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Abstract
Background The minimally invasive ab-interno trabeculectomy (AIT) via electro-ablation with the Trabectome has been on the
European market since 2009. Many studies have proven the safety and efficacy of the procedure. Up until now, studies
investigating the long-term effect of AIT have been sparse. In this study, we present long-term results of AIT in patients with
primary and secondary open-angle glaucoma.
Methods In a retrospective monocentric study, the data of all the patients having undergone the procedure in 2010 at our
institution were recorded. Data was collected during routine examinations at our institution. In total, 81 eyes of 74 patients (46
patients with primary open-angle glaucoma (POAG), 28 patients with pseudoexfoliative glaucoma (PEXG)) were included. At
every examination, the intraocular pressure (IOP) was measured using Goldmann applanation tonometry and the number of IOP-
lowering medication was registered. Statistical analysis was done using the Kaplan-Meier analysis or Dunnett’s t test,
respectively.
Results For both groups (POAG and PEXG), we found a significant lowering of the IOP (28% for POAG and 26% for PEXG)
and a significant reduction of the number of IOP-lowering medication (32% for POAG and 29% for PEXG) after a median
follow-up period of 3.5 years.
Conclusion In patients with open-angle glaucoma and especially pseudoexfoliative glaucoma, ab-interno trabeculectomy is an
effective surgical procedure to significantly lower the intraocular pressure on a long-term basis.
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Introduction

Glaucoma is one of the leading causes for blindness and irre-
versible visual field loss worldwide [1]. It is estimated that 64.3
million people, or 3.54% of the world’s population, have glau-
coma [2]. Lowering the intraocular pressure (IOP) remains the

only effective therapy to slow down or eventually halt the pro-
cess of optic nerve atrophy [3–5]. This is primarily achieved
through the use of topical IOP-lowering medication. However,
in many patients, the sole and exclusive use of medication
proves to be insufficient. For these patients, laser treatment or
surgical therapy provides an alternative modality for reduction
of the IOP. The gold standard in surgical glaucoma therapy is a
filtration surgery by means of modern trabeculectomy (TET) as
introduced by Cairns [6]. TET or episcleral aqueous drainage
implants are the most effective methods to reduce the intraocu-
lar pressure but come at the cost of some serious undesirable
effects such as cicatrization, prolonged hypotony, (late) bleb
infection, cataract formation, and a high rate of revision surger-
ies [7–9]. This has led to an ongoing effort to develop minimal-
ly invasive pressure-lowering surgeries that avoid these pitfalls.

The Trabectome® (Neomedix Corp., Tustin, CA) is a sur-
gical instrument used for minimally invasive ab-interno
trabeculectomy (AIT). It has been on the European market
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since 2009. The device removes the trabecular meshwork
through an electro-ablative procedure, hereby eliminating the
presumed main outflow barrier in primary and secondary
open-angle glaucoma [10]. Many past studies have shown
the safety and effectiveness of the Trabectome as a surgical
procedure for lowering the intraocular pressure (IOP) in pa-
tients with primary and secondary open-angle glaucoma
(reviewed in [11]).

Most of the past studies investigating the effectiveness of
the Trabectome show a mean observation period between 6
and 48 months [12]. The only exceptions are the studies by
Mosaed et al. [13] and Esfandiari et al. [14], the former being
the largest study (n = 5435 eyes were included) up to date and
providing an observation period of up to 90 months, the latter
reporting on 5-year follow-up results. For their study, Mosaed
et al. used the Trabectome Study Group Database, a global
database, maintained in cooperation with Neomedix Corp. In
this study, an internal database on Trabectome patients was
used which is maintained independently. To get further insight
in the long-term results after AIT with the Trabectome, we
reviewed data on patients having undergone this surgery in
2010 in our institution.

Methods

We investigated all patients who were treated at our institution
with an AIT using the Trabectome in the year 2010. Of the 81
performed surgeries, 26 were combinedAITwith cataract surgery
(see Table 1 for the detailed demographic data on all patients).

The collection and review of data were performed in 2016
to allow all eyes included in our analysis to have a follow-up
period of up to 5 years.

A total number of 81 eyes of 74 patients suffering from
primary open-angle glaucoma (POAG) or pseudoexfoliative
glaucoma (PEXG) were included in this single-center retro-
spective study. Of these 74 patients, 46 suffered from POAG
and 28 from PEXG.

All surgeries were performed by two surgeons (JFJ and MN)
using the Trabectome system. In cases of a combined surgery, the
Trabectome surgery was performed prior to phacoemulsification.
For topical anesthesia, proxymetacainehydrochloride eye drops
(Proparakain-POS 0,5%®, Ursapharm, Germany) were applied.
After clear corneal incision (1.7mm), lidocaine 1% (Xylocaine®,
AstraZeneca, Germany) was instilled into the anterior chamber
for intraocular anesthesia.

The procedure was performed as previously described by
Jordan et al. in 2013 [15]. During surgery, we used different
types of viscoelastics: hypromellose 2% (dispensary of the
University Medical Center, Freiburg, Germany; 57 eyes),
Ocucoat® (Bausch & Lomb Berlin, Germany; 22 eyes), or
Acri.Healon® (Carl Zeiss, Oberkochen, Germany; 2 eyes) to
stabilize the anterior chamber.

Postoperatively, all patients were given pilocarpine 2%
three times per day for the first week after surgery and
twice per day for four more weeks. Prednisolone 1% was
applied five times per day or more, depending on the
postoperative signs of inflammation and reflux bleeding.
The topical steroid was reduced gradually over 5 weeks
after surgery. If transient postoperative IOP spikes oc-
curred, additional topical and/or systemic medication to
lower intraocular pressure was given, depending on the
postoperative IOP levels.

All follow-up visits consisted of a measurement of the in-
traocular pressure using Goldmann applanation tonometry as
well as recording the number of current IOP-lowering
medication.

Table 1 Patient characteristics.
Tabular overview of baseline
characteristics of the patients
included in this study

Sex

Female, 48 (59.3%) Male, 33 (40.7%)

Type of glaucoma

POAG, 53 (65.4%) PEXG, 28 (34.6%)

Eye operated

Right, 38 (46.9%) Left, 43 (53.1%)

Lens state at time of surgery

Phakic, 54 (66.7%) Pseudophakic, 27 (33.3%)

Combined surgery in subgroup of phakic patients

Trabectome + phacoemulsification, 26 (48.1%) Trabectome-only, 28 (51.9%)

Mean age

72.3 ± 11.3 years (range 35–93 years)
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The statistical analysis was done using Dunnett’s t test. The
long-term success of the procedure was analyzed using a
Kaplan-Meier analysis for right-censored data. GNU R and
additional packages were used for computing statistical tests
[16–19].

Absolute success was defined as an IOP < 21 mmHg and a
reduction of the IOP from the baseline of at least 20% without
the need of additional medication. The qualified success of the
procedure was defined as an IOP < 21 mmHg and 20% reduc-
tion of baseline IOP, permitting the additional use of IOP-
lowering medication. The criteria for success were selected
according to the World Glaucoma Association (WGA) [5].

Results

In the following text, the term Beye drops^ refers to the active
pharmaceutical ingredients.

The mean follow-up time was approximately 3.5 years
(1267 ± 704 days). All following postoperative results refer
to this follow-up time. Mean IOP before surgery in patients
with POAG was 23.0 ± 5.8 mmHg and dropped to 16.5 ± 4.1
(− 28%) at mean follow-up. For patients with PEXG, IOP
before surgery was 23.1 ± 5.1 mmHg and was reduced to
17.2 ± 6.1 mmHg (− 26%), respectively (Fig. 1). Before sur-
gery, patients with POAG used 2.8 ± 1.0 different IOP-
lowering eye drops. After surgery, this number fell to 1.9 ±
1.1 (− 32%). For patients with PEXG, 2.4 ± 1.0 different IOP-
lowering eye drops were used before surgery. This figure de-
clined to 1.7 ± 1.3 (− 29%) (Fig. 2 and Table 2).

The Kaplan-Meier analysis showed a qualified success rate
of 44.6% for POAG and 67.5% for PEXG after the mean
follow-up time of 3.5 years. The differences in long-term sur-
vival between POAG and PEXG Kaplan-Meier survival anal-
yses (Fig. 3) revealed to be statistically significant using a log-
rank test (p = 0.01). BSurvival^ of the procedure was defined
as Δ IOP ≥ − 20% from baseline and not higher than
21 mmHg, no medication (absolute success); or Δ IOP ≥
−20% from baseline and not higher than 21 mmHg, topical
medication allowed (qualified success).

In total, 31 (= 38.3%) of the cases reported here needed
further surgery during follow-up, with 8 cases requiring more
than one further surgery. In 21 cases, a trabeculectomy was
performed; other treatments included a second AIT (n = 2),
selective laser trabeculoplasty (n = 4), or cyclophotocoagula-
tion (n = 10). Themean time between Trabectome surgery and
second surgery was 3.4 years (range 8 days to 5.7 years).

In 95% of the cases, an intraoperative or early postop-
erative reflux bleeding from the collector channels was
noticed, most of these being mild to moderate. A transient
early postoperative (≤ 3 months postop.) IOP elevation
over 30 mmHg was observed in 18.5% of the cases. No

severe adverse events such as endophthalmitis or loss of
vision were observed.

We further analyzed the effectiveness of the combined
surgery (Trabectome + phacoemulsification + intraocular
lens implantation), as well as the effectiveness of the
Trabectome in patients with PEXG in comparison to
POAG. A Cox proportional hazards model (corrected for
age and lens state) shows a nearly two-times increased risk
for failure for POAG patients compared with that for
PEXG (p = 0.04) (Table 3).

Discussion

The results of our data suggest that AIT using the Trabectome
provides a minimally invasive technique, with an effective
long-term lowering of the IOP and reduction of the number
of IOP-lowering medication.

In 2014, Mosaed et al. presented the largest published data
pool, consisting of 5435 eyes with a follow-up time of
90 months [13]. Fifty-six percent of these cases received the
Trabectome procedure alone, 41% received the Trabectome
procedure combinedwith cataract extraction, and 2% received
the Trabectome combined with other surgical procedures.
After 90 months of observation, average IOP was reduced
from a baseline of 23.1 to 17.2 mmHg (26%), and the average
number of glaucoma medications was reduced from 2.6 to 1.1
(58%). In this data report, a mixed population of different
forms of glaucoma was included. A separate analysis of the
different subgroups was not provided. It also remains unclear
how many patients were still included after 90 months of
observation. A survival analysis was not provided. While the
relative reduction of the IOP in the work of Mosaed et al. is
comparable with our results, the saving of eye drops clearly
exceeds our outcomes. Due to the rather summarizing presen-
tation of the results in the work of Mosaed et al., a more
detailed comparative analysis of the results is unfortunately
not possible.

In 2012, Ting et al. compared the results of the Trabectome
in PEXG to those in primary OAG in a retrospective, central
database analysis [20]. For PEXG, in the 67 Trabectome-only
eyes, IOP was reduced from a baseline of 29.0 to 16.1 mmHg
(45%); in the 45 cases of combined surgery, IOP was reduced
from a baseline of 21.7 to 14.2 mmHg (35%) after 1 year. The
number of glaucoma medications was reduced by 29% and
36%, respectively. For POAG, after 1 year, the IOP of the 450
Trabectome-only eyes was reduced from 25.5 to 16.8 mmHg
(34%); the IOP for the 263 combined-surgery eyes was re-
duced from 19.9 to 15.6 mmHg (22%), reducing glaucoma
medication by 18.5% and 29%, respectively. These results are
in concordance with our findings, showing that the initial re-
duction of IOP and medication after 1 year can still be seen
after a longer follow-up period of about 3.5 years.
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Fig. 1 Mean intraocular pressure
(IOP) readings at follow-up visits.
Follow-up visits (see Table 2)
were clustered (0 = preoperative,
1 to 29, 30 to 364, 365 to 729, 730
to 1064, 1065 to 1459, 1460 to
1824, 1825 to 2177 days). If a
single patient had more than one
follow-up visit during a given
timeframe, mean IOP values for
this patient and timeframe were
calculated first. IOP reduction
from baseline was statistically
significant (p < 0.05 or less) for all
time points

Fig. 2 Mean number of IOP-
lowering medication (eye drops)
at follow-up visits. Clustering of
follow-up visits was identical to
Fig. 1 and Table 2. The reduction
of number of IOP-lowering eye
drops was statistically significant
(p < 0.05) for all time points in the
POWG subgroup and time points
4 and 7 in the PEXG subgroup
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Further single-center studies in 2013 by Ahuja et al. and
Jordan et al. described similar IOP-lowering results for patients
undergoing surgery with the Trabectome or combined
Trabectome/cataract surgery. Ahuja et al. analyzed POAG pa-
tients and compared Trabectome-only patients to combined-
surgery patients, reporting an IOP reduction after 24 months
of 35.1% and 22.8%, respectively [21]. In 2013, our group
described the difference between POAG and PEXG patients
undergoing Trabectome or combined surgery, hereby similarly
to this study not separating the results of the two types of pro-
cedures. In this analysis of our database, we concentrated on
short-term outcome of patients having undergone AIT. We
found that for patients with POAG, IOP was improved by
26% and glaucoma medications reduced by 43%. For patients
with PEXG, IOP was improved by 28% with a glaucoma

medication reduction of 45%. The mean follow-up periods
were 6.7 ± 7.8 months (204 ± 238 days) and 6.6 ± 9.1 months
(200 ± 278 days), respectively [15]. When comparing the re-
sults of our group in 2013 to our current results, we must ac-
knowledge the fact that some patients were included in both
studies. The difference, however, lies in the point of analysis. In
2013, we used the last available data point for every patient,
therefore resulting in a relatively short follow-up period. In our
current study, we concentrated on the long-term follow-up,
resulting in the different follow-up periods as mentioned above.

More recent studies from 2015 by Pahlitzsch et al. and
Werth et al. reported further similar results concerning the
IOP-lowering effect and reduction of glaucoma medication,
both using a 1-year follow-up period. Werth et al. described a
higher IOP reduction in patients with secondary glaucoma

Fig. 3 Kaplan-Meier plot
indicating time of survival for
Bqualified success^ defined as
IOP-reduction from baseline of at
least 20% and IOP below
21mmHg. Failure was assumed if
target criteria were not reached on
two consecutive visits

Table 2 Mean IOP and
antiglaucomatous drops during
follow-up. Tabular overview of
follow-up data of patients includ-
ed in this study

Time point after surgery [days] N IOP Medication

Min Max Mean SD Min Max Mean SD

0 81 14.0 43.0 23.0 5.5 0.0 5.0 2.7 1.0

[1, 30] 77 6.5 48.0 16.0 5.9 0.7 4.0 2.0 0.7

[30, 365] 66 7.5 35.0 16.8 4.4 0.0 4.0 1.8 1.0

[365, 730] 31 6.0 29.0 16.7 4.5 0.0 4.0 1.8 1.4

[730, 1095] 24 6.0 32.0 16.7 5.4 0.0 3.0 1.2 0.9

[1095, 1460] 31 9.0 37.0 16.8 5.0 0.0 4.0 1.8 1.1

[1460, 1825] 8 10.0 18.0 14.1 3.1 0.0 3.0 0.9 1.1

[1825, 2177] 25 8.0 47.0 17.2 7.4 0.0 4.0 1.4 1.3
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compared with POAG; the difference between the groups,
however, did not prove to be statistically significant [22, 23].

Pahlitzsch et al. provided a further study in 2018 reporting
on the 3-year-results of AIT performed on 366 patients (268
POAG and 98 PEXG) [24]. Similar to our results, IOP was
reduced from 19.10 ± 4.11 mmHg to 14.27 ± 2.93 mmHg
(POAG) and glaucoma medication was decreased from 2.40
± 0.92 to 1.77 ± 1.00 (POAG) after 36 months. In PEXG, IOP
decreased from 22.49 ± 9.40 mmHg to 14.57 ± 5.05 mmHg
and medications dropped from 2.31 ± 1.02 to 1.75 ± 0.91 after
36 months. However, the overall complete success showed a
low survival rate (for IOP ≤ 21 mmHg: 13.5% in POAG and
7.9% in PEXG; for IOP ≤ 18 mmHg: 12.8% in POAG and
5.9% in PEXG).

Most recently in 2018, Esfandiari et al. published a single-
center study showing the IOP-lowering effect and reduction of
IOP-lowering medications following a combined surgery of
phacoemulsification andAITafter a follow-up period of 5 years
[14]. The IOP was decreased significantly from 20.0 ±
5.6 mmHg at baseline to 15.6 ± 4.6 mmHg after a 5-year fol-
low-up. The baseline number of IOP-loweringmedications was
1.8 ± 1.2, which decreased to 1.0 ± 1.2 medications at 5 years.
The study also showed a higher success rate for PEXG. While
the initial intraocular pressure was higher in our group, we
achieved a comparable relative pressure reduction. In contrast,
the relative drug reduction in our patient population was signif-
icantly lower. This is probably due to the higher initial level of
pressure-reducing eye drops used in our population.

The abovementioned published results are in agreement
with the results from this study regarding the overall reduction
of IOP and glaucoma medications. The data presented here
show that this reduction can still be observed after an extended
follow-up period of approximately 3.5 years.

While not providing a follow-up period as long as
Esfandiari et al. (5 years) or a patient group as large as
Pahlitzsch et al. in their 3-year follow-up study, our results
provide additional insight on the subgroup comparison of pa-
tients with PEXG and POAG as well as the comparison of
patients who received AIT only with patients who underwent
combined surgery (AIT and phacoemulsification). Thus, this
work underlines and supports central statements of the preced-
ing studies and simultaneously expands this clinically relevant
question by central aspects.

The Cox proportional hazards model corrected for lens state
and age could confirm the superiority of the Trabectome when
performed in patients with PEXG over patients with POAG.
The hazard ratio for failure of the Trabectome surgery was 1.96
for POAG. This is in concordance with findings of former
studies [20, 21, 23], examining the effect of AIT in patients
with PEXG.

Obviously, the limitations of a retrospective study must be
kept in mind as well, and additional studies including larger
patient numbers and even longer follow-up periods could pro-
vide further insight into the longevity of this minimally inva-
sive procedure.

For many patients suffering from POAG and PEXG in
particular with moderate IOP elevation, the Trabectome
proves to be a valid surgical device for lowering the IOP and
reducing the number of medication needed.
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