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ABSTRACT

Aim: To evaluate the intraocular pressure (IOP) lowering and safety profiles of the Xen45 Gel Stent
implantation with preoperative Mitomycin C injection during a 6 months follow-up in patients with primary
open-angle glaucoma (POAG).

Material and Methods: Records of fourteen eyes of 13 POAG patients who underwent surgery with
XEN45 Gel Stent combined with phacoemulsification were evaluated retrospectively. IOP changes,
all complications and additional procedures during follow-up period were evaluated. Primary outcome
measure was |OP, and the IOP target for complete success was defined as a postoperative IOP drop
of more than 20% from preoperative baseline and IOP=6 and <21 at 6 months without any glaucoma
medications and qualified success was defined as a postoperative IOP reduction of more than 20% and
IOP=6 and <21 at 6 months with or without medications.

Results: Mean preoperative medicated IOP was 28.4 + 2.7 mmHg with a mean of 2.6 + 0.6 topical anti-
glaucoma molecules. After 6 month follow-up period, mean IOP decreased to 17.8 + 1.5 mmHg (mean
IOP reduction of 37%) on 0.4 + 1.1 antiglaucoma molecules. The complete success rate after 6 months
was achieved in 42.8% and qualified success in 85.7. Totally only 2 (14.2%) patients required additional
procedure (1 needling and 1 trabeculectomy).

Conclusion: The study showed that the XEN45 Gel Stent implantation combined with phaco-cataract
surgery is an effective surgical method in POAG in case of uncontrolled IOP with a favorable safety
profile and low complication rate.

Keywords: Glaucoma, Glaucoma drainage implants, Surgery
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Amagc: Primer acik acili glokom (PAAG) hastalarinda 6 aylik takip sirasinda preoperatif Mitomycin C
enjeksiyonu ile Xen45 Jel Stent implantasyonunun géz igi basincini(GiB) diigtirme ve givenlik profillerini
degerlendirmek.

Gerec ve Yontemler: Fakoemdilsifikasyon ile kombine XEN45 Jel Stent ile ameliyat edilen 13 PAAG
hastasinin 14 géziiniin kayitlari retrospektif olarak degerlendirildi. Takip stiresince GiB degisiklikleri,
tim komplikasyonlar ve ek islemler degerlendirildi. Calismada birincil degerlendirilen sonu¢ GiB idi.
Tam bagari igin belirlenen GiB hedefi ameliyat 6ncesine gére %20'nin (izerinde bir diigiis ve herhangi
bir glokom ilaci olmaksizin 6. ayda GiB=6 ve <21 olarak tanimlandi. Yeterli basari ise ilacl veya ilagsiz
olarak 6. ayda GiB’de %20'den fazla azalma ve GiB=6 ve <21 olarak tanimlandi.
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Bulgular: Ortalama preoperatif ilagl GiB, ortalama 2,6 + 0,6 topikal anti-glokom molekaiilii ile beraber 28,4 + 2,7 mmHg idi. Alti aylik takip
siiresinden sonra ortalama GiB, 0,4 + 1,1 anti-glokom molekiilii ile beraber 17,8 + 1,5 mmHg'’ye (ortalama GIB duslisii %37) diisti. 6 ay
sonra tam basari orani %42,8 ve yeterli basari orani %85,7 olarak bulundu. Toplamda sadece 2 hastaya (%14,2) ek islem (1 igneleme ve

1 trabekilektomi) gerekii.

Sonug: Calisma, fako-katarakt cerrahisi ile kombine XEN45 Jel Stent implantasyonunun, kontrolsiiz GiB durumunda olumlu giivenlik profili
ve dislk komplikasyon orani ile PAAG’da etkili bir cerrahi yontem olabilecegini géstermistir.

Anahtar Soézciikler: Glokom, Glokom drenaj implantlari, Cerrahi

INTRODUCTION

Glaucoma is worldwide the second cause of blindness.
The estimated number of glaucomatous people on the
entire world is 80 million by 2020,112 million in 2040 and
74% of these will be open angle glaucoma (1,2). Most of
the glaucoma patients is controlled by medications on the
other hand the issues as poor patient compliance, allergical
and toxic reactions are the main reasons necessitating a
surgical approach.

Subconjunctival drainage of aqueous is the most effective
method of achieving sustained IOP reduction and traditionally
trabeculectomy is the gold standard surgical method for
lowering intraocular pressure but it involves complications
including hypotony, bleb leakage, subconjunctival fibrosis
(8). For this reason, recently minimal invasive glaucoma
surgery techniques have been developed to decrease
the rate of complications. Minimal invasive glaucoma
surgery via ab interno incision (from clear cornea) avoids
conjunctival dissection and minimizes tissue trauma those
aims to provide a safer and less invasive reduction of
intraocular pressure (IOP) than traditional surgery.

Ab interno placement of Xen gel stent in subconjunctival
space is an alternative surgical method as a safe minimal
invasive procedure. The Xen Gel implant is made from
crosslinked collagen gelatin (4,5). It is highly biocompatible
and hydrophilic in contrast to the silicone used in setons
(5,6). Current Xen model, Xen45 (Allergan, CA,USA) have
been designed based upon the Hagen-Poiseuille equation
and is 6mm in length with 45 micron internal lumen diameter
providing 6-8 mmHg of outflow resistance, which essentially
eliminates hypotony. It is inserted ab interno through a small
corneal incision sparing the conjunctiva and it creates a flow
pathway from the anterior chamber to the subconjunctival
space, bypassing the resistance of the trabecular meshwork
and collector channels (6).

The purpose of this retrospective study is to evaluate the
IOP lowering and safety profiles of the Xen 45 implantation
with preoperative Mitomycin C injection during a 6 months
follow-up in patients with open-angle glaucoma.

MATERIALS and METHODS

The present study was approved by the local medical
ethical committee and was in accordance with the tenets in
the Declaration of Helsinki.

Records of fourteen eyes of 13 consecutive primary open
angle glaucoma (POAG) patients who underwent surgery
with XEN45 Gel stent combined with phacoemulsification
were evaluated retrospectively. All patient had complete
clinical examination comprising best corrected visual
acuity (BCVA), Goldmann applanation tonometry (AT
900, Haag Strait, Germany), slit-lamp biomicroscopy,
gonioscopy, retinal nerve fiber thickness and macular
analysis with optical coherence tomography (OCT)
(Heidelberg Engineering, Heidelberg, Germany), 30-2
automatic perimetry (Zeiss Humphrey, Dublin, CA, USA)
and dilated fundus examination.

All of the eyes had high IOP (=21 mmHg) despite maximal
tolerated topical medication with no prior surgery or laser
and with a healthy and mobile conjunctiva. Exclusion
criteria included angle closure, congenital, neovascular
or pseudoexfoliative glaucoma, history of uveitis and prior
ocular surgery.

All eyes received a XEN45 stent to superior nasal quadrant
combined with phaco-cataract surgery. Preoperatively
in each eye, superior nasal conjunctiva was marked 3
mm from the limbus and 0.2 ml of 0.1 mg/ml Mitomycin
C (MMC) was injected subconjunctivally using a 30 G
needle and spread with microsponge 10 minutes before
phacoemulsification starts. After the cataract operation
a single suture was applied to the main incision and the
anterior chamber (AC) was filled with viscoelastic material
then the preloaded injector needle was inserted through
a corneal 20 G incision at inferior temporal quadrant, the
needle was then directed across the AC and the Xen45
stent implanted in the superior nasal quadrant. The implant
is placed into the subconjunctival space exiting through
the sclera at 3.0 mm posterior to the limbus. 1-2 mm of the
implant is left in the AC. At the end, viscoelastic material was
removed. Postoperative treatment included prednizolone
asetat 1% (Pred forte; Allergan) and moxifloxacin 0.5%
(Vigamox; Alcon) given five times daily for one week and
then tapered depending on postoperative progress. Anti-
glaucoma medication was stopped after surgery. Figure 1
(A) shows appearance of the subconjunctival pathway of
Xen, (B) shows Xen device in the anterior chamber and (C)
shows intrascleral part by anterior segment-OCT.

Follow-up examinations were conducted at 1 day, 1 week,
and 1, 3, and 6 months. IOP changes, all complications
and additional procedures during follow-up period were
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evaluated. Resumption of IOP-lowering medications after
surgery was depended on each patient’s target IOP range.

Primary outcome measure was IOP, and the IOP target for
complete success was defined as a postoperative IOP drop
of more than 20% from preoperative baseline and IOP=6
and =21 at 6 months without any glaucoma medications
and qualified success was defined as a postoperative IOP
reduction of more than 20% and IOP=6 and <21 at 6 months
with or without medications.

Statistical Analysis

All statistical analysis was performed using SPSS Version
22.0 (SPSS Inc., Chicago, IL, USA). The mean of the last
2 measured IOP when the indication for surgery was set
named as baseline IOP. The normality of the continuous
variables was evaluated with the Shapiro-Wilk test.
Descriptive statistical methods (mean, standard deviation)
were used to evaluate the data and IOP measurements were
compared using Friedman test. A p value of less than 0.05
was considered statistically significant. When a significant
difference found by Friedman test, post hoc analysis
with Wilcoxon signed-rank tests was conducted with a
Bonferroni correction applied. The cumulative probability of
success was assessed using Kaplan-Meier survival curves,
with complete success defined as a postoperative IOP drop
of more than 20% from preoperative baseline and IOP=6
and =21 at 6 months without any glaucoma medications
and qualified success was defined as a postoperative IOP
reduction of more than 20% and IOP=6 and <21 at 6 months
with or without medications.

RESULTS

Fourteen eyes of 13 consecutive primary open angle
glaucoma (POAG) patients (6 female, 7 male) with the mean
age of 67.5 =5 years (median: 68.5 years, range: 55-79
years) were included in the study. The mean best corrected
visual acuity was 0.26 +0.12 preoperatively and 0.07 +0.08
postoperatively with logMAR acuity testing (p=0.001). All
patients completed at least six months of follow-up. Mean
preoperative medicated IOP was 28.4 +2.7 mmHg (median:

28.5 mmHg, range: 25-34 mmHg). During the 6 month
follow-up period, mean IOP decreased to 13.8 + 2.4 mmHg
(median: 14 mmHg, range: 10-18 mmHg) in the first day,
13.6 = 1.9 mmHg (median: 14 mmHg, range: 10-17 mmHg)
at first week, 18.6 + 4.2 mmHg (median: 18 mmHg, range:
13-28 mmHg) at first month, 18.7 + 3.5 mmHg (median:19.5
mmHg, range:14-27 mmHg) at third month and 17.8 + 1.5
mmHg (median:18 mmHg, range:15-20 mmHg) at sixth
month involving an IOP reduction of 51%, 52%, 34%, 34%
and 37% respectively (p<0.01 at all-time points, except day
1 vs week 1 and month 3 vs month 6). The mean number
of topical anti-glaucoma molecules decreased from a mean
of 2.6 + 0.6 (median: 3, range: 2-4) to 0.2 + 0.7 (median:
0, range: 0-3) and 0.4 + 1.1(median: 0.5, range: 0-1) in the
first month and sixth month respectively (p<0.001). The
complete success rate after 6 months was achieved in
42.8% (6 of 14 eyes) and qualified success in 85.7% (12 of
14 eyes). Kaplan-Meier survival curve analysis for complete
and qualified success was shown in Figure 2. At 6th month
50% (7/14) of the eyes needed topical treatment and totally
only 2 (14.2%) patients required additional procedure (1
needling and 1 trabeculectomy). Needling with MMC was
required to restore the drainage in one eye with cystic
bleb formation 2 months after XEN implantation (Figure
3). One eye experienced serious hypertony which can not
be controlled by medication at fourth month; thereafter a
trabeculectomy was required for it. No major intraoperative
events occurred except for transient AC hemorrhages in
1 eye while the needle passes through the angle. Post-
operatively one case had mild inflammation in the anterior
chamber which resolved with topical corticosteroid drop.
Hypotony (IOP <= 6 mmHg) was not observed in the
postoperative follow-up period. None of the patients had
decrease in visual acuity compared to preoperative period.
Table 1 represents the pre and post-operative results of
each eye and Table 2 represents the mean values.

DISCUSSION

In this retrospective study, we evaluated the initial outcomes
with XEN implantation combined with phaco-cataract surgery

Figure 1: (A) Color photography showing appearance of the subconjunctival pathway of Xen Gel Stentimplant (B) Color photography
showing Xen Gel Stent in the anterior chamber (C) Anterior segment-OCT image showing intrascleral part of Xen implant.
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Figure 2: The Kaplan-Meier survival curves and tables for eyes achieving complete success (A) and qualified success (B).

Figure 3: Color photography showing cystic bleb formation.

considering its IOP-lowering effect and complication rate.
In our study, the XEN45 gel stent implantation combined
with phaco-cataract surgery lowered IOP below 21 mmHg
in 85% (12/14) of cases and after a follow-up of 6 months
the rate of reduction in mean IOP was 37%. At 6th month
50% (7/14) of the eyes needed topical treatment and only 2

(14,2%) patients required additional procedure (1 needling
and 1 trabeculectomy).

Although trabeculectomy continues to be the gold standard
for the surgical treatment of glaucoma, ophthalmologists
are searching safe and minimal invasive methods to reduce
IOP. Xen implant has been a one of these minimal invasive
glaucoma surgery devices and mentioned in the literature
with increasing number recently.

Perez-Torregrosa et al. reported IOP reduction of 31% at
six months and 29.3% at 12 months with 94.5% decrease
of number of medication. They only reported one (3.3%)
bleb encapsulation as a serious complication (7). De
Gregorio reported the result of 41 primary open-angle
and pseudoexfoliative glaucoma eyes underwent XEN
implantation combined with cataract surgery. They found
mean IOP reduction of 41.8% at 12 months with a mean
of 0.4 medication classes. One patient had hypotony
which spontaneously resolved in one week and 1 patient
needed trabeculectomy after 1 month due to stent failure
(8). Karimi et al. found a 26.4% reduction in IOP at 12
months from baseline which is lower than previous studies.
They considered that this difference caused by including
eyes with neovascular glaucoma, previous trabeculectomy
or glaucoma drainage device which prognosis may have
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Table 1: Pre and post-operative results of each patient

Baseline

1st day* 1st week* 15t month 3 month 6" month Additional

Eyes Age ———m————

IOP (mmHg) N IOP (mmHg) IOP (mmHg) |OP (mmHg) N IOP (mmHg) N IOP (mmHg) N procedure
1 72 31 3 17 15 18 - 21 1 19 1 -
2 59 29 3 14 14 17 - 20 1 19 1 -
3 65 30 4 15 14 28 2 27 3 15 - TRAB
4 71 29 3 13 12 14 - 15 - 17 - -
5 64 27 2 12 12 13 - 14 - 17 - -
6 65 26 2 10 12 17 - 16 - 18 - -
7 66 28 2 16 15 19 - 21 1 19 1 -
8 68 32 3 15 14 19 - 20 1 19 1 -
9 79 30 3 18 17 20 - 21 - 18 1 -
10 55 34 3 16 17 19 - 21 1 20 1 -
11 72 25 2 12 14 15 - 15 - 15 - -
12 69 25 3 14 13 27 3 16 1 17 1 Needling
13 70 26 2 10 12 %74 - 17 - 18 - -
14 70 26 2 12 10 18 c 19 - 19 - -

*: No medication

IOP=intra ocular pressure, N=number of anti-glaucomatous molecules, TRAB=trabeculectomy

Table 2: Mean pre-operative and post-operative IOP and number of anti-glaucomatous molecule changes

of the patients

Baseline 1stday | 1stweek 1 st month 3 rd month 6 th month
) _ [m) _|a _ [m) | [m) i [m) A 4 [m) | a _la _ [m) _|la _
e cR|E2cR2cR|b4acR|b=acR|9=acF|2cF b= 2 cF | PecR|bascF| 2R
1< 8302338 Hs38|aPcS3|aPc8|aPss|Hs3|aPcs3| e8| gss838|alPsa| a3
SSTSEOcTEIZTE|OcTE|O=cTE|OTE|ZTE|O=TE|ZTE|SSTE|O=eTE|ZTE
col L cEl | g2 | cE | cEQc|cEQE|s2c|cELe| 2| 02| cEQL| g2
BS=E|§==E2=E| §==E|§==E| §="E|2=E|§==E|2=E | 32=E| §==E|2=E
= = = = = = = = = = = =
0.2[g ;60'1 28t38i52726106 138+24 | 136+1.9 | 186+4.2 [02+07 1859’-'535 0.6£0.4 0'0[70%2'08 178+15 |04 +1.1
0.09-052)1| (25.34y | B4 |[14 (10-18)]|[14 (10-17)]|[18 (13-28)] | [0 (03)] | 1450y |[050-3)| (5 ig7gy |[18 (15-20)1[[0.50-1)]

p value* 0.001 0.001 0.001 0.001 | 0.001 | 0.001 0.001 0.001 0.001

VA=Visual acuity, IOP=intra ocular pressure, N=number of anti-glaucomatous molecules
*p value comparing each time point with baseline values. (Friedman test, post hoc analysis with Wilcoxon signed-rank tests conducted with

a Bonferroni correction)

been worse and in their report 40.9% of cases required
postoperative bleb needling or antimetabolite injection
which is also higher than other reports. They suggested
that Xen implant may be good option for mild to moderate
glaucoma. They also didn’t find any statistical difference in
IOP, number of anti-glaucoma medications, bleb needling
rates or complications, when Xen implantation was
performed with phacoemulsification or not (9).

In Mansouri et al’s study which evaluates the result of
149 eyes, IOP had dropped to a mean 13.9 + 4.3 mmHg
(decrease of —=31%) with 0.5 + 0.8 medications at 12 months
of follow-up and 28.7% of eyes required some anti-glaucoma
medications for IOP reduction. Needling was performed in
55 eyes (37%) which are higher than our study and there

were only two cases (1.4%) of hypotony. They used 0.1
ml %0.02 MMC which has higher concentration and lower
dosage than our study (0.2 ml %0.01 MMC). The higher
number of patients, longer follow-up time and lower dosage
of MMC may have led to higher needling rates. They both
performed the XEN gel implant as a single procedure or
combined with cataract surgery and demonstrated both has
a favorable benefit/risk profile with a significant reduction
in IOP (10). Galal et al. evaluated results of 13 eyes with
POAG underwent XEN implantation and the percent of drop
of IOP 21% and 23% at 6 and 12 months of follow-up. Mean
number of medication decreased from 1.9+1 to 0.3 + 0.4
and 4 eyes (30.7%) required needling during 12 months of
follow-up. Two eyes had hypotony which were transient and
responded to medical treatment (11).
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Hohberger et al. found 46.9 % complete therapeutic success
rate which was defined as IOP less than 18 mmHg within
6 months of follow-up without topical antiglaucomatous
therapy or additionally surgical interventions with single
Xen Gel Stent implantation and 53.3% with Xen + Phaco
combined procedure in 111 open-angle glaucoma patients.
Qualified success which was defined as IOP less than 18
mmHg with additional 1-2 local anti-glaucomatous eye
drops was seen in 2.5% in the eyes of the single Xen Gel
Stent implantation group and in 3.3% of the combined
surgery group. These differences were not statistically
significant (12).

Different MMC dosages and concentrations were used
in the studies. While Perez-Torregrosa, De Gregorio and
Galal et al. preferred 0.1 ml 0.01% MMC (7,8,11), Karim
and Mansouri et al. preffered 0.1 ml 0.02% MMC (9,10).
Different from these studies Hohberger et al. used higher
concentration MMC (0.1 ml 0.03% MMC) (12). In the present
study 0.1 ml 0.02% MMC was performed subconjunctivally.
These concentration and dosage differences may have
influenced the implant results.

The ab-interno implantation of the Xen45 Gel Stents
allows filtration directly into the subconjunctival space with
protection of the conjunctiva thus reduces postoperative
bleb related complications due to minimum conjunctival
tissue damage and makes possible further glaucoma
filtration surgeries to work. Another advantage is decrease
risk of hypotony due to restricted aqueous flow. It seems to
be an effective tool in glaucoma surgery to lower IOP with
its IOP reduction rate from 23% to 41% (8,11).

Limitations of this study include small number of patients
and short follow-up period. Also we only included primary
open angle glaucoma patients. Success of the device with
other type of glaucoma should also be investigated.

In conclusion, our study showed that the XEN45 gel stent
implantation combined with phaco-cataract surgery is an
effective surgical method in POAG in case of uncontrolled IOP
despite topical medical therapy. At 1 month of implantation,
maximum IOP lowering effect was reached. After this period if
patients have high IOP, anti-glaucoma medication or filtration
surgery should be planned. Moreover this new implant has a
favorable safety profile with a low complication rate.
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