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Abstract: The aim of this study was to analyze retinal nerve fiber layer (RNFL) thickness after
trabeculectomy (TE) versus XEN microstent implantation (XEN) in primary open-angle glaucoma
(POAG) cases naïve to prior incisional glaucoma surgery. We examined 119 consecutive glaucoma
patients retrospectively, who received a TE or XEN for medically uncontrolled POAG. Intraocular
pressure (IOP), amount of IOP-lowering medication, mean deviation of standard automated perimetry
and peripapillary RNFL thickness were evaluated during the first 24 months after surgery. Fifty eyes
were treated with TE and 69 eyes with XEN. Mean IOP decreased from 25.1 ± 0.8 to 13.3 ± 0.6 mm Hg
(p < 0.01) and mean number of IOP-lowering eye drops from 3.2 ± 0.2 to 0.4 ± 0.1 (p < 0.01) 24 months
after TE. In 69 eyes undergoing XEN, mean IOP dropped from 24.8 ± 0.6 to 15.0 ± 0.4 mm Hg
(p < 0.01) and medication from 3.0 ± 0.1 to 0.6 ± 0.1 (p < 0.01) during the 24 months follow-up. Mean
deviation of standard automated perimetry remained stable in TE (8.5 ± 0.7 to 8.1 ± 0.8 dB; p = 0.54)
and XEN group (11,0 ± 0.5 to 11.5 ± 0.5 dB; p = 0.12) after 24 months, while mean RNFL thickness
further deteriorated in the TE (−2.28 ± 0.65 µm/year) and XEN (−0.68 ± 0.34 µm/year) group.
Postoperative RNFL loss develops after TE and XEN despite effective and significant lowering of
IOP and amount of IOP-lowering medication. RNFL loss was more pronounced in the first year after
glaucoma surgery.

Keywords: glaucoma surgery; RNFL thickness; optical coherence tomography; primary open-angle
glaucoma

1. Introduction

Glaucoma is one of the most common causes of irreversible blindness worldwide with
an estimated prevalence of up to 111.8 million in 2040 [1,2]. This chronic disease damages
the nerve fiber layer due to apoptosis of retinal ganglion cells. This leads to visual field
defects and loss of visual acuity or complete blindness in the final disease stages [3,4].

The most important risk factor for the development and progression of glaucoma is
the intraocular pressure (IOP), which can be influenced therapeutically [5]. Unalterable
risk factors are myopia, higher age, positive family history and ethnic background [6].

The pathologically transformed trabecular meshwork leading to chronically increased
IOP seems to play a major role during development and progression of primary open
angle glaucoma (POAG) [7]. The treatment of glaucoma aims at delaying progression by
lowering IOP, either through medication and/or surgery, if the IOP cannot be lowered
sufficiently by medication alone [5,8].

Trabeculectomy (TE) is considered the gold standard for surgical glaucoma treatment
and is effective in many different glaucoma entities [9]. Furthermore, in recent years,
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minimally invasive glaucoma surgery (MIGS) techniques were developed to reduce surgical
trauma and complications compared to TE [10]. One of these is the XEN45 Gel Stent, (XEN,
Allergan, Irvine, CA, USA), which consists of a flexible tube of 6 mm length and 500 µm
thickness with an internal lumen of 45 µm diameter. The stent connects the anterior
chamber with the subconjunctival/subtenonal space and has a comparable effect on IOP as
TE. The few studies that compared TE and XEN did not find any differences in the risk for
failure or the safety profiles [11,12].

Historically, visual field defects are an important marker for disease progression
and thereby effectiveness of glaucoma surgery over time, but visual field testing is highly
subjective and strongly depending on patient cooperation. Additionally, in the early disease
stages visual field defects are hardly measurable at all. Today, modern imaging techniques,
such as optical coherence tomography (OCT) are able to visualize the optic nerve and to
measure the thickness of the peripapillary retinal nerve fiber layer (RNFL) automatically in
order to detect possible disease progression.

The aim of this study was to compare the efficacy of TE and XEN in POAG cases.
We therefore performed a retrospective, monocentric single surgeon trial over a 24-month
follow-up period and analyzed postoperative changes in visual acuity, visual field defects
and peripapillary RNFL thickness using OCT techniques.

2. Materials and Methods

This study was designed as a retrospective, monocentric, comparative cohort study.
All POAG patients were treated with TE or XEN (XEN, Allergan, Irvine, CA, USA) at the
Department of Ophthalmology of the University Clinic Leipzig, Germany between October
2017 and March 2019. All surgical procedures were performed by the same surgeon (JDU).
Requirements for inclusion in the study were pseudophakia, an age of at least 40 years, an
IOP repeatedly documented above target pressure and thus not sufficiently controllable by
medical treatment, no prior incisional glaucoma surgery and verified presence of POAG.

The diagnosis of POAG was based on the following criteria: presence of typical glau-
comatous optic disc changes, history of an IOP of 21 mm Hg or above without therapy and
the absence of clinical signs raising suspicion towards any other glaucoma entity (increased
iris transillumination, PEX material, etc.) or optic neuropathies of non-glaucomatous origin.
Additionally, the indication to perform surgery required a progressive POAG in form of
increasing scotomas or an increase in mean defect (2 dB/year) despite maximum tolerable
IOP-lowering medication. Progression was verified by three repeated visual field tests
during the last 12 months before surgery. Exclusion criteria were the presence of any other
glaucoma entities other than POAG. In the regular cases of patients in need of glaucoma
surgery on both eyes, only data originating from the first eye undergoing surgery was
included in this analysis.

For all surgical procedures, written informed consent was obtained from all patients.
The study was approved by the local ethics committee (209/18-ek) and was registered with
the German Clinical Trial Register (DRKS, trial number: DRKS00020800), which is part of
the WHO registry network. All procedures were conducted according to the Declaration
of Helsinki.

The indication for glaucoma surgery was usually set during an ambulant examination
in the outpatient care department of the eye clinic. Additionally, a full ophthalmologic
examination was performed on the day of admission to the hospital, in order to confirm
the indication for surgery. The examination included taking patients ophthalmologic
and general medical history, best corrected visual acuity (BCVA) using Snellen charts
(transformed to logMAR for statistical analysis), examination of anterior and posterior eye
segments including a close evaluation of the optic disc to verify existence of glaucoma-
tous changes, Goldmann applanation tonometry, visual field assessment using standard
automated perimetry (Twinfield 2, Oculus Optikgeräte GmbH, Wetzlar, Germany; 24-2 test
strategy, 55 target points), measurement of the retinal nerve fiber layer (RNFL) thickness
using optical coherence tomography (OCT; Spectralis, Heidelberg Engineering GmbH,
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Heidelberg, Germany). The mean global RNFL thickness was assessed using the circular
peripapillary scan with 3.5 mm diameter centered around the optic nerve head. For further
RNFL analysis, the Garway-Heath sector analysis tool was used.

The decision between TE and XEN was based on the following assumptions. XEN
is considered a minimally invasive glaucoma surgery (MIGS) technique. The XEN is
implanted using an ab interno approach, which bares the risk of causing damage to the
crystalline lens with consecutive opacification and was therefore implanted only into
already pseudophakic eyes. Additionally, the XEN does not comprise a valve mechanism
and therefore bares (in theory) a higher risk for expulsive hemorrhages. TE was introduced
more than 60 years ago and experience with this technique is more extensive than with
XEN. Due to these reasons, TE was undertaken in eyes in need of a more aggressive/safer
IOP reduction. Cases not falling into these lastly described categories and fulfilling the
above-mentioned inclusion criteria were treated by XEN.

The XEN- and TE- techniques have already been described in detail before [11]. In
short: TE was performed using a fornix-based conjunctival approach and a scleral flap
of 4 × 4 mm. A 3 × 3 mm sponge soaked with mitomycin C (concentration 0.2 mg/mL,
produced by ) was applied for 2 minutes. The adaptation of the scleral flap was performed
using 2–4 10/0 sutures (non-absorbable). To adapt the conjunctiva to the limbus, 4 ab-
sorbable single button sutures were used. Depending on postoperative visible bleb function,
IOP and conjunctival scar formation we decided about suture lysis and/or application of
subconjunctival 5-Fluorouracil (5-FU). For XEN implantation the anterior chamber was
filled with a dispersive viscoelastic agent and the conjunctiva was prepared with an injec-
tion of up to 0.1 mL mitomycin C (concentration 0.1 mg/mL). Then, the XEN was inserted
into the eyes anterior chamber via a side port incision opposite to the planned implantation
site (Figure 1). Afterwards the outer orifice was detached from adherent Tenon’s capsule
using a 30 G needle.
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Postoperative treatment was similar in both treatment groups and included antibiotic
(gentamicin; QID for 1 week), cycloplegic (atropine 1%; BID for 1 week) and steroid eye
drops (prednisolone acetate 1%; QID for 4 weeks, titrated thereafter depending on clinical
assessment). Depending on the IOP and the morphology of the bleb we decided about
a secondary needling procedure with 0.1 mL of 5-FU (50 mg/mL). If necessary, a laser
suture lysis was performed no longer than 12 weeks after TE.

Before surgery and during the follow-up period, the following data was collected:
age, gender, side of surgery (left or right eye), IOP, BCVA, number of IOP-lowering drugs,
mean deviation (MD) of standard automated perimetry and mean peripapillary RNFL
thickness. Follow-up examinations were scheduled 6, 12 and 24 months after surgery.
Clinical success was evaluated following the recommendations published by the World
Glaucoma Association (Guidelines on Design and Reporting of Glaucoma Surgical Trials).
For complete success, IOP had to be decreased >20% compared to baseline without the
additional use of any IOP-lowering drugs and the resulting IOP had to be <21 mm Hg. For
qualified success, IOP had to be lowered by >20% compared to baseline with the additional
use of IOP-lowering drugs, if the preoperative number of drugs was not exceeded. To meet
the success criteria, no additional surgical intervention was allowed during the 24-month
follow-up after TE or XEN except laser suture lysis (TE group) or needling procedures with
5-FU (in both groups). All cases not meeting these criteria were considered as unsuccessful.

Data acquisition and statistical analysis were performed using Excel (Version 2007,
Microsoft; Redmond, DC, USA) and SPSS (IBM Version 22.0; Chicago, IL, USA). For
patient age, IOP, number of IOP-lowering drugs, visual acuity, mean defect of standard
automated perimetry and RNFL thickness the mean and standard error of the mean were
calculated. The Wilcoxon test was used for within-group comparisons and the Mann-
Whitney-U test for between-group comparisons. In both cases, p < 0.05 was set to indicate
statistical significance.

3. Results

In total, 119 eyes of 119 POAG patients were included in this study. Fifty eyes were
treated with TE and 69 eyes underwent a XEN. For all 119 eyes, a full 24-month post-surgical
follow-up could be obtained. Patient demographics such as age, gender, side of surgery,
IOP and number of IOP-lowering drugs before surgery did not differ significantly for both
groups. However, visual acuity and mean deviation of visual field showed statistically
significant differences with eyes being more affected by POAG in the XEN group (for
details see Table 1).

Table 1. Baseline characteristics of all eyes included and treated with either TE or XEN. n.a.: not
applicable; IOP: intraocular pressure; RNFL: retinal nerve fiber layer.

TE XEN Mann-Whitney-U Test
p =

Age [years] 73.9 ± 1.3 75.5 ± 0.8 0.29

Gender 28 female
22 male

44 female
25 male 0.39

n = 50 69 n.a.

Laterality 28 left (56%)
22 right (44%)

28 left (41%)
41 right (59%) 0.10

IOP [mm Hg] 25.1 ± 0.8 24.8 ± 0.6 0.92
Medication [n] 3.2 ± 0.2 3.0 ± 0.1 0.25

Visual acuity [logMAR] 0.13 ± 0.02 0.24 ± 0.03 <0.01
Mean visual field defect [dB] 8.5 ± 0.7 11.0 ± 0.5 <0.01
Mean RNFL thickness [µm] 67.8 ± 2.6 60.2 ± 1.8 0.12
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3.1. IOP

The IOP was similar in both groups initially (TE: 25.1 ± 0.8 mm Hg; XEN:
24.8 ± 0.6 mm Hg). In the TE group, IOP decreased to 13.5 ± 0.6 mm Hg (p < 0.01) and
13.3 ± 0.6 mm Hg (p < 0.01) 12 and 24 months after surgery, corresponding to a 44% IOP
reduction compared to baseline. During the same time IOP dropped to 15.2 ± 0.4 mm Hg
(p < 0.01) and 15.0 ± 0.4 mm Hg (p < 0.01) in the XEN group (Table 2 and Figure 2A), re-
spectively. This relates to an IOP-reduction of 36% and 37% from baseline. The IOP differed
significantly between the two groups for all three follow-up examinations at 6 (p = 0.01),
12 (p < 0.01) and 24 months (p < 0.01) after surgery (Table 2).

3.2. IOP-Lowering Medication

The mean number of IOP-lowering medication was significantly reduced from
3.2 ± 0.2 to 0.5 ± 0.1 (p < 0.01) and 0.4 ± 0.1 (p < 0.01) 12 and 24 month after TE and
from 3.0 ± 0.1 to 0.6 ± 0.1 (p < 0.01) and 0.6 ± 0.1 (p < 0.01) 12 and 24 month after
XEN (Table 2 and Figure 2B). There was no statistically significant difference between the
two groups for any of the follow-up examinations though (Table 2).

3.3. Success Levels

The exact percentages of eyes reaching success levels A to D 24 months after surgery are
presented in Table 3. Although there is no statistically significant difference in eyes reaching
lower success levels A and B between both treatment groups, a significant difference was
found for higher success levels C and D, with higher success rates in the TE group.

Table 2. Baseline and follow-up results for IOP, prescribed medication, visual acuity and mean MD
in the TE and XEN group together with the results of statistical analysis. IOP: intraocular pressure,
n.a.: not applicable, MD: mean defect, RNFL: retinal nerve fiber layer.

TE

Comparison to
Baseline

(Wilcoxon-Test)
p =

XEN

Comparison to
Baseline

(Wilcoxon-Test)
p =

Intergroup Comparison
(Mann-Whitney-U Test)

p =

IO
P

[m
m

H
g] baseline 25.1 ± 0.8 n.a. 24.8 ± 0.6 n.a. 0.92

6 months 13.6 ± 0.7 <0.01 15.3 ± 0.4 <0.01 0.01
12 months 13.5 ± 0.6 <0.01 15.2 ± 0.4 <0.01 <0.01
24 months 13.3 ± 0.6 <0.01 15.0 ± 0.4 <0.01 <0.01

m
ed

ic
at

io
n baseline 3.2 ± 0.2 n.a. 3.0 ± 0.1 n.a. 0.25

6 months 0.3 ± 0.1 <0.01 0.7 ± 0.1 <0.01 0.08
12 months 0.5 ± 0.1 <0.01 0.6 ± 0.1 <0.01 0.29
24 months 0.4 ± 0.1 <0.01 0.6 ± 0.1 <0.01 0.27

vi
su

al
ac

ui
ty

[l
og

M
A

R
] baseline 0.13 ± 0.02 n.a. 0.24 ± 0.03 n.a. <0.01

6 months 0.16 ± 0.03 0.06 0.23 ± 0.03 0.51 0.15
12 months 0.17 ± 0.03 0.01 0.22 ± 0.03 0.18 0.67
24 months 0.22 ± 0.06 0.04 0.22 ± 0.03 0.17 0.75

M
D

[d
B

] baseline 8.5 ± 0.7 n.a. 11.0 ± 0.5 n.a. <0.01
6 months 7.85 ± 0.8 0.17 11.63 ± 0.5 0.07 0.15
12 months 8.0 ± 0.7 0.41 11.3 ± 0.5 0.15 <0.01
24 months 8.1 ± 0.8 0.54 11.5 ± 0.5 0.12 <0.01

R
N

FL
th

ic
kn

es
s

[µ
m

]

baseline 67.8 ± 2.6 n.a. 60.2 ± 1.8 n.a. 0.12
6 months 64.3 ± 2.6 <0.01 60.5 ± 1.9 0.38 <0.01
12 months 62.9 ± 2.6 <0.01 59.3 ± 1.8 0.22 0.01
24 months 63.2 ± 2.6 <0.01 58.9 ± 1.8 0.06 0.04



J. Clin. Med. 2022, 11, 5840 6 of 11

J. Clin. Med. 2022, 11, 5840 5 of 11 
 

 

3.1. IOP 

The IOP was similar in both groups initially (TE: 25.1 ± 0.8 mmHg; XEN: 24.8 ± 0.6 

mmHg). In the TE group, IOP decreased to 13.5 ± 0.6 mmHg (p < 0.01) and 13.3 ± 0.6 

mmHg (p < 0.01) 12 and 24 months after surgery, corresponding to a 44% IOP reduction 

compared to baseline. During the same time IOP dropped to 15.2 ± 0.4 mmHg (p < 0.01) 

and 15.0 ± 0.4 mmHg (p < 0.01) in the XEN group (Table 2 and Figure 2A), respectively. 

This relates to an IOP-reduction of 36% and 37% from baseline. The IOP differed signifi-

cantly between the two groups for all three follow-up examinations at 6 (p = 0.01), 12 (p < 

0.01) and 24 months (p < 0.01) after surgery (Table 2). 

Table 2. Baseline and follow-up results for IOP, prescribed medication, visual acuity and mean MD 

in the TE and XEN group together with the results of statistical analysis. IOP: intraocular pressure, 

n.a.: not applicable, MD: mean defect, RNFL: retinal nerve fiber layer. 

  TE 

Comparison to Baseline 

(Wilcoxon-Test) 

p = 

XEN 

Comparison to Baseline 

(Wilcoxon-Test) 

p = 

Intergroup Comparison 

(Mann-Whitney-U Test) 

p = 

IO
P

 

[m
m

H
g

] baseline 25.1 ± 0.8 n.a. 24.8 ± 0.6 n.a. 0.92 

6 months 13.6 ± 0.7 <0.01 15.3 ± 0.4 <0.01 0.01 

12 months 13.5 ± 0.6 <0.01 15.2 ± 0.4 <0.01 <0.01 

24 months 13.3 ± 0.6 <0.01 15.0 ± 0.4 <0.01 <0.01 

m
ed

ic
at

io
n

 

baseline 3.2 ± 0.2 n.a. 3.0 ± 0.1 n.a. 0.25 

6 months 0.3 ± 0.1 <0.01 0.7 ± 0.1 <0.01 0.08 

12 months 0.5 ± 0.1 <0.01 0.6 ± 0.1 <0.01 0.29 

24 months 0.4 ± 0.1 <0.01 0.6 ± 0.1 <0.01 0.27 

v
is

u
al

 a
cu

-

it
y

 [
lo

g
-

M
A

R
] 

baseline 0.13 ± 0.02 n.a. 0.24 ± 0.03 n.a. <0.01 

6 months 0.16 ± 0.03 0.06 0.23 ± 0.03 0.51 0.15 

12 months 0.17 ± 0.03 0.01 0.22 ± 0.03 0.18 0.67 

24 months 0.22 ± 0.06 0.04 0.22 ± 0.03 0.17 0.75 

M
D

 [
d

B
] 

 

baseline 8.5 ± 0.7 n.a. 11.0 ± 0.5 n.a. <0.01 

6 months 7.85 ± 0.8 0.17 11.63 ± 0.5 0.07 0.15 

12 months 8.0 ± 0.7 0.41 11.3 ± 0.5 0.15 <0.01 

24 months 8.1 ± 0.8 0.54 11.5 ± 0.5 0.12 <0.01 

R
N

F
L

 

th
ic

k
n

es
s 

[µ
m

] 

baseline 67.8 ± 2.6 n.a. 60.2 ± 1.8 n.a. 0.12 

6 months 64.3 ± 2.6 <0.01 60.5 ± 1.9 0.38 <0.01 

12 months 62.9 ± 2.6 <0.01 59.3 ± 1.8 0.22 0.01 

24 months 63.2 ± 2.6 <0.01 58.9 ± 1.8 0.06 0.04 

 

  

0

5

10

15

20

25

30 TE

XE

N

A

0

1

2

3

4 TE

XEN

B

J. Clin. Med. 2022, 11, 5840 6 of 11 
 

 

  

Figure 2. Results for IOP (A), glaucoma medication (B), visual acuity (C) and mean defect of 

standard automated visual field tests (D) development during the first 24 months after TE or XEN. 

pre: preoperative. 

3.2. IOP-Lowering Medication 

The mean number of IOP-lowering medication was significantly reduced from 3.2 ± 

0.2 to 0.5 ± 0.1 (p < 0.01) and 0.4 ± 0.1 (p < 0.01) 12 and 24 month after TE and from 3.0 ± 0.1 

to 0.6 ± 0.1 (p < 0.01) and 0.6 ± 0.1 (p < 0.01) 12 and 24 month after XEN (Table 2 and Figure 

2B). There was no statistically significant difference between the two groups for any of 

the follow-up examinations though (Table 2). 

3.3. Success Levels 

The exact percentages of eyes reaching success levels A to D 24 months after surgery are 

presented in Table 3. Although there is no statistically significant difference in eyes reaching 

lower success levels A and B between both treatment groups, a significant difference was 

found for higher success levels C and D, with higher success rates in the TE group. 

Table 3. Percentage of eyes in the TE- and XEN-groups reaching complete or qualified success 

levels A-D 24 months after surgery. 

  TE XEN 
p =  

(Mann-Whitney-U Test) 

A (<21 mmHg) complete 80.0% 71.0% 0.89 

 qualified 92.0% 91.3% 0.27 

B (<18 mmHg) complete 80.0% 65.2% 0.14 

 qualified 92.0% 82.6% 0.08 

C (<15 mmHg) complete 72.0% 43.5% 0.01 

 qualified 76.0% 52.2% 0.01 

D (<12 mmHg) complete 44.0% 23.2% 0.03 

 qualified 44.0% 24.6% 0.02 

3.4. Visual Acuity, Visual Field 

The mean BCVA worsened significantly from 0.13 ± 0.02 logMAR before surgery to 

0.17 ± 0.03 logMAR (p = 0.01) and 0.22 ± 0.06 logMAR (p = 0.04) 12 and 24 months after TE. 

In the XEN group, the mean BCVA was 0.24 ± 0.03 logMAR at baseline and remained 

stable with 0.22 ± 0.03 logMAR (p = 0.18) and 0.22 ± 0.03 logMAR (p = 0.17) 12 and 24 

0

0.2

0.4

TE

XEN

C

0

2

4

6

8

10

12

14

TE

XE

N

D

Figure 2. Results for IOP (A), glaucoma medication (B), visual acuity (C) and mean defect of
standard automated visual field tests (D) development during the first 24 months after TE or XEN.
pre: preoperative.

Table 3. Percentage of eyes in the TE- and XEN-groups reaching complete or qualified success levels
A-D 24 months after surgery.

TE XEN p =
(Mann-Whitney-U Test)

A (<21 mm Hg) complete 80.0% 71.0% 0.89
qualified 92.0% 91.3% 0.27

B (<18 mm Hg) complete 80.0% 65.2% 0.14
qualified 92.0% 82.6% 0.08

C (<15 mm Hg) complete 72.0% 43.5% 0.01
qualified 76.0% 52.2% 0.01

D (<12 mm Hg) complete 44.0% 23.2% 0.03
qualified 44.0% 24.6% 0.02

3.4. Visual Acuity, Visual Field

The mean BCVA worsened significantly from 0.13 ± 0.02 logMAR before surgery to
0.17 ± 0.03 logMAR (p = 0.01) and 0.22 ± 0.06 logMAR (p = 0.04) 12 and 24 months after TE.
In the XEN group, the mean BCVA was 0.24 ± 0.03 logMAR at baseline and remained stable



J. Clin. Med. 2022, 11, 5840 7 of 11

with 0.22 ± 0.03 logMAR (p = 0.18) and 0.22 ± 0.03 logMAR (p = 0.17) 12 and 24 months
after surgery (Table 2 and Figure 2C). The intergroup comparison showed a statistically
significant difference of mean BCVA at baseline (p < 0.01), so further postoperative analysis
was not conducted. In the TE group, MD did not change significantly over the 24 months
follow-up (12 months: 8.0 ± 0.7 dB, p = 0.41; 24 months: 8.1 ± 0.8, p = 0.54). During
the same time, changes in MD did not reveal differences of statistical significance with
11.3 ± 0.5 dB (p = 0.15) and 11.5 ± 0.5 dB (p = 0.12) in the XEN group (Table 2, Figure 2D).

3.5. RNFL Thickness

The mean RNFL thickness did not differ significantly at baseline with 67.8 ± 2.6 µm in
the TE group and 60.2 ± 1.8 µm in the XEN group (p = 0.12). During postsurgical follow-up,
the global mean RNFL-thickness only decreased significantly in the TE group. Mean RNFL
thickness decreased to 62.9 ± 2.6 µm (p < 0.01) and to 63.2 ± 2.6 µm (p < 0.01) 12 and
24 months after TE (Figure 3A), corresponding to a −4.56 ± 1.30 µm mean global RNFL
loss after 24 months. Statistical analysis showed a trend towards a significant reduction
in mean RNFL thickness at 24 months after XEN (58.9 ± 1.8 µm; p = 0.06; Figure 3B) with
a mean global RNFL loss of −1.35 ± 0.67 µm for the same period. Comparison of mean
RNFL thickness values revealed statistically significant differences between the two groups
and loss was more pronounced in the TE group 12 (p = 0.01) and 24 months (p = 0.04)
after surgery (Table 2). Additionally, the comparison of 12- and 24 months results showed
that the mean global RNFL loss was most pronounced in the first year with almost no
changes of global RNFL in the second year of follow-up. Further statistical analysis for the
significant RNFL-decrease in the TE group revealed, that a high surgical IOP-reduction was
correlated with a lower RNFL-loss (12 months: r = −0.472, p < 0.01; 24 months: r = −0.443,
p < 0.01).
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Figure 3. Development of postoperative global and sectoral (Garway-Heath) RNFL loss 12 and
24 months after TE (A) and XEN (B). G: global; NS: nasal−superior; TS: temporal−superior; T: tem-
poral; TI: temporal−inferior; NI: nasal−inferior; N: nasal.

3.6. Garway-Heath-Sector Analysis

However, postoperative RNFL thickness changes were not distributed evenly around
the optic nerve head. The exact pattern of postoperative RNFL loss is depicted in Figure 3A,B
and Figure 4. The analysis of the six Garway-Heath sectors revealed that RNFL loss was
most pronounced in the inferior and superior sectors with different results for compared to
baseline values before surgery was statistically significant in the nasal superior sector in
the TE-group (−8.22 ± 1.98 µm, p < 0.01) and temporal superior sector in the XEN group
(−3.71 ± 1.41 µm, p = 0.01) during the postsurgical period. Lowest RNFL loss was seen
in the temporal sector with −0.76 ± 1.23 µm in the TE group and −1.09 ± 0.68 µm in the
XEN group during 24 months of follow-up.
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4. Discussion

Our study shows an effective and significant decrease in mean IOP and number of
IOP-lowering medication 2 years after TE or XEN in POAG eyes naïve to prior surgical
glaucoma treatment. In addition, postsurgical follow-up showed a global RNFL loss, which
was more pronounced during the first than the second year after glaucoma surgery. This
suggests a possible association with perioperative factors, but there were no abnormalities
of postoperative IOP spikes, hypotonia or cases of pronounced vision loss in the early
postoperative period in these cohorts.

TE has been the standard surgical procedure to lower IOP and the number of necessary
IOP-lowering drugs and thus decelerating disease progression in various types of glaucoma.
The efficacy was proven multiple times by different single- and multicenter trials before
and is nowadays widely accepted [13,14]. Kirwan et al. demonstrated the effectivity of TE
using a multicenter trial conducted in the UK including 428 eyes with POAG. They showed
a postoperative reduction in mean IOP (from 23.0 ± 5.5 mm Hg to 12.4 ± 4.0 mm Hg) and
IOP-lowering eye drops (from 2.5 ± 0.9 to 0.1 ± 0.4) for a 24 months follow-up period [15].
Equally, the effectivity of the XEN was also demonstrated in different types of glaucoma by
a number of single and multicenter trials in recent years [16,17]. Reitsamer et al. presented
a successful reduction in mean IOP from 21.4 ± 3.4 mm Hg to 15.2 ± 4.2 mm Hg and
IOP-lowering medication from 2.7 ± 0.9 to 1.1 ± 1.2 24 months after implantation in 202
POAG eyes treated with XEN [18].

The results of our study also demonstrated an effective IOP reduction after TE or XEN,
which was comparable to the above-mentioned trials. Mean IOP decreased significantly
from 25.1 ± 0.8 to 13.3 ± 0.6 mm Hg after TE and from 24.8 ± 0.6 to 15.0 ± 0.4 mm Hg
after XEN during the 24-month follow-up period. The resulting IOP difference between the
two groups was statistically significant at 24 months after surgery. Additionally, the mean
number of IOP-lowering medication was significantly reduced (p < 0.01) in the two groups
during follow-up. Similar to already published data, IOP reduction and higher success
levels were more pronounced in eyes undergoing a TE compared to a XEN [19–21].

During the 24-month follow-up, mean MD remained stable in both treatment groups.
No differences of statistical significance could be found comparing MD values measured
before as well as 12 and 24 months after TE or XEN. Our findings are in line with studies also
reporting no changes of visual field function after glaucoma surgery [22,23]. Schargus et al.
also revealed stable visual field indices during the first 24 months after TE or XEN or XEN
combined with cataract surgery in POAG eyes naïve to glaucoma surgery [20]. Kim et al.



J. Clin. Med. 2022, 11, 5840 9 of 11

demonstrated stable visual field indices although further statistically significant RNFL
decrease during the first 12 months after TE or Ahmed valve implantation [24]. A lack
of direct correlation between defect depth and RNFL thickness could also be due to the
decreasing relevance and informative value of OCT examination with progressive damage.

Despite the successful reduction in IOP and medication as well as visual field sta-
bilization, a further deterioration of peripapillary RNFL could be found in both of our
presented treatment groups. This effect was however more pronounced in eyes undergo-
ing TE compared to XEN. Already published data concerning RNFL development after
glaucoma surgery using OCT techniques are somehow contradictive. This may partially
be due to different patient characteristics, included disease stages, surgical methods and
initial global RNFL. Some authors stated no significant changes of RNFL thickness after TE
in short follow-up periods of 6 to 12 months [22,25,26]. However, other studies showed
significant RNFL changes for 12 to 18 months after different glaucoma surgeries [23,24,27].
Kim et al. found a significant RNFL thinning 12 months after TE or Ahmed valve implan-
tation. They speculated that RNFL thinning may reflect the resolution of RNFL-swelling
due to higher preoperative IOP (IOP > 37 mm Hg) [24]. Ch’ng et al. observed a transient
increase in peripapillary RNFL 1 month after filtering surgery [28]. Our results show
further RNFL-reduction after TE although reaching lower mean IOP levels and higher
percentages of surgical success compared to our XEN group. Mean reduction in global
RNFL thickness around the optic nerve head was −4.8 ± 1.3 µm/year in the TE group and
−1.4 ± 0.7 µm/year in the XEN group during the first follow up year. These findings are in
line with those published by Chua et al., who found a mean reduction in RNFL thickness of
−4.2 ± 0.3 µm/year in 105 eyes 12 months after TE [27]. Interestingly, the amount of RFNL
thickness loss was higher in the first than in the second year after surgery. One reason for
the more pronounced RNFL reduction in the first year might be the elevated preoperative
IOP, which may already have damaged the retinal ganglion cells up until the point of
surgery. Possibly, the initiated apoptosis up until the point of operation continues thereafter
and global RNFL thinning is seen only months later using OCT. Additionally, mean global
RNFL decreased only significantly in the TE-group from 67.8 ± 2.6 µm to 63.2 ± 2.6 µm
(p < 0.01) over 24 months. The reasons for this might be the major intraoperative trauma,
more inflammation and intraoperative IOP-changes related to apoptosis of retinal ganglion
cells in the TE group. Additionally, mean global RNFL thickness was lower in the XEN
group than in the TE group at baseline, which might have an effect on further development
during follow-up. In summary, TE as well as XEN could decelerate the progression of
glaucoma. However, both techniques were not able to stop disease progression and RNFL
decrease completely. In addition, the amount of RFNL thickness loss was higher in the first
than in the second postoperative year, suggesting a time dependent course of postoperative
RNFL loss. Furthermore, long-time follow-up investigations would definitely be interesting
and necessary to evaluate the further clinical course after glaucoma surgery.

The pattern of occurring postoperative RNFL loss was also of interest in this study.
Analysis of the six sectors described by Garway-Heath showed that further postoperative
RNFL loss was pronounced superiorly and inferiorly. These (superior and inferior) poles
are known to be most susceptible to glaucoma damage. A closer look revealed that in the
TE-group RNFL loss was most pronounced in nasal inferior sector and in the XEN-group
in the temporal superior sector. Damage occurring at the temporal side of the optic nerve
head was minimal in both groups during the postoperative follow-up, because the major
preoperative damage was already in this sector.

Major limitations of the present study are its retrospective as well as the non-blinded
and non-randomized design. Additionally, the mode of IOP measurements might have
been biased, because it did not follow a strict workflow schedule (non-blinded, not repeated
multiple times). Visual field examinations often showed a higher variability; so “false-
negative” results are possible. Furthermore, due to the strict inclusion criteria the study
population is rather small in order to compare two different glaucoma surgeries. In the
future, multicenter studies with longer follow-up times, fixed follow-up intervals and
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larger cohorts are necessary. Additionally, including OCT monitoring into prospective
studies would be profitable to evaluate the patterns of postoperative RNFL loss not only in
the long term but also during the first year after surgery. Comparing these loss patterns
between different surgical procedures may enhance clinical decisions.

5. Conclusions

Postoperative RNFL loss develops following certain patterns. The amount and pattern
of RNFL loss differs between eyes undergoing TE or XEN, and seems to be independent
from a reduction in IOP, IOP lowering medication and postoperatively reached success
levels, at least during the first year after surgery.

Author Contributions: Conceptualization: J.D.U. and C.B. (Caroline Bormann); methodology: J.D.U.
and C.B. (Caroline Bormann); software: J.D.U.; validation, formal analysis, J.D.U. and C.B. (Caroline
Bormann); investigation: C.B. (Catharina Busch), M.R., M.S. and C.S.; resources: J.D.U. and M.R.;
data curation: J.D.U. and C.B. (Caroline Bormann); writing—original draft preparation: C.B. (Car-
oline Bormann) and J.D.U.; writing—review and editing: C.B. (Catharina Busch), J.D.U. and F.Z.;
visualization: J.D.U.; supervision: J.D.U.; project administration: J.D.U.; All authors have read and
agreed to the published version of the manuscript.

Funding: The publication was partially funded by the Library of the University of Leipzig.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Ethics Committee of the University of Leipzig
(209/18-ek).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Datasets generated during the current study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: F.Z.: Consultant: Alimera Sciences, Allergan/Abbvie, Bayer, Boehringer-
Ingelheim, Novartis, NovoNordisk, MSD, Oxurion, Roche/Genentech; Speaker: Alimera, Aller-
gan/Abbvie, Bayer, BDI, CME Health, Gerling, Novartis, ODOS, Roche, Research: Bayer, BMBF,
Clearside, DFG, Kodiak, Iveric, Ophtea, Novartis, Regeneron. All other authors declare no conflict
of interest.

References
1. Tham, Y.C.; Li, X.; Wong, T.Y.; Quigley, H.A.; Aung, T.; Cheng, C.Y. Global prevalence of glaucoma and projections of glaucoma

burden through 2040: A systematic review and meta-analysis. Ophthalmology 2014, 11, 2081–2090. [CrossRef]
2. Flaxman, S.R.; Bourne, R.R.A.; Resnikoff, S.; Ackland, P.; Braithwaite, T.; Cicinelli, M.V.; Das, A.; Jonas, J.B.; Keeffe, J.; Kempen,

J.H.; et al. Global causes of blindness and distance vision impairment 1990–2020: A systematic review and meta-analysis. Lancet
Glob Health 2017, 12, e1221–e1234. [CrossRef]

3. Quigley, H.A. Ganglion cell death in glaucoma: Pathology recapitulates ontogeny. Aust. N. Z. J. Ophthalmol. 1995, 23, 85–91.
[CrossRef] [PubMed]

4. Levkovitch-Verbin, H. Retinal ganglion cell apoptotic pathway in glaucoma: Initiating and downstream mechanisms. Prog. Brain
Res. 2015, 220, 37–57.

5. Heijl, A.; Leske, M.C.; Bengtsson, B.; Hyman, L.; Bengtsson, B.; Hussein, M. Early Manifest Glaucoma Trial Group. Reduction of
intraocular pressure and glaucoma progression: Results from the Early Manifest Glaucoma Trial. Arch. Ophthalmol. 2002, 120,
1268–1279. [CrossRef]

6. Schuster, A.K.; Erb, C.; Hoffmann, E.M.; Dietlein, T.; Pfeiffer, N. The Diagnosis and Treatment of Glaucoma. Dtsch. Arztebl. Int.
2020, 13, 225–234. [CrossRef]

7. Tektas, O.Y.; Lutjen-Drecoll, E. Structural changes of the trabecular meshwork in different kinds of glaucoma. Exp. Eye Res. 2009,
88, 769–775. [CrossRef]

8. Schmidl, D.; Schmetterer, L.; Garhofer, G.; Popa-Cherecheanu, A. Pharmacotherapy ofglaucoma. J. Ocul. Pharmacol. Ther. 2015, 31,
63–77. [CrossRef] [PubMed]

9. Razeghinejad, M.R.; Spaeth, G.L. A history of the surgical management of glaucoma. Optom. Vis. Sci. 2011, 88, E39–E47.
[CrossRef]

10. Lavia, C.; Dallorto, L.; Maule, M.; Ceccarelli, M.; Fea, A.M. Minimally-invasive glaucoma surgeries (MIGS) for open angle
glaucoma: A systematic review and meta-analysis. PLoS ONE 2017, 12, e0183142. [CrossRef]

http://doi.org/10.1016/j.ophtha.2014.05.013
http://doi.org/10.1016/S2214-109X(17)30393-5
http://doi.org/10.1111/j.1442-9071.1995.tb00135.x
http://www.ncbi.nlm.nih.gov/pubmed/7546696
http://doi.org/10.1001/archopht.120.10.1268
http://doi.org/10.3238/arztebl.2020.0225
http://doi.org/10.1016/j.exer.2008.11.025
http://doi.org/10.1089/jop.2014.0067
http://www.ncbi.nlm.nih.gov/pubmed/25587905
http://doi.org/10.1097/OPX.0b013e3181fe2226
http://doi.org/10.1371/journal.pone.0183142


J. Clin. Med. 2022, 11, 5840 11 of 11

11. Theilig, T.; Rehak, M.; Busch, C.; Bormann, C.; Schargus, M.; Unterlauft, J.D. Comparing the efficacy of trabeculectomy and XEN
gel microstent implantation for the treatment of primary open-angle glaucoma: A retrospective monocentric comparative cohort
study. Sci. Rep. 2020, 1, 19337. [CrossRef]

12. Schlenker, M.B.; Gulamhusein, H.; Conrad-Hengerer, I.; Somers, A.; Lenzhofer, M.; Stalmans, I.; Reitsamer, H.; Hengerer, F.H.;
Ahmed, I.I.K. Efficacy, Safety, and Risk Factors for Failure of Standalone Ab Interno Gelatin Microstent Implantation versus
Standalone Trabeculectomy. Ophthalmology 2017, 11, 1579–1588. [CrossRef]

13. Edmunds, B.; Thompson, J.R.; Salmon, J.F.; Wormald, R.P. The National Survey of Trabeculectomy. II. Variations in operative
technique and outcome. Eye 2001, 15, 441–448. [CrossRef] [PubMed]

14. Fontana, H.; Nouri-Mahdavi, K.; Lumba, J.; Ralli, M.; Caprioli, J. Trabeculectomy with mitomycin C: Outcomes and risk factors
for failure in phakic open-angle glaucoma. Ophthalmology 2006, 113, 930–936. [CrossRef]

15. Kirwan, J.F.; Lockwood, A.J.; Shah, P.; Macleod, A.; Broadway, D.C.; King, A.J.; McNaught, A.I.; Agrawal, P. Trabeculectomy
Outcomes Group Audit Study Group. Trabeculectomy in the 21st century: A multicenter analysis. Ophthalmology 2013, 12,
2532–2539. [CrossRef]

16. Karimi, A.; Lindfield, D.; Turnbull, A.; Dimitriou, C.; Bhatia, B.; Radwan, M.; Gouws, P.; Hanifudin, A.; Amerasinghe, N.; Jacob,
A. A multi-centre interventional case series of 259 ab-interno Xen gel implants for glaucoma, with and without combined cataract
surgery. Eye 2019, 3, 469–477. [CrossRef]

17. Schargus, M.; Theilig, T.; Rehak, M.; Busch, C.; Bormann, C.; Unterlauft, J.D. Outcome of a single XEN microstent implant for
glaucoma patients with different types of glaucoma. BMC Ophthalmol. 2020, 1, 490. [CrossRef] [PubMed]

18. Sheybani, A.; Lenzhofer, M.; Hohensinn, M.; Reitsamer, H.; Ahmed, I.I. Phacoemulsification combined with a new ab interno gel
stent to treat open-angle glaucoma: Pilot study. J. Cataract. Refract. Surg. 2015, 9, 1905–1909. [CrossRef]

19. Wagner, F.M.; Schuster, A.K.; Emmerich, J.; Chronopoulos, P.; Hoffmann, E.M. Efficacy and safety of XEN®-Implantation vs.
trabeculectomy: Data of a “real-world” setting. PLoS ONE 2020, 4, e0231614. [CrossRef]

20. Schargus, M.; Busch, C.; Rehak, M.; Meng, J.; Schmidt, M.; Bormann, C.; Unterlauft, J.D. Functional Monitoring after Tra-
beculectomy or XEN Microstent Implantation Using Spectral Domain Optical Coherence Tomography and Visual Field Indices-A
Retrospective Comparative Cohort Study. Biology 2021, 4, 273. [CrossRef]

21. Edmunds, B.; Thompson, J.R.; Salmon, J.F.; Wormald, R.P. The National Survey of Trabeculectomy. III. Early and late complications.
Eye 2002, 16, 297–303. [CrossRef] [PubMed]

22. Gietzelt, C.; von Goscinski, C.; Lemke, J.; Schaub, F.; Hermann, M.M.; Dietlein, T.S.; Cursiefen, C.; Heindl, L.M.; Enders, P.
Dynamics of structural reversal in Bruch’s membrane opening-based morphometrics after glaucoma drainage device surgery.
Graefes Arch. Clin. Exp. Ophthalmol. 2020, 6, 1227–1236. [CrossRef]

23. Gietzelt, C.; Lemke, J.; Schaub, F.; Hermann, M.M.; Dietlein, T.S.; Cursiefen, C.; Enders, P.; Heindl, L.M. Structural Reversal of
Disc Cupping After Trabeculectomy Alters Bruch Membrane Opening-Based Parameters to Assess Neuroretinal Rim. Am. J.
Ophthalmol. 2018, 194, 143–152. [CrossRef] [PubMed]

24. Kim, W.J.; Kim, K.N.; Sung, J.Y.; Kim, J.Y.; Kim, C.S. Relationship between preoperative high intraocular pressure and retinal
nerve fibre layer thinning after glaucoma surgery. Sci. Rep. 2019, 9, 13901. [CrossRef] [PubMed]

25. Sanchez, F.G.; Sanders, D.S.; Moon, J.J.; Gardiner, S.K.; Reynaud, J.; Fortune, B.; Mansberger, S.L. Effect of Trabeculectomy on OCT
Measurements of the Optic Nerve Head Neuroretinal Rim Tissue. Ophthalmol. Glaucoma 2020, 1, 32–39. [CrossRef] [PubMed]

26. Waisbourd, M.; Ahmed, O.M.; Molineaux, J.; Gonzalez, A.; Spaeth, G.L.; Katz, L.J. Reversible structural and functional changes
after intraocular pressure reduction in patients with glaucoma. Graefes Arch. Clin. Exp. Ophthalmol. 2016, 6, 1159–1166. [CrossRef]
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