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Background: The aim of the study was to evaluate the long-term safety and efficacy of the Trabectome for Chinese glaucoma patients.
Methods: This was a multicenter, retrospective, observational study. Glaucoma patients, except those with neovascular glaucoma,
with/without a visually significant cataract were enrolled. The patients received Trabectome or a combined surgery with phacoemulsification
and intraocular lens implantation. The primary outcome evaluation was a reduction in intraocular pressure (IOP), and the secondary outcomes
were a reduction in glaucoma medication, the 2-year success percentages, and complications. Success was defined as an [OP <21 mmHg
and at least a 20% IOP reduction from baseline after 3 months for any two consecutive visits, without additional glaucoma surgery. The
data were processed using the R Stats Package version 3.0.0. The Wilcoxon test was used to compare the postoperative IOP and the
number of glaucoma medications with baselines. The Kaplan—Meier test was used to calculate the 2-year success percentage. The risk
factors related to Trabectome failure were determined by logistic regression.

Results: A total of 120 glaucoma patients were enrolled. The Trabectome efficiently reduced the IOP from a baseline of 22.8 + 1.34 mmHg
to 17.6 £ 0.96 mmHg, and the use of glaucoma medications from 2.2 = 0.17 mmHg to 1.4 + 0.21 in a 2-year follow-up (both, P <0.01).
The overall success percentage was 80%. No risk factor related to Trabectome failure was identified. No vision-threatening complication
was observed. Ten patients, who required secondary glaucoma surgery, all reached the target IOP.

Conclusions: In a 2-year follow-up, Trabectome was an efficient and safe procedure for Chinese glaucoma patients.

Key words: Glaucoma; Intraocular Pressure; Minimally Invasive Surgical Procedures; Trabecular Meshwork

INTRODUCTION invasive glaucoma surgeries have shown comparable
IOP-lowering effects when compared with conventional
glaucoma surgeries, but with a better safety profile, thus
becoming the first-line treatment for glaucoma patients
with the maximum tolerance of medication.””’ Invented and
patented by George Baerveldt and Roy Chunk in 2002,

Glaucoma is a degenerative disease of the optic nerve,
affecting millions of people! and causing huge economic
burdens worldwide."” Neuroprotection strategies (including
gene therapy and medical therapy), which alleviate the
deterioration of glaucomatous optic neuropathy, have shown
promising effects in vitro and in glaucoma animal models

put are still in preclinical s.tages.B'S] Curr.er?tly, reducing %i‘:):frsn;?& g?g:ﬁ?ﬁawgn%ng;,PFzg&ir?ghlflr:]iir;?:ig;
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the Trabectome (NeoMedix, Tustin, CA, USA) is a United
States Food and Drug Administration-approved minimally
invasive glaucoma surgery designed to remove the trabecular
meshwork (TM) using a high-frequency bipolar electrode.!'!)
With more than 5000 successful cases worldwide in the past
decade, its safety and efficiency have been comprehensively
investigated.!'>!*]

Our team published the first clinical results of the Trabectome
for Chinese open-angle glaucoma patients in a 12-month
follow-up.[' We found that the Trabectome sufficiently
reduced the IOP from a baseline of 22.5 + 8.1 mmHg
to 17.6 £ 6.4 mmHg at 12 months without serious
complications. The overall success was 85.0%. Only
9.8% of patients required a secondary glaucoma surgery.
However, the long-term effects of the Trabectome for
Chinese glaucoma patients remain unclear. In addition, the
small sample size in the previous study also made it difficult
to determine the risk factors related to Trabectome failures.

MeTtHoDS

Ethical approval

This was a multicenter, retrospective, observational
study approved by the Institutional Review Board of
Peking University Third Hospital in accordance with the
1964 Declaration of Helsinki. Due to the retrospective nature
of the study design, no informed consent was required.

Patients

According to a previous study,!'> patients with primary
or various secondary open-angle glaucomas as well as
narrow angles were included, except neovascular glaucoma
and those with postoperative follow-ups <3 months. All
patients received either Trabectome alone or Trabectome
with phacoemulsification/intraocular lens implantation.
Trabectome was performed as previously described.!®
Briefly, a 1.6 mm iris, parallel, clear, corneal incision
was made at the nasal side. After the insertion of the
Trabectome tip into the anterior chamber, the eye was
pressurized with active irrigation. The goniolens was then
placed on the cornea, and the TM was engaged with the
instrument at a 45° upward angle to facilitate the best
visualization to the surgeon. A total of 120-180°C of the
TM was ablated for each patient. After removal of the
TM debris, a few viscoelastic materials were injected
to minimize postoperative hyphema. The patients with
visually significant cataracts received phacoemulsification
with intraocular lens implantation immediately after
Trabectome. The patients were followed up at 1 day,
1 week, 1, 3, 6, 12, 18, and 24 months.

The primary outcome evaluation was the reduction in
the IOP, and the secondary outcomes were reductions in
glaucoma medications, 2-year success percentages, and
surgical complications. The IOP was measured using
Goldmann applanation tonometry. The target IOP was
determined individually by the progression of the visual
field loss and the preoperative IOP. The visual field was

categorized as mild, moderate, or advanced according
to a Humphrey visual field test. Slit lamp, Snellen
best-corrected visual acuity, gonioscopy, and stereoscopic
optic nerve photography were regularly performed during
the follow-up.

Statistical analyses

The quantitative data were presented as the mean + standard
error (SE) and analyzed using the R Stats Package software
version 3.0.0 (Free Software Foundation, Boston, MA, USA).
The Wilcoxon test was used to compare the postoperative
IOP and number of glaucoma medications with the baselines.
The Kaplan—Meier test was used to calculate the 2-year
success percentage. The surgical success was defined as an
IOP <21 mmHg and at least 20% of the IOP reduction from
baseline after 3 months for any two consecutive visits with
no additional glaucoma surgery required. The risk factors
correlating with Trabectome failure were determined by
logistic regression.

ResuLts

Demographics

A total of 120 patients from five glaucoma centers were
enrolled in the study. The majority of patients were
diagnosed with primary open-angle glaucoma (78%),
followed by juvenile glaucoma (7%), angle closure
glaucoma (2%), and other types of glaucoma. The mean
age of these patients was 50 + 19 years (range: 11-87 years)
and 65% of them were male. Thirty of 84 phakic eyes with
visually significant cataracts received combined surgery
with phacoemulsification and intraocular lens implantation.
Sixteen patients had previous glaucoma surgeries including
13 with trabeculectomy, 2 with Trabectome, 1 with
selective laser trabeculoplasty, and 1 with tube shunt
implantation [Table 1].

Reductions in intraocular pressure and glaucoma
medications

The preoperative [OP was 22.8 = 1.3 mmHg. It dramatically
decreased to a maximum level of 16.4 + 1.05 at the
¥ postoperative day (P < 0.01, compared to the baseline).
While a small IOP fluctuation was observed, the postoperative
IOPs were all statistically lower than the baseline IOPs
(all P <0.01), with a range of 22.4-28.1% reduction
[Figure 1 and Table 2]. Similar to the patterns of IOP
reduction, Trabectome significantly reduced the number of
glaucoma medications from 2.20 + 0.17 at the baseline to a
range of 1.20—1.40 during the 2-year follow-up (all P<0.01)
[Figure 2 and Table 3].

Two-year success

Figure 3 shows that the surgery success declined at all times
during the 2-year follow-up. Overall, 80% of the patients
had a postoperative IOP <21 mmHg with over 20% of the
patients showing an IOP reduction from the baseline and
no secondary glaucoma surgery at any two consecutive
visits [Figure 3a]. All patients (n = 30) who received
combined surgery with phacoemulsification and intraocular
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Table 1: Demographics of the patients (n = 120)

Characteristics n (%)
Age (years)
Mean + SD 50+ 19
Range 11-87
Gender
Female 42 (35.0)
Male 78 (65.0)
Diagnosis
Primary open angle glaucoma 93 (77.5)
Pseudoexfoliation 1(0.8)
Juvenile 8(7.0)
Angle closure glaucoma 2(2.0)
Steroid-induced glaucoma 1(0.8)
Pigmentary glaucoma 1(0.8)
Other 14 (11.7)
Preoperative Snellen visual acuity
>20/20 1(0.8)
20/20-20/40 49 (40.8)
20/50-20/70 11(9.2)
20/80-20/100 5(4.2)
20/200-20/400 13 (10.8)
<20/400 54.2)
NR 36 (30.0)
Visual field
Mild 21 (17.5)
Moderate 16 (13.3)
Advanced 27 (22.5)
NR 56 (46.7)
Disc C/D
<0.7 24/120 (20)
0.7-0.8 43 (35.8)
>0.8 25(20.8)
NR 28 (23.3)
Lens status
Phakic 84 (70)
Pseudophakic 14 (11.7)
Aphakic 1(0.8)
NR 21 (17.5)
Shaffer grade
I 2 (1.7)
I 4(3.3)
11 21 (17.5)
v 62 (51.7)
NR 31(25.8)
Prior surgeries
SLT 1(0.8)
ALT 0
Tube shunt 1(0.8)
Trabeculectomy 13 (11.0)
Trabectome 2 (2.0)
Combined surgeries
Trabectome + phacoemulsification 30 (25)
Trabectome alone 86 (72)
Trabectome with other surgeries 4(3)

SLT: Selective laser trabeculoplasty; ALT: Argon laser trabeculoplasty;
NR: Not recorded; SD: Standard deviation.

lens implantation matched the success criteria after 2 years
of follow-up, in contrast to only 77% of those (n = 90)
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Figure 1: Reduction in the IOP. The baseline IOP was 22.8 = 1.3 mmHg,
which was reduced to 16.4 = 1.1 mmHg at day 1 and sustained at
statistically lower levels throughout the study (all P < 0.01, compared
to the baseline). The Wilcoxon test was used for statistical analyses.
*Indicates a statistical difference with P < 0.01. IOP: Intraocular
pressure.

who received Trabectome alone (P = 0.264) [Figure 3b]. In
addition, patients with a history of trabeculectomy or tube
shunt implantation (n = 14) had a similar success percentage,
compared to those without such histories (n = 106)
(79% vs. 82%; P=0.887) [Figure 3c]. No risk factor including
age, surgery type, or cup/disc ratio correlated with the
surgical failure using univariate logistic regression [ Table 4].
Due to the small sample size, multivariate logistic regression
was not performed.

Complications and secondary glaucoma surgery

The only surgical complication identified in the study
was transient blood reflux, which occurred in almost all
cases but resolved spontaneously within a few days. No
vision-threatening complication such as sustained hypotony
defined as an IOP <5 mmHg, aqueous misdirection,
endophthalmitis, wound leakage, or choroidal hemorrhage
occurred. A total of ten patients required secondary glaucoma
surgeries including four express shunt implantations, four
trabeculectomies, and two Trabectomes at the opposite
quadrant of the eye. All these cases reached the target IOP
at the first follow-up.

Discussion

TM is a filter-like structure, accounting for 90% of the
aqueous outflow resistance.l'” Diseased TM is present
in almost all types of glaucoma including primary
open-angle glaucoma, primary angle-closure glaucoma,
and congenital glaucoma.l'™ Ablation of this tissue either
by surgery!'*1*2% or other methods?'*?! increases outflow
facility and decreases the IOP. In the present study, the results
showed that Trabectome-mediated TM ablation efficiently
reduced the IOP from a baseline of 22.8 £ 1.3 mmHg
to 17.6 £ 1.0 mmHg and decreased the use of glaucoma
medications from 2.20 + 0.17 to 1.40 + 0.21 with an 80%
overall success percentage after 2 years of follow-up. No
vision-threatening complication occurred. These results
were consistent with our previous findings,!'* and this study
described the long-term results of Trabectome for Chinese
glaucoma patients.
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IOP reduction was the major goal of this surgery, although
it varied depending on the glaucoma type and preoperative
IOP. Steroid-induced glaucoma and pseudoexfoliation
glaucoma, which are usually disorders primarily affecting the
TM, have a higher IOP reduction than primary open-angle
glaucoma, which has a more complicated mechanism
involving ocular hypertension.['®2324 Patients with a higher
preoperative IOP and glaucoma severity are also likely to
achieve a greater IOP reduction.”>?%! However, it needs to
be noted that the expected postoperative IOP should not be
lower than 10 mmHg, which is the estimated pressure of the

Table 2: Reduction of intraocular pressure (mmHg)

0P Mean + SE P

Baseline 22.84+1.34 -

1 day 16.4+1.05 <0.01*
1 month 18.0+£0.90 <0.01*
3 months 18.2+£0.95 <0.01*
6 months 17.7+0.80 <0.01*
12 months 16.9 +0.85 <0.01*
18 months 17.5+0.94 <0.01*
24 months 17.6 £ 0.96 <0.01*

Wilcoxon test were applied by comparing with baseline IOP or number
of medications. *Significant level is 0.05. IOP: Intraocular pressure;
SE: Standard error.

Table 3: Reduction of glaucoma medication

Numbers of medication Mean + SE P

Baseline 22+0.17 -

1 day 1.2+0.19 <0.01*
1 month 1.4+0.18 <0.01*
3 months 1.3+£0.25 <0.01*
6 months 1.4+0.24 <0.01*
12 months 1.4+0.21 <0.01*
18 months 1.4+0.26 <0.01*
24 months 1.4+0.21 <0.01*

Wilcoxon test were applied by comparing with baseline IOP or number
of medications. *Significant level is 0.05. IOP: Intraocular pressure;
SE: Standard error.
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Figure 2: Reduction of glaucoma medication. Patients had an average
of 2.20 = 0.17 glaucoma eye drops before surgery. Trabectome
significantly decreased the use of glaucoma medication throughout
the study (all P < 0.01, compared to the baseline). The Wilcoxon test
was used for statistical analyses. *Indicates a statistical difference
with P < 0.01.

episcleral vein,?” indicating outflow resistance also exists
in the downstream outflow tracts.!'>2%

Reducing the use of glaucoma medication is another benefit
of the Trabectome, especially for those with intolerable
glaucoma medication. An average of 0.3 to 1.28% less
medication can be achieved by different patient populations.
Patients with refractory glaucoma have less medication
reduction.”3% In the present study, glaucoma medications
were reduced from a baseline of 2.20 £ 0.17 to 1.40 = 0.21
at the end of the 2-year follow-up, which was comparable
to our previously reported results.['

In a similar manner as other minimally invasive glaucoma
surgeries,'3% Trabectome may be performed with
phacoemulsification/intraocular lens implantation, and
the combined surgery usually is more successful than the
Trabectome alone.l'!231 In the present study, all thirty
patients who received combined surgery were successfully
treated when compared with only 77% of the patients in
the Trabectome alone group. These results were consistent
with a recent meta-analysis by Okeke et al.,['"” showing that
combined surgery had a 78% lower risk of surgical failure.
However, it is important to note that patients with the
combined surgery usually had lower baseline IOPs, so the
absolute IOP reduction might be lower than with Trabectome
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Figure 3: Two-year success percentage. Overall success rate during
2-year follow-up (a). The combined surgery versus Trabectome alone
(b). Patients with history of glaucoma surgery versus patients without
history of glaucoma surgery (c).
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Table 4: Risk factor with trabectome failure

Variables OR P
Age (years)

30< age <50 (reference 10< age <30) 0.285 0.12

50< age <90 (reference 10< age <30) 0.167 0.06
Surgery

Combined surgery with phaco <0.01 0.99
Cup/disk ratio

C/D>0.8 4.66 0.06
Preoperative visual acuity

20/50 or worse 3.12 0.06
Prior surgery

Prior glaucoma surgery history 0.600 0.56

OR: Odds ratio.

alone.!"3?324 In our recent study, we found that combined
surgery had 1.29 + 0.39 mmHg less IOP reduction than that
of Trabectome alone.**! A meta-analysis by Kaplowitz et al.
also reported similar results.!'*!

Acrelatively safe profile is a significant feature of Trabectome
surgery.[13141629341 I the present study, no vision-threatening
complication was observed, including sustained hypotony
and bleb-related complications, which are common in
conventional glaucoma filtering surgeries. Transient blood
reflux was reported in all cases, indicating the opening of
Schlemm’s canal.®*! Temporary hypotony occurred in two
of 101 pigmentary glaucoma patients.*! Peripheral anterior
synechiae were reported in 24% of open-angle glaucoma
patientsB” but not in the present study. Secondary glaucoma
surgery might be needed for 10.5-34.9% of open-angle
glaucoma patients.[?*3438] Patients who received the
combined surgery with phacoemulsification and intraocular
implantation were likely to have a lower percentage of
secondary procedures.!

This study had some limitations. First, no risk factors related
to Trabectome failure were found possibly because of the
small sample size. We have found P = 0.06 in terms of
age >50 years, high cup/disk ratio, and worse preoperative
best-corrected visual acuity using univariate logistic
regression, suggesting a high risk of Trabectome failure.
A future study enrolling more patients should, therefore, be
conducted. Second, recent studies suggested that advanced
and refractory glaucoma may also be indications of
Trabectome surgery,?>2¢2 so studies investigating the effect
of Trabectome for these patients are necessary.

In summary, Trabectome was an efficient and safe procedure
for Chinese glaucoma patients in a 2-year follow-up study.
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