I hthalmol. R
koL ooy 202 242 BMC Ophthalmology

RESEARCH Open Access

: . ®
Comparison of surgical outcomes P

with and without Ologen collagen matrix
augmentation during XEN gel stent
implantation
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Abstract

Background: To compare the surgical outcomes and postoperative complications with and without Ologen col-
lagen matrix augmentation during XEN gel stent implantation.

Methods: We retrospectively analyzed patients who underwent XEN gel stent implantation with an ab externo tech-
nique. The amount of intraocular pressure (IOP) reduction, percentage of postoperative complications and additional
management, and surgical success defined as IOP reduction greater than 20% compared with the preoperative IOP
measurement were compared between Ologen-augmented and non-augmented groups. Groups of patients who
underwent XEN gel stent implantation alone and combined with phacoemulsification were analyzed separately.

Results: A total 103 eyes of 103 participants were included. Of those, 72 eyes underwent standalone XEN gel stent
implantation: 42 eyes with Ologen augmentation (Oloxen group) and 30 eyes without Ologen augmentation (Xen
group). Thirty-one eyes underwent XEN gel stent implantation with phacoemulsification: 19 eyes with Ologen aug-
mentation (Phaco-Oloxen group) and 12 eyes without Ologen augmentation (PhacoXen group). The surgical success
rate at six months postoperatively was not different between the Oloxen and Xen groups (56.4% vs 43.3%, P> 0.05) or
between the Phaco-Oloxen group and PhacoXen group (57.9% vs 41.7%, P> 0.05). The prevalence of postoperative
hypotony, 5-fluorouracil injections, use of anti-glaucoma medications, bleb needling, and additional glaucoma surger-
ies was not different between the Oloxen and Xen groups or between the Phaco-Oloxen and PhacoXen groups when
assessed six months postoperatively.

Conclusions: All groups showed significant IOP reduction after XEN gel stent implantation, but there was no signifi-
cant difference between the Ologen collagen matrix augmented and non-augmented groups in surgical outcomes.
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Background

Glaucoma is one of the leading causes of irreversible
blindness, affecting more than 70 million people world-
wide [1]. Trabeculectomy is considered the standard
surgical treatment to effectively lower intraocular pres-
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issues such as hypotony, bleb infection, or progressive
bleb fibrosis that leads to surgical failure remain [2—4].

The current developments in minimally invasive glau-
coma surgical devices have given surgeons new and
safe therapeutic options. The XEN® gel stent (Allergan,
Dublin, Ireland) is a novel instrument that was devel-
oped to reduce IOP. Currently, the model measuring
6 mm in length with a 45-pm lumen connecting the
anterior chamber and sub-conjunctival or sub-tenon
spaces to maintain aqueous flow is used worldwide [5].
This new technique showed a non-inferior success rate
and less surgical complications than conventional trab-
eculectomy; however, the number of postoperative nee-
dling procedures was increased [6].

Ologen collagen matrix (12 mmx1 mm, ProSys
International, UK) is a biodegradable material that is
placed between the conjunctiva and episcleral space
to prevent postoperative fibrosis [7, 8]. In addition, it
acts as a reservoir by absorbing aqueous humor into its
porous structure. Ologen has been used in various glau-
coma surgeries recently. However, the effects of using
Ologen are still controversial considering the inconsist-
ent results. Some studies presented comparable success
rate of using Ologen in trabeculectomy to mitomy-
cin C (MMC) application [9-12], while other studies
showed no significant advantages of using Ologen in
trabeculectomy with MMC [13, 14]. Ologen augmenta-
tion in Ahmed glaucoma valve (AGV) implantation also
showed contrary outcomes compared to conventional
AGYV implantation [15, 16].

There have been several studies analyzing the effects
of Ologen in other glaucoma surgeries, but only one
case—control study has evaluated the use of Ologen
during XEN gel stent implantation [17]. Thus, in the
current study, we reviewed the surgical success and
complications during XEN gel stent implantation with
and without the use of Ologen.

Phacoemulsification is frequently combined with
XEN gel stent implantation, which showed significant
IOP reduction in concurrent procedure [18]. As lens
extraction itself also affects postoperative IOP meas-
urement [19-21], several studies compared surgical
success of XEN standalone and combined with phaco-
emulsification surgery. There was no significant differ-
ence in IOP reduction in long term follow up between
two groups, although standalone surgery showed supe-
rior IOP reduction in short term follow up [22-24].
However, XEN standalone surgery revealed higher
needling rate compared with XEN gel stent implanta-
tion combined with cataract surgery [24]. Consider-
ing the confounding effect of phacoemulsification
in XEN gel stent implantation, we investigated the
effects of Ologen augmentation separately in combined
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phacoemulsification with XEN gel stent implantation
group.

Methods

This retrospective study was conducted at glaucoma
clinic of the Ophthalmology Department of Asan Medi-
cal Center in Seoul. All procedures performed in stud-
ies involving human participants were in accordance
with the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.
The conduct of this retrospective study and waiver of
informed consent were approved by the Ethical Commit-
tee of Institutional Review Board at Asan Medical Center
(No; 2022-0951).

Patients who underwent XEN gel stent implanta-
tion with or without phacoemulsification from August
2020 to September 2021 were included in the current
study. All patients underwent complete ophthalmologic
examinations and following baseline data were reviewed:
slit-lamp biomicroscopy, best-corrected visual acuity
(BCVA), refractometry, Goldmann applanation tonome-
try, gonioscopy, stereoscopic optic disc/retinal nerve fiber
layer (RNFL) photography, ultrasound pachymetry, axial
length measurement (IOL Master 700, Carl Zeiss Med-
itec, Dublin, CA), standard automated perimetry (Hum-
phrey Field analyzer with Swedish Interactive Threshold
Algorithm standard 24-2 test; Carl Zeiss Meditec, Dub-
lin, CA), and spectral domain optical coherence tomog-
raphy (SD OCT) (Cirrus HD OCT, Carl Zeiss Meditec,
Dublin, CA).

The inclusion criteria of this study were as follows:
open-angle glaucoma (OAG), BCVA of logMAR+0.30
(Snellen 20/40) or better, spherical refraction of —8.0
to+ 3.0 diopters (D), and cylinder correction within=+3
D. OAG was defined as an open angle on gonioscopy, ret-
inal nerve fiber layer defects, or glaucomatous optic disc
changes (neuroretinal rim thinning, disc excavation, or
disc hemorrhage), and corresponding visual field defects.
Participants were excluded when any ophthalmic or neu-
rological disease other than glaucoma which can affect
the optic nerve head were found. One eye was selected
at random if both eyes met the inclusion criteria. XEN
gel stent implantation was performed in patients with
progressive glaucomatous changes that could not be con-
trolled with MTMT and in those with an elevated IOP
that could cause additional optic nerve head damage. A
single experienced glaucoma specialist (KRS) performed
all surgical interventions. All anti-glaucoma medications
were continued up until the time of surgery.

All procedures were performed with an ab externo
technique by opening the conjunctiva, as described
by Panarelli et al. [25]. The procedure was performed
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under local (topical or sub-tenon injection) anesthesia.
A 2-mm fornix-based conjunctival peritomy was made
at the superocentral, superotemporal, or superonasal
limbus with a blunt Wescott scissor. A 0.04% MMC
sponge was applied for 2 min under the conjunctival
flap, followed by irrigation. A preloaded injector with
the XEN gel stent was placed 2 mm from the limbus,
and the XEN gel stent was inserted externally. After
insertion, the stent was repositioned so that 2-3 mm
of the stent was placed in the sub-tenon space. In the
Ologen augmentation surgery group, Ologen colla-
gen matrix with a 1-cm diameter was inserted in the
subtenon space, folded into a semi-circle, and placed
2-3 mm posterior to end of the XEN gel stent. The
conjunctival incision was sutured with 8-0 Vicryl. In
patients who underwent XEN gel stent implantation
combined with phacoemulsification, conjunctival peri-
tomy and MMC soaking were performed before phaco-
emulsification, and XEN gel stent implantation was
performed after phacoemulsification using the same
method.

The specific indications for Ologen augmentation were
not determined. Ologen augmentation was performed in
all surgeries performed between August 2020 and May
2021. However, beginning in May 2021, Ologen was not
imported because of manufacturer and distributor issues.
Thus, all procedure performed from May 2021 to Sep-
tember 2021 were done without Ologen.

For postoperative treatment, 0.5% moxifloxacin was
administered four times per day, and 1% prednisolone
acetate was administered twelve times per day and slowly
tapered over 1 month. The IOP was measured at postop-
erative 1 day, 1 week, 3 weeks, 6 weeks, 3 months, and
6 months. Additional procedures (5-fluorouracil (FU)
injections, transconjunctival bleb needling, bleb revision,
and additional glaucoma surgeries) were conducted at
the surgeons’ discretion. Surgical success was defined as
more than 20% IOP reduction from preoperative meas-
urement with or without anti-glaucoma medication and
no additional operative interventions, such as bleb revi-
sion or additional glaucoma surgery, or persistent hypo-
tony (IOP <5 mmHg at > 3 weeks postoperatively).

Statistical analysis was performed using IBM SPSS Sta-
tistics 22 (SPSS Inc, Chicago, IL USA). Student’s-t test,
the Mann—Whitney U test, the Chi square test, or Fish-
er’s exact test was used for comparisons between groups.
To compare the preoperative and postoperative IOP, the
paired samples a t-test was used, and Student’s t-test or
the Mann—Whitney U-test was used to compare IOP
reduction during the same postoperative period between
the Ologen-augmented augmentation non-augmented
groups. P-values<0.05 were considered statistically
significant.
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Results

A total 103 eyes from 103 participants were included in
this study. Of those, 72 eyes underwent standalone XEN
gel stent implantation without phacoemulsification.
Among 72 eyes, 42 eyes underwent Ologen augmenta-
tion (Oloxen group), and 30 eyes did not (Xen group).
Thirty-one eyes underwent XEN gel stent implantation
with phacoemulsification; 19 eyes underwent Ologen
augmentation (Phaco-Oloxen group), and 12 eyes did not
undergo Ologen augmentation (PhacoXen group). The
baseline patient characteristics are presented in Tables 1
and 2. Ten patients had history of previous glaucoma
surgery and all of them were trabeculectomy. There were
no statistically significant differences in preoperative
parameters between the Oloxen and Xen groups. The
preoperative IOP was 17.6+£5.9 mmHg in the Oloxen
group and 20.5+ 6.5 mmHg in the Xen group (P=0.054).
The mean number of anti-glaucoma medications used
preoperatively was 3.6+£0.8 in the Oloxen group and
3.74+1.3 mmHg in the Xen group (P=0.709). Similarly,
there were no statistically significant differences in all
parameters between the Phaco-Oloxen and PhacoXen
groups. The preoperative IOP was 18.1+7.0 mmHg in
the Phaco-Oloxen group and 15.4+5.7 mmHg in the
PhacoXen group (P=0.306). The mean number of anti-
glaucoma medications used preoperatively was 3.6 £0.7
in the Phaco-Oloxen group and 3.1£0.8 mmHg in the
PhacoXen group (P=0.101).

Regarding postoperative IOP reduction, all groups
showed significant IOP reduction at every postopera-
tive timepoint compared with the baseline IOP (Figs. 1
and 2, all P<0.05 at all timepoints). Postoperative anti-
glaucoma medications were also significantly reduced at
every postoperative timepoint compared with preopera-
tive anti-glaucoma medications (Figs. 3 and 4, all P<0.05
at all timepoints). The amount of IOP reduction (%) was
compared among subgroups (Table 3). IOP was reduced
by 60.2% in the Oloxen group and by 60.9% in the Xen
group on postoperative day 1. The amount of IOP reduc-
tion was decreased one week postoperatively at 48.6%
and 49.9% in the Oloxen and Xen groups, respectively.
At six months postoperatively, the IOP was reduced by
31.1% and 26.7% compared with the preoperative meas-
urement in the Oloxen and Xen groups. At all-time
points, the amount of IOP reduction was not different
between the Oloxen and Xen groups (all, P>0.05). In
the phacoemulsification groups, the IOP was reduced
by 46.2% and 47.8% in the Phaco-Oloxen and PhacoXen
groups, respectively. Except for the first week postop-
eratively (P=0.014), the Phaco-Oloxen and PhacoXen
groups did not show significant differences (all, P> 0.05).

The surgical success rate assessed at six months post-
operatively was 56.4% in the Oloxen group and 43.3% in
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Table 1 Clinical characteristics of the Ologen-augmented (Oloxen) and non-augmented (Xen) groups during standalone XEN gel

stent implantation

Age, years (mean =+ SD)
Gender, n, male:female (%)
Laterality, n, OD:0S (%)

HTN, n, yes:no (%)
DM, n, yesino (%)

Preoperative visual acuity, logMAR (mean £ SD)

Preoperative intraocular pressure, mmHg (mean £ SD)

Prior glaucoma surgery, n, yes:no (%)

Number of preoperative anti-glaucoma medications, n (mean +SD)
Preoperative diagnosis (%)

Primary open-angle glaucoma

Secondary open-angle glaucoma

Lens, n, phakic:pseudophakic (%)

CCT, (mean+£SD)
ECD, (mean+SD)

Axial length, mm, (mean +SD)
RNFL thickness, (mean & SD)

VFI, (mean £ SD)
MD, (mean £SD)
PSD, (mean£SD)

Oloxen (n=42) Xen (n=30) p-value
59.81+15.62 58.10+15.93 0.651*
26:16 (61.9%:38.1%) 19:11(63.3%:36.7%) 0.902"
17:25 (40.5%:59.5%) 16:14 (53.3%:46.7%) 0.280"
14:28 (33.3%:66.7%) 11:19 (36.7%:63.3%) 0.770
10:32 (23.8%:76.2%) 5:25 (16.7%:83.3%) 0462"
034+043 0.56+0.51 0.059*
17.60+£5.87 2047 +6.46 0.054*
5:37 (11.9%:88.1%) 4:26(13.3%:86.7%) 0.858"
3.574+0.83 367+1.32 0.709*
0.770"
28 (66.7%) 19 (63.3%)
14 (33.3%) 11 (36.7%)
20:22 (47.6%:52.4%) 12:18 (40.0%:60.0%) 05321
53142+46.76 535.27£37.99 0.786*
2340.36 £481.67 2233.23+£584.71 0.398*
25.05+2.19 25914241 0.162*
66.50£9.86 71.56+10.67 0.068*
55.73+25.11 58.89430.40 0.654*
-15.734+7.90 -145749.15 0.590*
993+345 835+4.75 0.154*

Abbreviations HTN Hypertension, DM Diabetic mellitus, CCT Central corneal thickness, ECD Endothelial cell density, RNFL Retinal nerve fiber layer, VF/ Visual field index,

MD Mean deviation, PSD Pattern standard deviation
" Student's t-test

* Chi-square test

the Xen group (P>0.05). This was not different between
the Phaco-Oloxen group and the PhacoXen group (57.9%
vs 41.7%, P> 0.05).

For postoperative complications and additional pro-
cedures, the prevalence of hypotony, 5-FU injections,
postoperative anti-glaucoma medications, bleb needling,
and additional glaucoma surgeries were reviewed at six
months postoperatively. There was no significant differ-
ence between the Oloxen and Xen groups or between
the Phaco-Oloxen and PhacoXen groups (Table 4). Four
cases of hypotony were found in the Oloxen group, and
none were identified in the other groups. Regarding addi-
tional surgeries, five patients underwent trabeculectomy,
one patient underwent additional XEN gel stent implan-
tation, and one patient underwent Ologen removal due
to migration of Ologen.

Discussion

XEN gel stent implantation has become an important
surgical modality to lower IOP for patients with glau-
coma. It has shown a similar success rate to trabeculec-
tomy in previous studies [6, 26, 27]. In terms of surgical
complications, XEN gel stent implantation has shown a
higher incidence of postoperative bleb interventions but

a lower incidence of hypotony than trabeculectomy(6].
Ologen has been utilized as a strategy to reduce bleb
fibrosis in other glaucoma filtering surgeries such as tra-
beculectomy or AGV implantation [7, 8]. Therefore, we
analyzed and compared the amount of IOP reduction
and prevalence of postoperative complications and addi-
tional procedures after XEN gel stent implantation with
and without the use of Ologen.

All groups showed effective IOP reduction after sur-
gery compared with preoperative measurements, and this
outcome was similar to those of previous studies, demon-
strating that XEN gel stent implantation was effective for
reducing IOP and the number of anti-glaucoma medica-
tions [28, 29]. On the other hand, there was no signifi-
cant difference in terms of postoperative IOP reduction
between the Ologen-augmented and non-augmented
groups at most of the time points. The combined XEN
gel stent implantation and phacoemulsification groups
also showed similar results.

Aggressive wound healing with fibrosis is one of the
most common reasons for surgical failure of glaucoma
filtering surgery and can lead to obstruction of aque-
ous flow and IOP elevation [30]. Various approaches
have been attempted to solve this issue [31]. Ologen,
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Table 2 Clinical characteristics of the Ologen-augmented (Phaco-Oloxen) and non-augmented (PhacoXen) groups in combined Xen

gel stent implantation and phacoemulsification

Phaco-Oloxen (n=19) PhacoXen (n=12) p-value

Age, years (mean =+ SD) 65.53+7.78 70.66+7.20 0.164*
Gender, n, male:female (%) 10:9 (52.6%:47.4%) 6:6 (50.0%:50.0%) 0.886"
Laterality, n, OD:0S (%) 11:8 (57.9%:42.1%) 6:6 (50.0%:50.0%) 06671
HTN, n, yes:no (%) 6:13 (33.3%:66.7%) 6:6 (50.0%:50.0%) 0452/
DM, n, yesino (%) 3:16 (15.8%:84.2%) 3:9 (25.0%:75.0%) 0.653/
Preoperative visual acuity, logMAR (mean £ SD) 0.50+047 0.30+0.35 0.120%
Preoperative intraocular pressure, mmHg (mean £ SD) 18.05+£6.95 1542 +565 0.306*
Prior glaucoma surgery, n yes:no (%) 1:17 (5.39%:94.7%) 0:12(0%:100%) 04271
Number of preoperative medications, n (mean 4 SD) 3574069 3.0840.79 0.101*
Preoperative diagnosis, n (%) 0.106"
Primary open-angle glaucoma 12 (63.2%) 4 (33.3%)

Secondary open-angle glaucoma 7 (36.8%) 8 (66.7%)

CCT, (mean+SD) 528.841+4048 52497 +£42.50 0.683*
ECD, (mean£SD) 2522.86+384.39 2632.77 £353.25 0.367*
Axial length, mm, (mean = SD) 23.75+£1.18 2332+1.69 0.646*
RNFL thickness, (mean 4= SD) 65.214+13.25 64.20+10.51 0.872*
VFI, (mean £ SD) 4047 £36.30 62.50+£34.46 0.243*
MD, (mean = SD) -2037+£11.12 -13.30+£9.88 0.155*%
PSD, (mean £ SD) 06.634+3.84 6.294+240 0.980*

Abbreviations HTN Hypertension, DM Diabetic mellitus, CCT Central corneal thickness, ECD Endothelial cell density, RNFL Retinal nerve fiber layer, VF/ Visual field index,

MD Mean deviation, PSD Pattern standard deviation
" Mann-Whitney U-test
 Chi-square test A Fisher’s exact test
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Baseline 1 day 1 week

=== Oloxen
Fig. 1 Intraocular pressure (IOP) profiles of the Ologen-augmented and non-augmented groups in standalone XEN gel stent implantation

IOP (mmHQ)

3 weeks 6 weeks 3 months 6 months

Xen

as a spacer, was developed as a solution to mechani-
cally prevent adhesions of the conjunctiva and episcle-
ral space. However, the effect of Ologen addition was
not significant in our current study. The reason for this
result might be due to the concurrent use of MMC,
which is an antimetabolic agent that prevents fibrosis
by inhibiting the synthesis of collagen by fibroblasts
[32]. In our study we applied a 0.04% MMC sponge

for 2 min in all cases. The use of this dosage of MMC
has been shown to be effective for decreasing fibrosis
[33], and we may speculate that the use of Ologen did
not enhance the ability to reduce postoperative fibrosis
when used additively with MMC application. A simi-
lar trend was found in one case—control study of XEN
gel stent implantation using Ologen with MMC [17]
as well as with Preserflo [34] and trabeculectomy [35].



Park et al. BMC Ophthalmology ~ (2022) 22:426 Page 6 of 9

IOP (mmHQ)

30.00
25.00
20.00
15.00

10.00

5.00

0.00
Baseline 1 day 1 week 3 weeks 6 weeks 3 months 6 months

==@=—=Phaco-Oloxen = ®= PhacoXen
Fig. 2 Intraocular pressure (IOP) profiles of Ologen-augmented and non-augmented groups in combined phacoemulsification and XEN gel stent
implantation

Anti-glaucoma medications (n)

Baseline 1 day 1 week 3 weeks 6 weeks 3 months 6 months
-1.00

—@— Oloxen = @= Xen
Fig. 3 Comparison of anti glaucoma medication use between Ologen-augmented and non-augmented groups in standalone XEN gel stent
implantation

Anti-glaucoma medications (n)

Baseline 1 day 1 week 3 weeks 6 weeks 3 months 6 months
-1.00

=== Phaco-Oloxen = @<= PhacoXen
Fig.4 Comparison of anti glaucoma medication use between Ologen-augmented and non-augmented groups in combined phacoemulsification
and XEN gel stent implantation
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Table 3 Comparison of intraocular pressure (IOP) reduction (%) from baseline between the Ologen-augmented and non-augmented

groups

% (mean+SD) XEN standalone

XEN combined phacoemulsification

Oloxen Xen Pvalue Phaco-Oloxen PhacoXen Pvalue
1 day 60.3+21.7 60.9+20.3 0.898*  46.2+262 4784255 0903
1 week 486+23.8 4994233 0.821* 4244214 1194315 0014"
3 weeks 2864314 29.1+326 0941* 2294247 1344254 0.383"
6 weeks 26.6427.1 (Trabeculectomy 1)  24.6+28.38 0.771% 2444249 (Trabeculectomy 1) 1034335 0.189"
3 months 27.1+30.1 2964246 (Trabeculectomy 1) 0.736%  23.24299 (Xen implantation 1) 1294292 0.347"
6 months 31.1£25.6 (Trabeculectomy 1 26.7+20.5 (Trabeculectomy 1)  0456*  28.7+£29.1 1084326 0.208"

Ologen removal 1)

Parenthesis; additional surgery
" Student’s t-test
* Mann-Whitney U-test

Table 4 Incidence of postoperative hypotony and additional proced

ures at six months postoperatively

XEN standalone

XEN combined phacoemulsification

Oloxen Xen p-value Phaco-Oloxen PhacoXen p-value
Hypotony 4(9.5%) 0 0.135A 0 0
5-FU injection 20 (47.6%) 16 (53.3%) 0.633" 5(26.3%) 3(25.0%) 1.000"
Postoperative medications (n) 1.724+145 1484155 0.529* 238+141 2.00+£1.00 0.3984#
Bleb needling 6 (14.3%) 2 (6.7%) 0455/ 0 0
Additional surgery 3 (7.1%) Trabeculectomy 2 2 (6.7%) Trab- 0.938A1 2 (10.5%) Trabeculectomy 1 0 0510"
Ologen removal 1 eculectomy 2 XEN implantation 1

" Student’s t-test
* Chi-square test AFisher’s exact test
# Mann-Whitney U-test

Therefore, we speculate that Ologen does not enhance
the antifibrotic effect when combined with MMC,
although Ologen showed that it can replace MMC in
other studies [11, 31, 36].

In terms of postoperative hypotony and additional pro-
cedures, there was no significant difference between the
Ologen-augmented and non-augmented groups. This
result was different from those of a previous study[17]
that showed less bleb fibrosis, 5-FU injections, needling
procedures in an Oloxen group than in a Xen group.
This difference might be due to the difference of surgical
method; we performed an open conjunctiva-ab externo
technique in all cases. In the previous study, those in the
Oloxen group underwent a 2.5-mm conjunctival dis-
section to insert Ologen, while those in the Xen group
underwent surgery using a conventional technique (i.e.,
ab interno technique since XEN implantation was first
introduced using closed conjunctival approach) [37]. One
study showed a comparable success rate and a lower nee-
dling rate in an open conjunctiva group than in a closed
conjunctiva group [38]. As patients in both the Oloxen
and Xen groups underwent surgery using the same

ab externo technique, we believe our results are more
unbiased.

There were four cases of hypotony, and these were all
observed in the Oloxen-augmented group. Early post-
operative hypotony has frequently been observed in
patients undergoing trabeculectomy with Ologen, which
may be explained by the higher flow facilitated by the
presence of Ologen collagen matrix [14]. XEN gel stent
implantation has been highlighted as a new technique
with a lower rate of hypotony than trabeculectomy due
to the small lumen [18]. Approximately 6—-8 mmHg of
back pressure is theoretically employed to prevent hypo-
tony. Although XEN gel stent implantation is known to
be associated with less hypotony, our study showed a few
cases when using Ologen. There was no hypotony mac-
ulopathy in all 4 cases, but this event still suggests that
surgeons should consider hypotony when using Ologen
during XEN gel stent implantation.

Regarding the prevalence of postoperative additional
procedures, the use or lack of use of Ologen did not differ.
However, there was one case in which Ologen needed to
be removed because it migrated, which caused irritation
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to the patient. The patient showed good IOP control after
surgery, but there was discomfort due to the migration of
Ologen to the limbus; thus, it was removed six months
postoperatively.

Some limitations of this study were the small sample
size in each group and the short-term follow-up period of
six months. These constraints present the need for a pro-
spective, large-scale study with a longer follow-up period.
The variability of the glaucoma diagnosis and inclusion of
those patients with the history of prior glaucoma surgery
could have also affected the surgical outcomes although
previous studies showed effective IOP reduction in
XEN gel stent implantation after failed trabeculectomy
[39-41]. In our study, we used an open conjunctiva, ab
externo approach for XEN gel stent implantation; how-
ever, XEN was originally developed for use with an ab
interno approach; thus, our results should be interpreted
with caution in this regard. Finally, we did not randomize
the use of Ologen, which may have biased the results.
However, as we mentioned in the method section, Olo-
gen was not available due to manufacture and distributor
issues during some periods; thus, we used Ologen in all
cases when available and did not use it when it was not
available, and the preoperative parameters did not dif-
fer between the Ologen-augmented and non-augmented
groups. Further studies using other surgical methods and
randomization are warranted.

Conclusion

Our study outcome conclusively indicated that there
was no significant difference in terms of IOP reduction
or surgical complications between Ologen augmentation
and no augmentation during XEN gel stent implantation.
A similar tendency was also found when XEN gel stent
implantation was combined with phacoemulsification.
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