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Abstract
Purpose To describe and compare the conjunctival filtering bleb features after XEN gel implantation and trabeculectomy using
anterior segment optical coherence tomography (AS-OCT) and in vivo confocal microscopy (IVCM).
Methods Fifty-two patients who underwent completely successful trabeculectomy (24 eyes) or completely successful XEN gel
implantation (28 eyes) were consecutively enrolled. At the sixth-month follow-up, filtering blebs were analyzed with AS-OCT
and IVCM. The main outcomes were the following: (i) bleb-wall epithelium cyst-like structure density and area (BECSD,
BSCSA), (ii) bleb-wall sub-epithelium cyst-like structure density and area (BSCSD, BSCSA,), (iii) bleb-wall thickness (BT),
(iv) bleb-wall epithelial thickness (BET), (v) bleb-wall reflectivity (BR), and (vi) bleb height (BH), for AS-OCT.Meanmicrocyst
density (MMD) and area (MMA) and stromal meshwork reflectivity (SMR) were the IVCM outcomes.
Results Six-month intraocular pressure was 11.46 ± 3.09 and 10.06 ± 3.39 mmHg in the XEN gel implantation and trabeculectomy,
respectively (p> 0.05). At AS-OCT, XEN gel blebs showed lower BH, BT, BET, BR, (p< 0.001), and BECSAvalues (p< 0.005), and
a higher BECSD (p < 0.05) compared with trabeculectomy blebs. At IVCM, MMA and SMR values were lower in the XEN gel
implantation, compared with trabeculectomy (p < 0.05). BECSD and BSCSD negatively correlated with BR (p < 0.01; r =! 0.110;
p < 0.01; r =! 0.249), whereas BR strongly correlated with SMR (p< 0.001; r = 0.819).
Conclusion Successful filtering blebs after XEN gel implantation appeared flatter and thinner, with a higher number of epithelial
cysts and a hypo-reflective bleb wall compared with trabeculectomy. These aspects may depend on the different intra-operative
tissue manipulation and/or on different aqueous humor dynamics in the sub-conjunctiva between surgeries.
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Introduction

Trabeculectomy is still considered the gold standard and most
performed surgical procedure in the glaucoma treatment

algorithm, after medical and laser approach failed [1].
Nevertheless, although effective, trabeculectomy is an
operator-dependent technique counting several surgical steps
crucial to the final outcome, including scleral flap dissection
and suture, scleral ostium creation, MMC application, and
conjunctival suturing. Moreover, trabeculectomy may be as-
sociated with serious and potentially vision-threatening com-
plications including choroidal effusion, endophthalmitis, hy-
potony, and visual loss [2].

In order to improve the predictability and the safety profile
of the glaucoma surgery, less invasive surgical approaches
have been developed in the last years and are nowadays avail-
able for clinical practice [3].

The XEN gel implant (Allergan, Dublin, Ireland) is a 6-
mm, biocompatible gelatin device with a 45-!m lumen
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forming a conjunctival filtration bleb after ab interno implan-
tation. Because of the ab interno approach, themain advantage
of the XEN gel implantation (XGI) is the minimal tissue ma-
nipulation, with Tenon’s and conjunctival sparing [4]. The
XGI shares with the conventional trabeculectomy the forma-
tion of a filtering bleb, which allows the procedure to be con-
sidered a real filtration surgery. In a multicenter retrospective
study comparing XGI with trabeculectomy, the two tech-
niques showed a similar efficacy with a good safety profile
of the XGI [4].

The bleb morphology evaluation represents a crucial step
during the post-operative follow-up, with a non-inflamed and
avascular appearance of the bleb wall, and the presence of
numerous microcysts within the epithelium being considered
clinical indicators of a good filtration ability [5, 6]. Different
clinical grading scales have been proposed to evaluate the
filtration ability; however, these scales are subjective and can-
not provide microstructural information [5, 7, 8].

In the last decade, the use of diagnostic tools such as laser
scanning in vivo confocal microscopy (IVCM) [9–14] and
anterior segment optical coherence tomography (AS-OCT)
[13, 15–18] greatly improved the filtration bleb assessment,
providing objective information at a cellular level [19–21].
These techniques have been recently also used to evaluate
the conjunctival bleb features after XEN gel implantation
[22–25]. However, to date, no previous studies compared
the morphology of the XEN bleb with that of trabeculectomy
by using IVCM and AS-OCT. The aim of the present work
was to analyze and compare the conjunctival filtration bleb
morphology after completely successful XGI and
trabeculectomy by using both IVCM and AS-OCT, in order
to define macro- and microstructural differences induced by
these surgical procedures.

Methods

This was a cross-sectional, observational, double-center, com-
parative study that consecutively enrolled open angle glauco-
ma patients who underwent XGI or trabeculectomy between
January 1, 2016, and September 30, 2018. The study was
carried out at the Ophthalmic Clinic, San Giuseppe Hospital,
University ofMilan, and the Ophthalmic Clinic, University G.
d’Annunzio of Chieti-Pescara, Italy. The study and data accu-
mulation were carried out with the approval from the local
institutional review boards and adhered to the tenets of the
Declaration of Helsinki.

We retrospectively analyzed electronic medical records as
well as IVCM and AS-OCT images of filtering blebs of 52
consecutive glaucomatous patients who underwent successful
XGI (28 patients, 28 eyes; XEN gel implantation group) or
trabeculectomy (24 patients, 24 eyes; trabeculectomy group).

The six-month follow-up data were considered for the
analysis.

Patients had to respect the following inclusion criteria: (A)
before surgery: (i) open angle glaucoma (primary open angle,
pseudo-exfoliative, pigmentary, or normal tension glaucoma),
(ii) unmet target intraocular pressure (IOP) despite maximum
tolerated medical therapy (including also oral acetazolamide),
(iii) a significant progression of the optic nerve damage con-
firmed on three consecutive reliable visual fields (VF)
((Humphrey field analyzer II 750 (Carl Zeiss Meditec Inc.,
Dublin, CA) (30-2 test, full-threshold)); (B) after surgery:
completely successful XGI or trabeculectomy, which was de-
fined as a third reduction of the baseline IOP without the
adjunct of IOP-lowering medications. Eyes that underwent
combined cataract and glaucoma surgerywere also considered
eligible.

The exclusion criteria were anterior chamber intraocular
lens, previous glaucoma filtration surgery or retinal or corneal
graft surgery, neovascular or uveitic glaucoma, iridocorneal
endothelial syndrome, and Axenfeld-Rieger syndrome; in or-
der to avoid biases on the natural features of the filtration
blebs, patients who experienced intra- or post-operative com-
plications or were on qualified success were also excluded
from the analysis.

A review of the medical charts was conducted and the
following demographic and clinical data were collected: age,
gender, ethnicity, diabetes status, best-corrected visual acuity
(BCVA), baseline IOP, number and type of glaucoma medica-
tions, glaucoma diagnosis, VF mean deviation, and history of
previous cataract surgery.

For the purpose of this study, we collected and analyzed the
IVCM and AS-OCT images of functional conjunctival bleb
acquired at the sixth-month follow-up after completely suc-
cessful surgery. Images were analyzed by the same expert
investigator (LA) who was blind for the surgical technique
and patient history; moreover, in order to maintain the inves-
tigator blind, AS-OCT images where scleral flap or the XEN
implant were visible were not included in the analysis.

AS-OCT analysis

The RTVue XR Avanti (RTVue, Optovue, Inc., Fremont, CA,
USA) was used for the filtration bleb assessment. By using the
anterior segment cornea module lens, the “auto”mode and the
CL-line scan 6 mm length, five images for each eye were
acquired by a single qualified AS-OCT operator for each cen-
ter (MS, Milan; LB, Chieti). The details of the AS-OCT ex-
amination were previously described [13, 15]. Conjunctival
filtration bleb images were acquired with the eye in downward
gaze, between the two red-guided lines. Images were analyzed
by a second qualified operator, which was masked for the
grouping and patient surgical history (EV).
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The following AS-OCT parameters were considered, using
the ImageJ software (https://imagej.nih.gov/ij/): (i) bleb-wall
epithelium cyst-like structure density and area (BECSD and
BSCSA, respectively): hypo-reflective round- or oval-shaped
cystic structures located within the conjunctival epithelium;
(ii) bleb-wall sub-epithelium cyst-like structure density and
area (BSCSD and BSCSA, respectively): hypo-reflective
round- or oval-shaped cystic structures located between the
basal membrane of the bleb-wall epithelium and the scleral
surface; (iii) bleb-wall thickness (BT), calculated at the max-
imum elevation point of the filtration bleb, between the outer
and inner limit of the bleb wall; (iv) bleb-wall epithelial thick-
ness (BET), calculated between the conjunctival epithelial
surface and the basal membrane of the epithelium; (v) bleb-
wall reflectivity (BR), calculated by using ImageJ, and de-
fined as the mean gray value obtained in three non-
contiguous points of the bleb wall; and (vi) bleb height (BH)
, calculated at the maximum elevation point of the bleb, from
the scleral bed to the epithelial surface. Figure 1 shows the
bleb-related AS-OCT parameters.

IVCM technique and images analysis

In order to avoid biases due to the mechanical compres-
sion, IVCM of filtration bleb was performed just after
the AS-OCT evaluation. The digital confocal laser scan-
ning microscope (HRT III Cornea Module, Heidelberg
Engineering GmbH, Germany) was used to investigate
the epithelial and stromal bleb-wall features. The epithe-
lial analysis aimed at identifying particular extracellular
structures named as microcysts; the stromal analysis
aimed at analyzing the tissue reflectivity. The technical
characteristics of the instrument and the details of the
examination were previously described [9–14].

The following parameters were considered: (i) mean
microcysts density (MMD; cysts/mm2); (ii) mean microcyst
area (MMA; mm2); and (iii) stromal meshwork reflectivity
(SMR). Images were acquired at the epithelial and sub-
epithelial layers (up to 50 !m of depth) of the bleb wall to

analyze microcysts, and deeper (up to 150 !m of depth) to
evaluate the stromal reflectivity. Bleb-wall microcysts corre-
spond to round- or oval-shaped and differently sized extracel-
lular optically clear structures, described in functional filtering
blebs as indicators of efficient aqueous humor drainage [9–14,
26]. SMR represents an indirect indicator of the collagen con-
tent within the conjunctival stroma and was graded as previ-
ously described (grade 0: normal reflectivity, with thin colla-
gen fibers presenting a regular and straight course; grade 1:
mild reflectivity, with thin collagen fibers less regularly orga-
nized compared with grade 0, and presenting different orien-
tations; grade 2: moderate regularity, with collagen fibers
appearing much thicker and with a less regular course com-
pared with grades 0 and 1; grade 3: high reflectivity, with very
thick and disorganized fibers, somewhere presenting as a
dense and irregularly homogeneous tissue) [27].

Forty sequential images (400 ! 400 mm) derived from au-
tomatic scans and manual frames were acquired during each
IVCM session, and ten randomly selected high-quality images
without artifacts (motion blur and compression lines) were
selected for the analysis. A single experienced operator per-
formed IVCM examinations and selected the images for each
center (EV, Milan; LA, Chieti); a second operator evaluated
the images (FO). Both the operators were masked for the
patient surgical history.

The density and area of epithelial microcysts were manu-
ally calculated by using the ImageJ software. To define the
SMR, a previously used arbitrary grading scale was adopted
[27, 28]. SMR was calculated using the ImageJ software by
determining the average gray value of images, with the auto-
matic brightness mode selected during examination. This val-
ue corresponded to the sum of gray values of all pixels in the
entire image divided by the number of pixels. An average gray
value less than 90.00 indicated a normal reflectivity (grade 0),
from 90.01 to 105.00 mild reflectivity (grade 1), 105.01 to
125.00 moderate (grade 2), and greater than 125.01 high re-
flectivity (grade 3). Therefore, grades 0 to 3 corresponded to a
loosely, mildly, dense, and very dense arranged stromal net-
work, respectively.

Fig. 1 Representative image
reporting the considered AS-OCT
parameters. Yellow and white as-
terisks indicate BECS and BSCS,
respectively. Yellow, red, and
green lines correspond to BET,
BT, and BH, respectively.
Arrowheads indicate the areas
where BR, expressed in mean
gray value, was calculated
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Surgical procedures

XEN gel implantation technique

XGI surgeries were performed under topical anesthesia. TheXGI
was placed in the superior nasal quadrant after 0.1 ml of
mitomycin-C (MMC) 0.2 mg/ml has been injected within the
upper bulbar conjunctiva. The goal of the surgeon was to obtain
the XEN gel implant to be positioned following the “3:2:1 rule”:
3 mm under the conjunctiva, 2 mm intra-sclerally, and 1 mm left
in the anterior chamber. At the end of the surgery, the proper
placement of the XEN under the conjunctiva (or Tenon’s cap-
sule) and in anterior chamber was verified.

Trabeculectomy technique

All the procedures were performed under peribulbar anesthe-
sia and were augmented with MMC (sponges soaked in
0.2 mg/ml MMC left for 2–3 min under the tenon-
conjunctival layer). The conjunctival flap was fornix-based;
a punch was used to create a sclerostomy. A 10-0 nylon suture
was used for the scleral flap and a 8/0 polyglactin suture for
the conjunctiva and tenon.

Post-operative therapy was similar in both groups: as per
protocol, topical unpreserved steroids (dexamethasone
0.15%) were tapered in 12 weeks (beginning from five times),
whereas topical unpreserved antibiotics were prescribed for
2 weeks (levofloxacin 5 mg/ml four times daily).

Bleb manipulation procedures were performed when need-
ed, according to the type of surgery.

Statistical analysis

Analysis was performed by SPSS Advanced Statistical TM 20.0
Software (2011; Chicago, IL, USA). The normal distribution of
data was tested using the Shapiro-Wilk test. Independent samples
t test was used to evaluate age, IOP, visual field mean defect
(MD), and gender differences between groups; paired t test was
used to investigate statistical differences in IOP and MD after
surgical procedures, whereas !2 test was used to analyze the
percentage of phacoemulsification-combined and post-surgical
needling procedures between groups. Non-parametric Mann-
Whitney U test was performed to investigate AS-OCT and
IVCM data differences between groups. Correlations among
the variables were determined using a non-parametric measure
by the Spearman’s index. A p < 0.05 was considered statistically
significant.

Results

The baseline demographic and clinical data of patients are
shown in Table 1; no significant baseline differences were

found between groups, except for the visual field MD, which
was higher in the trabeculectomy group (p < 0.05). Thirty-
seven percent and 29% of patients in the trabeculectomy and
XGI groups, respectively, underwent a combined procedure.
Post-surgical 5-fluorouracil augmented procedures were per-
formed in 21% and 14% of patients who underwent
trabeculectomy and XGI, respectively, based on an IOP in-
crease over 21 mmHg during post-operative controls [29].
The mean number of post-operative procedures was 1.61 ±
0.34 and 1.41 ± 0.28, in the trabeculectomy and XGI group,
respectively; the timing of post-operative procedures was
27.2 ± 13.3 days and 24.5 ± 10.3 days in the trabeculectomy
and in the XGI group, respectively.

At the sixth-month follow-up, IOP values did not differ
between the two surgical procedures. None of the patients
experienced significant intra- or post-operative complications.

AS-OCT

The six-month AS-OCT data are reported in Table 2. Patients
who underwent trabeculectomy showed a greater BH com-
pared with the XGI group (p = 0.001). Patients who
underwent XGI showed a higher BECSD compared with pa-
tients who underwent trabeculectomy, whereas BECSA was
higher in the trabeculectomy group (p = 0.034 and p = 0.002,
respectively). The sub-epithelial features did not differ be-
tween groups, with both BSCSD and BSCSA values similar
between the trabeculectomy and the XGI groups. The BT and
BET parameters were significantly higher in the
trabeculectomy compared with the XGI group (p = 0.001
and p = 0.003, respectively). The BR was significantly lower
in the XGI compared with the trabeculectomy group
(p < 0.001) (Fig. 2g, h).

IVCM

The six-month IVCM data are reported in Table 3. For the
epithelial parameters, MMD was not significantly different
between groups, whereas MMA is higher in the
trabeculectomy compared with the XGI group (p = 0.021)
(Fig. 2c, d). The XEN gel bleb group showed significantly
lower SMR values compared with the trabeculectomy blebs
(p = 0.011) (Fig. 2e, f).

Correlations

BSCSD positively correlated with BSCSA and BECSD
(p < 0.01; r = 0.183; p < 0.01; r = 0.098) and negatively corre-
lated with BET (p < 0.01; r = ! 0.470) and BR (p < 0.01; r = !
0.249). BSCSA correlated positively with BR (p < 0.01; r =
0.330), whereas negatively with BT (p < 0.01; r = ! 0.213)
and BET (p < 0.01; r = ! 0.235). BECSD positively correlated
with BET (p < 0.01; r = 0.216) and negatively with BR
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(p < 0.01; r = ! 0.110). BECSA positively correlated with BT
(p < 0.01; r = 0.240). BT positively correlated with BET
(p < 0.01; r = 0.707) and BR (p < 0.01; r = 0.097). Positive
correlations were found between BECSD and BECSA with
MMD (p < 0.05; r = 0.673; and p < 0.01; r = 0.552), and be-
tween BR and SMR (p < 0.001; r = 0.819).

Discussion

The role of imaging tools is becoming increasingly important
in the post-operative management of a patient with glaucoma,
as they allow an ultrastructural analysis of clinically undetect-
able structures of the filtering bleb [27, 28].

In the present study, AS-OCT and IVCM revealed signifi-
cant macroscopic and microscopic differences in the bleb
morphology between trabeculectomy and XGI group.

In more detail, IVCM showed a larger microcyst area in the
trabeculectomy comparedwith the XGI group. Several studies
observed that functioning blebs after trabeculectomy showed
numerous intraepithelial microcysts with a loosely arranged
connective stromal tissue in contrast to failed filtering blebs
[9–14, 27, 28].

The only study that used IVCM to describe the filtration
bleb after XGI reported an MMA increase 12 months after

surgery, even though MMAwas not significantly different in
successful compared with failed blebs [23]. This probably
depended, at least in part, on the small sample size of this
study.

In our work, successful XGI and trabeculectomy presented
a high number of epithelial microcysts within the bleb wall.
The greaterMMA found in the trabeculectomy group could be
explained by the larger scleral ostium obtained with the
trabeculectomy compared with the 45-!m lumen of the
XEN gel implant, leading to a greater aqueous outflow to-
wards the sub-conjunctival space. This hypothesis seems sup-
ported also by the larger BECSA seen with AS-OCT.

On the other hand, we observed an overall bleb-wall reflec-
tivity significantly lower in the XGI compared with
trabeculectomy, both with IVCM (stroma) and AS-OCT (en-
tire bleb wall).

As widely reported, with respect to failed blebs, the sub-
epithelial connective tissue of functioning blebs is loosely
arranged, hypo-reflective, and contains optically clear spaces
[9–11]. These studies considered the hyper-reflective pattern
as a sign of collagen deposition and scarring.

In line with IVCM studies on trabeculectomy, Fea and
colleagues [23] observed a lower stromal density in successful
compared with the unsuccessful XGI [9–11, 13]. Overall, our
IVCM andAS-OCT findings were in line with this study since

Table 1 Demographic and clinical data of groups

Age (years) M/F Baseline IOP Sixth-month
IOP

Baseline MD Sixth-month
MD

Duration of
disease
(Mo ± SD)

Combined
procedures
(%)

Post-surgical
needling
procedures
(%)

XGI 64.73 ± 13.21 12/16 24.84 ± 2.21 11.46 ± 3.09* ! 10.51 ± 8.72§ ! 10,53 ± 8.49§ 58.76 ± 4.42 29% 14%

Trabeculectomy 69.81 ± 9.95 10/14 25.83 ± 2.98 10.66 ± 3.39* ! 15.20 ± 9.08 ! 14.95 ± 8.64 61.32 ± 5.78 37% 21%

*p < 0.001 vs baseline IOP (paired t test)
§P < 0.05 vs trabeculectomy

Y, years (mean ± SD); Mo, months (mean ± SD); M, males; F, females; IOP, intraocular pressure (mmHg; mean ± SD); MD, mean defect
(dB; mean ± SD)

Table 2 AS-OCT parameters of XGI and trabeculectomy groups

BSCSD
(n ± SD)

BSCSA
(mm2 ± SD)

BECSD
(n ± SD)

BECSA
(mm2 ± SD)

BH (!m± SD) BT (!m± SD) BET (!m) BR

XGI 0.85 ± 0.37 3468.04 ± 1308.26 3.23 ± 2.8 206.99 ± 177.95 822.82 ± 138.06 258.43 ± 197.05 37.30 ± 15.24 46.39 ± 15.76

Trabeculectomy 0.58 ± 0.51 4041.64 ± 2235.97 2.92 ± 1.68 293.29 ± 153.71 928.91 ± 109.42 468.71 ± 145.38 48.98 ± 14.13 112.19 ± 29.95

Mann-Whitney
U test (p
value)

0.499 0.195 0.034 0.002 0.001 0.001 0.003 < 0.001

XGI, XEN gel implantation; BSCSD, bleb-wall sub-epithelium cyst-like structure density; BECSD, bleb-wall epithelium cyst-like structure density;
BSCSA, bleb-wall sub-epithelium cyst-like structure area;BECSA, bleb-wall epithelium cyst-like structure area;BH, bleb height;BT, bleb-wall thickness;
BET, bleb-wall epithelial thickness; BR, bleb-wall reflectivity
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we observed a lower tissue reflectivity in the XGI compared
with trabeculectomy.

During the past decade, several AS-OCT parameters have
been proposed to characterize the filtering bleb function after
trabeculectomy, and among them, the bleb-wall reflectivity,
which is a surrogate sign of fibrosis, presented the strongest
correlation with the surgical outcome [13, 16, 17, 19, 20, 30,
31].

Some studies reported that also the bleb-wall thickness
significantly correlated with the bleb filtration ability [15,
17, 21, 31].

These data suggest that after trabeculectomy, blebs show-
ing a low degree of reflectivity and a thick wall are more likely
to have a good filtering function.

To date, only a few AS-OCT studies investigated the bleb
morphology after XGI [22–25]. Fea et al. [23] and Perez et al.
[22] confirmed that patients with a low bleb-wall reflectivity
were more likely to have a good surgical outcome. Lenzhofer
and colleagues [24] found that blebs showing signs of sub-
conjunctival separation with small, diffuse, and hypo-
reflective cysts were more likely to have lower IOP.
Conversely, blebs with a uniform pattern and without fluid-
filled hypo-reflective structures were associated to a higher
risk of failure. The only study that compared filtration blebs
after XGI and the trabeculectomy did not observe conjunctival
fibrosis in the XEN group [25]. Our results are in line with this
study since we observed a lower BR and SMR after XGI

compared with trabeculectomy, with a high correlation be-
tween these parameters. These results indicate that functioning
XGI blebs present a more loosely arranged connective tissue
compared with trabeculectomy. This aspect could depend by
the fact that conjunctiva and Tenon’s capsule are almost
completely spared during XGI; in addition, in the XGI,
MMC is injected and left under the conjunctiva, whereas in
trabeculectomy, MMC is sponged and washed out after its
application.

In this work, we introduced four new AS-OCT parameters,
BECS and BSCS density and area, inspired by the study of
Narita and colleagues [31] that described small hypo-
reflective spaces within or beneath the epithelial layer of func-
tioning blebs, and by the study of Nakano et al. [16], which
found that blebs with microcystic and sub-conjunctival sepa-
ration patterns were associated with a better filtering ability.
These epithelial and sub-epithelial microcystic areas have
been hypothesized to be fluid-filled cysts, generated by the
aqueous outflow throughout the bleb wall.

Lenzhofer and colleagues [24] confirmed that also after
successful XGI, blebs with hypo-reflective cysts in the super-
ficial layer were more likely to have a lower IOP.

In our study, we found a larger BECSA in trabeculectomy
compared with XGI. These results are in line with those of
Teus et al. [25] that reported a higher presence of hypo-
reflective cysts within the conjunctiva in trabeculectomy com-
pared with XGI. Since BECSA positively correlated with BT,

Fig. 2 Slit lamp, IVCM, and AS-OCT images of the XEN gel implant
(top line) and trabeculectomy blebs (bottom line). a, b Slit lamp appear-
ance of successful filtering blebs 6 months after XEN gel implantation (a)
and trabeculectomy (b). c–f Confocal scans showing conjunctival

epithelial microcysts (c, d) and stromal meshwork reflectivity (e, f). g,
h AS-OCT images showing bleb-wall epithelium and sub-epithelium
cyst-like structures, and differences in the bleb stromal reflectivity be-
tween XEN gel implant and trabeculectomy

Table 3 IVCM parameters of
XEN gel implant and
trabeculectomy groups

MMD MMA SMR

XGI 198.49 ± 184.32 1709.41 ± 821.52 0.89 ± 0.67

Trabeculectomy 219.15 ± 212.45 2034.75 ± 793.87 1.53 ± 0.83

Mann-Whitney U test (p value) 0.524 0.021 0.011

XGI, XEN gel implantation; MMD, mean microcyst density (cysts/mm2 ); MMA, mean microcyst area (mm2 );
SMR, stromal meshwork reflectivity (arbitrary grading scale from grades 0 to 3)
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this accounted for the thicker bleb wall in the trabeculectomy
group. As microcysts are associated with the aqueous humor
outflow, this result agrees with studies showing the correlation
between the bleb-wall thickness and the filtering ability of the
bleb [15, 17, 21, 31].

In accordance with previous findings, we found that
blebs after XGI were flatter compared with trabeculectomy
[25]. The relevance of the bleb height as an indicator of
bleb function is still unclear and a matter of debate: in fact,
while some studies did not find significant correlation be-
tween BH and bleb filtering ability [13, 15, 17], other stud-
ies reported significant correlation between BH and IOP
[20, 21, 31].

The present study has some limitations. First, this
was a retrospective study and we cannot state whether
these differences are present also at different follow-up.
Second, we included a relatively small sample of pa-
tients, with a medium-term follow-up; thus, prospective
studies with a larger sample size and a longer follow-up
are warranted to confirm our results. Third, we only
included completely successful filtering blebs; therefore,
further studies aimed at comparing failed blebs after
XGI and trabeculectomy are warranted. Finally, further
studies correlating IVCM and AS-OCT findings with
classification systems could allow to verify whether
the investigated parameters are in line with the clinical
findings.

In conclusion, our study found that filtration blebs that
develop after XGI and trabeculectomy are morphologically
different, and differences can depend on the surgical tech-
nique and/or on the aqueous humor dynamics under the con-
junctiva. XGI blebs appear flatter and thinner, with a higher
number of epithelial cysts and a hypo-reflective bleb wall
compared with trabeculectomy. These results should be taken
into consideration since indicating that each type of filtration
bleb presents specific morphological features according to the
type of surgery; the knowledge of these aspects may help a
clinician in the very early detection of filtration failure in each
surgery.
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