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ABSTRACT Objective: To investigate the safety and effectiveness of
XEN45 gel micro-implant and phacoemulsification combined surgery in pri-
mary open-angle glaucoma (POAG) patients. Material and Methods: It is
a prospective, single-center, clinical study. 30 patients (30 eyes) who were
followed up by Marmara University Glaucoma outpatient clinic due to
POAG and cataract were included in the study. Moreover, all patients un-
derwent XEN45 gel micro-implant- phacoemulsification combined surgery.
Best corrected visual acuity, slit-lamb biomicroscopic examination, intraoc-
ular pressure measurement with applanation, Retinal Nerve Fiber Layer and
Ganglion Cell Complex scanning were followed up to the 1st post-operative
year. Results: Of the participants diagnosed with POAG and cataract, 50%
were female, 50% were male, and the average age was 62.63+7.05. A statis-
tically significant decrease was detected in the number of pre-operative anti-
glaucomatous molecules used by the patients (3.24+0.95) at the end of 1 year
(0.66+0.72) (p=0.001). A significant difference was detected between pre
and post-operative month 12 intraocular pressure values (22.53+3.81,
14.53+2.86 mmHg, respectively) (p<0.001). At the end of 1 year, the full
success rate was 40% and the partial success rate was 36.67%. Conclusion:
It was concluded that in addition to being a micro-invasive, effective and re-
liable surgery, the XEN45 gel micro-implant has been observed to reduce
POAG progression and the use of anti-glaucomatous drops.
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OZET Amag: Primer agik agili glokom [Primary open-angle glaucoma
(POAG)] hastalarinda XEN45 jel mikro-implant ve fakoemiilsifikasyon
kombine cerrahisinin giivenilirlik ve etkililiginin arastirilmasi. Gereg ve
Yontemler: Prospektif, tek merkezli, klinik ¢alismaya Marmara Universi-
tesi Glokom poliklinigi tarafindan POAG ve katarakt nedeniyle takip edilen
30 hasta (30 g6z) dahil edildi. Dahasi tiim hastalara XEN45 jel mikroim-
plant-fakoemiilsifikasyon kombine cerrahi uygulandi. En iyi diizeltilmis
gorme keskinligi, slit-lamb biyomikroskopik muayene, aplanasyon ile goz
i¢i basinci 6l¢iimii, Retinal Sinir Lifi Tabakasi ve Gangliyon Hiicre Kom-
pleksi taramasi ile postoperatif 1 sene boyunca takip edildi. Bulgular:
POAG ve katarakt tanili katilimeilarin %50’si kadin, %50si erkek ve yas or-
talamas1 62,63+7,05’tir. Hastalarin kullandiklari preoperatif antiglokoma-
t6z molekiil sayisinda (3,24+0,95), 1 yilin sonunda (0,66+0,72) istatistiksel
olarak anlamli diisiis saptand1 (p=0,001). Pre ve post-operatif 12. ay goz i¢i
basinci degerleri (sirastyla 22,53+3,81, 14,534+2,86 mmHg) arasinda anlaml
fark saptand1 (p<0,001). Bir senenin sonunda cerrahi tam basari orani %40,
kismi bagari orani ise %36,67°dir. Sonug¢: XEN45 jel mikro-implantin mik-
roinvaziv, etkili ve giivenilir bir cerrahi yontem olmasinin yani sira POAG
progresyonunu ve antiglokomat6z damla kullanimini azalttig1 sonucuna va-
rilmistir.

Anahtar Kelimeler: A¢ik acili glokom;
minimal invaziv cerrahi prosediirler;
fakoemiilsifikasyon; ameliyat; giivenilirlik

Primary open-angle glaucoma (POAG) is a
chronic and neurodegenerative disease which causes
progressive damage to retinal cells and ganglia and

visual field loss. Although it is a chronic, multi-fac-
torial disease, the main goal of treatment is to prevent
the progression of the disease as the only modifiable
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risk factor is to lower intraocular pressure (IOP).!?
The first neurons to be stimulated in the visual path-
way are the retinal ganglion cells (RGC). Moreover,
a 3" group of photoreceptors has recently been iden-
tified. RGC axons are unmyelinated until they cross
the lamina cribrosa and merge to form the optic
nerve.’ Previous studies have observed a decrease in
the number of RGCs and significant RGC apoptosis
after glaucomatous damage in glaucoma models.*’ In
some studies, elevated IOP has also been associated
with RGC axon degeneration.®’

In the modern ophthalmology, topical anti-glau-
comatous medical treatment and laser trabeculoplasty
(argon, diode, or selective laser energy) are the 1°-
line treatment methods in the management of
POAG."*® Surgical treatment is applied to patients
with POAG who cannot be controlled with conser-
vative methods, and the classic surgical procedure in
this field is trabeculectomy.'

Although trabeculectomy, which has been per-
formed since the 1960s, is effective and safe in the
long term, it carries the risk of serious complications
(exposure keratopathy, infection, malignant glau-
coma, choroidal hemorrhage.” With the new devices
called Minimally Invasive Glaucoma Surgery
(MIGS) that have become popular in recent years,
there is a possibility of less invasive, shorter surgery
time and faster recovery.'’

XEN45 (Allergan Inc., Irvine) contains a 6 mm
long micro-implant with an inner diameter of 45 pm
and an outer diameter of 120 um inside a 27 gauge,
437 um diameter syringe.!! With XEN45 gel micro-
implantation, which is the most frequently applied
under the title of MIGS, Ab interno is applied through
a clean corneal incision without conjunctival dissec-
tion. Since the XEN gel stent is an implant that works
in accordance with the Hagen-Poiseuille equation
laminated flow law, the risk of early hypotonia is
quite low. !

In this study, XEN45 gel micro-implant and pha-
coemulsification combined surgery was performed in
POAG and cataract patients for whom conservative
treatment was not sufficient. In the recent years, as
an efficient and effective glaucoma surgical method
applied has come forward. In this way, it is aimed to
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investigate the reliability and effectiveness of the
XEN45 gel micro-implant, one of the popular glau-
coma surgeries of recent years throughout a year. It
was thought that this study may contribute to the lit-
erature by monitoring the surgical success and relia-
bility of the XEN45 gel micro-implant, which has
been applied since 2016.

I MATERIAL AND METHODS

In the prospective, single-center, clinical study, there
were 30 patients treated by Faculty of Medicine Glau-
coma clinic Marmara University due to primary
open-angle glaucoma were included. This study was
conducted between March 2019 and September 2020,
adhering to the principles of the Declaration of
Helsinki, with the approval of Marmara University
Local Ethics Committee numbered 09.2019.252. In-
formed consent was obtained from all participants.
Phacoemulsification and XEN45 gel micro-implant
combined surgery was performed in 30 patients. Pa-
tients who were over 18, diagnosed with primary
open-angle glaucoma, had nuclear, cortical and/or
posterior subcapsular cataracts between stages 2-5 ac-
cording to the LOCS III classification and IOP>21
mmHg were included in the study. Considering the
exclusion criteria, patients who had ocular surgery,
had ocular diseases other than POAG with cataract
and took any medication that had an effect on IOP
were not included in the study.

All the patients were medicated at least one of
the topically administered molecules prostaglandin
analog, beta-adrenergic blocker and adrenergic ago-
nist. The patients’ anti-glaucomatous treatments
stopped one week prior to the surgery. Under intra-
cameral local anesthesia through 1% lidocaine, after
phacoemulsification and intraocular lens implanta-
tion, subconjunctival 0.2 mg/ml mitomycin-C (MIS-
INTU 20 mg flakon, Onko&Kocsel, Turkiye) was
applied. Then, it was checked that the anterior cham-
ber angle was open with the goniolens. The XEN in-
jector was advanced from the anterior chamber
towards the angle. The syringe tip entered the angle,
it was advanced into the sclera by making a continu-
ous and gentle rotation. The gel micro-implant was
implanted in the superonasal region >1.0 mm above
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the limbus. After that, the surgery was completed by
placing the XEN45 gel micro-implant. During the
post-operative period, topical moxifloxacin (Vig-
amox 0.5%, Novartis, Basel, Switzerland) and topical
prednisolone acetate (Pred Forte 1%, Allergan INC,
Dublin, Ireland) were applied to the patients 4 times
a day.

In the pre-operative and post-operative periods
(day-1, month-1, month-3, month-6, month-12), best-
corrected visual acuity (BCVA), detailed slit-lamb
biomicroscopic examination, and IOP measurement
with applanation were performed. Retinal Nerve
Fiber Layer (RNFL) and Ganglion Cell Complex
(GCC) scanning (RTVue - 100 5.1 fourier-domain
OCT - Optovue Inc., Fremont, CA, USA) was per-
formed during pre-operative month, 3, 6 and 12 post-
operative visits. 24-2 Automated Computerization
Visual Field Test (CVFT) was performed preopera-
tively and during post-operative month 12.

Complete success for the XEN45 gel micro-
implant was defined as a >20% reduction in IOP
values compared to pre-operative IOP values dur-
ing 12 months without the need for any anti-glau-
comatous medication. Partial success was defined
as a >20% reduction in IOP values for 12 months
compared to pre-operative IOP values with anti-
glaucomatous drugs. Additionally, it was decided
to perform bleb needling in patients if IOP>21
mmHg with bleb fibrosis.

The data obtained in the study were analyzed
through the SPSS (version 26.0; SPSS, Inc., Chicago,
IL, USA) program and a p value of <0.05 was found
to be statistically significant. After the suitability of
the data for normal distribution was evaluated with
the Kolmogorov-Smirnov test, the nonparametric
Wilcoxon Signed Ranks test was applied for depen-
dent variables analysis.

I RESULTS

The ages of the patients ranged from 51 to 75 years
(62.63£7.05 years) and 50% were female and 50%
were male. 33.3% of the patients were operated on
the right eye and 66.7% were operated on the left eye.

The mean pre-post-operative month the central
corneal thickness of the patients was 533.97+24.69
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mm and cup/disc ratio (¢/d) was 0.63+0.30. The dif-
ference between the number of pre-operative anti-
glaucomatous molecules used by the patients due to
POAG (3.2440.95) and the number of molecules
used at the end of 1 year (0.66+0.72) was statistically
significant (p=0.001). In the case of clinical data, the
difference between the pre-operative BCVA
(0.77+£0.93 LogMAR) and month 12 post-operative
BCVA (0.62+0.93 LogMAR) values was not statisti-
cally significant (p=0.72).

While no intra-operative complications were
observed in any patient, a 20% rate of complications
developed within 6 months. 13.33% of the compli-
cations were hyphemia, all of which resolved with
medical treatment in less than a week. Choroidal de-
tachment developed in 3.33%; it improved with
medical treatment. Inclusion cysts developed in
3.33%; local intervention was applied. Additionally,
moderate IOP elevation (21 and 22 mmHg) was de-
tected in 2 patients in the 1* post-operative week
(6.66%).

The pre-operative IOP value of the patients was
22.53+3.81 mmHg. Pre-operative IOP value and
post-operative day 1 (10.68+6.64 mmHg), month 1
(11.4246.40), month 3 (13.00+3.82), month 6
(15.6845.53) and month 12 (14.53+2.86). The dif-
ference between IOP values was found to be statisti-
cally significant (p<0.001). It is given in Figure 1. At
the end of 1 year, the full success rate was 40% and
the partial success rate was 36.67%.

33.3 % of the patients (10 patients) were utilized
bleb needling, yet 6.67% of the patients were utilized
twice. Although the first bleb needling time of the pa-

Intra Ocular Pressure (mmHg)
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Pre-op Day-1 Month-1 Month-3 Month-6 Month-12

FIGURE 1: Changes of intraocular pressure from pre-operative to postoperative
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TABLE 1: Pre-post-operative RNFL changes

All participants p value
Pre-op 88.00+£18.48
RNFL average (um) 0.5
Post-op month-12 84.00+18.48
. Pre-op 113.50+17.90
RNFL superior (um) 047
Post-op month-12 113.00+16.17
L Pre-op 109.50+25.98
RNFL inferior (um) 0.9
Post-op month-12 105.50+22.52
Wilcoxon test. RNFL: Retinal nerve fiber layer; Pre-op: Preoperative;
Post-op: Postoperative
TABLE 2: Pre-post-operative GCC changes
All participants p value
Pre-op 78.43+11.67
GCC average (um) 0.54
Post-op month-12 84.5145.89
) Pre-op 77.23+11.76
GCC superior (um) 0.79
Post-op month-12 85.95+3.64
L Pre-op 79.89£11.29
GCC inferior (um) 0.18
Post-op month-12 83.06+8.15
Pre-op 8.94+8.89
GCC FLV (%) 0.55
Post-op month-12 7.67+7.78
Pre-op 22.14+13.36
GCC GLV (%) 0.42
Post-op month-12 15.10+6.47
Wilcoxon test. GCC: Ganglion cell complex; FLV: Focal loss volume;
GLV: Global loss volume; Pre-op: Preoperative; Post-op: Postoperative
TABLE 3: Pre-post-operative CVFT changes
All participants p value
Pre-op -14.58+2.70
CVFT MD 0.75
Post-op month-12 -15.28+14.23
Pre-op 9.33+1.43
CVFT PSD 0.01
Post-op month-12 6.46+2.64
Pre-op 67.00+9.24
CVFT VFI (%) 0.26
Post-op month-12 54.50+47.92

Wilcoxon Signed Ranks Test. CVFT: Computerised visual field test;
MD: Mean deviation; PSD: Pattern standard deviation; VFI: Visual field index;
Pre-op: Preoperatif; Post-op: Postoperatif

tients was 4.30+2.75 months, the 2" bleb needling
time was 10.50+0.50 months.

The changes in RNFL and GCC values until the
end of post-operative month 12 were examined with
the Wilcoxon test (Table 1, Table 2).

CVEFT values of the patients were compared pre-
and postoperatively at month 12. As a result, the
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change between the CVFT PSD value in the pre-op-
erative and post-operative month 12 was found to be
statistically significant (p<0.01). The change in
CVFT values until the end of post-operative month
12 was examined with the Wilcoxon test (Table 3).

I DISCUSSION

Phacoemulsification combined with trabeculectomy
and phacoemulsification combined with MIGS rep-
resent 2 distinct approaches for managing cataract
and glaucoma simultaneously. Trabeculectomy has
been the gold standard for patients with moderate to
severe glaucoma, as it provides significant and long-
term IOP reduction. However, it comes with a higher
risk of complications, such as infection, hypotony,
and filtration bleb failure, and requires close postop-
erative monitoring. It is particularly useful for pa-
tients with advanced glaucoma who need aggressive
IOP control alongside cataract surgery.'>!

On the other hand, phacoemulsification com-
bined with MIGS offers a safer and less invasive al-
ternative, particularly for patients with mild to
moderate glaucoma. However, they may provide less
IOP reduction, which might not be sufficient for pa-
tients with more severe glaucoma.'*!>* MIGS is a good
choice for patients who require moderate IOP control
and want to minimize surgical risks, but it may not
be adequate in cases where more extensive glaucoma
management is needed. Thus, the choice between
these approaches depends largely on the severity of
the glaucoma and the desired balance between effi-
cacy and safety.!

Mansouri K. et al. followed the patients who un-
derwent combined surgery with XEN gel micro-im-
plant and phacoemulsification throughout 1 year. A
31% decrease in IOP and a significant decrease in the
number of anti-glaucomatous medications were de-
tected. On the other hand, bleb needling was needed
in 37% of the patients.'® Wu et al., POAG followed
patients who received XEN45 gel stents for primary
angle closure and secondary glaucoma for 3-12
months. While complications (shallow anterior cham-
ber, hypotony, stent occlusion) were observed in
25%, bleb needling was required in 53%.'7 Arnould
L. et al., in their meta-analysis, a 21.7% decrease in
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IOP and a significant decrease in the number of
anti-glaucomatous medications were found in pa-
tients followed for 2 years after XEN45 gel micro-
implantation. On the other hand, bleb needling was
applied once in 28.4% of the cases, and bleb needling
was applied a second time in 18%.'®

In the prospective, single-center clinical study,
30 patients diagnosed with POAG and cataract be-
tween the ages of 51 and 75 were included. All the
patients underwent XEN45 gel micro-implant and
phacoemulsification combined surgery and they were
followed throughout 12 months. In this study, the
IOP reduction after 1 year was 35.5%. Moreover,
while no intra-operative complications were observed
in any patient, complications developed at a rate of
20% in the post-operative period. These complica-
tions resolved completely with medication within a
maximum of 2 weeks.

At the end of 1 year, the full success rate was
40% and the partial success rate was 36.67%. On the
other hand, bleb needling was applied once to 33.3%
of the patients, and bleb needling was applied to
6.67% twice.

However, a 2-4 mmHg decrease in IOP after
cataract surgery is reported in the literature.'! In this
current study, the IOP decrease occurred with the
synergistic effect of XEN implant and phacoemulsi-
fication surgeries.

In this study, the significant decrease in the
CVFT PSD value compared to the pre-operative
value indicates that the focal scotoma has decreased.
This study shows that the XEN45 gel stent is an ef-
fective and reliable method. In addition, it made a
positive contribution to the visual field damage
caused by POAG.

I CONCLUSION

The XEN45 gel micro-implant appears to be a mini-
mally invasive, safe and effective method that can be
applied to POAG patients who do not benefit from
conservative treatment. In addition, it provides ef-
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fective IOP control in the medium term and signifi-
cantly reduces the number of anti-glaucomatous drop
uses. Moreover, this study demonstrates that it has a
positive effect on early visual field damage. As a re-
sult, it has been determined that the XEN45 gel
micro-implant stands out as a very reliable and ef-
fective method in the treatment of POAG.

Although there was an increase in the visual acu-
ity of the patients, there was no statistically signifi-
cant result. Therefore, it can be considered that this is
due to the glaucomatous damage and insufficient
number of patients.

Other limitations of the study are that the sample
size was not large and the follow-up period was lim-
ited to 1 year. As for the recommendations, further
studies can demonstrate the effectiveness and relia-
bility of the XEN45 gel micro-implant with a longer
follow-up period.
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