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Introduction

Abstract

Objectives: The objectives of the study were to analyze the long-term results of trabectome surgery in Turkish patients
with primary open angle glaucoma (POAG) and pseudoexfoliative glaucoma (PEXG) and to characterize the risk factors
for failure.

Methods: This single-center retrospective non-comparative study included 60 eyes of 51 patients diagnosed with POAG
and PEXG, who underwent trabectome alone or phacotrabeculectomy (TP) surgery between 2012 and 2016. Surgical suc-
cess was defined as a 20% decrease in intraocular pressure (IOP) or IOP<2| mmHg and no further glaucoma surgery. Risk
factors for further surgery were analyzed with the Cox proportional hazard ratio (HR) models. The cumulative success
analysis was undertaken with the Kaplan—Meier method based on the time to further glaucoma surgery.

Results: The mean follow-up period was 59.4+14.3 months. During the follow-up period, 12 eyes required additional
glaucoma surgery. The mean pre-operative IOP was 26.9+6.8 mmHg. The mean IOP at the last visit was 18.844.7 mmHg
(p<0.01). IOP decreased 30.1% from the baseline to the last visit. The average number of antiglaucomatous drug mole-
cules used was 3.41£0.7 (range 1—4) preoperatively and 2.5+ 1.3 (range 0—4) at the last visit (p<0.01). The risk factors for
further surgery requirement were determined as a higher baseline IOP value (HR: I.11, p=0.03] and the use of a higher
number of preoperative antiglaucomatous drug molecules (HR: 2.54, p=0.09). The cumulative probability of success was
calculated as 94.6%, 90.1%, 85.7%, 82.1%, and 78.6% at three, 12, 24, 36, and 60 months, respectively.

Conclusion: The success rate of trabectome was 67.3% at 59 months. A higher baseline IOP value and the use of a higher
number of antiglaucomatous drug molecules were associated with an increased risk of further glaucoma surgery requirement.
Keywords: Ab interno trabeculectomy, intraocular pressure, open angle glaucoma, pseudoexfoliative glaucoma, trabectome

Glaucoma is an optic neuropathy characterized by specific
optic disc findings reflecting retinal nerve fiber loss and cer-

tain visual field defects, in which intraocular pressure (IOP)  versible vision loss worldwide (3).
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is the only modifiable risk factor to slow down disease pro-
gression (1,2). Glaucoma is a challenging disease of the eye

necessitating lifelong follow-up and the leading cause of irre-
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The treatment choices of glaucoma include medical
therapy and surgical treatment (4). Among surgical options,
trabeculectomy with an antimetabolite application remains
the gold standard (5). Artificial drainage implants are among
other filtering surgical options. These procedures are highly
effective in lowering IOP but are not perfect therapeutic op-
tions due to their sight-threatening complications, such as
prolonged hypotony, bleb-related endophthalmitis, cataract
formation, suprachoroidal hemorrhage, and high rate of re-
vision surgery (6-9).

Minimally invasive glaucoma surgery (MIGS) aims to lower
IOP without leading to serious complications observed in
filtering procedures. Saheb and Ahmed defined MIGS as a
group of surgical interventions sharing common character-
istics, including an ab interno approach with a clear corneal
incision sparing the conjunctiva and sclera, minimal trauma
to target tissues, lowering IOP, high safety profile without
exposing the eyes to serious complications, and rapid recov-
ery (10). In this regard, trabectome surgery (TS) with the
Trabectome® device (Neomedix Corp., Tustin, CA, USA) is
one of the MIGS procedures approved by the United States
Food and Drug Administration in 2004.

In 2005, the first clinical results reported by Minckler et
al. (1) showed the efficacy of TS in the treatment of open-
angle glaucoma. Since then, many studies have shown the
safety and efficacy of TS over six to 48 months. Recently,
Mosaed et al. (12) and Esfandiari et al. (13) published the
long-term results of TS over 90 months and 5-year follow-up
periods, respectively.

In this study, we aimed to evaluate the long-term out-
comes of TS in Turkish patients with primary open angle
glaucoma (POAG) and pseudoexfoliative glaucoma (PEXG)
and compare our results with the previous studies. We also
aimed to delineate risk factors for failure.

Methods

This is a retrospective-single center non-comparative study
that aimed to investigate whether TS was successful in
the long term and determine factors influencing success
or leading to failure. This study was approved by the local
ethics committee with the registration number HNEAH-
KAEK-2021/1 and adhered to the tenets of the Declaration
of Helsinki as revised in 201 3.

The study included all patients aged above 40 years, who
had POAG and PEXG of any stage with or without previous
surgical or laser intervention for glaucoma treatment and un-
derwent trabectome surgery alone (TA) or combined with
phacoemulsification trabectome phacotrabectome (TP) be-
tween 2012 and 2016 in a single tertiary center. Data were
collected from the patient files and hospital records. Patients
with less than 6 months of follow-up and those with missing

or incomplete medical records were not included in the study.
Patients with any secondary glaucoma (other than PEXG), an-
gle closure glaucoma, congenital or juvenile glaucoma, those
with a history of complicated cataract surgery, vitrectomy,
or keratoplasty, and those with infllmmatory eye diseases,
retinal detachment, diabetic retinopathy, senile macular de-
generation, retinal vascular diseases, aphakia, degenerative
myopia, or nanophthalmos were not included in the study.
Demographic data, including age and gender, eye laterality,
best-corrected visual acuity using the logMAR system, lens
status, type of glaucoma, glaucoma stage according to the
Hodapp-Parrish-Anderson criteria (14) using the Goldmann
visual field analysis Swedish Interactive Threshold Algorithm
Standard 30-2 (Humphrey Visual Field Analyzer, Carl Zeiss
Inc., Dublin, CA, USA), central corneal thickness (CCT) mea-
sured by Pentacam (rotating Scheimpflug camera; Oculus,
Wetzlar, Germany), IOP measured using Goldmann applana-
tion tonometry, number of antiglaucomatous drug molecules
used, type of surgery, and any previous surgery were noted.

Outcome measures assessed at the sixth month and
last visit included IOP, number of glaucoma drug molecules
used, additional glaucoma or ocular surgery requirement and
time from index to additional surgery, visual acuity, and any
additional ocular pathology affecting visual acuity. Surgical
success was defined as a drop in IOP by 20% or |IOP <2|
mmHg and no further glaucoma surgery. Patients that died
and those that were lost to follow-up were also noted.

All the operations were performed by a single well-ex-
perienced glaucoma surgeon (Y.Y.). Surgery was performed
under topical anesthesia through a 1.7 mm clear corneal
temporal incision, using a modified Swan-Jacobs surgical go-
nioscopy lens (Ocular Instruments, Bellevue, WA, USA). To
achieve the best visualization angle, the head was rotated
30-40°counterclockwise and the microscope was tilted 30—
40° clockwise toward the surgeon. Using viscoelastic, the
trabectome tip was advanced, and nasally =60—100° strip of
the inner wall of the trabeculum and Schlemm’s canal was re-
moved. Routine anterior chamber antibiotic prophylaxis was
applied. In the combined procedure, TS was performed first.
All the patients were instructed to use antibiotics for 10 days
and steroid and pilocarpine treatment for one month.

Statistical Analysis

Data were evaluated using the statistical package program
of IBM SPSS Statistics Standard Concurrent User V 26 (IBM
Corp., Armonk, New York, USA). For all the tests, p<0.05
was considered statistically significant. Frequency, percent-
age, meantstandard deviation, median, and range values
were used to describe the data. Compliance with a normal
distribution was investigated with the Kolmogorov-Smirnov
and Shapiro—Wilk tests. Normally distributed (parametric)
paired groups were compared using correlated-samples t-
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test, while paired groups without a normal distribution
(non-parametric) were compared using the Wilcoxon test.
The odds ratio was used to quantify the strength of the as-
sociation between two parameters. The Kaplan—Meier sur-
vival plots were constructed to assess the long-term sur-
vival rates. The Cox proportional hazard model was used to
identify risk factors for failure. A mixed-effects model with a
compound symmetry covariance structure and four param-
eters was used to evaluate the inter-eye correlation effect
of repeated measurements in both eyes of nine patients in-
cluded in the study.

Results

A total of 60 eyes of 51 patients were included in the study.
Of the 60 operations performed, 43 (71.7 %) were TA and
17 (28.3%) were TP. Half of the operations (n=30, 50%) were
operated on the right eyes, and the remaining half on the left
eyes. Of the patients, 23 (45.1%) were female and 28 (54.9%)
were male. The mean age was 67.9 years (range, 2185 years).
The mean follow-up time was 59.4+14.3 months. The baseline
characteristics of the operated eyes are shown in Table |.

Of the operated eyes, 45 (75%) had POAG and 15 (25%)
had PEXG. Fourteen (23.3%) had early, 20 (33.3%) had mod-
erate, and 26 (43.3%) had severe glaucomatous visual field
changes. The mean CCT was 536.1 (443—617) microns.

A history of trabeculectomy surgery was present in ||
(18.3%) eyes, trabeculectomy and selective laser trabeculo-
plasty (SLT) in two (3.3%), and only SLT in one (1.7%).

During the follow-up period, two patients died, and one
patient with bilateral TS did not adhere to follow-up. There-
fore, the last visit data were available for 56 (93.3%) eyes.

No serious complication related to TS was seen in the
long term, but early post-operative hyphema which resolved
within the |st week was nearly universal, seen in 90% of eyes.

The mean pre-operative |IOP was 26.9£6.8 mmHg, the
mean post-operative sixth-month IOP was 18.3+4.9 mmHg
(p<0.01), and the mean last-visit IOP was 18.8+4.7 mmHg
(p<0.01). Accordingly, compared to the baseline, IOP de-
creased by 31.9% and 30.1% at the sixth month and last visit,
respectively.

The mean number of antiglaucomatous drug molecules
used was 3.42+0.7 (range, 14), 1.9£1.42 (range, 0—4), and
2.5+1.34 (range, 0—4) preoperatively, at the 6th month, and
at the last visit, respectively (p<0.01). At the final visit, eight
(13.3%) eyes were not receiving any antiglaucomatous drug,
and only one of these eyes had undergone additional glau-
coma surgery.

The mean best-corrected visual acuity was 0.41+0.49
logMAR (range, 0-2) preoperatively and 0.61+0.75 logMAR
at the last visit (p=0.02). During the follow-up, other ocular
pathologies, including senile macular degeneration, diabetic

Table I. Baseline characteristics of the operated patients

Baseline characteristics

Age (years)

Mean+SD Median(range)

Gender
Female
Male
Eye
Right
Left
CCT (micron)
Mean+SD
Median(range)
Lens
Phakic
Pseudophakic
logMAR
Mean+SD
Median (range)

Antiglaucomatous drug molecules

Mean+SD
Median (range)

Baseline IOP (mmHg)

Mean+SD
Median(range)
Glaucoma stage
Early
Moderate
Severe
Glaucoma type
POAG
PEXG
Surgery
TA
TP
Prior surgery

Trabeculectomy

Trabeculectomy+SLT

SLT

67.9+11.7
69.5 (21-85)

23 (45.1%)
28 (54.9%)

30 (50%)
30 (50%)

536.1437
531 (443-617)

32 (53.3%)
28 (46.7%)

0.41£0.49
0.25 (0.00-2)

3.4240.76
4(1-4)

26.9+6.8
27 (12-48)

14 (23.3%)
20 (33.3%)
26 (43.3%)

45 (75%)
15 (25%)

43 (71.7%)
17 (28.3%)

11 (21.2%)
2 (3.3%)
1 (1.7%)

POAG: Primary open-angle glaucoma; PEXG: Pseudoexfoliative glaucoma; TA:

Trabectome alone; TP:Trabectome with phacoemulsification; CCT: Central

corneal thickness; SLT: Selective laser trabeculoplasty.




Un et al., Long-Term Clinical Results of Trabectome Surgery

17

maculopathy, and branch retinal vein occlusion developed in
five eyes, leading to vision loss. During the follow-up five
eyes required phacoemulsification surgery and were treated
appropriately.

According to the surgical success criteria (20% decrease
in IOP or IOP <21 mmHg and no further glaucoma surgery),
the success rate was determined as 82.1% at the 6th month
and 67.3% at the last visit.

At the final visit, 29 (70%) eyes with POAG and eight
(57.1%) eyes with PEXG met the success criteria. The de-
crease in IOP was 32.2% in the POAG group and 23.3% in the
PEXG group. The eyes that had undergone TA surgery had a
31.8% IOP decrease from the baseline, and 27 (69.2%) met
the success criteria at the last visit. In the TP surgery group,
the IOP decreased by 25% at the last visit compared to the
baseline, and 10 (62.5%) patients met the success criteria. We
did not perform a further subgroup analysis due to the small
sample size or unequal distribution of cases in subgroups.

During the follow-up period, 12 (21.4%) eyes required
additional glaucoma surgery, namely, trabeculectomy with
mitomycin C (n=8), Ahmed glaucoma valve implantation
(n=2), trabeculectomy and SLT (n=1), and only SLT (n=1).
The mean interval between index TS and additional glau-
coma surgery was 22.6+21.9 months (range, 1-63 months).

The Kaplan—Meier survival analysis of further glaucoma
surgery requirement showed a mean survival of 70.8+13.6
months. The cumulative probability of success was deter-
mined as 94.6%, 90.1%, 85.7%, 82.1%, and 78.6% at three,
12, 24, 36, and 60 months, respectively. Figure | presents the
Kaplan—Meier survival plots indicating the time of additional
glaucoma surgery in cases of failure.

Survival Function
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Figure |. Kaplan—Meier survival plots of further glaucoma surgery
requirement. Cum survival: Cumulative survival.

The Multivariate Cox regression analysis was stratified
by age, preoperative IOP, number of pre-operative antiglau-
comatous drug molecules used, CCT, and glaucoma type.
The risk factors for further surgery requirement were de-
termined as a higher baseline IOP value (hazard ratio [HR]:
[.1'l, p=0.03) and the use of a higher number of pre-oper-
ative antiglaucomatous drug molecules (HR: 2.55, p=0.09)
(Table 2).

Half of failures in the POAG group and only 25% of those
in the PEXG group occurred within the |st year after TS.
The odds ratio of early failure was 3.0 in the POAG group
(95% confidence interval: 0.21-42.6).

Discussion

The Trabectome® device uses high frequency-microelec-
trocautery with simultaneous infusion and aspiration to ab-
late the inner wall of the trabeculum and Schlemm’s canal,
providing the aqueous fluid with a direct access to collector
channels (I11). In a prospective study evaluating 10l eyes
over 30 months, Minckler et al. (15) reported an 84% suc-
cess rate and high safety profile.

In 2014, Mosaed et al. (12) published a large data pool ob-
tained from the Trabectome Study Group Database, including
5,436 patients followed up for 90 months. The average IOP re-
duction was 29% (from 23.0+7.9 mmHg to 16.5+3.8 mmHg),
and the number of antiglaucomatous drug molecules used was
reduced from 2.6+ 1.3 to 1.6x1.3 (38%). In the same study, the
survival rate was reported to be 60% for all the cases, 76% for
the patients that underwent combined surgery, and 50% for
those that underwent TA. Secondary glaucoma surgery was
required by 7% of the patients. The authors noted that their
study was limited in that it was not clear how many eyes were
still included in the 90th-month data.

In 2019, Esfandiari et al. (13) reported the 5-year out-
comes of a combined TP case series including 93 patients.
The authors determined the cumulative probability of suc-
cess as 67.5% at the 5th year. Risk factors for failure were
reported to be lower baseline IOP, younger age, and higher

Table 2. Cox proportional hazard regression model

Hazard ratio p
Age 0.985 (0.942-1.031) 0.515
Preop IOP 1.113 (1.010-1.226) 0.030
Preop antiglaucomatous 2.552 (0.843-7.721) 0.097
drug molecules
CCT 1.013 (0.993-1.032) 0.196
Glaucoma Type 0.961 (0.236-3.914) 0.956

IOP: Intraocular pressure; CCT: Central corneal thickness; Preop: Preoperative.
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CCT. Exfoliative glaucoma was associated with a higher
success rate. IOP dropped from 20+5.6 to 15.6+4.6 mmHg
at 5 years.

In 2019, Avar et al. (16) reported the 3.5-year outcomes
of 81 trabectome cases, in which IOP decreased by 28% and
26% in those with POAG and PEXG, respectively. In the same
study, the Cox proportional hazard model showed that the
risk of failure nearly doubled in the POAG cases compared
to the PEXG group.

In 2020, Kono et al. (17) published the long-term results
of 305 trabectome cases, using IOP <21 mmHg and 220%
IOP reduction as criterion A; IOP <18 mmHg and 220%
IOP reduction as criterion B, and IOP <16 mmHg and 220%
IOP reduction as criterion C. At 72 months, the success
probabilities for all the cases were determined as 44%, 35%,
and 17% for criteria A, B, and C, respectively. The baseline
IOP dropped from 29.249.8 mmHg to 16.4£5.8 mmHg at
72 months. There was no significant difference between the
glaucoma types in terms of success probability at 72 months
when criterion A was considered. The authors also empha-
sized that the combined procedure significantly reduced the
failure risk, whereas POAG and previous SLT history signifi-
cantly increased this risk. Further glaucoma surgery was re-
quired by 44.6% of the eyes.

In a report by Minckler et al., (18) including a retrospec-
tive case series of |,127 trabectome surgical procedures
(738 TA and 366 TP), IOP was found to decrease by 39% at
24 months. Failure defined as additional glaucoma surgery
was observed in 100 of the 738 (14%) TA cases. In another
clinical cohort outcome study, Pahlitzsch et al. (19) included
268 POAG and 98 PEXG cases and reported a success rate
of 80.5% and 80.8%, respectively, using the criteria of IOP
<21 mmHg or 220% IOP reduction. The authors found no
significant difference in IOP reduction between the PEXG
and POAG groups at 36 months. They reported that for the
POAG and PEXG groups, the rates of additional surgery re-
quirement were 17.9% and 16.3% after a mean follow-up
period of 457 and 355 days, respectively.

In the current study, we found that TS was successful in
reducing the baseline IOP from 26.9+6.8 mmHg to 18.8+4.7
mmHg (p<0.01) over a mean follow-up of 59 months. During
this period, the mean |OP decreased by 30.1%, and the mean
number of antiglaucomatous drug molecules used decreased
from 3.4240.7 to 2.5%1.34 (p<0.01). These results are con-
sistent with the previous reports in the literature.

In the current study, accepting the surgical success cri-
terion as a 20% drop in IOP or IOP <21 mmHg without
additional glaucoma surgery requirement, we determined
the success rate as 67.3% at the last visit. During the fol-
low-up period, 21.4% of the eyes required additional glau-
coma surgery. Therefore, in our study, the rate of addi-

tional surgery requirement was relatively higher than the
rate reported by Mosaed et al. (12) and lower than that of
Kono et al. (17) In our study, the Kaplan—Meier analysis of
the time to additional surgery showed a mean survival of
70.813.6 months (Fig. 1). The cumulative probability of suc-
cess was determined as 94.6%, 90.1%, 85.7%, 82.1%, and
78.6% at months 3, 12, 24, 36, and 60, respectively. This is
important in terms of providing real life data and showing
the benefits of TS.

Although we did not perform a subgroup analysis accord-
ing to the glaucoma types, we detected half of the failures
in the eyes with POAG within the Ist year. We also de-
termined POAG has an odds ratio of 3.0 (95% confidence
interval: 0.21-42.6) for early failure compared to PEXG. In
a report by Kono et al., (17) no significant difference was
found in success probability according to the glaucoma type
at 72 months. In contrast, Avar et al. (16) reported signifi-
cantly better survival in PEXG than in POAG over a mean
follow-up of 3.5 years. Esfandiari et al. (13) also found PEXG
to be associated with a higher chance of success. Discrepan-
cies in reports may be related to the differences in follow-up
duration, considering that the reports indicating better re-
sults for PEXG had shorter follow-up periods (19-23). Since
PEXG is associated with fibrillary protein deposition in the
trabeculum, (24) it may have an initially better response to
surgical operations bypassing trabecular resistance. This may
be the reason better outcomes are reported in patients with
PEXG in the short term.

In our study, the multivariate Cox regression analysis
stratified by age, baseline |IOP, number of antiglaucomatous
drug molecules used, glaucoma type, and CCT showed an
increased risk of further surgery requirement in the pres-
ence of a higher baseline IOP (HR: I.11, p=0.03) and use of
a higher number of antiglaucomatous drug molecules (HR:
2.55, p=0.09). Patients with a higher baseline IOP value are
expected to have a higher IOP reduction after TS. Many
studies suggest that a higher baseline |OP value is associated
with a higher IOP reduction after TS (13,25). An increased
baseline IOP value reflects the aggressiveness of glaucoma.
Similar to our study, a recent report published by Kono et
al. (17) also indicated an association between a high baseline
IOP value and a significant increase in failure risk. However,
Esfandiari et al. (13) found that a lower baseline IOP value,
younger age, and higher CCT were risk factors for failure.
In the study of Esfandiari et al., all the cases underwent TP
surgery, and the mean baseline IOP was 20.0£5.6, which was
lower compared to both our study and that of Kono et al.
(17) This suggests that the data of Esfandiari et al. (13) may
have been biased by the floor effect in normotensive eyes.

Some authors reported that combined TP had no addi-
tional effect on IOP reduction, but it resulted in a bias in pa-
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tient selection toward the earlier stages of glaucoma (25,26).
According to a study by Dang et al., (27) patients undergoing
TP have a relatively stable glaucoma without the need for
pressure reduction, but they do have a motivation to re-
duce medication. Dang et al. (27) also stated that with the
coarsened exact matching method, phacoemulsification per-
formed during the same session with TS did not contribute
to IOP reduction. Although Esfandiari et al. [13 included only
TP cases; they reported a 5-year success probability rate of
67.5%. Similarly, our success rate was 67.3% at 59 months.

In this study, higher CCT was not found to be a risk fac-
tor for further surgery requirement. However, Esfandiari et
al. (I13) reported an association between a thicker cornea
and risk of failure. Thicker corneas may reflect ultrastruc-
tural and biomechanical properties that may interfere with
trabecular and more distal outflow facility of aqueous humor
(28-30). Further studies are needed to provide a better un-
derstanding of this relationship.

The limitations of our study are the retrospective design,
low number of patients, and inadequate follow-up data, es-
pecially in the intermediate period. Moreover, we included
both patients with POAG and PEXG that underwent either
TA or TP at different glaucomatous stages, and some had a
history of the previous glaucoma surgery. Nevertheless, our
study offers an objective view concerning what to expect in
patients undergoing TS in the long term. To the best of our
knowledge, this is the first study reporting the long-term
results of TS in Turkish patients.

Conclusion

We achieved a 67.3% success rate with TS over a mean fol-
low-up period of 59 months. The probability of success was
78.6% at 60 months when additional surgery requirement
was accepted as a criterion for failure. A higher baseline IOP
value and use of a higher number of antiglaucomatous drug
molecules significantly increased the failure rate in the long
term. These data can assist clinicians in appropriate patient
selection and provide an idea about the long-term outcomes
of candidates for TS.

Disclosures

Ethics Committee Approval: This study was approved by the
local ethics committee with the registration number HNEAH-
KAEK-2021/1.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Conception: Y.U., C.B.; Design —
Y.U., C.B.; Supervision —M.S,, Y.U.; Resource — D.C., Y.U.; Materials
— D.C,, Y.U, Data Collection and/or Processing — Y.U.,, C.B.,, D.C;
Analysis and/or Interpretation — Y.U., C.B., M.S; Literature Search
—Y.U,; Writing — Y.U., C.B.; Critical Reviews — Y.U., C.B,, D.C., M.S.

References

I. Chauhan BC, LeBlanc RP, Nicolela MT. Canadian glaucoma
study: |. Study design, baseline characteristics, and preliminary
analyses. Can ] Ophthalmol 2006;41:566—75. [CrossRef]

2. Actis AG, Versino E, Brogliatti B, Rolle T. Risk factors for pri-
mary open angle glaucoma (POAG) progression: A study ruled
in Torino. Open Ophthalmol | 2016;10:129-39. [CrossRef]

3. Quigley H, Broman AT. The number of people with glaucoma
worldwide in 2010 and 2020. Br | Ophthalmol 2006;90:262—7.

4. EGS Foundation. European Glaucoma Society Terminology and
Guidelines for Glaucoma. 4th ed. Savona, Italy: EGS Founda-
tion; 2017.

5. Bar-David L, Blumenthal EZ. Evolution of glaucoma surgery in
the last 25 years. Rambam Maimonides Med ] 2018;9:€0024.

6. Kwong A, Law SK, Kule RR, Nouri-Mahdavi K, Coleman AL,
Caprioli J, et al. Long-term outcomes of resident-versus at-
tending-performed primary trabeculectomy with mitomycin
C in a United States residency program. Am ] Ophthalmol
2014;157:1190-201. [CrossRef]

7. Klink T, Kann G, Ellinger P, Klink J, Grehn F, Guthoff R. The prog-
nostic value of the Wuerzburg bleb classification score for the
outcome of trabeculectomy. Ophthalmologica 201 1;225:55-60.

8. Budenz DL, Barton K, Gedde §J, Feuer W, Schiffman |, Costa
VP, et al. Five-year treatment outcomes in the Ahmed Baerveldt
comparison study. Ophthalmology 2015;122:308—16. [CrossRef]

9. Gedde §J, Feuer W), Lim KS, Barton K, Goyal S, Ahmed I,
et al. Treatment outcomes in the primary tube versus tra-
beculectomy study after 3 years of follow-up. Ophthalmology
2020;127:333—45. [CrossRef]

10. Saheb H, Ahmed IIK. Micro-invasive glaucoma surgery: Cur-
rent perspectives and future directions. Curr Opin Ophthalmol
2012;23:96—104. [CrossRef]

I'l. Minckler DS, Baerveldt G, Alfaro MR, Francis BA. Clinical re-
sults with the trabectome for treatment of open-angle glau-
coma. Ophthalmology 2005;112:962—7. [CrossRef]

12. Mosaed S. The first decade of global trabectome outcomes. Eur
Ophthalmic Rev 2014;8:113-9. [CrossRef]

13. Esfandiari H, Shah P, Torkian P, Conner IP, Schuman ]S, Has-
sanpour K, et al. Five-year clinical outcomes of combined pha-
coemulsification and trabectome surgery at a single glaucoma
center. Graefes Arch Clin Exp Ophthalmol 2019;257:357-62.

14. Brusini P, Filacorda S. Enhanced glaucoma staging system (GSS
2) for classifying functional damage in glaucoma. ] Glaucoma
2006;15:40-6. [CrossRef]

I5. Minckler D, Baerveldt G, Ramirez MA, Mosaed S, Wilson R,
Shaarawy T, et al. Clinical results with the trabectome, a novel
surgical device for treatment of open-angle glaucoma. Trans
Am Ophthalmol Soc 2006;104:40-50.

16. Avar M, Jordan JF, Neuburger M, Engesser D, Liibke ], Anton A,
et al. Long-term follow-up of intraocular pressure and pressure-


https://doi.org/10.1016/S0008-4182(06)80025-6
https://doi.org/10.2174/1874364101610010129
https://doi.org/10.1136/bjo.2005.081224
https://doi.org/10.5041/RMMJ.10345
https://doi.org/10.1016/j.ajo.2014.02.028
https://doi.org/10.1159/000314717
https://doi.org/10.1016/j.ophtha.2014.08.043
https://doi.org/10.1016/j.ophtha.2019.10.002
https://doi.org/10.1097/ICU.0b013e32834ff1e7
https://doi.org/10.1016/j.ophtha.2004.12.043
https://doi.org/10.17925/EOR.2014.08.02.113
https://doi.org/10.1007/s00417-018-4146-y
https://doi.org/10.1097/01.ijg.0000195932.48288.97

20

Un et al., Long-Term Clinical Results of Trabectome Surgery

20.

21.

22.

23.

lowering medication in patients after ab-interno trabeculec-
tomy with the Trabectome. Graefes Arch Clin Exp Ophthalmol
2019;257:997-1003. [CrossRef]

. Kono Y, Kasahara M, Hirasawa K, Tsujisawa T, Kanayama S,

Matsumura K, et al. Long-term clinical results of trabectome
surgery in patients with open-angle glaucoma. Graefes Arch
Clin Exp Ophthalmol 2020;258:2467—76. [CrossRef]

. Minckler D, Mosaed S, Dustin L, Ms BF Trabectome Study

Group. Trabectome (trabeculectomy-internal approach): Addi-
tional experience and extended follow-up. Trans Am Ophthal-
mol Soc 2008;106:149-59.

. Pahlitzsch M, Davids AM, Zorn M, Torun N, Winterhalter S,

Maier AB, et al. Three-year results of ab interno trabeculec-
tomy (Trabectome): Berlin study group. Graefes Arch Clin Exp
Ophthalmol 2018;256:611-9. [CrossRef]

Yildirim Y, Kar T, Duzgun E, Sagdic SK, Ayata A, Unal MH. Eval-
uation of the long-term results of trabectome surgery. Int Oph-
thalmol 2016;36:719-26. [CrossRef]

Ting JLM, Damji KF, Stiles MC. Ab interno trabeculectomy:
Outcomes in exfoliation versus primary open-angle glaucoma. |
Cataract Refract Surg 2012;38:315-23. [CrossRef]

Okeke CO, Miller-Ellis E, Rojas M, Trabectome Study
Group. Trabectome success factors. Medicine (Baltimore)
2017;96:€7061. [CrossRef]

Ahuja Y, Ma Khin Pyi S, Malihi M, Hodge DO, Sit AJ. Clinical
results of ab interno trabeculotomy using the trabectome for

24.

25.

26.

27.

28.

29.

30.

open-angle glaucoma: The mayo clinic series in Rochester, Min-
nesota. Am ] Ophthalmol 2013;156:927-35.e2. [CrossRef]
Schlétzer-Schrehardt U. Molecular pathology of pseudoexfolia-
tion syndrome/glaucoma-New insights from LOXLI gene asso-
ciations. Exp Eye Res 2009;88:776—85. [CrossRef]

Kaplowitz K, Bussel Il, Honkanen R, Schuman |S, Loewen NA.
Review and meta-analysis of ab-interno trabeculectomy out-
comes. Br ] Ophthalmol 2016;100:594-600. [CrossRef]

Parikh HA, Bussel Il, Schuman |S, Brown EN, Loewen NA.
Coarsened exact matching of phaco-trabectome to trabectome
in phakic patients: Lack of additional pressure reduction from
phacoemulsification. PLoS One 2016;1 1:0149384. [CrossRef]
Dang Y, Roy P, Bussel Il, Loewen RT, Parikh H, Loewen NA.
Combined analysis of trabectome and phaco-trabectome out-
comes by glaucoma severity. FI000Res 2016;5:762. [CrossRef]
Kotecha A, Elsheikh A, Roberts CR, Zhu H, Garway-Heath DF.
Corneal thickness-and age-related biomechanical properties of
the cornea measured with the ocular response analyzer. Inves-
tig Ophthalmol Vis Sci 2006;47:5337—47. [CrossRef]

Gonzalez JM Jr, Ko MK, Hong YK, Weigert R, Tan JC. Deep
tissue analysis of distal aqueous drainage structures and con-
tractile features. Sci Rep 2017;7:1707 1. [CrossRef]

Waxman S, Loewen RT, Dang Y, Watkins SC, Watson AM,
Loewen NA. High-resolution, three-dimensional reconstruc-
tion of the outflow tract demonstrates segmental differences
in cleared eyes. Investig Ophthalmol Vis Sci 2018;59:2371-80.


https://doi.org/10.1007/s00417-019-04259-5
https://doi.org/10.1007/s00417-020-04897-0
https://doi.org/10.1007/s00417-017-3882-8
https://doi.org/10.1007/s10792-016-0190-y
https://doi.org/10.1016/j.jcrs.2011.08.043
https://doi.org/10.1097/MD.0000000000007061
https://doi.org/10.1016/j.ajo.2013.06.001
https://doi.org/10.1016/j.exer.2008.08.012
https://doi.org/10.1136/bjophthalmol-2015-307131
https://doi.org/10.1371/journal.pone.0149384
https://doi.org/10.12688/f1000research.8448.2
https://doi.org/10.1167/iovs.06-0557
https://doi.org/10.1038/s41598-017-16897-y
https://doi.org/10.1167/iovs.17-23075



