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This study aims to compare the results of trabectome surgery between surgery-naïve eyes and eyes that have previously undergone 
incisional surgery. Prospective data was collected on the first 20 cases of each new trabectome surgeon. This trabectome dataset 
was used to create two groups of subjects: surgery-naïve eyes versus eyes with prior incisional surgery. A total of 2,051 eyes were 

included in the study. These two groups were further broken down into the subtype of glaucoma (primary open angle glaucoma, pigmentary, 
pseudoexfoliation, uveitic and steroid-induced glaucoma). At 12- and 36-months follow up, success rates, intraocular pressure (IOP) reduction 
and medication usage were compared between the groups using the Tube versus Trabeculectomy Study criteria for defining success. 
At 36 months, the IOP of the virgin eyes and the previously operated eyes was 16.3 mmHg versus 15.8 mmHg, respectively. This difference 
was not statistically significant (p<0.05). Trabectome outcomes are similar in eyes with a history of prior incisional surgery (including failed 
glaucoma procedures) compared with those that are surgery-naive.
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Trabecular bypass with the Trabectome® device (NeoMedix, Tustin, CA, US) has been gaining 

adoption worldwide since its introduction as a micro-incision glaucoma surgery (MIGS) option for 

many differing types of glaucoma. As with any new surgical procedure, surgeons rely on published 

data to guide their decision making and patient-selection criteria until they gain adequate 

individual experience to refine their adoption patterns. The trabectome was initially used on adult 

patients with open-angle glaucoma in the original trials performed in 2004.1,2 As several dozen 

peer-reviewed publications have confirmed its safety and efficacy, the last decade has seen the 

utilisation of trabectome surgery expand over a wide variety of glaucoma subtypes from mild to 

severe glaucoma.3–6 Here, we will review the long-term success rates and intraocular pressure (IOP) 

reduction profiles in these subtypes to help guide surgeons in optimising patient selection. 

Materials and methods 
This is a prospective outcome analysis of patients grouped by glaucoma subtypes with or 

without prior incisional surgery undergoing trabectome from the Trabectome Study Group 

Database. All procedures were followed in accordance with the responsible committee on human 

experimentation and with the Helsinki Declaration of 1975 and subsequent revisions. Informed 

consent was received from the patients involved in this study.

The multinational trabectome database consists of anonymised data collected prospectively on 

the first 20 cases of each new trabectome surgeon and includes demographic information as 

well as IOP as measured by Goldmann applanation tonometry, gonioscopic findings, optic nerve 

appearance on slit-lamp examination, Humphrey Visual Field results at baseline and following 

treatment, best corrected visual acuity and any adverse event data. 

We analysed the trabectome database and included all patients with at least 1 year of follow up. 

Patients were classified based on their glaucoma subtypes. Only patients who were diagnosed with 

primary open-angle glaucoma (POAG), pseudoexfoliation glaucoma (PEX), pigmentary glaucoma, 

steroid induced glaucoma and uveitic glaucoma were included into this study (the steroid-induced 

glaucoma group included only ocular steroids: topical and intravitreal). No patients were double 

counted in the groupings. Patients were separated into two groups based on a history of prior eye 

surgery (prior incisional surgery versus virgin eyes), excluding laser. The surgery-naive group (virgin 

eyes) was compared to eyes with a history of any of the following procedures: trabeculectomy 

(with or without EX-PRESS® shunt [Alcon, Fort Worth, TX, US]), trabeculotomy, aqueous shunt 

implantation, corneal transplantation, goniotomy, prior trabectome or iStent® (Glaukos, San 

Clemente, CA, US) or other MIGS, or vitreo-retinal surgery. 

Applying the same success criteria established by the Tube versus Trabeculectomy (TVT)  

study, success was defined as IOP of <21 mmHg and IOP reduction of 20% from baseline on two 

consecutive visits and no secondary surgery.7 Preoperative and post-operative outcomes were 
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compared with the two-sample Wilcoxon test. Kaplan Meier survival 

curves plot and Log-rank tests are used to compare survival rates of the 

two groups. Excel software (Microsoft Word Corp.) and R 2.14.0 were 

utilised for the data compilation and statistical analysis.

Results
A total 2,051 cases were analysed, where 1,886 were virgin eyes and 

165 had undergone prior incisional surgery. Of the virgin eyes, most of 

the patients were diagnosed with POAG (80.0%) and PEX (12.3%). The 

demographic comparison of the glaucoma subtypes is summarised 

in Table 1. A total of 165 (8.0%) patients had prior surgeries including 

trabeculectomy, aqueous shunts or other procedures. A total of 193 

(9.4%) patients required secondary surgery. The average IOP and 

glaucoma medication usage for all glaucoma subtypes are summarised 

in Table 2, Figure 1 and Figure 2. There was a total of 1,641 patients 

with POAG, 252 patients with PEX, 69 with pigmentary glaucoma, 

38 with steroid-induced glaucoma and 51 with uveitic glaucoma.

At 36 months, intraocular pressure was reduced by 28% in the POAG 

group (from 22.5 ± 7.1 to 16.3 ± 3.9 mmHg), 35% in the PEX group  

(from 25.3 ± 8.8 to 16.4 ± 6.4 mmHg), 36% in the pigmentary group  

(from 25.0 ± 7.7 to 16.0 ± 4.4 mmHg), 49% in the steroid-induced group 

(from 30.1 ± 10.1 to 15.4 ± 2.7 mmHg), and 52% in the uveitic group  

(from 29.8 ± 7.5 to 14.3 ± 2.9 mmHg); p<0.01 for all groups. Medication 

usage was reduced in all groups (Table 2, Figure 1 and Figure 2). The 

success rate (survival at 36 months) of each group varied from 65% 

in the uveitic group to 84% in the steroid-induced glaucoma group  

(Table 3 and Figure 3).

When comparing virgin eyes to eyes previously operated on,  

IOP was reduced by 30% (from 23.2 ± 7.7 to 16.3 ± 4.2 mmHg) and 

33% (23.7 ± 7.0 to 15.8 ± 4.7 mmHg; p<0.01), respectively. Medication 

usage reduced by 26% in virgin eyes compared to 31% in previously 

operated eyes (p<0.01 for both) (Table 2, Figure 4 and Figure 5).  

The success rate (survival at 36 months) was statistically significantly 

Table 1: Baseline characteristics in each glaucoma subgroup

Demographics POAG 

n=1,641

PEX 

n=252

Pigmentary

n=69

Steroid

n=38

Uveitic

n=51

Overall

N=2,051

Age Mean ± SD 70 ± 13 75 ± 10 59 ± 11 54 ± 17 55 ± 20 70 ± 13

Range (0, 96) (76, 95) (32, 95) (23, 84) (6, 88) (0, 96)

Gender Female 823 (50.2%) 153 (60.7%) 19 (27.5%) 19 (50.0%) 28 (54.9%) 1,042 (50.8%)

Male 749 (45.6%) 95 (37.7%) 48 (69.6%) 19 (50.0%) 22 (43.1%) 933 (45.5%)

NR 69 (4.2%) 4 (1.6%) 2 (2.9%) 0 (0.0%) 1 (2.0%) 76 (3.7%)

Race African American 83 (5.1%) 2 (0.8%) 0 (0.0%) 1 (2.6%) 4 (7.8%) 90 (4.4%)

Asian unspecified 79 (4.8%) 11 (4.4%) 3 (4.3%) 1 (2.6%) 2 (3.9%) 96 (4.7%)

Caucasian 737 (44.9%) 127 (50.4%) 47 (68.1%) 6 (15.8%) 17 (33.3%) 934 (45.5%)

Chinese 27 (1.6%) 0 (0.0%) 1 (1.4%) 0 (0.0%) 0 (0.0%) 28 (1.4%)

Hispanic 73 (4.4%) 12 (4.8%) 4 (5.8%) 3 (7.9%) 3 (5.9%) 95 (4.6%)

Japanese 444 (27.1%) 77 (30.6%) 7 (10.1%) 18 (47.4%) 20 (39.2%) 566 (27.6%)

Other 198 (12.1%) 23 (9.1%) 7 (10.1%) 9 (23.7%) 5 (9.8%) 242 (11.8%)

Pre-operative 

snellen acuity

>20/20 81 (4.9%) 13 (5.2%) 0 (0.0%) 3 (7.9%) 7 (13.7%) 104 (5.1%)

20/20–20/40 803 (48.9%) 121 (48.0%) 45 (65.2%) 15 (39.5%) 29 (56.9%) 1,013 (49.4%)

20/50–20/70 251 (15.3%) 31 (12.3%) 7 (10.1%) 1 (2.6%) 1 (2.0%) 291 (14.2%)

20/80–20/100 82 (5.0%) 14 (5.6%) 3 (4.3%) 3 (7.9%) 3 (5.9%) 105 (5.1%)

20/200–20/400 96 (5.9%) 22 (8.7%) 3 (4.3%) 3 (7.9%) 4 (7.8%) 128 (6.2%)

<20/400 53 (3.2%) 11 (4.4%) 1 (1.4%) 2 (5.3%) 2 (3.9%) 69 (3.4%)

NR 275 (16.8%) 40 (15.9%) 10 (14.5%) 11 (28.9%) 5 (9.8%) 341 (16.6%)

Lens status Phakic 1,108 (67.5%) 166 (65.9%) 51 (73.9%) 19 (50.0%) 30 (58.9%) 1,374 (67.0%)

Pseudophakic 458 (27.9%) 74 (29.4%) 13 (18.8%) 11 (28.9%) 17 (33.3%) 531 (27.9%)

Aphakic 7 (0.4%) 1 (0.4%) 3 (4.3%) 0 (0.0%) 1 (2.0%) 12 (0.6%)

NR 68 (4.1%) 11 (4.4%) 2 (2.9%) 8 (21.1%) 3 (5.9%) 92 (4.5%)

Prior surgery Virgin eyes 1,510 (92.0%) 236 (93.7%) 59 (85.5%) 38 (100.0%) 43 (84.3%) 1,886 (92.0%)

Previously operated eyes 131 (8.0%) 16 (6.3%) 10 (14.5%) 0 (0.0%) 8 (15.7%) 165 (8.0%)

Combined surgeries Trabectome + phaco 637 (38.8%) 105 (41.7%) 21 (30.4%) 3 (7.9%) 10 (19.6%) 776 (37.8%)

Trabectome only 977 (59.5%) 143 (56.7%) 43 (62.3%) 34 (89.5%) 40 (78.4%) 1,237 (60.3%)

Trabectome + other* 27 (1.6%) 4 (1.6%) 5 (7.2%) 1 (2.6%) 1 (2.0%) 38 (1.9%)

*Other surgeries include anterior vitrectomy, pars plana vitrectomy, intraocular lens repositioning, pupilloplasty and synechialysis. 
NR = not reported; PEX = pseudoexfoliating glaucoma; phaco = phacoemulsification; POAG = primary open angle glaucoma; SD = standard deviation.
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Table 2: Intraocular pressure and glaucoma medication

Time IOP

Mean ± SD

p-value Rx

Mean ± SD

p-value n

All glaucoma sub types

 Baseline 23.2 ± 7.6 2.7 ± 1.3 2,051

 12 months 15.9 ± 4.0 <0.01* 2.0 ± 1.4 <0.01* 1,858

 36 months 16.3 ± 4.2 <0.01* 2.0 ± 1.2 <0.01* 552

Primary open angle glaucoma

 Baseline 22.5 ± 7.1 2.6 ± 1.3 1,641

 12 months 15.9 ± 3.9 <0.01* 2.0 ± 1.3 <0.01* 1,481

 36 months 16.3 ± 3.9 <0.01* 1.9 ± 1.2 <0.01* 441

Pseudoexfoliating glaucoma

 Baseline 25.3 ± 8.8 3.0 ± 1.3 252

 12 months 15.3 ± 4.3 <0.01* 2.1 ± 1.4 <0.01* 238

 36 months 16.4±6.4 <0.01* 2.0 ± 1.3 <0.01* 66

Pigmentary glaucoma

 Baseline 25.0 ± 7.7 2.9 ± 1.2 69

 12 months 16.8 ± 5.0 <0.01* 2.2 ± 1.4 <0.01* 63

 36 months 16.0 ± 4.4 <0.01* 1.8 ± 1.0 0.16 24

Steroid-induced glaucoma

 Baseline 30.1 ± 10.1 3.6 ± 1.1 38

 12 months 16.0 ± 3.5 <0.01* 2.4 ± 1.5 <0.01* 34

 36 months 15.4 ± 2.7 <0.01* 2.4 ± 1.3 0.02* 11

Uveitic glaucoma

 Baseline 29.8 ± 7.5 3.9 ± 0.9 51

 12 months 16.2 ± 4.3 <0.01* 2.7 ± 1.5 <0.01* 42

 36 months 14.3 ± 2.9 <0.01* 2.1 ± 1.2 0.01* 10

Virgin eye group (eyes with no prior surgery)

 Baseline 23.2 ± 7.7 2.7 ± 1.3 1,886

 12 months 15.8 ± 3.9 <0.01* 2.0 ± 1.4 <0.01* 1,713

 36 months 16.3 ± 4.2 <0.01* 2.0 ± 1.2 <0.01* 506

Previously operated eye group (eyes with prior surgery)

 Baseline 23.7 ± 7.0 2.9 ± 1.2 165

 12 months 16.2 ± 5.0 <0.01* 2.3 ± 1.4 <0.01* 145

 36 months 15.8 ± 4.7 <0.01* 2.0 ± 1.2 <0.01* 46

*values that are statistically significant. Wilcox test was performed to compare IOP and glaucoma medication usage on different follow-up time with baseline. Significance level 
was set as p<0.05. IOP = intraocular pressure; Rx = prescription.

Figure 1: Adaptive servo-ventilation therapy in sleep apnoea
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higher in the virgin eyes (78%, p<0.01) than in the previously-operated 

group (65%) (Table 4 and Figure 6). The survival rates for glaucoma 

subtypes within virgin eyes and the previously-operated eye groups 

were compared for statistical significance at 36 months as shown in 

Figure 3. There were no statistically significant differences between 

subtypes’ survival values at 36 months (Table 3). 

Reported post-operative complications are summarised in Table 5.  

Fourteen percent of subjects did not achieve adequate IOP control and 

required subsequent glaucoma surgery. There were no reported cases of 

clinically significant hypotony or choroidal effusions.

Discussion
Over the past several years of experience with trabecular bypass 

procedures, it has become clear that certain subtypes of glaucoma 

respond better than others.3 For example, it has been previously reported 

that patients with PEX and steroid-induced glaucoma have exceptionally 

good outcomes with the trabectome (ab-interno trabeculotomy).4,8,9 

This observation is reinforced with our findings here and is consistent 

with the expected outcome, given that the mechanism by which 

Figure 2: Plots showing reduction in intraocular pressure (A) and glaucoma medication usage (B) in each glaucoma 
subgroup from baseline to 36 months

Figure 3: Survival plot in each glaucoma subgroup from 
baseline to 36 months

Figure 4: Reduction in intraocular pressure and glaucoma 
medication usage in virgin and previously operated eyes at 
36 months
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Survival plot, with success defined as post-operative IOP ≤21 mmHg with at least 20% 
IOP reduction from baseline and no secondary glaucoma surgery. 
IOP = intraocular pressure; POAG = primary open angle glaucoma. 

Table 3: Survival rates at 36 months in glaucoma subgroup 

Glaucoma subgroup Survival at 36 months Log-rank test

p-value

Primary open angle glaucoma 76%

Pseudoexfoliating glaucoma 81% 0.159

Pigmentary glaucoma 71% 0.572

Steroid-induced glaucoma 84% 0.317

Uveitic glaucoma 65% 0.185

Log-rank test was used to compare whether the difference between survival curve 
of primary open angle glaucoma and other glaucoma subtypes was statistically 
significant. Significance level was set at p<0.05.

Table 4: 36-month survival rates in virgin eyes and 
previously operated eyes

Survival at 36 months Log-rank test

p-value

Virgin eye 78%

Previously operated eye 65% <0.01*

Log-rank test was used to compare whether the difference between survival curve of 
the virgin eye group and previously operated eye group was statistically significant. 
Significance level was set at p<0.05.

IOP = intraocular pressure; Med = glaucoma medication usage.
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IOP is elevated in these conditions is a result of increased trabecular 

resistance. Trabecular bypass procedures which remove a large section 

of the meshwork restore the flow into Schlemm’s canal and normalise 

IOP in these subcategories of glaucoma. This is in contrast to uveitic 

glaucoma, where the mechanism of IOP elevation is likely multifactorial; 

many of these patients exhibit extensive peripheral anterior synechiae, 

with chronic angle closure contributing a significant degree to the 

impediment to aqueous outflow.10 The observation here that uveitic 

glaucoma had a trend towards lower success than other subcategories 

is therefore not surprising. Although this was not statistically significant, 

56% of our subgroup had a successful outcome at 36 months follow up. 

Interestingly, Anton et al. showed an 87.5% success rate in trabectome 

surgery in patients with uveitic glaucoma followed for 1 year.11 It is known 

that these patients tend to have a worse outcome with trabeculectomy 

as well.12 While tube shunt implantations seem to be more effective in 

this group, this is still a group of patients for which a procedure with safe 

and consistent outcomes is still lacking.13–5

In this study, patients with POAG showed impressive success rates and 

IOP reductions, but slightly lower than that seen in the PEX group. This can 

be explained by the fact that POAG represents a heterogeneous group 

of patients in which impaired downstream and uveoscleral pathways of 

aqueous egress, as well as IOP-independent mechanisms of optic nerve 

atrophy, may play a role in the progression of disease. While removing 

the trabecular meshwork may be effective for the majority of patients 

in this group, it is not the answer for everybody, as approximately 14% 

of patients required secondary surgery from failure to meet IOP goals 

(Table 5). However, given the excellent safety profile, the trabectome 

represents an option in which the benefits outweigh the risks, even in 

patients with refractory disease who have failed other prior surgical 

interventions.5,6,16

In this study, patients with combined cataract surgery were grouped 

together with patients with trabectome-alone procedures. Several prior 

Figure 5: Plots showing reduction in intraocular pressure (A) and glaucoma medication usage (B) in virgin and previously 
operated eyes from baseline to 36 months
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Table 5: Post-operative complications

Post-operative complications POAG 

n=1,641

PEX 

n=252

Pigmentary

n=69

Steroid

n=38

Uveitic

n=51

Overall*

n=2,051

Virgin eye

n=1,886

Previously 

operated 

eye

n=165

Secondary surgery 239 (14.6%) 23 (9.1%) 11 (15.9%) 4 (10.5%) 10 (20%) 287 (14.0%) 264 (14.0%) 23 (13.9%)

Sustained hypotony – beyond 30 days post operation 5 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (0.2%) 4 (0.2%) 1 (0.6%)

Hypotony – 1 day post operation 22 (1.3%) 2 (0.8%) 0 (0.0%) 2 (5.3%) 1 (2.0%) 27 (1.3%) 20 (1.1%) 7 (4.2%)

Infection 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Choroidal haemorrhage 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

*Overall number does not include values from virgin and previously operated eyes. PEX = pseudoexfoliating glaucoma; POAG = primary open angle glaucoma

Figure 6: Survival plot for virgin versus previously operated 
eyes from baseline to 36 months
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publications have suggested that combined procedures result in more 

robust outcomes and higher success rates as compared to stand-alone 

cases.17 There have, however, been several recent reports suggesting 

that the addition of phacoemulsification does not result in additional IOP 

reduction.18,19 Since we were not intending to once again look at these 

differences, but rather identify the differences within subcategories of 

glaucoma, we did not separate out patients with combined trabectome 

and phacoemulsification. Both the previously-operated eyes and the 

virgin eye groups had similar numbers of stand-alone versus combined 

procedures, negating any difference from phacoemulsification in the 

results. 

Another finding demonstrated with these long-term results was that 

trabectome performed very well following prior incisional surgery, 

with a success rate of 65% at 36 months versus 78% in the virgin eyes. 

While this outcome suggests a better response in the virgin eyes, it is 

important to note that our data included eyes with prior vitreoretinal 

procedures, corneal transplantation and vitrectomies. Again, many of 

these eyes had mechanisms of glaucoma that were multifactorial and 

subject to continued insults such as intravitreal steroid injections, the 

presence of silicone oil and peripheral anterior synechia formation. A 

recent report by Wecker et al. looked at trabectome outcomes following 

failed trabeculectomy and found promising success rates, concluding 

that this could be considered a valuable procedure following failed 

trabeculectomy.20 Another study found that prior failed tube shunt 

implantation did not decrease the efficacy of trabectome surgery.21 

Finally, a study based in Europe by Widder et al. concluded that prior tube 

or trabeculectomy surgery did not affect the outcome of subsequent 

trabectome procedures.22 Collectively, this body of evidence supports the 

use of the trabectome in these challenging and refractory cases.

Additionally, several recent publications showed no difference in 

success rates between patients with mild disease versus severe 

disease based on visual field loss and optic atrophy.23–25 A recent 

study by Ahmed et al. demonstrated that 12-month success rates of 

patients with mild disease was 86% as compared to 83% for those with 

moderate/severe disease.25 This challenges our traditional thinking 

of considering MIGS only in early to moderate disease. Indeed, some 

more recently approved MIGS implants such as the Cypass® (Alcon, 

Fort Worth, TX, US) and the iStent are currently only approved for 

early to moderate glaucoma. As a result, MIGS surgery is typically 

positioned as an early intervention and not routinely employed in late-

stage cases. Several dozen publications on the trabectome in various 

disease states, in the hands of different surgeons and with numerous 

other ocular comorbidities, all conclude that IOP following trabectome 

typically stabilises in the mid-teens range.5,26,27 These results support 

the consideration of the trabectome anywhere along the arc of disease 

where IOP in the mid-teens would be acceptable. 

There are several limitations to this study which bear mention. Firstly, 

this dataset represents the learning curve of many new MIGS surgeons. 

Presumably, the results here may be poorer than in cases of experienced 

surgeons, but that is uncertain. Additionally, the surgeons voluntarily 

update the results of their subjects over time. This may induce reporting 

bias to favour reporting of successful outcomes over poorer ones. Also, 

these surgeons are mainly referral physicians that refer the patients 

back to the comprehensive ophthalmologist once they are stable. 

Therefore, they may not have data on the successful patients years after 

treatment, but will more likely see the failures referred back. This may 

result in longer-term data on the failures as opposed to the longer-term 

successes. Nonetheless, this dataset represents the largest collection 

of information on a newer technology with the longest follow-up period 

available and therefore still can yield valuable insight. 

As glaucoma is a long-term disease, logic dictates that treatments with 

long-term proven safety and efficacy be preferentially employed over 

procedures where the efficacy significantly wanes over time. As a result, 

many glaucoma surgeons have taken a more measured approach to 

adoption of these newer techniques. At this point in time, with over a 

decade of robust experience, surgeons can utilise these data to help 

predict outcomes in specific subsets of disease to more confidently 

assign treatments in a tailored fashion to individual patients. Given 

the well-established long-term safety profile of the trabectome and 

encouraging efficacy results across the spectrum of disease severity, this 

study shows that it can be considered as a valuable surgical option even 

in patients with refractory disease. q
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