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Précis: This pilot study of ab externo implantation of a gel micro-
stent is a novel, minimally invasive glaucoma surgery performed at
the slit lamp that is effective for lowering intraocular pressure in
patients with uncontrolled glaucoma.

Purpose: To evaluate the intraocular pressure (IOP)-lowering effect
of gel microstent (XEN Gel Stent, Allergan, Irvine, CA) implan-
tation using an ab externo approach in an office setting.

Patients and Methods: This retrospective, multicenter chart review
examined outcomes in patients with uncontrolled glaucoma receiving
maximally tolerated medical therapy, who underwent slit lamp ab
externo gel stent implantation. At postoperative visit, the IOP, the
number of glaucoma medications, the final position of the stent, and
the needling rate were analyzed. Assessments were conducted 1 day,
1 week and 1, 3, 6, and 12 months after the implantation. Treatment
success was defined as IOP > 6 mm Hg and <18 mm Hg with >20%
reduction from presurgical IOP, with or without medications.

Results: Thirty-four eyes from 28 patients were included. Mean
preoperative IOP was 24.1+8.0 mm Hg on 3.2£0.9 glaucoma
medications. At 12 months postoperative, IOP was reduced to
154147 mm Hg on 0.6% 1.0 medications; 46.9% and 81.3% of
eyes achieved complete and partial success, respectively. The gel
stent was properly positioned in 94.1% of eyes after 1 attempt at
implantation and in 100% of eyes after a second attempt. In addi-
tion to malpositioning, observed complications included occlusion,
erosion, and endophthalmitis following anterior chamber reforma-
tion. Adjunctive needling was required in 21% of implanted eyes.

Conclusion: Slit-lamp-based transconjunctival XEN45 implantation
reduced intraocular pressure in glaucoma patients in the first year of
this pilot study and was most commonly associated with wound
leak and hypotony among other adverse events.
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laucoma affects more than 64 million adults aged 40-

80 years! and is a leading cause of blindness worldwide.2
Trabeculectomy effectively lowers intraocular pressure in patients
with glaucoma and is considered the gold-standard glaucoma-
filtering surgery.? In an effort to mitigate bleb-related and peri-
operative hypotony-related complications, newer bleb forming
stent-based surgical approaches designed to minimize scleral
dissection and conjunctival tissue disruption have emerged.*3 The
XEN Gel Stent (XEN45; Allergan, Irvine, CA) can reduce
intraocular pressure (IOP) by filtering aqueous humor from the
anterior chamber (AC) to the subconjunctival space.®

The gel stent is typically implanted ab interno, through the
peripheral cornea and across the AC toward the targeted quad-
rant, through a small corneal incision.® The surgery is tradition-
ally performed in an operating room with the patient supine,
either in an outpatient surgery center or in a hospital setting.!0

The ab externo approach is the off-label use of the
XEN device. However, the ab externo approach has
potential advantages over the ab interno technique, as fol-
lows: it is less invasive and does not require tissue dissection
or sutures; there is no need for specialized surgical equip-
ment; it can be performed in an office setting with the
patient seated at the slit lamp; the approach allows supra-
Tenons access; it does not require the use of viscoelastic and
AC washout; it expands the area for treatment into the
supero-temporal quadrant, which is less invasive than tra-
ditional surgery; and the surgeon can avoid crossing over a
crystalline lens. All of this translates into a potentially safer
and less time-consuming in-office procedure than the ab
interno approach. Furthermore, preclinical ex vivo work in
rabbit eyes suggests that, compared to the ab interno
approach, ab externo stent implantation provides less out-
flow resistance and a more predictable bleb formation.!!

Despite the potential advantages of an ab externo
approach, the effectiveness of lowering the IOP and reducing
reliance on topical medication have not been assessed for a stent
that is implanted using this novel slit lamp technique. Thus, this
retrospective pilot study assessed IOP for the first 12 months
after the ab externo implantation of a gel stent. The success rate
of the stent and the postoperative needling rate were evaluated,
along with the number of glaucoma medications needed post-
operatively and the final position of the stent.

PATIENTS AND METHODS
Study Design

This retrospective, consecutive chart review examined
outcomes in patients with uncontrolled glaucoma and
receiving maximally tolerated medical therapy who
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underwent slit lamp ab externo implantation of a gel stent at
3 centers (located in Boisbrand and Montréal, Quebec,
Canada, and Toronto, Ontario, Canada) by the 3 authors of
this report. Charts of all patients, including each surgeon’s
initial cases, undergoing slit lamp gel stent implantation
between May and November 2018 were reviewed to collect
baseline and preoperative ocular characteristics, details of
the procedure, and outcome data from 1 day, 1 week
(£2 d), 1 month (7 d), 3 months (*14 d), 6 months
(%30 d), and 12 months (£ 60 d) postoperatively.

Participants

Patients’ charts were included if the patient underwent
slit lamp ab externo implantation of a XEN45 gel stent by
one of the investigators. Patients were required to be in good
general health and at least 18 years of age at the pre-
operative exam. Eyes with prior incisional surgery to the
conjunctiva were excluded, but those with other forms of
glaucoma surgery could be included. The study protocol
was reviewed and approved by an independent review board
(Veritas IRB Inc., Montréal, Quebec, Canada). All patients
provided informed consent for the surgery using a non-
standard and experimental approach. The requirement for
informed consent for data collection was waived due to the
retrospective design of the study.

Ab Externo Implantation Technique

The transconjunctival ab externo technique is a
modification of the ab interno procedure, as previously
described'? and shown in Figure 1. Topical treatments were
discontinued on the night before the surgery. Topical anes-
thesia with tetracaine 0.5% eye drops was performed before
the ocular surface was disinfected with 5% povidone iodine
drops. Cycloplegia was not used. A full blade speculum was
used to retract the patient’s eyelid, and the patient was
positioned at the slit lamp. While the patient gazed down
toward the nose, a mixture of an antimetabolite, lidocaine,
and epinephrine was injected into the exposed surgical site
of the superotemporal quadrant. The antimetabolite was
either mitomycin C (MMC) or fluorouracil (5-FU), chosen
based on the surgeon’s preference. The mixture contained
either 0.1 cm? of MMC (0.2 mg/mL) or 5-FU (50 mg/mL),
and 0.05 cm? of 2% lidocaine with epinephrine, for a total
volume of 0.15 cm?. The speculum was then removed. After
5 to 7 minutes, topical anesthesia and disinfection were
repeated, and the speculum was secured again. An inserter
with a preloaded gel stent was directed to enter the con-
junctiva approximately 2 to 3 mm lateral to the intended
scleral entry point, and 6 to 7 mm from the limbus, using an
aseptic no-touch technique. The inserter was then directed
downward to enter the sclera 2.5 mm posterior to the lim-
bus. Once the tip of the inserter needle was visualized in the
AC, the plunger of the inserter was advanced while the
inserter needle was slowly and simultaneously withdrawn
until the gel stent was fully released. The ideal target posi-
tion of the stent is approximately 3 mm within the sub-
conjunctiva, 2 mm within the sclera, and 1 mm within the
AC (see Supplemental Content 1, http://links.Iww.com/IJG/
A630).13 The positioning of the stent was considered suc-
cessful if a connection was made by the stent between the
subconjunctival space and the AC, and a bleb was formed.
Gonioscopy was performed to confirm proper seating of the
gel microstent and a slit lamp biomicroscopy was performed
to confirm a formed bleb. Postoperative needling in the
subconjunctival space was performed if deemed necessary
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by the surgeon once the conjunctival bleb showed signs of
decreased filtration, early fibrosis, or hypervascularization.
Postsurgical regimens included moxifloxacin QID for
1 week and topical bromfenac die for 1 month. Topical
steroidal medications (prednisolone acetate 1%, dex-
amethasone 0.1%, or diflupredinate 0.05%) were applied
q2h for the first week and maintained over 1 to 2 months,
with dose tapering depending on the bleb morphology.
Patients were instructed to limit physical activity for the first
week and, depending on the surgeon’s preference, to wear a
protective shield at bedtime. Glaucoma drops were rein-
troduced only if the IOP was above target.

Assessments

Demographics, medical history, and clinical charac-
teristics were collected from patients’ charts, along with
IOP, measured via Goldmann applanation tonometry, and
pre-surgical slit lamp and gonioscopy findings.

Outcomes

The primary efficacy outcome was 12-month post-
operative IOP. Complete success was defined as postoperative
IOP >6 mm Hg and <18 mm Hg with >20% reduction
from presurgical IOP without medications, no loss of light
perception, and no additional glaucoma procedures with the
exception of needling. Partial success was defined similarly but
with the allowance of medications, comparable to other
studies.®714 A more stringent success criterion (postoperative
IOP <15 mm Hg with an IOP reduction >30%, without
medication) was also applied. The total number of post-
operative glaucoma medications used and the needling rate
during the 12 months after surgery were explored as secon-
dary outcomes. The position of the stent and any surgical
complications were recorded on the day of the surgery. IOP,
the number of glaucoma medications used, adverse events,
and any adjunct procedures were recorded at baseline and
postoperatively.

Statistical Analysis

SAS version 9.4 (SAS Institute Inc, Cary, NC) and
Stata version 14.2 (StataCorp LLC, College Station, TX)
were used for data analyses. Descriptive statistics are
reported as mean * standard deviation for continuous vari-
ables and percentages for categorical variables. Missing data
were not imputed. A P-value of <0.05 was considered
statistically significant.

RESULTS

Baseline and Clinical Characteristics

In all, 34 eyes from 28 patients were included. Baseline
demographics and clinical characteristics are listed in
Table 1. Most patients were Caucasian (n=25; 89.3%), had
primary open angle glaucoma (n=21; 61.8%), and had
undergone previous selective laser trabeculoplasty (n=21;
61.8%). Two eyes in 2 individuals were lost to follow-up,
1 due to the patient leaving the country, and 1 due to the
patient not being observed at 12 months post surgery.

Intraocular Pressure (IOP)

The mean preoperative and postoperative IOP and the
mean percent reduction in IOP from baseline are shown in
Figure 2. Immediately after implantation and up to
12 months postoperatively, the mean IOP remained <18 mm
Hg and was significantly lower than the mean preoperative
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FIGURE 1. Transconjunctival ab externo implantation of a gel microstent. A, The conjunctival entry point of the needle is 6 to 7 mm from
the limbus. B, At this stage the inserter is held in a horizontal orientation to prevent dropping the gel microstent. C, The scleral entry point
is 2 to 2.5 mm from the limbus. D, At this stage the inserter is held in a vertical orientation. E, The conjunctival entry point is depicted by
the blue circle and the scleral entry point is depicted by the black circle. Note the conjunctival entry point at 1 o’clock from scleral

entry point.

IOP (P<0.001). After 12 months, the mean IOP was
15.4%+4.7 mm Hg and the mean reduction was 30.5%.

Success Rate

At 12 months postoperatively, 15 eyes achieved com-
plete success with an IOP <18 mm Hg and a reduction of
>20%, without medication, corresponding to an overall
complete success rate of 46.9% (15/32), with 2 patients
(2 eyes) being lost to follow-up. Partial success was achieved
by 81.3% of eyes. Moreover, 34.4% of eyes achieved a
postoperative IOP <15 mm Hg with a reduction of >30%
without medication. Maintenance of treatment success over
1 year, using standard and stringent criteria for complete

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

success, as well as partial treatment success, is shown in
Figure 3.

During the surgery, 5-FU was used in 16 eyes and
MMC was used in 18 eyes. Of these, data were available for
15 eyes treated with 5-FU and 17 eyes treated with MMC at
12 months post surgery. There was no difference in the mean
change in IOP from preoperative baseline between these
subgroups (—8.8 7.0 and —8.5+ 8.7 mm Hg for 5-FU and
MMC, respectively; P=0.89).

Medication Use and Visual Acuity Change

The mean number of glaucoma medications used
decreased on postoperative day 1 and remained significantly
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TABLE 1. Baseline Demographics of the Patients and Clinical
Characteristics of the Operated Eyes

Demographics, n =28 Mean + SD or n (%)

Age 66.31+16.2
Sex, male 11 (39.3)
Ethnicity
Caucasian 25 (89.3)
Afro-American 2(7.1)
Asian 1 (3.6)

Clinical Characteristic, n=34
Operated eye

Mean = SD or n (%)

OD (right eye) 15 (44.1)

OS (left eye) 19 (55.9)
Glaucoma diagnosis

Primary open angle glaucoma 21 (61.8)

Primary angle closure glaucoma 2(5.9)

Pseudoexfoliative glaucoma 1.9

Pigment dispersion syndrome 2(5.9)

glaucoma

Uveitic glaucoma 1(2.9)

Other* 7 (20.6)
Previous glaucoma surgeries 7 (20.6)
Previous selective laser trabeculoplasty 21 (61.8)
Preoperative IOP, mm Hg 24.2+8.0
Number of preoperative medications 3.2%+09

(n=33)
IOP at Tmax, mm Hg 354+£11.2
Number of preoperative medications at 2.5%+1.5

Tmax
Central corneal thickness, pm (n=30) 541.2+39.6
Visual field mean defect, dB (n=33) 11.6£9.1
Preoperative visual acuity, logMAR 0.5+1.0
Lens status

Phakic 12 (35.3)

Pseudophakic 22 (64.7)

*1 neovascular, 2 steroid-induced, 1 secondary to penetrating kerato-
plasty, 1 angle recession, 2 juvenile open-angle.

IOP indicates intraocular pressure; OD, oculus dexter; OS, oculus sinis-
ter; SD, standard deviation; Tmax, maximum recorded intraocular pressure.

lower than the preoperative number of medications used
(P<0.001) at every follow-up over 12 months (Fig. 4). At
12 months postoperatively, 24 of the 34 (70.6%) eyes were
medication-free, and there was no difference (P=0.54) in
the change in the number of medications needed in the
group that was treated with 5-FU (-2.5%+-1.0 [n=15])
intraoperatively compared with the group that was treated
with MMC intraoperatively (=2.8 £ —1.3 [n=16]).

Visual acuity was unchanged from preoperative values to
12 months postoperative (0.5 0.87 vs. 0.5+0.84 logMAR;
0.71).

Final Gel Stent Position

The target position for the implant is described in
Supplemental Figure 1, http://links.lww.com/IJG/A630. On
the first implantation attempt, 32 out of 34 stents (94.1%)
were positioned appropriately. Two eyes required a second
implantation attempt: 1 was performed immediately, and
the other was performed 1 day following the first attempt.
Proper positioning was achieved in 100% of the eyes after
the second attempt. The final mean length of the stent was
1.4£0.6 mm in the anterior chamber, 2.2+ 0.3 mm in the
sclera, and 2.4+ 0.5 mm in the subconjunctival space. In
1 case, the first implantation failed because the gel stent
prematurely exited the inserter when it was under the
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conjunctiva, before entering the scleral wall. In the other
case, the first implantation failed because the inserter was
not angled sufficiently for the approach; as such, the tip of
the needle did not enter the AC. In both the cases, a second
device was used to complete the procedure.

Adjunctive Procedures

All adjunctive procedures used are listed in Table 2.
Needling, the most common adjunct procedure performed,
was required in 21% of implanted eyes. The next most
common adjunct procedure was AC reformation, for which
2 were performed due to clinically significant hypotony and
3 were performed as safety precautions.

Adverse Events

Adverse events (AEs) that occurred postoperatively are
reported in Table 3. In all, 27 AEs occurred in 15 patients.
Wound leak on the day of the surgery and transient
hypotony lasting less than 1 week were the most common
adverse events. A late leak that occurred in one eye required
a conjunctival suture. Endophthalmitis due to a secondary
procedure occurred 1 month postoperatively in 1 eye, when
a doctor from another clinic performed an AC reformation.
One case was reported in which the device was malposi-
tioned. The patient had a functioning bleb, and the gel stent
was seen under the conjunctiva, although the stent was not
evident under gonioscopy. Ultrasound biomicroscopy
imaging showed the final position of the stent localized in
the sulcus (see Figure, Supplemental Digital Content
2, http://links.lww.com/IJG/A631, showing the malposi-
tioned stent and a photograph of the bleb formation). In
another case, the stent became occluded post hyphema (see
Figure, Supplemental Digital Content 3, showing the
occlusion and resulting pigment seen within the stent, http://
links.Iww.com/IJG/A632). There were two cases in which
the stent became exposed; 1 case was due to severe dry eye,
and the other case was iatrogenic and occurred during a
needling procedure. There were no occurrences of persistent
hypotony (IOP <6 mm Hg lasting longer than 4 wk dura-
tion) or hemorrhagic choroidal detachment. No association
of adverse events with preoperative IOP was observed.

DISCUSSION

This retrospective chart review explored the outcomes
of a novel slit lamp transconjunctival ab externo implanta-
tion of a gel stent for reducing IOP, observed over
12 months. The XEN gel stent used here was a 6 mm
nondegradable, hydrophilic tube with a 45 um lumen com-
posed of glutaraldehyde cross-linked with porcine-derived
gelatin.?

Mean IOP decreased to <18 mm Hg after slit lamp ab
externo implantation, and the decrease was sustained
throughout the follow-up period in 81.3% of the eyes. The
12-month postoperative IOP of 15.4+4.7 mm Hg was
consistent with the previously reported IOP following ab
interno implantation of a gel stent microstent (12+3 to
15.5+1.9 mm Hg)®3!4 but different from trabeculectomy
(12.7£5.8).13 Rates of complete and partial success in this
patient population were within the ranges of success rates
observed in the previous studies of ab interno stent
implantation.®”!4 Complete success rates in those studies
ranged from 40%'4 to 55%,” whereas partial success rates
ranged from 67%° to 89%.'# These studies used nonidentical
definitions of complete and partial success, which may
account for the differences in the results.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Mean intraocular pressure (+standard deviation) and mean percent reduction in intraocular pressure pre-ab externo and
post-ab externo implantation of a gel stent. *P<0.001 different from preoperative baseline. IOP indicates intraocular pressure.

The number of glaucoma medications was significantly
reduced after the transconjunctival ab externo implantation
of the gel stent and 70.6% of eyes off all glaucoma medi-
cations 12 months postoperatively. This proportion is much
greater than that reported by Sheybani et al (42%),!* but
similar to other reports (81.1%’ and 90%°%). The mean
number of medications used was similar to that observed
after the ab interno implantation of a stent (range:
0.17+0.65 to 1.35%14) Given the negative impact that
topical medication can have on the patient’s quality of life, !¢
the substantial reduction in the use of glaucoma medication
achieved in this pilot study may contribute to improved
quality of life for patients.

Proper placement of the gel stent reduces the chance
that the stent will extrude or contact the corneal endothelium
and ensures enough resistance through the sclera to prevent
excessive drainage.!> In this patient population, proper
placement of the stent was achieved in all but 2 eyes on the

Product-Limit Survival Estimate
‘With Number of Subjects at Risk

first attempt at implantation. Proper placement was achieved
in the remaining 2 eyes after a second implantation.

The needling rate required in our patient population was
lower than the rates reported for postoperative needling after
the ab interno implantation,®7-!4 likely due to supra-Tenons’
placement of the external stent tip, but higher than the nee-
dling rate of 13% reported after trabeculectomy.!” A high
needling rate (47%) was reported for eyes that received ab
interno implantation of the XEN140 stent,!# although anti-
metabolites were not used during those surgeries, complicating
the comparison to the current study, in which all the surgeries
were performed using either 5-FU or MMC. Nevertheless, the
needling rate here was lower than the 27.7%’ and 30.7%°
reported in studies where MMC was applied intraoperatively.
This lower needling rate suggests that the novel ab externo
approach, with the use of an antimetabolite, can reduce the
need for postoperative care. Similarly, stent exposure occurred
in two patients, one in the course of post-treatment needling.

0.8 4 0.8 4 0.8
2 06 1 E 06+ 2 06
2 £ £
& a~ a~
E 0.4 4 E 0.4 4 T;' 0.4 —
z z £
= S 5
?@ 024 @ 0.2 2024
0.0 4 0.0 0.0 4
i 34 29 25 15 11 i 34 29 25 15 11 i 34 29 25 15 11
AtRisk 33 2 x ; | AtRisk 3¢ 2 x ; | AtRisk 3% 2 x x ]
0 30 90 180 360 0 30 90 180 360 0 30 90 180 360
Time (days) Time (days) Time (days)

FIGURE 3. Maintenance of treatment success over 1 year. Left panel: complete treatment success (IOP <18 mmHg and >20% IOP
reduction without medication); middle panel: stringent criteria for treatment success (IOP <15 mmHg and >30% IOP reduction without
medication); right panel: partial treatment success (IOP <18 mmHg, irrespective of medication use). IOP indicates intraocular pressure.
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FIGURE 4. Mean number of glaucoma medications (+ standard deviation) used pre-ab externo and post-ab externo implantation of a

gel stent. *P<0.001 different from preoperative baseline.

The exposure of XEN stents has also been reported in isolated
cases following ab interno placement %18

The slit lamp ab externo approach offers several
advantages over the more invasive ab interno approach. It
can be performed safely and effectively in the ophthalmol-
ogist’s office, rather than in an operating room, using
techniques that are similar to needling at the slit lamp.
Indeed, comparing the first 5 eyes versus the latest 5 eyes
treated by each surgeon identified no significant difference in
clinical outcome (not shown). Combined with the high
overall success rate of this procedure, this finding suggests a
minimal learning curve for surgeons already accustomed to
slit lamp-based procedures. Office-based surgery may reduce
the carbon footprint of the surgery, as has been suggested,
and can be done in other ophthalmologic procedures.!®
Furthermore, the slit lamp method may be used as an
adjunct to provide access to the super-temporal quadrant for
a gel stent implant when the ab interno implantation of a
stent in the nasal quadrant has failed. Additionally, the
temporal bleb is less likely to cause bleb dysesthesia than a

TABLE 2. Adjunct Procedures

Procedure, n =34 n (%)
Needling
Total 7 (20.6)
MMC 3(8.8)
5-FU 4 (11.8)
AC reformation 5(14.7)
Conjunctival suture closure (for wound leak) 129
Digital ocular compression 1(2.9)
Gel stent revision 2(5.9)
Reoperation for glaucoma 2(5.9)

superonasal bleb.?? It remains unclear whether the ab
externo approach can be used to implant a second gel stent?!
for patients requiring a further reduction in IOP.

This pilot study was limited by its nonrandomized,
retrospective design and by the reliance on historical com-
parisons to evaluate clinical outcomes. Given that this
report captures data from all eyes treated with the slit lamp
approach, the inclusion of both eyes of the 6 patients might
have biased our success rate estimates. Furthermore,
because the XEN45 stent was used in all cases, it remains
unclear whether the ab externo approach could be used with
equal success with stents of different dimensions or com-
positions. Prospective, randomized studies will be required
to evaluate the efficacy and safety of transconjunctival

TABLE 3. Adverse Events

Adverse Event, n =28 n (%)
Early wound leak, day of surgery 6 (21.4)
Early wound leak, Seidel test positive, <24 h 1 (3.6)
Late wound leak, Seidel test positive >24 h 1 (3.6)
Transient hypotony, IOP <6 mm Hg lasting less 6 (21.4)
than 1 wk
Transient hypotony, IOP <6 mm Hg lasting more 1 (3.6)
than 1 wk to less than 4 wk
Hyphema 2(7.1)
Shallow AC 2 (7.1)
Serous choroidal detachment 2(7.1)
Encapsulation 1(3.6)
Device malposition 1 (3.6)
Stent occlusion 1 (3.6)
Stent exposure 2(7.1)
Endophthalmitis (AC reform 1-month postoperative) 1 (3.6)

AC indicates anterior chamber; MMC, mitomycin C.

AC indicates anterior chamber; MMC, mitomycin C.
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ab externo stent implantation, relative to ab interno
implantation or trabeculectomy.

CONCLUSION
This pilot study demonstrated that the slit lamp
transconjunctival ab externo implantation of the gel
microstent, the first minimally invasive glaucoma surgery
performed in an office-based setting, is an effective treat-
ment strategy for reducing IOP in patients with uncontrolled
glaucoma.
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