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Introduction

Minimally invasive glaucoma surgery (MIGS), as an

Purpose: To determine the early predictors of surgical success 6 months after XEN
surgery among clinical parameters, including anterior segment optical coherence
tomography (AS-OCT).

Methods: A total of 31 eyes with medically uncontrolled primary open-angle glaucoma
or pseudoexfoliation glaucoma was enrolled retrospectively. Using AS-OCT, XEN tip
location was categorized into intraconjunctival, intratenon, or uviform at day 1 and blebs
were classified into no or low, high sparse, high thick, cystic, or mixed walls at month
6. Using slit-lamp photography, blebs were classified into no or low, localized avascular,
diffuse avascular, localized vascular, or diffuse vascular blebs at month 6. Surgical success
was defined as an intraocular pressure (IOP) of less than 14 mm Hg.

Results: Intraconjunctival and intratenon locations of the tip mostly created a high
sparse wall, whereas the uviform type mostly created no or low wall and no or low
bleb. The uviform type was linked to pseudoexfoliation glaucoma. A high sparse wall
and diffuse avascular bleb showed a lower mean IOP than a high thick wall and local-
ized vascular bleb. In the multivariate analysis, female sex and IOP at week 1 were early
predictors of surgical success (8.45 times and 33.1% per 1 mm Hg-decrease, respec-
tively).

Conclusions: Bleb evaluation using AS-OCT is valuable to correlate tip location and bleb
morphology with clinical profiles, considering that a lower early postoperative IOP is
linked to surgical success.

Translational Relevance: Bleb analysis using AS-OCT on day 1 could help to predict
bleb morphology after 6 months, which is important to maintain the functioning bleb
in the longer term.

surgery use indicates that clinical evidence of safety and

effectiveness is becoming more important than ever.’
Among a large number of MIGS procedures

currently available in the market, the XEN gel stent

umbrella term, represents a collection of conjunctival-
sparing, ab interno procedures to control intraocu-
lar pressure (IOP) in glaucomatous eyes. The recom-
mendation of traditional incisional filtration surgeries
(e.g., trabeculectomy or implantation of a glaucoma
drainage device) to patients with early to moderate
disease is a challenge, considering their high postop-
erative complication rates.! Hence, the rapid adoption
of MIGS procedures in the United States from 2013 to
2018 with a subsequent decline of traditional glaucoma
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(Allergan, Dublin, CA) is a subconjunctival drainage
type and bleb-forming MIGS, which has similar
efficacy and safety profiles compared with trabeculec-
tomy.> The ab interno technique using the XEN
gel stent enables to have less surgical trauma and
fewer time-consuming steps resulting in lower rates
of postoperative complications (e.g., hyphema, wound
leak). Theoretically, less manipulation of the conjunc-
tiva could prevent subconjunctival bleeding, which is
a trigger to fibroblast activation, and facilitate greater
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physiological absorption of the aqueous humor via
more preserved conjunctival lymphatics.*

Bleb evaluation after filtration surgery has been
considered as a crucial step for the assessment of clini-
cal predictors of surgical success. The bleb grading
systems traditionally used for trabeculectomy via slit-
lamp examination need to be set up newly for the
XEN procedure because the vascularity, reflectivity,
and height of the successful blebs in both surgeries
are known to be different.>° In addition, anterior
segment optical coherence tomography (AS-OCT)
offers advantages over the slit-lamp evaluation to
accurately measure the bleb parameters and to scruti-
nize the internal structures of the bleb.

Thus, in this study, we aimed to determine the
predictors of surgical success after a XEN implantation
procedure in clinical parameters and bleb morphology
by characterizing these blebs using AS-OCT and slit-
lamp photographs.

In this retrospective chart review, the electronic
medical records of all patients who underwent XEN gel
stent surgery for medically uncontrolled primary open-
angle glaucoma or PXG (according to the approval
of the relevant health authorities in South Korea) at
CHA Bundang Medical Center between November
2018 and June 2019 were reviewed and consecutively
enrolled. PXG was diagnosed by slit-lamp visualization
of characteristic fibrillar pseudoexfoliative material on
the lens or at the pupil margin. All participants had
no history of previous glaucoma surgery. The study
was approved by the Institutional Review Board of
CHA Bundang Medical Center and was conducted at
the CHA Glaucoma Clinic of CHA Bundang Medical
Center in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained
from all patients without the waiver. The main goal of
this study was to identify the risk factors as early as
possible that can affect bleb morphology and the surgi-
cal outcome of XEN implantation after 6 months.

Surgical Success Definitions

Success was defined as attaining an IOP of less
than 14 mm Hg and a more than 20% reduction of
preoperative IOP, with no additional glaucoma surgery
or findings of vision-threatening complications (quali-
fied success, with or without any ocular hypoten-
sive medications; complete success, without any ocular
hypotensive medications). Needling was not consid-
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ered as glaucoma surgery. Hypotony was defined as
having an IOP of less than 6 mm Hg at any visit.

Surgical Procedure

All surgical procedures were performed by a skilled
surgeon (S.R.) after informed consent was obtained
from all patients. After topical anesthesia, the eye
was prepared for the operation. We mixed 0.05 mLof
2% lidocaine with epinephrine (1:10000, 0.1 mL) was
injected using a 30G needle into the superior subcon-
junctival space located approximately 6 mm apart from
the region that the XEN tip is going to be occupied.
After an injection of viscoelastics to maintain the
anterior chamber via a 1-mm side port, the XEN
injector was advanced through a 1.5-mm clear corneal
incision toward the opposite superonasal target angle.
A XEN implant was then inserted through this angle
into the subconjunctival space 2 mm apart from
the limbus. After confirming the allocation of XEN
in the subconjunctival area, the injector was moved
backward and removed gently out of the corneal
incision. The proper location and length (approxi-
mately 1 mm) of XEN in the angle were checked using
a surgical gonioscope, and the mobility and length
(approximately 3 mm) of the subconjunctivally located
part of the XEN were confirmed. Irrigation and aspira-
tion was done to remove the viscoelastics. The corneal
wounds were secured by hydrosealing using a balanced
salt solution. 0.05 mL of mitomycin C (MMC)
0.4 mg/mL or 0.2 mg/mL (they were unintentionally
determined owing to a national shortage of MMC
supply for a couple of months in early 2019) was
injected into the superonasal subconjunctival space
using a 30G needle.

Postoperative Management

The postoperative medication included topical
corticosteroid and antibiotic use four times a day for
1 month, followed by tapered down over 3 to 6 months.
During the whole follow-up, needling treatment with
or without 5-fluorouracil on the bleb was performed at
the slit-lamp when the treatment target IOP was not
achieved in at least one visit after 1 month postopera-
tively. YAG fibrinolysis was planned to be performed to
relieve the obstruction of the XEN tip in the anterior
chamber if it is noted. Glaucoma medications were
reintroduced, considering each patient’s tolerated eye
drops after sufficient interviews. However, a revision
surgery was performed, such as an alternative filtering
surgery, in refractory cases.
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Assessment of Bleb Morphology Using
AS-OCT

Postoperative blebs were imaged using a Spectralis
OCT (Heidelberg Engineering GmbH, Heidelberg,
Germany) on postoperative day 1, week 1, week 2, and
months 1, 2, 3, and 6, as described elsewhere.”-® Briefly,
a total of 41 section scans were aligned along with the
parallel line at the point where the XEN tip was located.
Images with quality scores of higher than 25 were
included in the final qualitative analysis. The maximum
bleb height was selected and measured within the 41
sections that were obtained at each visit.

Statistical Analysis

Patient demographics were compared using the x>
test with the Fisher exact test for categorical variables
and Mann—Whitney U tests for continuous variables.
Owing to the small sample size of each group, nonpara-
metric tests using a Kruskal-Wallis analysis were
performed to compare the means of three or more
independent groups. Bonferroni error corrections were
applied to control for inflated type I errors.’ Kappa
values were extracted to evaluate the agreement of AS-
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OCT and slit-lamp photo classifications. The Kappa
statistic was calculated from a 2 x 2 table. The inter-
pretation of Kappa value was made according to
Cohen’s description.!’ Multivariate logistic regression
tests were used to calculate odds ratios. All analyses
were performed using PASW software (version 18.0;
SPSS, Inc., Chicago, IL). Statistical significance was set
differently at a P value of less than 0.0167 and a P value
of less than 0.0050 for the post hoc analyses only that
were performed in three groups and five groups, respec-
tively (except at a P value of less than 0.05 for all other
analyses).

Demographics of Success and Failure Groups

A standard ab interno XEN implantation
(described in the Methods section) was performed
in 31 eyes of 31 patients who were followed for
at least 6 months. According to the definition of
success, as described in the Methods section, the
demographic features of the success and failure groups
are summarized in Table 1. No significant differences

Table 1. Comparison of Demographic Features According to the Definitions of Success
Quialified Success Complete Success
No (n =18) Yes(n=13) PValue No(n=19) Yes(n=12) P Value

Age 65.61 + 1485 68.31 £ 16.19 0.561 66.58 + 15.03 67.00 + 16.16 0.919
Sex (female, %) 22.2 69.2 0.013" 26.3 66.7 0.060
Axial length (mm) 2478 = 181 2537 £270 0.704 2471 +£1.78 2553 + 276 0.429
CCT (um) 5194 + 329 5235 4+ 256 0509 5185 4+ 323 5253 +£ 258 0.301
Preoperative VFI (%) 48.6 &+ 345 515 4+ 30.7 0.932 473 + 34.0 539 +£ 31.0 0.682
Preoperative IOP (mm Hg) 296 + 9.8 289 + 109 0.936 294 £+ 9.6 292 £ 11.3 0.903
0.04% MMC (%) 33.3 69.2 0.073 36.8 66.7 0.149
Preoperative medications (n) 3.28 4+ 1.13 285 £+ 1.21 0.332 3.21 £ 1.13 292 +£ 1.24 0547
Pseudophakia (%) 61.1 69.2 0.718 63.2 66.7 1.000
Hypotony (%) 66.7 76.9 0.696 63.2 83.3 0.418
Needling (%) 72.2 15.4 0.003" 68.4 16.7 0.009"
Choroidal detachment (%) 11.1 8.3 1.000 10.5 9.1 1.000
A/C reformation (%) 61.1 38.5 0.285 57.9 41.7 0.473
POAG (%) 66.6 69.2 1.000 68.4 66.6 1.000
PXG (%) 333 30.8 1.000 31.6 333 1.000
Tip locations 0.633 0.940

Subconjuntival 66.7% 33.3% 66.7% 33.3%

Intratenon 61.1% 38.9% 61.1% 38.9%

Uviform 42.9% 57.1% 57.1% 42.9%

A/C, anterior chamber; POAG, primary open-angle glaucoma.
Values are presented as mean =+ standard deviation unless otherwise indicated.

*P < .05.
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Table 2. Comparison of IOP (mm Hg) and Maximal Bleb Heights (um) Over Time

Qualified Success

Complete Success
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No Yes P Value No Yes P Value
IOP
Preoperative ~ 29.61 + 9.80 28.92 + 10.89 0.936 29.42 + 9.56 29.17 + 11.34 0.903
Day 1 561 + 2.30 477 + 1.92 0.289 5.84 + 2.46 433 + 1.16 0.098
Day 2 5.61 + 2.91 492 + 2.22 0.503 5.79 + 2.94 458 + 1.93 0.242
Week 1 9.17 + 4.09 6.69 + 2.18 0.032" 9.16 + 3.98 6.50 + 2.15 0.017"
Week 2 10.11 + 2.93 9.62 + 3.73 0.492 10.11 + 2.85 9.58 + 3.90 0.513
Month 1 14.67 + 5.63 9.54 + 4.08 0.002" 1447 + 5.53 942 + 4.23 0.002"
Month 2 16.11 + 8.09 10.25 + 1.66 0.002°  16.11 + 8.09 10.25 + 1.66 0.002"
Month 3 15.44 + 4.93 10.69 + 2.02 0.002"°  15.05 + 5.08 10.92 + 1.93 0.009"
Month 6 16.29 + 3.10 1115 + 1.86  <0.001"  15.83 + 3.59 1142 + 168  <0.001
Max bleb Ht
Day 1 981.1 4+ 389.8  884.5 + 327.2 0.540 981.2 + 3789  876.3 +430.3 0.459
Week 1 1056.3 + 342.6 1037.4 + 500.9 0465 1106.0 + 397.2  957.2 + 427.2 0.177
Week 2 1176.2 + 447.6  977.4 + 500.0 0.226 12195 + 4743  892.2 + 412.0 0.071
Month 1 1306.8 + 439.5 1120.1 + 465.6 0.226 13433 + 455.7 1046.8 + 400.3 0.064
Month 2 1406.0 &+ 4732 1173.1 + 404.7 0.125 14373 + 479.7 1104.2 + 3336 0.035"
Month 3 1383.0 + 4754 12629 + 454.0 0.341 14173 + 4836 1201.5 + 4139 0.134
Month 6 1342.8 + 473.7 12813 + 532.6 0.767 1381.5 + 4856 1215.9 + 505.7 0.378

Max Bleb Ht, maximal bleb height.

Values are presented as mean = standard deviation unless otherwise indicated.

"P <0.05.

were noted between the two groups according to
the definitions regarding age, axial length, central
corneal thickness, preoperative visual field index,
preoperative IOP, the proportion of 0.04% MMC use,
number of preoperative medications, the proportion of
pseudophakia, postoperative hypotony rate, choroidal
detachment, anterior chamber reformation rate, and
subtypes of glaucoma (primary open-angle glaucoma;
or pseudoexfoliation glaucoma [PXG]), except sex
and needling rate. Nine of the 13 (69.2%) qualified
success group were female (P = 0.013). Needling rates
were significantly lower in the qualified and complete
success groups than in both failure groups (P = 0.003
and P = 0.009, respectively). Although the higher
MMC concentration group (0.04%) showed higher
success rates than the lower MMC concentration
group (0.02%), this difference did not attain statistical
significance.

Longitudinal Measurements of Factors

At each visit, the IOPs of the success and failure
groups were compared (Table 2). The mean IOP of
each group showed a statistical significance at postop-
erative week 1 according to both success definitions

(qualified and complete; P = 0.032 and P = 0.017,
respectively). The gap narrowed at week 2; however,
it widened again after postoperative month 1 and
regained statistical significance.

The maximal bleb height at 2 months in the
complete success group was significantly lower than
that in the complete failure group (P = 0.035, Table 2).
Otherwise, there were no differences at any other visit.

The numbers of medications preoperatively and at
postoperative months 1, 2, 3, and 6 were fewer in the
qualified and complete success groups than in both
failure groups, but it did not reach statistical signifi-
cance (P > 0.05) (Figs. 1A and 1B). The endothelial
cell count (ECC) at each visit was not different between
the success and failure groups according to the defini-
tions of qualified success and complete success (P >
0.05, Figs. 1C and 1D). One eye had a trabeculectomy
at postoperative month 2 owing to bleb failure and was,
therefore, determined as a failure.

Bleb Classifications

The tip location of XEN was categorized into three
groups according to their relative location to the inter-
face between the conjunctiva and Tenon’s fascia (CTT)
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Number of medications and change in the ECC over time. (A, B) Number of medications according to the definitions of qualified

(A) and complete successes (B). (C, D) ECC was not different between the failure and the success groups according to the definitions of

qualified (C) and complete successes (D).

on postoperative day 1 (Fig. 2). They would fall into
intraconjunctival and intratenon types if the tip is
located above the CTI and underneath the CTI, respec-
tively. If the relative location of the tip is not clear or
the CTIis not visible (Fig. 2D), they would always seem
to fall into uviform type, given their numerous protu-
berances (or bumps) underlying the inner bleb wall.
The uviform type bleb was highly linked to PXG (P =
0.022). The difference in surgical success rates was not
statistically significant among the three groups (Table
1). The mean maximal IOP during the first 6 months
was lowest in the intratenon group compared with
the intraconjunctival and uviform groups, although it
did not reach the statistical significance (14.78 + 3.87,
20.50 + 12.76, and 19.71 £ 7.93 mm Hg, respectively;
P =0.393).

Bleb morphology in AS-OCT was classified into five
groups (no or low wall, high sparse wall, high thick
wall, cystic wall, and mixed wall) as described in Figure
3, and bleb morphology in slit-lamp photographs
was classified into five groups (no or low bleb, local-
ized avascular bleb, diffuse avascular bleb, localized
vascular bleb, and diffuse vascular bleb) as described

in Figure 4. Bleb distribution at postoperative 6 months
according to the tip location on day 1 is depicted
in Figures 5A and 5B. The majority of intraconjunc-
tival and intratenon types became high sparse wall (4/6
and 9/18, respectively) and avascular bleb (2/6 and 8/18,
respectively) after 6 months, whereas the uviform type
mostly became no or low wall (4/7) and no or low
bleb (4/7). Nonuviform types (intraconjunctival and
intratenon) were linked to high sparse wall with statisti-
cal significance (P = 0.037) but not linked to an avascu-
lar bleb (P = 0.372). The uviform type was linked
to no or low wall and no or low bleb with statistical
significance (P = 0.014 and 0.005, respectively). The
high sparse wall in AS-OCT classification and avascu-
lar blebs (localized and diffuse) in slit-lamp photo
classification showed substantial agreement accord-
ing to the Cohen’s kappa result (Kappa = 0.741;
P < 0.001).

The post hoc comparison of the mean IOPs accord-
ing to the bleb classifications in AS-OCT and slit-
lamp images revealed statistical significance (Fig. 6A
and 6B). A high sparse wall showed a lower mean
IOP compared with a high thick wall (P < 0.001).
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Figure 2. Tip location of XEN on day 1. The tip location was classified into three groups. Note that the tip of XEN and the interface between
the conjunctiva and Tenon’s capsule are indicated with hollow arrows and arrowheads, respectively. (A) Anterior segment optical tomogra-
phy image of a bleb after XEN gel stent. (a) Hydrated conjunctiva. (b) Tenon’s capsule. (c) Hydrated Tenon’s capsule. (B-D) The tip location
is classified into three groups. (B) Intraconjuncitval location. (C) Intratenon location. Note that the tip stays over the interface. (D) Uviform
location. Note that there are numerous protuberances (hollow arrowheads) covering the inner bleb wall in uviform type, which is highly linked
to PXG. It was not possible to determine whether the tip is located in the intraconjunctival space or intratenon space when it is defined as

uviform type owing to its less hydrated structure.

A diffuse avascular bleb showed a lower mean IOP
compared with a localized vascular bleb (P = 0.003).
A localized avascular bleb showed a relatively lower
mean IOP compared with localized vascular and
diffuse vascular blebs, although they did not reach
the statistical significance (P = 0.006 and 0.012,
respectively, according to the Bonferroni correction).
A diffuse avascular bleb showed a relatively lower
mean IOP compared with a diffuse vascular bleb,
although it did not reach statistical significance (P =
0.026, according to the Bonferroni correction). There
was no statistical significance among other multiple
comparisons.

Multivariate Logistic Regression Analysis

Including certain variables that were statistically
significant in univariate analyses, such as female sex
and IOP at postoperative week 1, a glaucoma subtype
(PXG) was added to the multivariate logistic regression
analysis based on previous studies.'!-!> Meanwhile, the
maximal bleb height and needling rates were excluded
in the multivariate analysis because the purpose of
this study was to figure out the predictors of surgical
success as swift as possible, although they were statis-
tically significant at postoperative month 2 and during
the first 6 months, respectively. The adjusted R? values
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Bleb morphology Characteristics
A No or low wall No visible hypo-reflective space around the tube
B High sparse wall Sparse internal structure with a thin wall
c High thick wall Thick wall without sparse internal structure
D Cystic wall Cystic wall with vacant interior
E Mixed wall Sparse wall + thick wall (co-exist)

Figure 3. Bleb classification via AS-OCT imaging at 6 months postoperatively. Bleb morphology in AS-OCT is classified into five groups as
described elsewhere in this article. Note that the protuberances (white arrows) covering the inner bleb wall in the cystic type, which was a
uviform type on day 1 (Cin Fig. 2), is often maintained even after 6 months postoperatively.

‘ Bleb morphology Characteristics
A| No or low bleb No visible elevation
B| Localized avascular bleb | No vascularity with clear margin
C| Diffuse avascular bleb No vascularity without clear margin
D| Localized vascular bleb | Thick bleb with clear margin and vascularity
E| Diffuse vascular bleb Diffuse elevated area with vascularity

Figure4. Bleb classification via slit-lamp photography at 6 months postoperatively. Bleb morphology via slit-lamp photography is classified
into five groups as described elsewhere in this article.

A B
16 75
14
12 10 I
10 8
8 6
6 ‘f ] . - -
: - H
2 ‘ f ‘ ’ u ‘
0 { ‘ - { _ J 0 ‘ I L ‘
no or lowwall high sparse wall high thick wall  high cystic wall mixed wall No or low bleb L‘S;i'jle;: Diffuse avascular L\Zi‘:ij? Diffuse vascular
® Intraconjunctival  ® Intratenon Litorte ® Intraconjunctival  m Intratenon Uviform

Figure 5. Bleb distribution according to tip location. (A, B) Bleb distribution according to tip location. (A) One-half of the intraconjunctival
and intratenon types become high sparse wall, whereas the majority of uviform type become no or low wall. (B) Most intraconjunctival and
intratenon types create avascular blebs (localized or diffuse), whereas uviform type mostly becomes no or low bleb.
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Figure 6. Mean IOP according to bleb classifications. (A, B) Comparison of IOP at 6 months. (A) Comparison of IOP according to OCT
classification. High sparse wall shows lower mean IOP compared with high thick wall (Kruskal Wallis test; P = 0.014). (B) Comparison of IOP
according to slit-lamp classification. Diffuse avascular show lower mean IOP compared with localized vascular (Kruskal Wallis test; P = 0.030).
A post hoc analysis reveals the groups that are significantly different (a, P < 0.001; b, P = 0.003).

Table 3. Logistic Regression Analysis for Surgical Success (Multivariate)
Qualified Success Complete Success
OR PValue 95% Cl OR P Value 95% Cl
Sex (female) 8.450 0.020" 1.390-51.391 5.485 0.058 0.945-31.829
PXG 1.194 0.861 0.165-8.649 1.809 0.556 0.252-12.998
IOP at 1 week (mm Hg) 0.710 0.078 0.485-1.039 0.669 0.049" 0.448-0.998

Cl, confidence interval; OR, odds ratio.

Adjusted R? (significance of the model, P < 0.05) = 0.306 and 0.286 (enter method; for qualified success and complete

success, respectively).
*P < 0.05.

(significance of the model, P < 0.05) were compared
with determine the variables of best fit for the model.
The variation inflation factors in the model were all
less than 2, which implies low multicollinearity. Table
3 shows that the probability of a qualified success rate
increased by 8.450 times if the patient was female (P
= 0.020) and the probability of complete success rate
decreased by 33.1% when the IOP at 1 week increased
by 1 mm Hg (P = 0.049).

This study assessed the early surgical factors of
successful XEN implantation regarding the relation-
ship between IOP control and bleb morphology. The
XEN gel stent is a relatively new device in glaucoma
surgery, showing promising efficacy data over the last
decade. Because of the academic background of its
physical structure, which is 6 mm long and has a
45 um-lumen size, there is a major difference in the
blebs created by this device in the initiation spot amid
the conjunctival geographics compared with blebs

created by trabeculectomy. This difference makes the
XEN bleb start more posteriorly at the beginning and,
therefore, shapes them flatter, which is possibly affected
by eyelid movement. According to previous studies,
XEN blebs were found to be significantly flatter than
trabeculectomy blebs.®!3 Our data also showed that the
maximal bleb height in the success group was signifi-
cantly lower than that in the failure group at postop-
erative month 2, which can be additionally explained
by the relative outflow restriction of the XEN that
limits the outflow pressure into the subconjunctival
space. However, the XEN bleb is expected to follow
the characteristics of a filtering bleb which has a high
correlation between the IOP-lowering efficacy and bleb
characteristics (e.g., size, vascularity). It is reasonable
to say that the XEN bleb is also likely to fail if the
bleb shows less of an internal capacity to manage the
aqueous humor outflow.

In our study, the correlation of the MMC concen-
tration to success rates (0.02% vs. 0.04%) was not statis-
tically significant, although the 0.04% group showed
higher success rates than the 0.02% group. Jampel'
described that the viability of a human Tenon’s capsule
fibroblast was not affected by the exposure time of
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MMC. Seol et al.!l” reported that the MMC concen-
tration did not influence the characteristics of the
trabeculectomy bleb such as vascularity and bleb
height. Still, there is a suggestion that a higher MMC
dose may lead to higher success rates; however, the
heterogeneity of the study’s design makes it difficult to
confirm based on the current evidence, and additional
researches are needed to clarify this. We reported that
the early hypotony rate that might be linked to MMC
exposure was 60% to 70%, which was higher than
that reported in previous studies. Hypotony in the
early postoperative period after the XEN procedure
is relatively common, which seems to happen owing
to peritubular flow created by the difference between
the diameter of XEN and the lumen diameter of the
injector needle containing XEN gel stent. In addition,
the higher rate of early hypotony in our study can be
further elucidated by the ethnic difference in the scleral
elasticity between Korean and Caucasian populations,
as reported by Park et al.!'®

The goal of our study was to determine the early
predictors of surgical success. In that regard, we found
that IOP at postoperative week 1 could be a good
predictive value, which was consistent with the findings
of Cutolo et al.,'” determining that an IOP of more
than 9 mm Hg on postoperative day 1 was a strong
predictor of surgical failure after XEN. Similarly,
Okimoto et al.!' reported that an IOP of less than 8
mm Hg at postoperative week 2 was linked to a high
probability of surgical success after filtering surgery. In
our additional analysis, we also found that an IOP of
less than 7.5 mm Hg at postoperative week 1 was signif-
icantly linked to higher qualified and complete success
rates, although the area under the curve was small.
These results raised the issue of the possible need for
early needling after XEN, in contrast with conventional
trabeculectomy, which allows more early postoperative
options for IOP management (e.g., releasable suture
technique, laser suture lysis) than XEN. Needless to
say, the intraoperative mobility check of the XEN tip
should be guaranteed before discussing this issue on
surgical failure.

In our study, the tip location was not related to
surgical success, which was defined as IOP of less than
14 mm Hg (complete success: 33.3%, 38.9%, and 42.9%
in the subconjunctival, intratenon, and uviform groups,
respectively). However, it is intriguing that the success
rates in the intraconjunctival and intratenon groups
were relatively higher if the complete success crite-
ria were defined as an IOP of less than 18 mm Hg
(data not shown; 83.3%, 66.7%, and 42.9%, respec-
tively). This metric may imply that the IOP of the intra-
conjunctival and intratenon group could be controlled
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within the mid-teen level, whereas that of the uviform
group may widely vary. Lenzhofer et al.'® reported that
the intratenon or subtenon location of the XEN tip
determined by AS-OCT images was related to surgi-
cal success. A uniform bleb in the early postoperative
period and microcystic multiform bleb at postopera-
tive month 3 according to their classification, which
were similar to no or low wall and high cystic wall
by our classification, respectively, seemed to be predic-
tive of greater surgical failure at postoperative month
12. As with their report, in our post hoc analysis, we
also found that the intraconjunctival and intratenon
type classified by the tip location on day 1 became
high sparse wall (AS-OCT) or avascular blebs (slit-
lamp image), which were more linked to lower mean
IOP at month 6 postoperatively, than the other types,
such as high thick wall or vascular blebs. So, the proper
XEN tip location may be the precondition of a success-
ful XEN bleb.

Because the AS-OCT imaging technique enables
us to distinguish Tenon’s fascia from the conjunctival
stroma, the XEN tip location can be determined. In our
current perspective, Spectralis OCT is one of the most
useful OCT tools to evaluate the filtering blebs in terms
of image acquisition and resolution next to Visante
OCT (Carl Zeiss Meditec AG, Germany) that used by
Lenzhofer et al. Although we cannot directly compare
our AS-OCT classification with that of Lenzhofer et
al. in terms of different devices and settings, we agree
with their opinion that a deeper XEN implant position
in the conjunctiva could be more beneficial for IOP
control, given that the mean maximal IOP of the
intratenon group during the first 6 months was lowest
among the three groups from our data.

Needling is one of the frequently performed proce-
dures after filtering surgery, which can affect bleb
appearance. The need for this procedure is a limita-
tion of our study, similar to many bleb-related obser-
vational studies. Therefore, we considered the needling
procedure as a natural course of bleb management, so
that all the variables were analyzed to determine the
factors affecting successful bleb formation at month 6
postoperatively, rather than considering it as a failure.
Although the needling rates were not correlated to the
bleb characteristics at month 6, the correlation would
change if they were followed up for 12 months or
more, resulting in a consequent change in bleb distri-
bution. Bleb morphology follows a natural course over
time in trabeculectomy or glaucoma drainage device
blebs, as found in previous studies.'®?! Lenzhofer
et al.’> reported that the proportion of subconjunc-
tival separation type was highest in the first week
and decreased continuously in the course of bleb
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development over time in XEN blebs. The changeabil-
ity of a filtering bleb could be not only temporal, but
also be event wise (e.g., needling, discontinuation of
steroid eye drops, or readministration of glaucoma eye
drops), which might be a reason that the tip location
was not directly linked to surgical success in our study.
Regardless of this perspective, it seems to be reason-
able to exclude needling in our multivariate analysis of
which the goal was to determine the early predictors
for successful XEN bleb, because we generally perform
needling at least 1 or 2 months postoperatively, when a
filtering bleb might have developed to a certain degree.

Regarding safety profiles, the ECC and best-
corrected visual acuity were checked postoperatively
(ECC at months 1, 2, 3, and 6; best-corrected visual
acuity at days 1 and 2, weeks 1 and 2, months 1, 2,
3, and 6). ECCs decreased in the qualified success,
qualified failure, complete success, and complete failure
groups by 4.7%, 7.8%, 3.8%, and 8.1%, respectively, in
our study. Given that Lass et al.”> described that ECCs
decreased by 9.6% and 8.9% after a suprachoroidal
microstent and cataract surgery only at month 6,
respectively, our results showed that the adverse effect
of XEN implantation on the corneal endothelium
is minimal compared with that of routine cataract
surgery. The best-corrected visual acuities of the four
groups decreased the most on day 1, before slowly
recovering to their preoperative levels after 2 months
postoperatively, which were changes that were clearly
linked to the features of IOP changes.

There is an additional point that could potentially be
biased. The preoperative IOP in the intraconjunctival
type on day 1 was higher than that in the other groups.
It is not clear whether the intraconjunctival location
of the XEN tip could be inversely affected by other
variables, such as the baseline IOP. However, the delta
changes in IOP from baseline to week 1 postoperatively
were statistically different in between intraconjunctival
type and others (—31.83 £ 13.20 mm Hg vs. —18.64
4+ 7.80 mm Hg; P = 0.020), although the ratio of the
decrement between the two groups did not reach statis-
tical difference (68.2 £ 13.4% vs. 75.9 £ 15.2%; P =
0.174). This finding could imply that, by all means, the
success rates might be insufficient to represent the pros
of interventions over controls if we are focused on the
delta changes in IOP after certain anti-glaucoma inter-
ventions.

Interestingly, we found that 7 of the 31 patients
showed a rather unexpected bleb morphology on day 1,
which we decided to name uviform bleb because there
were numerous round-shaped protuberances covering
the inner bleb wall. To the best of our knowledge, this
report is the first to describe an early bleb morphol-
ogy after XEN implantation that has unique features
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in terms of its moderate association with PXG (n = 10;
Cohen’s kappa = 0.439; P = 0.022). We speculate that
these protuberances were found by the benefit of the
minimal invasiveness of the XEN procedure, whereas
traditional filtering surgeries such as trabeculectomy
almost always disrupt the subconjunctival space and
transform it into totally different limbal conjunctival
geographies. Want et al.”®> reported that fibroblasts
of pseudoexfoliation syndrome displayed significantly
decreased autophagic flux rates, indicating a decreased
clearance of autophagosomes. A diminished capacity
for degradation of denatured protein may have gener-
ated the protuberances in the XEN blebs; however,
two of the seven patients with uviform blebs did not
have typical pseudoexfoliation materials on the pupil,
which could be explained by a couple of hypothetical
reasons. First, they might have subclinical signs that
could not be detected with the slit-lamp examination.
Some pseudophakic eyes with mild PXG are fastidious
to detect and may have been overlooked. Second, the
tube tips might have been deployed right in the middle
of the lumen of conjunctival lymphatics. In this case,
the round materials may reflect the cross-sections of
the luminal raphes inside the conjunctival lymphatics
or debris created during XEN implantation. Because
the creation of cystic blebs can possibly be explained
via this theory, the number of the implantations
actually happened in this way could be more than
two if the theory would be applied to other types of
blebs.

In conclusion, our data suggest a possible link
between XEN location in the early phase and better
IOP control at postoperative month 6. Based on our
analyses, an intraconjunctival and intratenon location
of the XEN tip can affect the distribution of bleb
morphology (a higher rate of avascular bleb or sparse
wall), which is more likely to have better IOP control at
month 6, although it was not directly related to surgical
success. The uviform type was more likely to become
no or low wall after 6 months. Additionally, female sex
and a lower IOP at week 1 postoperatively indicated a
greater probability of successful XEN bleb in the first
6 months. Our findings can help to identify techniques
and patients that are more favorable to early surgical
success of the XEN procedure by igniting a function-
ing bleb. Further evaluation in a long-term result would
help back our study.
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