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ABSTRACT

Introduction: To evaluate the long-term effect
on intraocular pressure (IOP) and glaucoma
medication of selective laser trabeculoplasty
(SLT) compared to minimally invasive glau-
coma surgery (MIGS) in primary open-angle
glaucoma (POAG) and its potential in clinical
practice.
Methods: A total of 342 consecutive patients
(stand-alone procedures) were included. One
hundred and five patients underwent SLT
treatment (360� SLT, 95–105 spots, Trabeculas
SLT ARCLaser, Nürnberg, DE), 107 patients had
an ab interno-derived trabeculotomy (Trabec-
tome�, NeoMedix, Tustin, USA), and 130

patients received iStent inject� implantation (2
implants-Glaukos, CA, USA). IOP and glaucoma
therapy were evaluated preoperatively, 1 day,
6 weeks, 3 months, 6 months, and 1, 2, and
3 years postoperatively. Statistical analysis was
performed using a regression model and
propensity matching score (reduced cohort
number) using SPSS v20.0. Kaplan–Meier anal-
ysis was included using the following six crite-
ria: criterion A (IOP B 21 mmHg with or
without medication, qualified success), crite-
rion B (IOP B 18 mmHg with or without medi-
cation, qualified success), criterion C
(IOP B 21 mmHg without medication, com-
plete success), criterion D (IOP B 18 mmHg
without medication, complete success), crite-
rion E (IOP B 21 mmHg and IOP reduc-
tion[ 20% after therapy), and criterion F
(IOP B 18 mmHg and IOP reduction[ 20%
after therapy).
Results: In the matched cohort, the SLT cohort
showed an IOP reduction of 31.2% from
19.9 ± 2.3 to 13.7 ± 2.7 mmHg (p\ 0.001)
3 years postoperatively; in Trabectome� IOP
decreased by 31.4% from 20.5 ± 1.3 to
13.8 ± 2.0 mmHg (p\0.001) and in iStent
inject� by 29.9% from 19.5 ± 2.0 to
13.8 ± 2.7 mmHg (p\0.001). Trabectome�

and iStent inject� could not demonstrate a sig-
nificant reduction in glaucoma therapy
(Trabectome� p = 0.138, iStent inject�

p = 0.612); a significant drop was noted in SLT
(2.2 ± 1.2 to 1.7 ± 1.2, p = 0.046). SLT and
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MIGS achieved good to moderate survival rates
using criterion A (93.3% SLT, 79.7% Trabec-
tome�, 77.6% iStent inject�) and criterion B
(74.5% SLT, 48.0% Trabectome�, 56.2% iStent
inject�). As expected, low survival rates were
obtained with non-filtering procedures: crite-
rion C 11.1% in SLT, 6.5% in Trabectome�,
7.0% in iStent inject� and criterion D 3.0% in
SLT, 4.3% in Trabectome�, 3.7% in iStent
inject� in 3-year follow-up.
Conclusion: The SLT is a low-complication and
effective method for reducing pressure in mild
to moderate POAG. SLT is suitable as an initial
procedure when setting up a step scheme; MIGS
is the treatment of choice as a follow-up for
mild to moderate forms of glaucoma and
accepted topical therapy. Ethic approval had
been given by the Ethikkommission Charité –
Universitätsmedizin Berlin, EA4/047/20—retro-
spectively registered.

Keywords: Selective laser trabeculoplasty (SLT);
Minimally invasive glaucoma surgery (MIGS);
Primary open-angle glaucoma (POAG); iStent
inject�; Trabectome�

Key Summary Points

Why carry out this study?

Unmet need of non-invasive treatment in
patients with glaucoma without long-
term damage or allergic reaction of
glaucoma medication.

Established selective laser therapy (SLT)
might delay glaucoma progression by
significantly reducing the intraocular
pressure.

SLT might present an alternative to
minimal invasive glaucoma surgery
(MIGS) and should not be considered a
forgotten art.

What was learned from the study?

Selective laser therapy showed an IOP
reduction of 31.2% from 19.9 ± 2.3 to
13.7 ± 2.7 mmHg (p\0.001) 3 years
postoperatively.

SLT can be stated as an effective
intervention without a complication
profile in a treatment plan for mild to
moderate glaucomatous damage over a
period of 3 years.

MIGS showed—as expected—a significant
IOP reduction in mild to moderate POAG.

SLT can be stated as an alternative method
to stabilize IOP levels in POAG.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14473434’’.

INTRODUCTION

For several years, the field of minimally invasive
glaucoma surgery (MIGS) has been evolving
with numerous devices and procedures having
already been introduced to the market [1–8].
Most publications analyzing these new mini-
mally invasive surgical approaches present
promising results which are reflected by a sig-
nificant intraocular pressure (IOP) reduction
and low complication rate [1–8].

From the very beginning, Trabectome� and
iStent inject� have been at the forefront of the
MIGS field. This raises the question of whether
these surgical interventions differ from each
other regarding their outcome and are able to
sustain a comparison with conventional proce-
dures—such as the selective laser trabeculo-
plasty (SLT)—over a 3-year period after surgery.

All three procedures address the angle of the
anterior chamber in different ways. On the one
hand, Trabectome� and iStent inject� are
examples of a Schlemm’s canal-based surgery.
This can be understood in that the Trabectome�

opens and the iStent inject� bypasses the tra-
becular meshwork as a major aqueous outflow
barrier in order to lower the IOP which is the
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major risk factor for the development and pro-
gression of glaucoma [5–8]. The iStent inject�

received US Food and Drug Administration
(FDA) approval in 2012. During the surgery, two
heparin-coated, non-ferromagnetic titanium
microstents with a snorkel shape are implanted
into the trabecular meshwork and thereby
bypass it [5–8]. The Trabectome�, on the other
hand, was introduced in 2004 and consists of a
one-use, disposable handpiece that is used for
electrocautery, irrigation, and aspiration [6, 7].
It works by removing an arc of 90–120� of tra-
becular meshwork and the inner wall of Sch-
lemm’s canal, which leads to a facilitated
drainage of aqueous humor [6, 7].

SLT, on the other hand, is a trabeculoplasty
performed with the doubled pulsed-frequency
of neodymium (Nd):YAG laser which selectively
targets pigmented tissue of the trabecular
meshwork [9, 10]. Although mechanical, cellu-
lar, and biochemical theories of action are dis-
cussed, the exact mechanism of the selective
laser trabeculoplasty is still poorly understood
even today [9, 10].

Ultimately, it is the aim of this study to
assess whether there are significant differences
in the long-term outcome (3 years worth of
data), the safety of the Trabectome� and iStent
inject� procedure, and to compare the results
with SLT.

METHODS

The selected, retrospective, single-center study
design is congruent with the ethical principles
and criteria for medical research as outlined in
the most recent Declaration of Helsinki and
took place between October 2014 and Decem-
ber 2018. Ethics approval had been given by the
Ethikkommission, Charité – Universitätsmedi-
zin Berlin, EA4/047/20. For this type of study
formal consent is not required. An informed
written consent was provided for surgery and
laser treatment.

For this study, a total of 342 patients with
primary open-angle glaucoma (POAG) were
included, who underwent one of the two surg-
eries (Trabectome� or iStent inject� stand-
alone) or the laser procedure (SLT) between

October 2014 and December 2018 at the
Charité.

All patients demonstrated glaucomatous
optic disc alterations and an open chamber
angle in the gonioscopy (Shaffer III–IV, well-
pigmented trabecular meshwork). The optic
disc was examined using the diagnostic criteria
described by Jonas, depending on the degree of
glaucomatous cupping [11]. Additionally, the
retinal nerve fiber layer (RNFL) thickness in all
quadrants and the cup–disc ratio (CDR) was
measured preoperatively to add information to
the glaucoma severity status (optic coherence
tomography, Spectralis-OCT, Heidelberg, Ger-
many). The inclusion criteria entailed best-cor-
rected visual acuity of at least 20/200 (6/60),
reliable visual field testing (three successive
visual fields with reproducible visual field
defects due to glaucomatous damage), and
informed patient consent for surgery. In mea-
suring the IOP, the well-known Goldmann
applanation tonometry standard was used [12].
No washout phase of topical glaucoma medi-
cation was established in this retrospective
cohort study.

There were grounds of exclusion in the
consideration of some patients, such as those
who presented themselves with active inflam-
mation in the anterior as well as posterior
chamber, or those with corneal infections.
Additional criteria for exclusion were also con-
sidered in patients presenting higher spherical
errors ([ 5 diopters), higher astigmatism
([2.5 diopters), hazy optic media interfering
with fundus examination, and ocular trauma.
Patients who underwent intraocular surgery less
than 3 months before the study were also
excluded. Lastly, patients who used contact
lenses within the last 3 months were excluded
from the study. However, prior history of con-
tact lenses was not considered for grounds of
exclusion.

In all subsequent appointments following
the procedures IOP readings, visual acuity and
the number of glaucoma medications were
evaluated. Patients attended consultations pre-
operatively, and follow-ups 1 day, 6 weeks,
3 months, 6 months, 1 year, 2 years, and 3 years
post surgery.
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The surgical technique was chosen by the
surgeon, following the patient’s individual
needs in terms of glaucoma therapy and IOP-
lowering effect based on the factors recom-
mended by the European Glaucoma Society
including the stage of glaucoma, IOP before
treatment, age and life expectancy, rate of pro-
gression, and presence of risk factors for pro-
gression. The progression rate was defined by
progredient visual field defects, IOP elevation
above the individual limit (please see European
Glaucoma Society for IOP reduction in different
glaucoma levels) and worsening in the various
diagnostic tools (confocal laser scanning
tomography, optical coherence tomography,
and fundus camera). Surgical treatments were
performed using the same protocols under local
anesthesia.

Selective Laser Trabeculoplasty (SLT)

By way of definition, the SLT is a procedure
using laser treatment for glaucoma therapy.
This procedure was executed in the following
way for this study: the 360� SLT treatment was
performed with Trabeculas SLT (A.R.C. Laser,
Nuernberg, Germany) using 90–100 spots
applied to the trabecular meshwork [13–15].

Trabectome� Surgery (Stand-Alone
Procedure)

In brief: a 1.8-mm near limbal temporal corneal
incision was made, an ophthalmic viscosurgical
solution was injected into the anterior chamber
for structural stability, and the Trabectome�

(NeoMedix, Inc., Tustin, CA, USA) handpiece
was inserted. Under gonioscopic view, the
selective electrosurgical ablation was activated
to remove an approximately 120� arc of tra-
becular meshwork and an inner wall of the
Schlemm canal. The surrounding tissue and
collector channels were shielded from the elec-
tric energy with a ceramic-coated footplate
[7, 16–19].

iStent Inject� Implantation (Stand-Alone
Procedure)

The iStent inject� (Glaucos Corporation,
Laguna Hills, CA, USA) sole procedure started
with a 1.8-mm self-sealing, temporal, clear cor-
neal incision. Acetylcholine chloride 1% (Mio-
chol) was only injected into the anterior
chamber of eyes with still narrow pupils after a
topical pilocarpine treatment preoperatively.
Afterwards, an ophthalmic viscosurgical device
was injected into the anterior chamber to
improve structural stability. Under gonioscopic
view, the injector was then advanced nasally
and two iStents were implanted through the
trabecular meshwork into Schlemm’s canal,
separated by approximately 2 clock hours
[5, 8, 20].

Statistics

Statistical data was calculated using Statistical
Package for the Social Sciences (SPSS) version
20.0, from SPSS, Inc.; descriptive statistics
(mean, standard deviation, 95% limits of
agreement, and correlation quotients) were
processed. A power analysis based on the effect
sizes noted in prior research indicated that a
sample population of 109 individuals (our
study = 342) would be required to detect a cor-
relation coefficient of 0.3 with an 90% power
and an a = 0.05. Normality was tested for all
outcome measures. For normally distributed
data, differences were assessed by unpaired
Student’s t test (two groups) and one-way anal-
ysis of variance (ANOVA; three groups) for
continuous variables. For non-normal distribu-
tion, the Mann–Whitney U test and
Kruskal–Wallis H test were performed respec-
tively. Post hoc comparisons were done using
the Bonferroni test. Student’s t test for paired
samples and Wilcoxon sign ranked test was
performed in case of normal or non-normal
distribution of paired data, respectively. Differ-
ences in categorical data were assessed using the
chi-squared test.

A multiple regression analysis was carried
out with IOP at year 3 as the outcome variable.
Baseline IOP, baseline medication, global RNFL
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thickness, CDR, and type of procedure were
predictors of the model.

The propensity score for matching was esti-
mated using a logistic regression model with the
study data, in which the type of procedure was
regressed on baseline IOP and glaucoma medi-
cation. The calculated propensity scores were
then used for 1:1 ratio matching of the groups
using nearest matching approach within a cali-
per distance of 0.2 of the standard deviation of
the logit of the propensity score.

Kaplan–Meier analysis was conducted using
the following six criteria: criterion A
(IOP B 21 mmHg with or without medication,
qualified success), criterion B (IOP B 18 mmHg
with or without medication, qualified success),
criterion C (IOP B 21 mmHg without medica-
tion, complete success), criterion D
(IOP B 18 mmHg without medication, com-
plete success), criterion E (IOP B 21 mmHg and
IOP reduction[20% after therapy) and crite-
rion F (IOP B 18 mmHg and IOP reduc-
tion[ 20% after therapy). A p value of less than
0.05 indicated a statistically significant
difference.

RESULTS

Data from 342 patients with open-angle glau-
coma were analyzed in three study cohorts (SLT
n = 105, iStent inject� n = 130, Trabectome�

n = 107). The patients in the SLT group were
significantly younger than both MIGS groups
and there were significantly more female
patients in the SLT group compared to both
MIGS groups (Tables 1, 2).

In the univariable model, IOP at year 3 was
not significantly associated with baseline med-
ication, CDR, global RNFL, and type of proce-
dure. Nevertheless, we found differences in
baseline IOP (p = 0.003). In the multivariable
model adjusted by potentially confounding
variables, the IOP at year 3 was still significantly
associated with baseline IOP (p\ 0.001), while
no relationship was found with the type of
procedure (p = 0.094) (Table 3).

Using the propensity score matching, we
obtained the following data (Table 2): 66
patients undergoing a Trabectome� surgery (66

eyes, mean age 71.5 ± 9.6 years), iStent inject�

procedures (66 eyes, mean age
76.0 ± 8.9 years), and selective laser trabeculo-
plasties (66 eyes, mean age 65.5 ± 13.3 years).

In the matched collective, IOP was reduced
from preoperative values 19.9 ± 2.3 mmHg in
SLT, 20.5 ± 1.3 mmHg in Trabectome�, and
19.5 ± 2.0 mmHg in iStent inject� to
13.7 ± 2.7 mmHg (SLT, p\0.001),
13.8 ± 2.0 mmHg (Trabectome�, p\0.001),
and 13.8 ± 2.7 mmHg (iStent�, p\ 0.001) at
3 years postoperative follow-up. Mean IOP
reduction was 31.2% in SLT, 31.4% in Trabec-
tome�, and 29.9% in the iStent inject� cohort.

No significant IOP difference was found
between SLT compared to MIGS (p = 0.987). IOP
data is illustrated in Fig. 1.

Glaucoma medication was reduced from
2.2 ± 1.2 preoperatively in SLT, 2.4 ± 0.7 in
Trabectome�, and 2.2 ± 1.2 in iStent inject� to
1.7 ± 1.2 in SLT (p = 0.046), 1.9 ± 1.1 in
Trabectome� cohort (p = 0.138), and 1.7 ± 1.5
in iStent inject� (p = 0.612) 3 years postopera-
tively. Mean glaucoma therapy reduction over
the follow-up period of 3 years was 22.8% in the
SLT, 21.8% in the Trabectome�, and 22.8% in
the iStent inject� cohort.

No significant difference in glaucoma medi-
cation was noted between MIGS techniques and
SLT (p = 0.930) 3 years after surgery. Glaucoma
medication over time is plotted in Fig. 2.

Reduction of preoperative medication was
found in the Trabectome� cohort. More specif-
ically, reduction of glaucoma medication was
observed in 62.5% of all cases. In 25.0% of the
cohort, one medication was reduced, and in
37.5%, two or more glaucoma medications were
decreased.

In the SLT cohort, reduction of medication
was found in 25.0% of all patients, in 15.0%
reduction by one medication, and in 10.0% by
two or more medications.

In the iStent inject� cohort, a reduction of
medication was found in 41.7% of all cases, in
33.3% by one medication, and in 8.4% by two
or more glaucoma medications.

The Kaplan–Meier analysis revealed the fol-
lowing results (matched cohort, demonstrated
in Fig. 3): SLT and MIGS achieved good to
moderate survival rates using criterion A at
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1-year follow-up (93.3% SLT, 84.1% Trabec-
tome�, 77.6% iStent inject�—qualified success)
and at 3-year follow-up (93.3% SLT, 79.7%
Trabectome�, 77.6% iStent inject�—qualified
success) and criterion B at 1-year follow-up
(83.9% SLT, 56.8% Trabectome�, 64.2% iStent
inject�—qualified success) and at 3-year follow-
up (74.5% SLT, 48.0% Trabectome�, 56.2%
iStent inject�—qualified success).

As expected of non-filtering procedures, cri-
terion C (complete success) and criterion D
(complete success) showed low survival rates
(Fig. S1 in the supplementary material):

criterion C 11.1% in SLT, 49.1% in Trabec-
tome�, 38.7% in iStent inject� and criterion D
8.9% in SLT, 32.8% in Trabectome�, 29.6% in
iStent inject� in 1-year follow-up and crite-
rion C 11.1% in SLT, 6.5% in Trabectome�,
7.0% in iStent inject� and criterion D 3.0% in
SLT, 4.3% in Trabectome�, 3.7% in iStent
inject� in 3-year follow-up. In addition, crite-
rion E (IOP B 21 mmHg ? IOP reduc-
tion[ 20% after surgery) and criterion F
(IOP B 18 mmHg ? IOP reduction[20% after
surgery) displayed the following results of the
survival rate (Fig. S2 in the supplementary

Table 1 Demographic statistics in the complete study cohort

p value 3 groups (Kruskal–Wallis) SLT iStent inject� Trabectome�

Age (years)

N \ 0.001 105 130 107

Mean ± SD 65.2 ± 11.9 73.4 ± 9.5 71.2 ± 10.8

Gender (%)

Male 0.031 29.5 45.4 36.6

Female 70.5 54.6 66.4

Eye (%)

OD \ 0.001 49.5 44.2 46.7

OS 50.5 55.8 53.3

IOP (mmHg)

N \ 0.001 105 129 105

Mean ± SD 17.9 ± 3.5 20.2 ± 6.1 23.3 ± 4.8

Medication

N \ 0.001 105 130 90

Mean ± SD 1.7 ± 1.20 2.3 ± 1.1 2.5 ± 0.9

CDR

N \ 0.001 99 55 33

Mean ± SD 0.6 ± 0.2 0.8 ± 0.2 0.6 ± 0.2

RNFL global (lm)

N \ 0.001 93 23 31

Mean ± SD 81.9 ± 16.3 75.1 ± 20.2 67.8 ± 19.6

SLT selective laser trabeculoplasty, IOP intraocular pressure, medication number of glaucoma medications, RNFL retinal
nerve fiber layer, CDR cup to disc ratio, mean ± SD
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material): criterion E 53.1% in SLT, 27.2% in
Trabectome�, 30.2% in iStent inject� and cri-
terion F 55.4% in SLT, 27.2% in Trabectome�,
30.2% in iStent inject� in 1 year follow-up and
criterion E 53.1% in SLT, 13.6% in Trabec-
tome�, 30.2% in iStent inject� and criterion F
46.0% in SLT, 13.6% in Trabectome�, 30.2% in
iStent inject� in 3-year follow-up.

Follow-up interventions (trabeculectomy,
cyclophotocoagulation, Re-MIGS) were neces-
sary for uncontrolled, individual IOP in 4.5% of
the iStent inject� cohort and 18.1% of the
Trabectome� group over a period of time (see
Table 4 for details); 1.5% of SLT-treated patients
needed further glaucoma surgery in the follow-
up period of 3 years (required MIGS).

The most common complication was intra-
operative blood reflux, which occurred in
almost all eyes out of the surgically treated eyes
and none of the SLT cohort. Furthermore, there
were no incidences noted of sustained hypot-
ony, choroidal effusion or hemorrhage, visual
acuity decrease, infection, aqueous misdirec-
tion, or wound leakage.

DISCUSSION

The appeal of MIGS is based on easy imple-
mentation, low complication rate, and effi-
ciency in lowering the IOP. With Trabectome�

and iStent inject�, an adequate IOP-lowering

Table 2 Demographic statistics in the matched study cohorts

SLT iStent inject� Trabectome�

N (eyes) 66 66 66

Gender (male/female) 45.4%/54.6% 46.7%/53.3% 48.8%/51.2%

Age (years) 65.5 ± 13.3 76.0 ± 8.9 71.5 ± 9.6

Visual acuity (decimal) 0.74 ± 0.22 0.64 ± 0.29 0.63 ± 0.26

Degree of anterior chamber angle Shaffer III–IV Shaffer III–IV Shaffer III–IV

IOP (mmHg) baseline 19.9 ± 2.3 19.5 ± 2.0 20.5 ± 1.3

Medication 2.2 ± 1.2 2.2 ± 1.2 2.4 ± 0.7

Cup to disc ratio (mean) 0.52 ± 0.1 0.71 ± 0.1 0.68 ± 0.1

RNFL global (lm) 81.8 ± 16.2 71.5 ± 21.8 68.7 ± 19.6

SLT selective laser trabeculoplasty, IOP intraocular pressure, medication number of glaucoma medications, RNFL retinal
nerve fiber layer, mean ± SD

Table 3 Results of the univariable and multivariable regression analysis on the intraocular pressure (IOP) at year 3

Variable Univariable model Multivariable model

Coefficient (95% CI) p value Coefficient (95% CI) p value

Baseline IOP (mmHg) 0.171 (0.058–0.283) 0.003 0.552 (0.386/0.718) \ 0.001

Baseline medication - 0.320 (- 0.862 to 0.222) 0.244 - 0.716 (- 1.411/- 0.022) 0.044

CDR - 3.008 (- 6.839 to 0.823) 0.122 1.740 (- 2.750/6.230) 0.439

Global RNFL 0.037 (- 0.017 to 0.091) 0.176 0.03 (- 0.022/0.074) 0.275

Surgery type 0.536 (- 0.277 to 1.348) 0.194 1.14 (- 0.203/2.485) 0.094

RNFL retinal nerve fiber layer, CDR cup to disc ratio
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effect has already been observed in multiple
studies in at least the 12 months’ postoperative
period [8, 16–18, 20].

In addressing the subsequent question of
how this effect evolves 3 years after the surgery,
it is furthermore necessary to take a step back
and compare the outcome of these new
approaches with proven established procedures.
As ‘‘magic dwells in each beginning’’, new pro-
cedures might detract from the effectiveness
and safety of conventional methods like SLT,
for example, which then become neglected.

As one should always select a treatment that
is individually customized to the patient’s
requirements and general condition, and long-
term outcomes of MIGS, such as iStent inject�

and Trabectome�, should be compared with
each other and with conventional procedures
like SLT.

No Significant Difference Between SLT,
Trabectome�, and iStent Inject�

in Lowering the IOP

In the case of iStent inject�, the average IOP
reduction is reported to be 26.2–46.9% at 12–-
18 months [8, 21, 22], 34.5% at 24 months, and
26.2% at 3 years [23]. Donnenfeld et al. pub-
lished a success rate of 89.7% after 3 years (de-
fined as IOP B 18 mmHg) [23]. As they washed
out the glaucoma medication before performing
the iStent� implantation, their results are com-
parable with our outcome only to a limited
extent. Additionally, in randomized clinical
trials using iStent inject� as the sole procedure,
the average IOP reduction seems to be higher
and was 31.3–38.4% at 12–18 months [19, 24],
45.9% at 24 months, and 42.8% at 3 years [25].
However, Vold et al. only included newly diag-
nosed POAG and randomized the patients to
two trabecular bypass stents or prostaglandin
eye drops [25]. Thus, this study is not ideal for a
comparison with our data as we also included

Fig. 1 Trendline chart of the intraocular pressure comparing preoperative to postoperative follow-up data in the matched
cohort
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patients with a known POAG diagnosis and
history of different topical medication. Another
reason for the divergent IOP reduction might be

that in these randomized clinical trials, the
daily clinical routine is not perfectly reflected.

In our study cohort, we documented an IOP
reduction of 29.9% 3 years after the surgery

Fig. 2 Trendline chart of the number of glaucoma medications comparing preoperative to postoperative follow-up data in
the matched cohort

Fig. 3 Kaplan–Meier analysis of the matched cohort including the following criteria: criterion A (IOP\ 21 mmHg with
or without medication, qualified success) and criterion B (IOP\ 18 mmHg with or without medication, qualified success)
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with a survival rate of 77.6% (criterion A;
defined as IOP\21 mmHg) and of 56.2% (cri-
terion B; defined as IOP\18 mmHg), respec-
tively. Criterion E (30.2% in iStent inject�) and
criterion F (30.2% in iStent inject�) showed a
drop of the survival rates. These results indicate
that MIGS needs to be carefully chosen to con-
stantly lower the IOP in patients with glau-
coma. In summary, the average IOP-lowering
effect we analyzed in our 3-year data is mid-
range compared with published IOP-reduction
data.

Regarding the Trabectome�-only cases, pub-
lications about non-randomized prospective
and retrospective studies reveal an IOP reduc-
tion of 24.9–34.1% at 12 months [17, 26–28],
40% at 24 months [20], 41% at 30–36 months
[6, 29], 40% at 48 months, and 32% at
60 months (n = 2) [6]. Minckler et al., who had
the largest cohort of Trabectome�-only cases
(n = 738, n = 35 after 36 months; 72.6% POAG),
reported a success rate of approximately 65%
(defined as IOP B 21 mmHg and IOP reduction
C 20% from baseline IOP) [6]. In our study, we
documented an IOP reduction of 31.4% 3 years
after the surgery with respective survival rates of
79.7% (criterion A; defined as IOP\21 mmHg)
and 48.0% (criterion B; defined as
IOP\18 mmHg). Applying even stricter criteria
for analyzing survival rates (criteria C–F), we
find the expected drop of the success rate with
criteria E ? F (13.6% in Trabectome�) (see
Figs. S1 and S2 in the supplementary material).
If these criteria reflected the real-life outcome of
our patients, we would recommend MIGS in a
different way [30]. Although most of the study
patients could not achieve an IOP reduc-
tion[ 20% without medication, we do see an
individually controlled IOP in the daily routine
and slowing down of the glaucoma progression
(matched cohort IOP reduction[20%: iStent
inject� 83%, Trabectome� 87.5%, SLT 94.4%).
Hence, our data ranges at the lower level of the
published IOP-reduction following Trabec-
tome� surgery.

In non-randomized clinical trials involving
SLT, the average IOP reduction following the
laser treatment is documented to be 13–21% at
24 months [31–33] and 24.1–29.3% at 48–-
60 months [34–36]. Especially regarding the

long-term data, randomized clinical trials show
a similar IOP reduction with 16.9–26.4% at
12 months [37, 38], 7.7% at 24 months [39],
and 32.1–33% at 60 months [40, 41].

In their review, Leahy and White summarize
that on the basis of the commonly adopted
success criteria of IOP reduction[ 20% from
baseline IOP, success rates vary from 66.7% to
75% at 6 months, 58–94% at 12 months,
40–85% at 2 years, 38–74% at 3 years, 38–68%
at 4 years, and 11.1–31% at 5 years. Conse-
quently, they concluded that the IOP-lowering
effect of SLT diminishes over time [42].

In accordance with the published data, we
documented in our study cohort an IOP reduc-
tion of 31.2% 3 years after the surgery with
good respective survival rates of 53.1% (crite-
rion E) and 46.0% (criterion F). In contrast to
the result concluded in Leahy and White, we
could not detect a diminishing effect at least
over the period of 3 years.

So far, no other publication can be found
comparing the outcome of MIGS (iStent inject�,
Trabectome�) and SLT. Only three original
publications (to the best of our knowledge) exist
which compare iStent inject� implantation
with the Trabectome� surgery. These publica-
tions have a follow-up of only 12 months and
combine the respective procedure with cataract
extraction, i.e., not analyzed as stand-alone
procedures. Two of these studies did not show a
significant difference between both groups
[43, 44], whereas one study reported a signifi-
cant greater IOP reduction and less glaucoma
medication in the iStent� subgroup [45].

Additionally, one paper was found compar-
ing SLT with iStent inject� regarding their costs
[46]. Berdahl et al. showed in their analysis that
despite higher costs in year 0, annual costs
thereafter were lowest in the two-stent treat-
ment arm and showed savings compared to the
medications only and SLT treatment arms [46].

In our study we found no significant differ-
ences in IOP-lowering effect between the three
matched groups and also in the multiple
regression analysis of the complete cohort.
Additionally, postoperative IOP at year 3 was
not significantly associated with the type of
procedure. Therefore, it seems that there is no
difference in the IOP-lowering effect between
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all three interventions. This is an interesting
aspect as there were assumptions made that the
laser treatment would lead to a weaker IOP
reduction than invasive glaucoma surgery. It
has to be taken into account that there is a
selection bias in the glaucoma severity and this
could be a reason for the missing difference, but
the IOP-lowering effect in the matched groups
was comparable. At this time we aim to evaluate
these retrospective data to develop an easy
decision-making process for the treatment of
mild to moderate POAG in a clinical routine
setting. In general, prospective studies need to
be conducted to avoid the preoperative bias.

Exclusively Selective Laser
Trabeculoplasty Significantly Lowers
the Number of Glaucoma Medications

As a result of different study designs, the num-
ber of publications that have comparable results
to this study in analyzing the impact of SLT,
iStent inject�, and Trabectome� on glaucoma
medication are limited. Concerning the iStent
inject�, a reduction in glaucoma medication of
9.8% after 12–18 months [19, 24] or 1–1.64
medications after 18 months [21, 22, 24] is
reported in comparative literature. Regarding
Trabectome� surgery, the number of glaucoma
medications was reduced by 0.57–1 after 12–-
24 months [20, 26, 27]. As stated in other liter-
ature, the effect in reducing the number of
glaucoma therapies seems to be greater after
iStent inject� surgery, which is not in accor-
dance with our results. In the iStent� subgroup,
a reduction of 22.8% and 0.5 medications after
36 months was documented.

In our Trabectome� subgroup, we observed a
reduction in glaucoma therapy of 21.8%. This
result is congruent with published data over a
longer period of time.

In our matched study cohort, we observed a
significant reduction in glaucoma medication
only in the SLT subgroup with 22.8% and 0.5
medications after 36 months. In the case of the
SLT subgroup, our outcome does not comply
with the published data where a reduction in
glaucoma medication of 1.21 after 18 months
[47] and 0.7 after 5 years [40] is reported. When

considering the statistical significance, the dif-
ferences between SLT and MIGS need to be
interpreted with caution. Target IOP levels for
SLT might be higher as patients experience sat-
isfactory results which allows them to more
easily reduce glaucoma medication than com-
pared to MIGS.

In conclusion, all three procedures seem to
have a reducing impact, which is—at least in
our matched study design—only significant in
the SLT subgroup.

Patients need to be informed about the
maximum possible effect of medication reduc-
tion and must receive clarification about the
limits of MIGS and laser treatment prior to
surgery. This ambivalence must be taken into
consideration in case of drug intolerance as an
indication for surgery.

Low Follow-Up Interventions in the SLT
and iStent Inject� Cohort

Follow-up interventions (trabeculectomy,
cyclophotocoagulation, Re-MIGS) were neces-
sary for uncontrolled individual IOP in 4.5% of
the iStent inject� cohort and 18.1% of the
Trabectome� group over the period of 3 years
(Table 4). Our data showed a low failure rate
compared with published data defining failure
as additional surgical procedures. Minckler et al.
performed additional glaucoma surgery in 100
out of 738 Trabectome procedures (14%)
because of uncontrolled target pressure, usually
in the first year post surgery [6]. Follow-up
procedures of up to 35% following Trabectome�

surgery can be found in comparative data [29].
Risk factors such as lower preoperative IOP and
young patients were noted by Jea et al. [29]
Thus, our failure rate of the Trabectome� group
is in agreement with comparative literature;
however, it is found to be the highest of our
three study cohorts. This might be due to a
pronounced scarring process after Trabectome�

surgery.
In the case of iStent inject� as the sole pro-

cedure, only Voskanyan et al. reported a failure
rate of 4% [8]. Other study groups reported ‘‘no
serious postoperative complications’’
[21, 23, 25] or no additional surgery [19, 22, 24].
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This is in line with our low failure rate of 4.5%.
Comparative studies were limited by a short
follow-up of only 12–18 months [19, 21, 22, 24]
and different study designs without a defined
failure reporting [23, 25].

Only 1.5% of SLT-treated patients needed
further glaucoma surgery (MIGS) in the follow-
up period of 3 years which emphasizes the right
selection of patients undergoing laser
treatment.

Adverse Events and Complications are
Rare in iStent Inject�, Trabectome�,
and SLT Procedures

In our study cohort, no severe complications
were documented intra-, peri-, or postopera-
tively. The sole and most common complica-
tion was intraoperative blood reflux, which
occurred during iStent inject� and Trabectome�

surgery. However, this blood reflux indicates a
successful surgical procedure and is therefore
desired. Furthermore, there was no incidence of
postoperative hypotony, nor were there any
incidences noted of sustained hypotony, chor-
oidal effusion or hemorrhage, visual acuity
decrease, infection, aqueous misdirection, or
wound leakage.

In the SLT subgroup, indications of any
adverse event or complications were void.

As noted in comparative literature, the most
frequent adverse event following iStent inject�

and Trabectome� surgery as stand-alone proce-
dures are IOP spikes with an occurrence rate of
1.1–10.1% [8, 19] and 20% [33], respectively. No
report of postoperative infection or visual acuity
loss[2 lines due to glaucoma was found.

Regarding SLT, IOP spikes in up to 28% [48]
of cases were documented; specific eyes
demonstrated some degree of inflammation,
which is usually transient [49]. In summary, all
three alternatives are safe procedures and well
tolerated with low complication rates.

There are limitations of the study which
need to be addressed. This study is limited by a
retrospective study design. Accordingly, this
setting allowed us, to a certain extent, to align
preoperative values of the three cohorts. Despite
the selection bias in the glaucoma severity

between the three cohorts, we found no signif-
icant differences in the IOP-lowering effect of
this real-world data. Since the severity of glau-
coma should not have any influence on the
IOP-lowering effect of a standardized surgical
procedure, our real-life data should be consid-
ered by choosing a glaucoma procedure in the
future. Further prospective studies and ran-
domized trials are needed. Treatment of mild
and moderate glaucoma can differ; however,
simple therapies should always be re-evaluated
before starting any kind of invasive surgery.

Furthermore, MIGS is often combined with
cataract surgery showing potentially a greater
IOP reduction than stand-alone procedures. In
this study, only stand-alone surgery was ana-
lyzed. The effect of combined interventions
should be evaluated in a subgroup analysis.

Nevertheless, to the best of our knowledge,
this is the first independent study comparing
the outcome of iStent inject� and Trabectome�

surgery with a selective laser procedure.

CONCLUSION

Our results show that iStent inject� and
Trabectome� surgery are safe and effective
surgeries and—regarding the IOP reduction and
complication profile—are comparable to the
outcome after SLT intervention. A gradual
therapeutic scheme can be recommended with
SLT as an initial procedure as it changes the
anatomic structure of the iridocorneal angle the
least. Patient selection in considering a well-
pigmented trabecular meshwork and an open
angle is fundamental for success of selective
laser treatment. If the IOP is not sufficiently
lowered, second-line Trabectome� and iStent
inject� surgery is still possible. Klamann et al.
and Maier et al. have already shown that prior
SLT treatment does not influence the outcome
following Trabectome� and iStent inject� sur-
gery in open-angle glaucoma [13, 50].
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