significantly different
between treatment groups [30], suggesting limited long-term
effectiveness of the device.We did not expect to see additional
IOP lowering in the phaco + implant group, because many
studies looking at trabeculectomy and phaco-trabeculectomy
have shown comparable IOP lowering with both procedures
[31–38]. Both phacoemulsification and trabeculectomy tech-
niques have evolved, which might explain why more recent
papers report no differences in outcomes between
trabeculectomy alone vs combined with phacoemulsification.
The gelatin stent relies on a similar outflow pathway as

trabeculectomy [39–41], but is a much less invasive procedure
and provides a more controlled outflow; these factors likely
explain the lack of differences between the two groups ob-
served in our study.

How the effectiveness of the trabecular micro-bypass stent
compares with that of the gelatin implant remains to be deter-
mined because the primary and secondary outcomes in studies
of the trabecular micro-bypass stent assessed IOP lowering
from unmedicated/washed-out baseline [10, 30]. In our study,
eyes did not undergo washout before surgery, so the baseline
IOPwas expectedly lower. Also, most patients included in this
study had moderate POAG, with an average visual field mean
deviation of − 8.0 dB, compared with − 3.9 dB in the trabec-
ular micro-bypass study [10, 30].
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In studies of trabeculectomy, the gold standard for filtering
surgery in open-angle glaucoma, effective IOP lowering to low
teens was reported, but this was associated with significant
AEs. Although the Tube versus Trabeculectomy study did not
report outcomes at 2 years, results at 1 [42] and 3 years [43]
showed that 57 and 60% of patients in the trabeculectomy arm
experienced postoperative complications, respectively, com-
pared with 29.8% at 2 years in our study. In a retrospective
study that evaluated the outcomes and risk factors for failure
of the gelatin stent versus trabeculectomy [24], both procedures
had a 75% survival of approximately 10 months without med-
ications or additional surgery (complete success) and > 2 years
with add-on medications or laser trabeculoplasty (qualified suc-
cess). Notably, one quarter and one third of eyes treatedwith the
gelatin stent and trabeculectomy, respectively, were receiving
glaucoma medications at the last recorded visit [24].

In line with the increasing trend of subconjunctival injec-
tion of MMC in trabeculectomy, all eyes implanted in this
study received subconjunctival antifibrotic injection (range:
10–80 μg for MMC; two patients received 500-μg 5-FU) to

allow precise dosing, compared with the traditional sponge
method [44, 45]. The study thus adds to the prospective data
on the per ioperat ive adminis t ra t ion of MMC by
subconjunctival injection with implantation of the gelatin
stent, at dosages aligned with expert recommendations (10–
40 μg) [46].

The device exhibited an acceptable safety profile. All cases
of hypotony (defined as IOP < 6mmHg) were self-limited and
self-resolved within 1 month of surgery, similar to what was
reported byGrover et al. [23]. Low IOP in the immediate post-
implantation period seems less likely to lead to clinical
hypotony-related complications, compared with similar IOP
after trabeculectomy, and thus may be amenable to observa-
tion without immediate intervention [8, 47]. Although SAEs
were rare during the 2-year study, the isolated case of endoph-
thalmitis underscores the need for ongoing care and monitor-
ing of patients following glaucoma filtering procedures, even
when IOP is well controlled post-surgery.

Potential study limitations include some variability in the
perioperative regimens, which may have impacted the study
outcomes. Current recommendations from surgeons experi-
enced with the gelatin stent suggest that preoperative prepara-
tion of the conjunctiva and ocular surface, placement closer to
the 12 o’clock position, avoiding penetration of Schlemm’s
canal during implantation, making sure that the implant is free
and mobile under the conjunctiva at the end of surgery, and
achieving specific target IOP on day 1 or a low week-1 delta
IOP, among others, may help optimize outcomes; most, how-
ever, were not published and thus not implemented during this
study [46]. At the time of initiation of this study, the gelatin
stent was very new on the market and no best practices were
established, so the study results also reflect the investigators’
learning curve with the surgery [46] and the variation in pre-
and postoperative regimens associated with typical clinical
settings. Another potential limitation is the fact that < 5% of
the study population was of Asian and Black/African ethnicity

Table 4 Number (%) of eyes that underwent 1, 2, 3, or > 3 needling
procedures (mITT population)a

Number of needling
procedures up to
month 24

Implant alone Phaco + implant Total
N = 50/114 N = 33/88 N = 83/202
Number of eyes, n (%)

1 35 (70.0) 21 (63.6) 56 (67.5)

2 8 (16.0) 6 (18.2) 14 (16.9)

3 3 (6.0) 5 (15.2) 8 (9.6)

> 3 4 (8.0) 1 (3.0) 5 (6.0)

mITT, modified intent-to-treat; phaco, phacoemulsification with intraoc-
ular lens placement
a Among study eyes that underwent needling at any time point

Table 3 Mean IOP at months 12 and 24 in eyes that were IOP-lowering
medication-free (mITT population)

Visit Mean IOP, mmHg (SD)

Implant alone Phaco + implant Total
N = 114 N = 88 N = 202

Month 12 13.8 (3.4) 13.7 (2.7) 13.8 (3.1)

Baseline IOP 21.9 (3.5) 20.6 (3.5) 21.3 (3.5)

n (%)a 50/97 (51.5) 41/81 (50.6) 91/178 (51.1)

Month 24 14.4 (3.4) 14.3 (2.7) 14.3 (3.1)

Baseline IOP 22.1 (4.0) 20.6 (3.6) 21.4 (3.9)

n (%)a 39/86 (45.3) 33/75 (44.0) 72/161 (44.7)

IOP, intraocular pressure; mITT, modified intent-to-treat; phaco,
phacoemulsification with intraocular lens placement; SD, standard
deviation
a Based on the number of eyes with data available at baseline and the
indicated visit

Table 5 Summary of intraoperative complications (safety population)

Intraoperative complications Implant alone
N = 120

Phaco +
implant
N = 98

Total
N = 218

Total 3 (2.5) 7 (7.1) 10 (4.6)

Anterior chamber bleedinga 1 (0.8) 5 (5.1) 6 (2.8)

Iris damage 0 1 (1.0) 1 (0.5)

Subconjunctival hemorrhage 1 (0.8) 0 1 (0.5)

Vitreous in the pupil plane
(aphakic eye)b

1 (0.8) 0 1 (0.5)

Zonular disinsertionc 0 1 (1.0) 1 (0.5)

Phaco, phacoemulsification with intraocular lens placement
a Characterized as excessive in five eyes
b Underwent vitrectomy
c Phacodonesis had been recorded prior to the surgery
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(reported to have a higher risk of failure with trabeculectomy)
[48–50]. Nevertheless, the results of this study demonstrate a
favorable risk/benefit profile when compared with those pub-
lished for more invasive surgeries like tube/trabeculectomy.
Our findings are generalizable to eyes with POAG uncon-
trolled with topical hypotensive agents and provide evidence
that can help clinical decision making.

As first surgical intervention, the gelatin implant was effec-
tive over 2 years in reducing both IOP and medication needs
in patients with moderate POAG uncontrolled topically, with
an acceptable safety profile. Used alone or in combination
with cataract surgery, the gelatin implant lends itself to use
earlier in the treatment paradigm, offering a minimally inva-
sive surgical alternative for patients with target IOP in the
mid-low teens who are uncontrolled on topical therapy or
whose quality of life is low on topical polytherapy, as well
as those who are non-adherent or intolerant to topical therapy.
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Table 6 Ocular adverse events reported throughout the 2-year study
(safety population)

Ocular adverse events, n (%) Total, N = 218 eyes

Secondary surgical intervention 14 (6.4)
Trabeculectomy 9 (4.1)
XEN®45 gelatin stent 2 (0.9)
iStent® 1 (0.5)
Ex-Press® shunt 1 (0.5)
SLT 1 (0.5)

Hyphemaa 10 (4.6)
Device fracture 6 (2.8)
IOP increase 6 (2.8)
Study eye 5 (2.3)
Fellow eye 1 (0.5)

Hypotonyb 5 (2.3)
YAG capsulotomy 5 (2.3)
Choroidal effusionc 4 (1.8)
Conjunctival erosion 4 (1.8)
Implant blockage by iris 3 (1.4)
Eye pain 3 (1.4)
Blepharitis 2 (0.9)
Drug allergy 2 (0.9)
Dysesthesia 2 (0.9)
Iritis 2 (0.9)
Retinal disorderd 2 (0.9)
Shallow anterior chamber 2 (0.9)
Subconjunctival hemorrhage 2 (0.9)
Cataract aggravated 1 (0.5)
Conjunctivitis 1 (0.5)
Corneal epithelium defect 1 (0.5)
Corneal infiltrates 1 (0.5)
Device migration 1 (0.5)
Endophthalmitise 1 (0.5)
Iris injury 1 (0.5)
Keratitis, bacterial 1 (0.5)
Macular edema 1 (0.5)
Uveitic glaucomaf 1 (0.5)
Visual field progression 1 (0.5)

IOP, intraocular pressure; MMC, mitomycin C; SLT, selective laser
trabeculoplasty; YAG, yttrium-aluminum-garnet
a Self-resolved, lasting < 30 days
bDefined as IOP < 6 mmHg present at two consecutive postoperative
visits > 30 days apart
c Self-limiting, lasting > 30 days
d Included CRVO (central retinal vein occlusion) with retinal hemor-
rhages and macular edema (IOP 14 mmHg), a serious AE reported at
24 months (n = 1), and vitrectomy (IOP 16 mmHg; not further detailed)
reported at 18 months (n = 1)
e Endophthalmitis was reported 15 months after implantation and treated
successfully with anterior chamber wash, vitrectomy, and intravitreal an-
tibiotics. No implant erosion or blebitis was documented on any visits
f Same eye that had endophthalmitis
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