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Purpose: To provide the first report of effective use of bilateral XEN Gel Stent implantation using an ab externo
open-conjunctival approach designed to improve bleb function and meet the uniquely low intraocular pressure
requirements of a Japanese patient with normal-tension glaucoma refractory to topical medical therapy.
Observations: A 54-year-old phakic Japanese woman with severe normal-tension glaucoma on maximally toler-
ated medical therapy of four topical agents presented with above-goal intraocular pressures and new medication
intolerances. She underwent bilateral ab externo open-conjunctival XEN Gel Stent implantation with tenectomy
and sub-Tenon’s injection of 40pg of mitomycin-C, which resulted in reduction of intraocular pressures by 41.2
and 28.6% to 10 and 10 mmHg in the right and left eyes, respectively at the most recent visit. Postoperatively, a
diffuse filtering bleb with good morphology developed in both eyes. The procedure has so far allowed for
complete cessation of all four topical medications for up to eight months following surgery without any serious
complications.

Conclusions: This case illustrates the potential of Xen Gel Stent implantation through an ab externo, open-
conjunctival approach to be an effective, simple alternative to trabeculectomy to meet the unique low-
pressure requirements of normal-tension glaucoma patients with practical and safety benefits of a micro-

invasive approach.

1. Introduction

Normal-tension glaucoma (NTG) is a unique and particularly chal-
lenging subgroup of primary open-angle glaucoma (POAG), in which the
optic nerve degenerates despite intraocular pressures (IOPs) that remain
within the statistically normal range below 21 mmHg." NTG represents a
significant disease burden and comprises 30-92.3% of POAG patients,
depending on race,” with the highest proportion reported in Japanese
patients.® While the precise etiology of NTG is unknown, IOP appears to
contribute to NTG pathogenesis, since IOP reduction slows disease
progression. Thus, as with other forms of POAG, IOP-lowering thera-
pies are mainstays of treatment.” Many NTG patients are adequately
treated with topical medication and laser therapy, however, there is a
large subset that do not tolerate medication or progress despite these
interventions, for which surgery may be necessary.2 Surgical manage-
ment of NTG patients is especially challenging, since very low IOPs are
required to achieve therapeutic reduction from baseline levels within
the normal range.® Consequently, surgeons face a narrow therapeutic

window between these low target pressures and potentially dangerous
hypotonus pressures.®

Trabeculectomy has traditionally been the first-line surgical option
for NTG patients, since it is capable of meeting low IOP goals in NTG
patients,” "% even when single-digit postsurgical IOPs are required.'”
However, as a relatively invasive procedure, trabeculectomy has his-
torically suffered from high complication rates, including long-term
hypotony especially in NTG patients, ranging from 28 to 30%,%'?
which can lead to cataract formation,'* hypotonous maculopathy,®'*
and choroidal detachment.'®'® With recent improvements in trabecu-
lectomy techniques'® and leveraging the experience of a dedicated NTG
clinic, one group reported greatly reduced complication rates in NTG
patients.'® However, these results are likely a best-case scenario, and it
is not clear how widely applicable they are, since they require consid-
erable surgical experience and skill to achieve pressures in the narrow
therapeutic window through individualized fine-tuning of many com-
plex surgical parameters, as well as diligent and intensive postoperative
management, which may not be suitable for all patients and
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To address the need for simpler, safer, and more reliable surgical
options, micro-invasive glaucoma surgeries (MIGS) have been devel-
oped.'”” MIGS provide numerous benefits including minimal tissue
disruption and instrumentation, fast surgical times and postoperative
recoveries, and improved safety profiles.'® While MIGS exploit a variety
of mechanisms,'” devices such as the XEN Gel Stent mimic traditional
trabeculectomies, creating an alternative, transscleral drainage pathway
to a subconjunctival bleb.'® However, in contrast to trabeculectomies in
which pressure is regulated by scleral flap suture tension,'® which can be
unreliable, XEN Gel Stents (Allergran Inc., Irvine, CA) have a
45pm-diameter lumen designed using the Hagen-Poiseuille equation to
limit outflow and theoretically prevent hypotony, providing a minimum
IOP of 6-8 mmHg.”’ Though a number of studies have investigated XEN
Gel Stent implantation in mixed OAG patients and found it capable of
effective IOP and medication reduction of 29-46% and 42-90%,
respectively,'® it is currently unknown if XEN Gel Stent implantation can
achieve the very low IOPs required for effective treatment of NTG pa-
tients. While the XEN Gel Stent has the theoretical potential to achieve
I0Ps <10 mmHg, in practice, post-implantation IOPs are typically in the
12-15 mmHg range in OAG patients using an ab interno
approach.'®?'2* 1t has been suggested that this discrepancy is due to
additional outflow resistance of a suboptimal conjunctival bleb created
following ab interno implantation.”>?® In contrast, an ab externo
approach offers the opportunity to dissect Tenon’s from the episclera
and optimize stent positioning,27 which may allow for better bleb
morphologies that can achieve lower IOPs closer to the theoretic limit.
While no clinical studies have directly compared ab externo and ab
interno implantation of XEN Gel Stents,*® anecdotally, clinicians have
noted lower IOPs and better bleb morphologies with an ab externo
approach.?” Thus for NTG, modifications to the XEN Gel Stent implan-
tation procedure including an ab externo approach may produce
better-functioning blebs with IOPs closer to the theoretical minimum
that could effectively treat NTG.

To determine if ab externo open-conjunctival XEN Gel Stent im-
plantation can achieve low IOPs required by NTG patients, we report the
8-month follow-up of an NTG patient, who received bilateral ab externo
open-conjunctival XEN Gel Stent implantation without serious compli-
cations. This case illustrates the exciting potential for this approach to
offer a safer, simpler, micro-invasive alternative to trabeculectomy to
effectively achieve the uniquely low IOP requirements of NTG.

2. Case report

A 54-year-old Japanese woman was referred to the Massachusetts
Eye and Ear Infirmary for evaluation and treatment of NTG in November
of 2010. She had been previously diagnosed with NTG in December of
2009 at the age of 43 with initial IOPs of 16 mmHg in both eyes (OU) and
was started on travaprost ghs OU. On presentation, the patient had a
best corrected visual acuity (BCVA) of 20/20 in the right eye (OD) and
20/25 in the left eye (OS) and was myopic with a power of about -6D
OU. Her IOPs measured 11 mmHg OD and 9 mmHg OS. Pachymetry
showed thin corneas, averaging 499 pm OD and 505 pm OS. Dilated
fundus exam revealed cup-to-disc ratios (CDR) of 0.9 OU with peri-
papillary atrophy and inferior notching in both eyes, which was
confirmed by optical coherence tomography (OCT) with retinal nerve
fiber layer (rfNFL) measurement. No disc hemorrhages were observed.
Functional testing with Humphrey Visual Fields (HVF) 24-2 showed a
superior altitudinal defect in the right eye and a superior > inferior
arcuate defect in the left eye.

She had several NTG risk factors including female sex, thin corneas,
myopia, and Japanese ancestry.” She had no family history of glaucoma.
Her vascular and perfusion risk factors included borderline hyperten-
sion, treated with atenolol 12.5mg qAM, and impaired glucose toler-
ance. She denied any history of diabetes mellitus, migraines, Raynaud’s
phenomenon or obstructive sleep apnea.
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Over the next 10 years, her NTG progressed slowly, requiring
increasingly aggressive medical and laser therapies. Her IOPs remained
slightly above target pressures despite increasing topical medical ther-
apy that ultimately included latanoprostene bunod ghs OU, dorzola-
mide/timolol tid OU, and netarsudil ghs OU. She was also trialed on
brimonidine at dosages of 0.15% and 0.1% and frequencies of bid and
tid OU and methazolamide 25mg PO bid, which she did not tolerate due
to side effects. Furthermore, she received 360-degree selective laser
trabeculoplasty OS in 2011 and 2013, which had little effect on her IOP,
as well as separate superior and inferior argon laser trabeculoplasty OD
in 2013, which mildly lowered her pressures in that eye. Her IOPs over
this period ranged from 12 to 18 mmHg OD and 10-20 mmHg OS on
medication.

In 2019, she was stable with IOPs of 12 mmHg OU for roughly eight
months on maximally tolerated medical therapy of latanoprostene
bunod ghs OU, dorzolamide/timolol bid OU, and netarsudil OU, before
her IOPs increased to 17 mmHg and 14 mmHg OD and OS respectively.
Additionally, she began developing intolerances to dorzolamide/timolol
and netarsudil with redness and tearing following application.
Humphery visual field testing at this time showed mean deviations of
—14.12 OD with a superior altitudinal defect and —12.17 OS with a
superior arcuate defect and inferior nasal step (Fig. 1). Given her above-
goal IOPs and new medication intolerances, the risks and benefits of
various surgical interventions were weighed. The patient and surgeon
agreed to proceed with XEN Gel Stent implantation, starting with the
right eye with a plan to perform an identical procedure subsequently in
the left eye, pending a good result.

In December of 2019, a XEN Gel Stent was implanted OD ab externo
(Fig. 2). The case was done under monitored anesthesia care with ret-
robulbar block (lidocaine 1% bupivacaine 0.375%), analgesia (50 mcg
remifentanil), sedation (2mg midazolam), and topical anesthesia (0.5%
proparacaine). First, a superior corneal traction suture was placed. The
conjunctiva was opened with a small peritomy and the subconjunctival
space was blunt dissected posteriorly. Tenon’s was excised from the
limbus posteriorly, creating a small perilimbal tenectomy. The sub-
Tenon’s space was blunt dissected posteriorly, and light cautery was
performed on the exposed sclera. The XEN injector was placed bevel up
in the sclera, 1.5 mm from the limbus and advanced through the sclera to
the limbus. Countertraction was applied with the corneal traction suture
to angle the stent at 30° and it was then advanced into the anterior
chamber. The XEN gel Stent was then deployed, and the injector
retracted slowly. The positioning of the XEN Gel Stent was then adjusted
so that 2-3 mm of the stent was positioned correctly in the subcon-
junctival space. One single interrupted 8-0 Vicryl suture was used to lay
the stent flat against the sclera and tied loosely to avoid occluding the
stent before the conjunctival incision was sutured with an 8-0 Vicryl
mattress suture. Since Tenon’s was excised and not closed, a space be-
tween the sclera and conjunctiva was created for subsequent bleb for-
mation. Approximately 0.1 mL of mitomycin-C (MMC) 0.4mg/mL was
injected in the sub-Tenon’s space and a Seidel test was performed to
check for leaks. Since the Tenon’s was partially excised and not closed,
the subconjunctival and sub-Tenon’s spaces are continuous so sub-
Tenon’s injection of MMC filled both of these spaces. No ophthalmic
viscosurgical devices were used. Her glaucoma medications were
stopped in the right, operative eye.

On postoperative day (POD) 1, the IOP measured 3 mmHg OD and a
Seidel test revealed a slow superotemporal leak. A bandage contact lens
was placed for 1 week and she was started on moxifloxacin qid OD for 10
days, atropine qid OD for 4 weeks, and prednisolone acetate 1% qid OD,
which was slowly tapered over 10 weeks. By postoperative week (POW)
2, her leak and hypotony resolved and her IOP was 9 mmHg OD without
any IOP-lowering medications.

Given a good result at postoperative month (POM) 4 with single-digit
IOPs and no need for medication in the right eye, XEN Gel Stent im-
plantation was performed in the left eye in April of 2020 using the same
technique. On POD1, her IOP measured 5 mmHg OS, increasing to 7
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Fig. 1. Preoperative Humphery visual field testing. A mean deviation of —14.12 OD with a superior altitudinal defect (left) and —12.17 OS with a superior

arcuate defect and inferior nasal step (right) were found.

mmHg OS by POW1, with no evidence of wound leakage. She received a
similar postoperative medication regime of moxifloxacin qid OS for one
week, atropine bid OS for four weeks, and prednisolone acetate 1% q2h
0OS, which was slowly tapered over 10 weeks.

In the six months following surgery in the right eye, her IOPs ranged
from 9 to 11 mmHg OD, while for the two and a half months following
surgery in her left eye, her IOPs ranged from 7 to 9 mmHg OS. At her
most recent visit (POMS8.5 OD and POM4 OS), her BCVA was 20/25 OD
and 20/30-1 OS. Her IOPs measured 10 mmHg OD and 10 mmHg OS off
medications. The dilated fundus exam showed stable temporal thinning
with peripapillary atrophy OU, and the OCT rNFL thickness was stable at
72 pm OD and 59 pm OS compared with preoperative measurements.
OCT of the retina showed no evidence of maculopathy or cystoid mac-
ular edema. A diffuse, slightly elevated, avascular, posterior filtering
bleb with good morphology appeared stable in the left eye one month
after surgery (Fig. 3). The right eye bleb had a similar appearance to the
left.

3. Discussion

Here we provide the first description of bilateral ab externo open-
conjunctival XEN Gel Stent implantation designed to improve bleb
function to meet the uniquely low IOP requirements of a Japanese NTG
patient. Surgery has for now allowed the cessation of all glaucoma
medications and stabilization of pressures beneath the goal IOP of 12
mmHg. Preoperatively, her maximum recorded IOPs were 18 mmHg OD
and 20 mmHg OS, which were initially controlled with topical medi-
cations, but measured 17 mmHg OD and 14 mmHg OS immediately
prior to surgery. At the most recent follow-up visit 8.5 months after
surgery OD and 4 months after surgery OS, IOP was reduced to 10
mmHg (7 mmHg, 41.2% reduction) OD and 10 mmHg (6 mmHg, 28.6%
reduction) OS and her medication burden of four IOP lowering medi-
cations OU was eliminated. This case demonstrates the ability of XEN
Gel Stent implantation using an ab externo open-conjunctival approach
to improve bleb function and reach the very low IOPs required to treat
NTG through a simpler, potentially safer, micro-invasive surgery.

The surgical approach described here featured modifications to the
original XEN Gel Stent implantation technique to improve bleb filtration
capacity and achieve lower IOPs for this NTG patient. Bleb morphology
is likely the main contributor to overall outflow resistance and thus
determines the IOP one can achieve with XEN Gel Stents.”> 2" Bleb ef-
ficacy is inversely related to the wound-healing response, which is more
robust in Asian patients, including the Japanese patient in this case.?’
While XEN Gel Stents were originally studied using an ab interno
a]:oproach,m’zg’24 in this case we chose an ab externo, open-conjunctival
approach, which has gained popularity recently due to several key ad-
vantages.”” Most importantly for NTG patients, this approach allows for
consistent sub-Tenon’s stent placement, which has been shown to result
in greater IOP reduction.’’ The mechanism for greater IOP reduction of
sub-Tenon’s placement is unknown, though perhaps the scleral vascu-
lature is more effective at draining fluid or the healing response in the
sub-Tenon’s space is more conducive for developing diffuse posterior
blebs that facilitate better drainage. Additionally, Tenon’s can be
separated from the episclera creating a pocket of space to shape bleb
morphology and ensure the stent is free and mobile.””>*! Thus, the ab
externo open-conjunctival approach may offer improved bleb function
and better IOP reduction capability, which is especially important for
NTG patients with low IOP requirements. Additionally, the ab externo
open-conjunctival approach does not require corneal incisions or
instrumentation in the anterior chamber except for the Xen Gel Stent
injector itself, making it theoretically safer in phakic eyes and offering
the surgeon more flexibility in adjusting the stent’s precise depth in the
anterior chamber.?’

Other techniques to reduce the wound-healing response and opti-
mize bleb formation in this patient included scleral cautery following
dissection of Tenon’s to reduce intraoperative bleeding and limit the
release of proinflammatory factors.>' Additionally, the antiproliferative
agent, mitomycin C (MMC), was injected beneath Tenon’s, which re-
duces scarring and fibrosis, primary causes of bleb failure®” and im-
proves outcomes for both trabeculectomy and XEN Gel Stent
implantation.®’ Since a small portion of Tenon’s was removed at the
location of the stent, with blunt posterior dissection of both the
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Fig. 2. Serial photographs of the ab externo surgical approach for XEN Gel Stent implantation. (A) A corneal traction suture is placed. (B) The conjunctiva is
incised from the limbus posteriorly. (C) The subconjunctival space is blunt dissected posteriorly. (D) Tenon’s is excised creating a small perilimbal tenectomy and
sub-Tenon’s posterior blunt dissection is performed (as in C). (E) Light cautery is applied to the exposed sclera. (F) The XEN Gel Stent injector is inserted 1.5 mm
posterior to the limbus. (G) The injector is then advanced through the sclera to the limbus. (H) The XEN Gel Stent injector is angled at 30° with countertraction
applied using the corneal suture and advanced into the anterior chamber. (I) The XEN Gel Stent injector is retracted, and the stent position is adjusted so that 2-3 mm
of the stent is in the subconjunctival space. (J) The XEN Gel Stent is positioned beneath the conjunctiva and sutured flat against the sclera with a single interrupted 8-
0 Vicryl suture. (K) The conjunctiva is then closed with an 8-0 Vicryl mattress suture. The Tenon’s is not closed creating a space between the sclera and conjunctiva
and allowing communication of the sub-Tenon’s and subconjunctival spaces. (L) A Seidel test is performed to check for leaks and 0.1 mL of mitomycin-C 0.4 mg/ml is
injected subconjunctivally. *Note: these images are of a representative XEN Gel Stent implantation from a different patient than described in this case.

subconjunctival and sub-Tenon’s spaces, MMC injection can reach the
inner conjunctival surface, both sides of the remaining Tenon’s and the
outer scleral surface, inhibiting fibroblast proliferation and scarring
from all of these potential sources. Finally, a partial tenectomy was
performed, which has been shown to reduce the frequency of encapsu-
lated blebs following trabeculectomy in pediatric patients®> and may
reduce the risk of early stent obstruction.”” These modifications likely
promoted the formation of excellent diffuse, posterior, and avascular
bleb morphologies.

While XEN Gel Stents are designed to reduce the rates of dangerous
complications from chronic hypotony that are seen with trabeculec-
tomies, inserting a foreign body introduces additional risks including
conjunctival erosion, stent migration, and stent-iris touch, which are
fortunately rare events.”>?**% To help prevent stent migration and
conjunctival erosion, especially after partial tenectomy, here the stent
was sutured flush with sclera using 8-0 Vicryl for temporary protection
during the vulnerable healing phase when bleb morphology is

established. Others prefer Nylon for permanent fixation,”” though this
introduces greater risks of XEN Gel Stent occlusion if the suture is tied
tightly as well as an additional long-term foreign body. While XEN Gel
Stents have higher rates of postoperative bleb needling compared with
trabeculectomy,”” this has been greatly reduced with an ab externo
open-conjunctival approach and subconjunctival mitomycin C injec-
tion.”” As was the case in this patient, transient numeric hypotony on the
day following surgery is relatively common with XEN Gel Stent im-
plantation, likely due to peri-tubular filtration.>® However, importantly,
unlike dangerous chronic hypotony, this early hypotony is largely
benign, typically resolving quickly with short-term topical atropine and
steroid therapy and does not require additional surgical intervention.>°
Unlike an ab interno approach, opening the conjunctiva also adds the
risk of wound leak, which occurred following surgery in this patient’s
right eye, though it resolved quickly following application of a bandage
contact lens. Overall, the benefits of this simple micro-invasive tech-
nique likely outweigh these minor and rare complications in the
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Fig. 3. Diffuse filtering bleb following ab externo open-conjunctival Xen
Gel Stent implantation in a patient with normal-tension glaucoma. Ocular-
surface photo of left eye taken through a slit-lamp microscope 1 month after
XEN Gel Stent implantation in a patient with normal-tension glaucoma. The
XEN Gel Stent is visible within a diffuse fluid-filled subconjunctival filtering
bleb (black arrow).

majority of cases.

XEN Gel Stents were introduced relatively recently, and implantation
techniques have undergone rapid evolution as surgeons gain more
experience using these devices. As a result, despite widespread adoption,
no studies have been performed examining whether new techniques
such as ab externo open-conjunctival implantation can improve bleb
function and achieve IOPs closer to the theoretical minimum, especially
in the challenging and vulnerable NTG patient population. A number of
studies have examined ab interno XEN Gel Stent implantation in mixed
POAG populations and found mean IOP reductions ranging from 28 to
42.1% with postoperative IOPs ranging from 12 to 15
mmHg. 821243741 pirect comparison of ab interno XEN Gel Stent im-
plantation with trabeculectomy in POAG patients found no difference in
the rates of surgical success or reduction in IOP lowering
medications.?***%%*> While one study found that trabeculectomy
resulted in lower postoperative IOPs,*” others found no difference.****
Patients receiving XEN Gel Stents benefited from fewer postoperative
visits and a faster postoperative course.’? In terms of safety, one study
found no differences,?* while another found an improved safety profile
with XEN Gel Stent implantation.*> Overall, ab interno XEN Gel Stent
implantation appears to compare favorably to trabeculectomy for many
POAG patients with practical and safety benefits, though it is unknown
whether this is also true for the more challenging IOP requirements of
NTG patients. The low IOPs obtained in the NTG patient reported here
serve as justification for future studies examining the role of XEN Gel
Stent implantation with current surgical techniques to optimize bleb
filtration in this patient population. It will be interesting to see if XEN
Gel Stent implantation can provide an effective alternative to trabecu-
lectomy to reliably meet the challenging low pressure needs of NTG
patients with lower rates of potentially dangerous complications like
long-term hypotony.

4. Conclusion

Here we report a case of a 54-year-old Japanese woman who
received bilateral ab externo open-conjunctival XEN Gel Stent implan-
tation for treatment of NTG refractory to topical medical therapy. This
simple micro-invasive approach, optimized to improve bleb function,
reduced IOPs by 41.2 and 28.6% to 10 and 10 mmHg in the right and left
eye respectively and eliminated need for topical therapy, which con-
sisted of 4 agents preoperatively. This outcome illustrates a potential
role for ab externo open-conjunctival XEN Gel Stent implantation in
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NTG patients to achieve IOP reductions that can meet their uniquely
low-pressure requirements, while limiting the rates of dangerous long-
term hypotony that can occur following trabeculectomy.
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