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Abstract

Purpose: The goal of this study is to detertmine the efficacy and safety of ab-externo XEN
implantation with tenonectomy.

Patients and methods: Patients who underwent ab-externo implantation by a single surgeon (LWH)
between February 2019 and December 2020 were included in this retrospective cohort study.
Intraocular Pressure (IOP) and glaucoma medication use were collected at postoperative day 1, month
1, month 3, month 6, and month 12. Baseline IOP and medications were compared to postoperative
IOP and medications at each time point. Odds of success stratified by patient race and combined vs.
standalone procedures were compared at time of last follow-up.

Results: Forty-four eyes of 38 patients were included in this study. Baseline IOP was 20.6 + 7.2 mmHg.
Baseline medication use was 2.5 + 1.2 medications. Twenty-three eyes had one year follow-up data.
Twelve eyes failed prior to POM12. Those that reached POM12 had a mean IOP at POM12 of 14.2 +
4.0 mmHg (p<0.001) and mean medication use of 1.2 + 1.4 medications (p<0.001). There were 5
complete successes, 10 qualified successes, and 20 failures at POM12. The odds of failure for whites
compared to blacks at POM12 was 2.63 (95% CI=0.63, 11). The odds of failure for solo XEN
implantation compared to XEN combined with cataract surgery was 0.93 (95% CI=0.23, 3.82).
Conclusions: Ab-externo XEN implantation with tenonectomy appears to be a safe and effective means
of achieveing IOP control and reducing glaucoma medication burden. Success rates using this

technique are comparable to previous studies which utilize an ab-interno approach.
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Introduction

Glaucoma represents a leading cause of blindness worldwide
[1]. At present, intraocular Pressure (IOP) is the most
significant modifiable risk factor for preventing glaucomatous
damage. Management of IOP is achieved by a variety of
mechanisms including medical, laser, and surgical therapies

[1].

Traditional glaucoma surgeries, such as trabeculectomy and
aqueous shunts, have been mainstays of treatment for several
decades. Trabeculectomy is a type of glaucoma surgery that
involves removal of the trabecular meshwork in order to create
a new pathway for aqueous fluid drainage. Aqueous shunt
surgery involves implantation of a glaucoma drainage device in
order to increase fluid drainage and maintain IOP control.
While these techniques have proved effective at lowering IOP,
they are not without complications. Aqueous drainage to the
front of the eye following these procedures occurs through the
subconjunctival space, creating a pocket of fluid commonly
referred to as a “bleb.” Common complications of both
trabeculectomy and aqueous shunt surgery include low IOP
(hypotony), accumulation of fluid in the suprachoroidal space
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(choroidal effusion), bleb leakage or failure, and blood
collection in the front of the eye (hyphema) [2,3]. To minimize
the risk of complications, Minimally Invasive Glaucoma
Surgery (MIGS) has gained popularity in recent years. MIGS is
a group of glaucoma procedures that aim to lower IOP while
minimizing tissue trauma via mechanisms such as
microstenting or reshaping of the trabecular meshwork. These
procedures are intended to offer certain advantages over
traditional glaucoma surgery, such as decreased risk of
complications and improved visual recovery in the
postoperative period [4].

The XEN gel stent (Allergan Inc., Dublin, Ireland) is one such
example of a MIGS microstent. The device features a 6 mm
long tube with a 45 pm diameter lumen that creates a
transscleral channel between the anterior chamber and the
subconjunctival space, allowing for continuous aqueous
drainage and subsequent IOP lowering [5]. Because clinical
trials of the XEN were conducted using an ab-interno surgical
approach, the device is currently indicated for ab-interno
implantation by the Food and Drug Administration (FDA).
However, some surgeons have found comparable success using
an ab-externo approach. The potential advantages of an ab-
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externo approach include better surgical exposure, more
reliable subconjunctival placement, and the opportunity for a
tenonectomy in order to decrease distal tube plugging.

Previous research suggests that both the ab-interno and ab-
externo approaches yield similar success in terms of IOP
lowering effect and reduction in glaucoma medication burden.
However, the amount of evidence regarding the overall
efficacy of ab-externo XEN implantation is limited due to the
relatively small sample size of previous studies. The current
retrospective study aims to add to the growing body of
evidence surrounding this technique by evaluating the efficacy
of ab-externo XEN implantation with tenonectomy.

Methodology

This retrospective cohort study was approved by the Duke
Internal Review Board (Duke University, Durham, NC, USA).
All data were acquired via chart review of patient records at a
tertiary care center which were confidentially stored within the
hospital electronic medical record system. Patient data were
deidentified for the purposes of analysis. Investigators did not
recontact patients to obtain additional information for the
purposes of the study. The data acquisition, storage, and
analysis were conducted in accordance with the tenants of the
Declaration of Helsinki.

Inclusion/exclusion criteria

Patients who underwent ab-externo XEN implantation with
tenonectomy by a single surgeon (LWH) operating with
glaucoma fellowship trainees from February 2019 to December
2020 were included in the study. Patients with a history of
subconjunctival procedures such as trabeculectomy or aqueous
shunt surgery were excluded. There were no exclusion criteria
for patients based on the type or severity of glaucoma.

Surgical procedure

A 7-0 vicryl suture is placed through the peripheral cornea and
used to rotate the eye down to isolate the supero-temporal or
nasal quadrant where lidocaine 2% with epinephrine is injected
into the subconjunctival space. Vannas scissors are used to
make a small peritomy at the limbus roughly 8§ mm in length.
Bipolar cautery is used to prepare the scleral bed. An injection
of 0.2 ml of Mitomycin-C (MMC) 0.4 mg/ml is applied by
sub-Tenon’s irrigation posteriorly as a bolus push with an un-
needled TB syringe [6]. After 1-3 minutes (determined based
on tissue characteristics), the tissues are irrigated with
Balanced Salt Solution (BSS). The XEN stent is inspected and
directed through the sclera 2 mm posterior to the limbus. Once
the anterior chamber is entered, the stent is advanced until
approximately 2 mm of stent is visible in the anterior chamber.
A tenonectomy is created to help prevent distal occlusion of
the XEN. Finally, the conjunctiva is closed with two wing 9-0
vicryl sutures.
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Data analysis

Primary outcomes of interest were postoperative IOP and
number of glaucoma medications at postoperative months 1, 3,
6, and 12. Complete success was defined as IOP reduction
>20% from baseline without the need for glaucoma
medications. Qualified success was defined as IOP reduction
>20% from baseline with the help of glaucoma medications,
needling, or 5-Fluorouracil (5-FU). Failure was defined as IOP
reduction <20%, operative revision of the surgery, the need for
additional IOP lowering surgery or loss of light perception.
Student’s t-tests were conducted to compare baseline IOP and
medication use to postoperative IOP and medication use at
each time point. Complications such as hypotony, hyphema,
bleb leak, and choroidal effusion were documented at the time
in which they occurred in the patients’ charts.

Secondary analyses were conducted to compare success rates
by patient race (black vs. white) and combined procedures
(XEN+cataract surgery vs. XEN alone). Odds ratios for
success at time of last follow-up were compared.

All statistical analysis was performed using Microsoft Excel
2021 version 16.49

Results

Forty-four eyes of 38 patients underwent ab-externo XEN
implantation during the study period. Twelve eyes reached
failure before the one-year period. The remaining eyes did not
have one-year data and were either lost to follow-up or sent
back to their referring eye care provider after early
postoperative visits. Twenty-three eyes of 21 patients had one-
year follow-up data (Figure 1). Baseline demographic
characteristics are included in Table 1.

N = 44 eyes
(total)

9 eyes returned to referring provider or lost to
follow-up prior to one year

N

Complete Qual.
success success
N =5 eyes N =10 eyes

Failure

N =20 eyes*

Figure 1. Distribution of participant eyes. Note: *12
eyes failed prior to POM12.
Table 1. Baseline demographic data.

Number of patients, n (%) 38 (100)
Female gender, n (%) 22 (57.9)
White race, n (%) 25 (65.8)
Age, years 754+10.4
Baseline IOP, mmHg 20672
Number of medications, n 25+12
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Combined surgery, n (%) 15 (39.5) Table 3. List of notable complications.
MMC time, min 1.7+0.8 Complication Patients (n)
MMC dose, mcg 80 Bleb leak 2
Note: Values denoted as mean + standard deviation, unless otherwise stated. Hyphema 2
Abbreviations: IOP: Intraocular pressure; MMC: Mitomycin C
Choroidal effusion 1
The mean IOP at baseline was 20.6 = 7.2 mmHg. The average Loss of light perception (“snuff out”) | 1

number of medications at baseline was 2.5 + 1.2 drops. There
was an average IOP reduction of 31.1% and average
medication reduction of 52% at 1 year (Table 2). Mean 10OP
differed significantly from baseline mean IOP at each follow-
up time point (p<0.001) (Figure 2).

Table 2. Intraocular pressure and medication usage follow-up.

Baseline | POD1 | POM1 | POM3 | POM6 | POM12
Patients | 44 43 42 38 24 23
(n)
IOP (% 206 12.8 15.3 15.4 14.2
reduction)| + 7.2 1222721 4 34 +4.0 +37 +4.0

(40.8) (37.9) (25.7) (25.2) (31.1)

Meds (% | 25+1.2 | 0% 01+06/06+11/08¢+13122+14
reduction) 0(100) | (96) (76) (68) (52)

Note: Values denoted as mean * standard deviation, unless otherwise stated.
Abbreviations: |OP: Intraocular pressure; POD: Postoperative day;
POM: Postoperative month

30.00 10.00

= vieds —e—i0p 27
25.00

20.00
15.00 5.00

10.00

2.00
5.00

1.00
0.00 L 0.00

Baseline POD1 POM1 POM3 POMSE POM12

Figure 2. Intraocular pressure and medication usage over
time.

At 1 year of follow-up, there were a total of 5 complete
successes (14%), 10 qualified successes (29%), and 20 failures
(57%). Of the 20 failures, 12 eyes failed prior to 1 year. Eleven
eyes required additional incisional surgery (usually due to an
insufficient IOP reduction), 8 eyes failed to achieve IOP
reduction >20% from baseline at 1 year, and 1 eye had snuff
out of vision after surgery. Notable complications included 2
bleb leaks, 2 hyphemas, 1 choroidal effusion, and 1 case of
snuff out. Eight eyes required needling plus 5-FU and 3 eyes
required 5-FU alone (Table 3).
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Secondary analysis by race revealed that of the 20 eyes which
failed, 15 eyes belonged to white patients and 5 eyes belonged
to black patients. The odds of failure for white patients
compared to black patients at 1 year was 2.63 (95% CI=0.63,
11). Analysis by type of procedure revealed that of 20 failures,
13 eyes underwent solo XEN implantation while 7 eyes were
combined with cataract surgery. The odds ratio of failure for
eyes which underwent solo XEN implantation compared to
eyes combined with cataract surgery was 0.93 (95% CI=0.23,
3.82).

Discussion

There is a growing body of evidence to support the use of ab-
externo XEN implantation for treatment of glaucoma. Case
reports have shown efficacy of ab-externo XEN implantation
in patients with unique surgical history, such as refractory
glaucoma following keratoplasty [7,8]. However, this
technique has also demonstrated comparable effectiveness in a
more generalized glaucoma patient population when compared
to traditional ab-interno implantation. Two recent studies have
compared postoperative results of ab-interno versus ab-externo
implantation. A study by Ucar, et al. compared 43 eyes which
underwent ab-externo implantation against 44 eyes which
underwent ab-interno implantation and found that both groups
achieved significant IOP lowering and reduction in glaucoma
medications for up to one year of follow-up. The authors also
noted a significantly decreased need for postoperative bleb
needling in the ab-externo group [9]. Another study by Tan, et
al. which compared 50 ab-interno eyes to 30 ab-externo eyes
found no difference in IOP lowering, medication use reduction,
or need for postoperative needling or additional surgery
between the two groups [10].

Previous studies examining the efficacy of this technique have
been relatively small in sample size. The goal of this
retrospective study was to add to the expanding literature about
the efficacy of this technique. The results of the current study
suggest that ab-externo XEN implantation achieves favorable
IOP lowering effect and reduction in glaucoma medication
burden up to one year in this population of patients. Although
rates of complete and qualified success at one year were
modest, these results demonstrate similar efficacy compared to
an ab-interno technique. In this study, the average IOP
decreased by 31% from baseline at POM12, while average
number of glaucoma medications decased by 52% from
baseline at POM12. Previous studies by Torregrosa, et al. and
Tan, et al. observed an average IOP decrease by 29% and 42%
from baseline at POM12, respectively, using an ab-interno
approach [11,12]. A recent review by Fea and colleagues
summarizes findings of several recent XEN studies, most of
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which demonstrate IOP lowering efficacy that is on par with
the aforementioned studies [13]. This trend is also observed for
number of glaucoma medications, in which the average
number of medications often decreases by one to three
medications at the one-year follow-up period [13]. Our own
sample, which saw an average decrease from 2.5 £ 1.2
medications at baseline to 1.2 + 1.4 medications at one year,
demonstrated comparable efficacy by this metric.

Although the ab-externo technique successfully lowered IOP
and decreased medication burden, there was a significant rate
of failure (57%) at one year. Eleven of the 20 failures at
POM12 required additional surgery to achieve adequate IOP
control. The most common indications for additional surgery
included bleb revision for bleb leak or encapsulated bleb (4
cases), as well as the need for traditional glaucoma surgery,
most commonly in the form of trabeculectomy (6 cases). Rates
of complete success (14%) and qualified success (29%) at one
year are comparable to success rates found in previous XEN
studies employing an ab-interno approach. In sample of 199
eyes, Heidinger, et al. observed a complete success rate of
15.4% and a qualified success rate of 25% at 12 months [14].
The authors defined qualified success as IOP reduction <20%
of baseline with an IOP <18 mmHg with glaucoma
medications. In a study of 13 eyes that underwent either XEN
implantation alone or XEN + phacoemulsification by Galal, et
al. 42% of eyes had IOP reduction >20% without medications
at one year, while 67% had IOP reduction >20% with
medications [15]. Several additional studies quote similar rates
of success in patients receiving ab-interno XEN implantation
[13]. It is important to note that studies regularly differ in their
definitions of success and failure. Thus, movements towards a
standardized definition of success or failure may be beneficial
for the purposes of generalizing these findings.

The utility of tenonectomy during ab-externo XEN implantation
has not been previously described in the literature. In
pediatric ~ populations,  tenonectomy  during standard
trabeculectomy has been shown to support better IOP control
and reduced number of glaucoma medications [16].
However, previous studies in adults have noted no difference in
glaucoma management between patients who receive
tenonectomy with trabeculectomy and those who do not [17].
The goal of performing tenonectomy in the current study was
to prevent distal occlusion of the XEN by Tenon’s capsule
during the postoperative period and decrease the need for bleb
needling if tenonectomy is performed. Eight of 44 eyes in the
current study required postoperative needling (18%), which is
lower than previous studies which did not utilize tenonectomy
[18]. This suggests that tenonectomy may decrease the need for
postoperative needling, though the sample size of this study
limits the generalizability of this conclusion. Additional studies
comparing success rates with and without tenonectomy are
needed to determine whether this technique significantly
reduces risk of complications or the need for bleb needling.
The decision to perform a tenonectomy may be left to
surgeon’s preference, as results demonstrate that overall
success may be achieved with or without the use of this
technique.
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The utility of bleb needling in fibrotic blebs following XEN
implantation has been previously described. Needling has been
shown to restore filtration and maintain durable IOP-lowering
potential in the post-operative period [19,20]. Certain factors
which have been shown to predict increased success after
needling include being on two types of medications or fewer
medications previously, solo XEN procedure, and patients with
higher IOP difference after day 1 of needling [19].
Complications associated with needling include partial
amputation of the XEN, hypotony, choroidal detachment, and
failure to achieve adequate IOP control [20]. Of the 8 eyes
which required needling in our cohort, 3 eyes (37.5%)
eventually reached failure due to need for additional surgery.
However, none of these eyes experienced direct complications
from bleb needling. Thus, although the utility of needling in
cases where tenonectomy and conjunctival dissection has been
performed may only modestly improve chance of success, it
appears to be a safe procedure with minimal risk of
complication.

This study is the first to attempt to describe race differences
with regards to the XEN using an ab-externo approach. Race
differences in conjunctival histology between black and white
patients have been cited in previous studies. It has been
proposed that black patients tend to have increased number of
conjunctival macrophages and fibroblasts [21], while white
patients tend to have increased number of conjunctival mast
cells [21,22]. However, the clinical implications of these
findings are not fully understood. In our sample, secondary
analysis of race differences showed increased odds of failure in
white patients compared to black patients at one year
(OR=2.63 (95% CI=0.63, 11)). These results suggests that
black patients may have an increased chance of success when
receiving ab-externo XEN implantation compared to white
patients. While race differences in conjunctival histology may
exist, the results of this study conflict with previous assertions
that black patients may be more prone to scarring and thus are
at increased risk of failure in filtration surgeries. Indeed, one
significant limitation of our study may be that the bias of black
patients being more prone to failure may have caused a
selection bias in this cohort. The small sample size of the
current study necessitates further exploration of this trend.

There is currently a debate in the literature about whether the
XEN is more efficacious when combined with cataract surgery.
In the current sample, analysis of standalone XEN compared to
combination XEN+cataract surgery demonstrated marginally
decreased odds of failure when XEN was performed as a solo
procedure compared to combined procedures at one year
(OR=0.93 (95% CI=0.23, 3.82)). Previous research
surrounding this topic has yielded mixed results. Most previous
studies which compare solo XEN to combination XEN
procedures have found that both solo and combination
procedures achieve good IOP lowering effect and medication
reduction, with no significant differences in success rates
between the two [14,23,24]. However, in a study by Fea, et al.
comparing solo XEN to combination XEN, the XEN solo
group achieved higher success rates compared to the combo
group if a success cutoff of IOP decrease <14 mmHg was used
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[25]. Similarly, in a study by Widder, et al. pseudophakic eyes
undergoing solo XEN procedures had higher success rates
compared to phakic eyes undergoing combo procedures [26].
Still, the majority of studies have found no significant
difference in efficacy or success rates of solo XEN versus
combination XEN procedures, which was similar to our
experience.

Conclusion

The use of ab-externo XEN implantation with tenonectomy
appears to be a safe and effective means for achieving IOP
control and reducing glaucoma medication burden in the
current sample of patients. The overall efficacy and rates of
complications in this cohort are comparable to other studies of
patients receiving ab-interno XEN implantation. As with other
MIGS procedures, both ab-interno and ab-externo XEN
implantation are reasonable options for achieving IOP control
in glaucoma patients.
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