
© 2019 Sarkisian et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology 2019:13 161–168

Clinical Ophthalmology

This article was published in the following Dove Press journal: 
Clinical Ophthalmology

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
161

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OPTH.S189260

360° ab-interno trabeculotomy in refractory 
primary open-angle glaucoma

Steven R Sarkisian1

Basil Mathews2

Kai Ding2

Aashka Patel2

Zachary Nicek2

1University of Oklahoma College of 
Medicine, Dean McGee Eye Institute, 
Oklahoma City, OK, USA; 2University 
of Oklahoma, Oklahoma City, OK, 
USA

Purpose: The purpose of this study was to evaluate the safety and efficacy of microinvasive 

glaucoma surgery (MIGS) with 360° ab-interno trabeculotomy using the TRAB360 device as 

a stand-alone procedure in patients with refractory primary open-angle glaucoma (POAG) and 

preoperative IOP $18 mmHg.

Setting: This study evaluated patients treated in a tertiary-referral clinical practice setting.

Design: This study is a retrospective analysis of 81 eyes.

Methods: Patients with refractory open-angle glaucoma underwent stand-alone 360° ab-interno 

trabeculotomy using the TRAB360 device. Effectiveness was determined by reduction in 

medicated IOP and the use of medications from baseline. Safety was determined by the rate of 

adverse events and secondary surgical interventions. The time points assessed were baseline and 

postoperative day 1, week 1, and months 1, 3, 6, and 12. A subgroup analysis was performed 

on eyes with medicated preoperative IOP values of $25 mmHg.

Results: The reductions in IOP from 1 day to 12 months postoperatively were statisti-

cally significant compared to baseline values. The mean reduction in IOP at 12 months was 

7.3±6.7 mmHg from baseline. At 12 months, 59% eyes achieved $20% reduction in IOP and 

IOP ,18 mmHg with the same or fewer numbers of IOP-lowering medications compared with 

those at baseline. The mean number of IOP-lowering medications was reduced from 1.7±1.3 

at baseline to 1.1±1.0 at 12 months. At 12 months, 67% of eyes with preoperative IOP values 

of $25 mmHg achieved $20% reduction in IOP and IOP ,18 mmHg with the same or fewer 

numbers of IOP-lowering medications compared with those at baseline. The most common 

adverse event for all eyes was mild, transient hyphema (57 eyes). During the first year after the 

procedure, 20 (25%) eyes were considered failures since they required reinterventions.

Conclusion: Trabeculotomy using the TRAB360 device resulted in significant IOP reductions 

up to 1 year with a favorable safety profile. The device is an effective stand-alone MIGS pro-

cedure for patients with refractory POAG.

Keywords: 360 degree trabeculotomy, glaucoma, Schlemm’s canal, blebless MIGS, TRAB360

Introduction
Microinvasive glaucoma surgery (MIGS) has emerged as an option for treating primary 

open-angle glaucoma (POAG) in recent years.1 Several of these procedures used an 

ab-interno approach.2 MIGSs are less invasive than traditional trabeculectomy surgeries 

and have demonstrated a favorable safety profile.1 Only a few of these procedures are 

available as stand-alone procedures although most can be used in combination with 

cataract surgery.1,3,4

Refractory glaucoma patients present additional challenges to the clinicians in terms 

of treatment strategy decisions. These patients often require the use of several different 

types of treatment. A step-wise approach starting with less-invasive methods to more 
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invasive techniques may be required (eg, beginning with 

medications; progressing to Schlemm’s canal-based mini-

mally invasive procedures, microstents, trabeculotomy, and 

trabeculectomy/tube shunt, and finally filtration surgery/tube 

shunts).1,5 Patients with refractory glaucoma must be care-

fully managed and the broadest possible options preserved 

so that alternative treatments can be implemented, if needed, 

to prevent further optic nerve damage and vision loss.

The current study evaluated postoperative outcomes 

of MIGS with 360° ab-interno trabeculotomy using the 

TRAB360 device (Sight Sciences, Inc., Menlo Park, CA, 

USA) as a stand-alone procedure in a consecutive series 

of patients with refractory POAG who had a medicated, 

preoperative IOP $18 mmHg. This study evaluated patients 

treated in a real-world, high-volume, tertiary-referral clinical 

practice setting.

Methods
This was a retrospective study of 69 patients with refractory 

glaucoma undergoing ab-interno trabeculotomy using the 

TRAB360 device. This consecutive series included 81 eyes 

(one eye of 57 patients and both eyes of 12 patients) that had 

several types of glaucoma (POAG, pigmentary glaucoma, 

congenital glaucoma, neovascular glaucoma, and others; 

Table 1). The study was conducted at a single center (Dean 

McGee Eye Institute) and approved by the University of 

Oklahoma Institutional Review Board. The institutional 

review board waived the need of patients’ consent for this 

retrospective chart review. The data review was performed 

in compliance with the Declaration of Helsinki, and personal 

identifiers were masked to ensure patients’ confidentiality.

Patients underwent stand-alone 360° ab-interno tra-

beculotomy using the TRAB360 device (Sight Sciences, Inc.; 

Figure 1).6,7 Eyes were included in the analysis if they had a 

medicated preoperative IOP $18 mmHg and had follow-up 

data available at $1 month. To assess the efficacy of the device 

in patients with a higher preoperative IOP, a subgroup analysis 

was conducted in 26 eyes from 26 patients with baseline IOP 

values $25 mmHg. The time points assessed were baseline and 

1 day, 1 week, and 1, 3, 6, and 12 months postoperatively. A 

single measure of IOP without washout was taken using a Gold-

mann applanation tonometer by the first author (SRS) at each 

visit with a few measurements reported by the referring doctors.

Trabeculotomy procedure
A cannula was advanced across the anterior chamber toward 

the nasal iridocorneal angle through a clear corneal incision. 

A gonioprism was applied at this time. The cannula tip was 

Table 1 Patient demographics

Patients N=69

Mean age (years) 64.0

Gender n (%)

Female 35 (50.7)

Male 34 (49.3)

Eyes n (%)

Study eye N=81

OD 34 (42.0)

OS 47 (58.0)

Lens

Pseudophakic 54 (66.7)

Phakic 26 (32.1)

Aphakic 1 (1.2)

Preoperative IOP $18 mmHg 81 (100)

Glaucoma type

Chronic angle-closure glaucoma 1 (1.2)

Congenital glaucoma 2 (2.5)

Inflammatory glaucoma 1 (1.2)

Neovascular glaucoma 2 (2.5)

Open-angle, unspecified 2 (2.5)

POAG 67 (82.7)

Pigmentary glaucoma 5 (6.2)

Steroid-induced glaucoma 1 (1.2)

Number of IOP-lowering medications

0 20 (24.7)

1 16 (19.8)

2 15 (18.5)

3 25 (30.9)

4 5 (6.2)

Prior ocular procedure

Any ocular procedure 50 (61.7)

Glaucoma drainage implant 6 (7.4)

Canaloplasty 1 (1.2)

CPC 2 (2.5)

Trabeculectomy w/ or w/o Ex-Press shunt 9 (11.1)

Laser trabeculoplasty 42 (51.9)

Peripheral iridotomy 1 (1.2)

Bleb revision 3 (3.7)

ECP 3 (3.7)

Abbreviations: POAG, primary open-angle glaucoma; CPC, cyclophotocoagulation; 
w/, with; w/o, without; ECP, endoscopic cyclophotocoagulation.

used to pierce the trabecular meshwork and gain access 

into Schlemm’s canal (Figure 2). The microcatheter was 

advanced into and 180° around the canal. The microcatheter 

was then withdrawn to tear trabecular meshwork exposing 

the external wall of Schlemm’s canal, providing an up to 

180° trabeculotomy. These steps were repeated in the oppo-
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Figure 1 TRAB360 device.
Notes: The device consists of a handpiece with a trabeculotome, a control wheel for advancing and retracting the trabeculotome, and a locking mechanism. Reproduced 
with permission from Sight Sciences, Inc., http://sightsciences.com.23 Images were used with permission.

Figure 2 Cannula tip of the device is used to gain access into Schlemm’s canal.
Notes: The figure depicts the microcatheter advancing into and around Schlemm’s 
canal. The process can be repeated in an opposite direction for the remaining 180° 
of the trabecular meshwork. The microcatheter is withdrawn to unroof Schlemm’s 
canal providing a 360° trabeculotomy. Reproduced with permission from Sight 
Sciences, Inc., http://sightsciences.com.23

site direction for the remaining 180° of meshwork, creating a 

360° transluminal trabeculotomy. A 360° trabeculotomy was 

typically achieved in the eyes included in the study.

Postoperative medical management of IOP
All the patients were taken off their IOP-lowering medica-

tions after the surgery. The IOP-lowering medications were 

reintroduced as required in physician’s judgment. Lotepre-

dnol ophthalmic gel was administered for twice a day for 

3 weeks, and fluoroquinolone eye drops were administered 

four times a day for 1 week.

Statistics
Effectiveness was determined by a reduction in medicated 

IOP and reduction in the use of medications from baseline. 

Safety was determined by the rate of adverse events and 

secondary surgical interventions. The proportion of eyes 

achieving $20% reduction in IOP at 12 months and 

IOP ,18 mmHg with the same or fewer numbers of IOP-

lowering medications compared with those at baseline was 

reported. The proportion of eyes requiring secondary surgi-

cal reintervention was reported as failures. For the patients 

in whom both eyes were included in the study, each eye was 

considered independent for endpoint analysis. Trabeculotomy 

being a surgical intervention, contralateral effect of treatment 

was overruled. Descriptive statistics were used to summarize 

the data. Patients who required secondary surgical interven-

tions to treat their glaucoma or surgical interventions that 

could affect IOP were censored from the analysis from the 

time of the surgical intervention. Ninety-five percent (95%) 

CI of the percent per binomial distribution were calculated for 

the changes over time in the categorical values. In all, 95% 

CIs of the mean per t-distribution were calculated for change 

over time in the numeric values. SAS (version 9.3; SAS Insti-

tute Inc., Cary, NC, USA) was used for analysis of the data.

Results
A total of 81 eyes were treated using the TRAB 360 device 

as a stand-alone procedure. At 1 year, 44 (54%) eyes were 

available for analysis of endpoints related to medicated IOP 

and 41 (51%) eyes were available for the analysis of endpoints 

related to use of medication. For 41 eyes that had both IOP and 

medication use data at 1 year, the proportion of eyes achieving 

$20% reduction in IOP at 12 months and IOP ,18 mmHg 

with the same or fewer numbers of IOP-lowering medications 

compared with those at baseline was calculated. The missing 

data for remaining eyes were due to patients being sent back 

to their referring eye doctor and failure in getting the updated 

records or due to patients who were censored from analysis 

due to secondary surgical interventions.
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Demographics and disease characteristics for this refrac-

tory glaucoma patient cohort are shown in Table 1. The 

average age of the patients was 64.0 years, and 50.7% of 

the patients were females. Most of the eyes (54/81, 66.7%) 

were pseudophakic, and the vast majority (67/81, 82.7%) 

was diagnosed with POAG. Medicated IOP at baseline 

was $18 mmHg for all eyes. Prior to the trabeculotomy pro-

cedure, more than one-third (30/81, 37.0%) of the eyes were 

being treated with three or more IOP-lowering medications. 

Nearly two-thirds of the eyes (50/81, 61.7%) had undergone 

a prior glaucoma procedure, with laser trabeculoplasty being 

the most common (42/81, 51.9%).

Mean IOP reductions from preoperative values were 

statistically significant at all postoperative visits (Figure 3). 

At 12 months, the mean IOP reduction from baseline was 

7.3±6.7 mmHg and 59% eyes (24/41) achieved $20% 

reduction in IOP and IOP ,18 mmHg with the same or 

fewer IOP-lowering medications compared with baseline 

(Table 2; Figure 4).

Figure 3 Mean IOP (in mmHg) before and after 360° ab-interno trabeculotomy 
using the TRAB360 device as a stand-alone procedure for eyes with preoperative 
IOP values $18 mmHg.
Abbreviations: Preop, preoperation; D, day; W, week; M, month.

Table 2 Postoperative IOP reduction $20% and IOP ,18 mmHg  
with the same or fewer numbers of medications than preoperation, 
n (%)

N=81

n (%), 95% CI

Day 1 64/79 (81), (70, 89)

Week 1 47/76 (62), (50, 72)

Month 1 30/71 (42), (30, 54)

Month 3 25/44 (57), (41, 71)

Month 6 19/42 (45), (29, 61)

Month 12 24/41 (59), (42, 73)

Note: 95% CI per binomial distribution.

Figure 4 Mean IOP change from preoperation (in mmHg) after 360° ab-interno 
trabeculotomy using the TRAB360 device as a stand-alone procedure.
Notes: *Statistically significant decrease based on 95% CIs. Statistics were not 
performed on Day 1 and Week 1 due to the possibility that the IOP values can be 
confounded by medication administered postoperatively.
Abbreviations: D, day; W, week; M, month.

Figure 5 Mean number of IOP-lowering medications before and after 360° 
ab-interno trabeculotomy using the TRAB360 device as a stand-alone procedure.
Abbreviations: Preop, preoperation; D, day; W, week; M, month.

A reduction in the number of ocular hypotensive medi-

cations needed was observed following the procedure from 

a mean of 1.7±1.3 at baseline to 1.1±1.0 at 12 months 

(Figure 5). At 12 months, 37% (15/41) of the eyes still did 

not require IOP-lowering medications.

The subgroup analysis for patients with medicated 

IOP values of $25 mmHg at baseline showed clinically 

meaningful reductions in IOP following the trabeculotomy 

procedure that were sustained for 12 months (Figure 6). The 

mean IOP was reduced from 30.2±6.7 mmHg at baseline to 

16.1±6.0 mmHg at 12 months. Owing to their high baseline 

IOP, even higher proportions (8/12 eyes, 67%) of these eyes, 

compared with the full cohort of eyes, achieved $20% or 

greater reduction in IOP and IOP ,18 mmHg with the same 

or fewer IOP-lowering medications than baseline (Figure 7). 

The reductions in the mean number of medications showed 
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Table 3 Adverse events through 12 months

Adverse events n (%)

N=81

Hyphema 41 (50.6)

Mild 37 (45.7)

Moderate 3 (3.7)

Severe 1 (1.2)

Microhyphema 16 (19.8)

Corneal edema 5 (6.2)

Posterior vitreous detachment 2 (2.5)

Iris trauma 1 (1.2)

Neovascularization 1 (1.2)

Pain 1 (1.2)

Steroid responder 1 (1.2)

Keratic precipitates 1 (1.2)

Retinal detachment 1 (1.2)

Figure 6 Mean IOP (in mmHg) before and after 360° ab-interno trabeculotomy 
using the TRAB360 device as a stand-alone procedure.
Note: Subgroup of eyes with a preoperative IOP $25 mmHg at baseline.
Abbreviations: Preop, preoperation; D, day; W, week; M, month.

Figure 7 Proportion of eyes achieving $20% reduction in IOP and IOP ,18 mmHg 
with the same or fewer IOP-lowering medications compared with those at baseline after 
360° ab-interno trabeculotomy using the TRAB360 device as a stand-alone procedure.
Note: Subgroup of eyes with a preoperative IOP $25 mmHg at baseline.
Abbreviations: Preop, preoperation; D, day; W, week; M, month.

a similar trend in these eyes with a higher baseline IOP 

compared to those from the full cohort of eyes (Figure 8).

The most common adverse event following the procedure 

was transient hyphema, which resolved within an average 

of 36.1 days (Table 3). In most instances (53/57; 93% of 

hyphema), this reaction was mild. The majority of the 

clinically significant hyphema was resolved by postoperative 

week 1. In all, 16 of the 57 eyes with hyphema were classi-

fied as having microhyphema. Transient, corneal edema was 

reported in five (6.2%) eyes.

During the first year after the procedure, 20 (25%) eyes 

were considered failures since they required reinterventions, 

the most common being implantation of the Ex-Press shunt 

(8/20; Table 4).

Figure 8 Mean number of IOP-lowering medications before and after 360° 
ab-interno trabeculotomy using the TRAB360 device as a stand-alone procedure.
Note: Subgroup of eyes with a preoperative IOP $25 mmHg at baseline.
Abbreviations: Preop, preoperation; D, day; W, week; M, month.

Discussion
This study demonstrated the efficacy of stand-alone 360° 

ab-interno trabeculotomy using the TRAB360 device in a 

cohort of patients with refractory glaucoma. Many of these 

patients had undergone prior surgeries to treat their glaucoma. 

Clinically meaningful reductions in IOP and medication use 

were observed up to 12 months.

The 360° ab-interno trabeculotomy using the TRAB360 

device produced an acceptable safety profile.

As was pointed out previously, chronic pharmacologic 

treatment of glaucoma carries some caveats. Issues with 

compliance/adherence arise due to the fact that the disease 

typically affects the elderly, who may tend to forget to 

take their medications. For patients with severe or refrac-

tory disease, this is particularly important since they often 
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The eyes in this study had glaucoma that was refractory to 

treatment. Two-thirds of the eyes had undergone a previous 

ocular procedure, such as cataract surgery, and some had 

multiple prior interventions (including glaucoma drainage 

implants, canaloplasty, cyclophotocoagulation (CPC), 

endoscopic cyclophotocoagulation (ECP), trabeculectomy, 

trabeculoplasty, iridotomy, and bleb revision). Cataract 

surgery is known to have an IOP-lowering effect.17 The 

fact that most of the eyes in this study had prior cataract 

surgery and yet their glaucoma was still refractory to 

treatment underscores the challenges in treating their disease. 

However, a significant proportion of these eyes still achieved 

therapeutic benefit exhibited in significant reductions in IOP 

and use of medications, which was comparable to those 

observed in cohorts of eyes with less severe disease.18,19

Although most patients in this study had POAG, other 

secondary glaucoma types such as pigmentary glaucoma, 

congenital glaucoma, and neovascular glaucoma were present. 

Compared with POAG, it is more difficult to reach IOP targets 

in pigmentary glaucoma patients using medical therapy alone.20

In the current study, with the 360° ab-interno trabecu-

lotomy performed as stand-alone procedure, IOP was reduced 

for up to 12 months. This sustained IOP reduction is particu-

larly important for patients with severe or refractory disease 

who are at an increased risk for vision loss. These patients 

often need additional surgical intervention beyond topical 

medications to manage their elevated IOP. The magnitude 

of the IOP reduction and the reduction in IOP-lowering 

medication use were consistent with those observed with 

other MIGS,2,18 specifically with the results of gonioscopy-

assisted transluminal trabeculotomy (GATT).19 In the 

retrospective review of the GATT procedure performed by 

Grover et al in patients with open-angle glaucoma, the mean 

IOP was reduced from 25.6±6.1 to 15.7±4.5 at 12 months. 

In this study, the mean IOP was reduced from 23.7±6.0 to 

15.7±5.5 at 12 months. The mean number of IOP-lowering 

medications was reduced from 3.2±0.9 at baseline to 1.5±1.2 

at 12 months in the GATT study vs 1.7±1.3 at baseline to 

1.1±1.0 at 12 months in this study. The 360° ab-interno 

trabeculotomy with the TRAB360 device demonstrated a 

favorable safety profile. Most adverse events were classified 

as mild in severity. The most common adverse event, tran-

sient hyphema, observed in the current study was consistent 

with other 360° ab-interno trabeculotomy procedures.3,18,19,21

A total of 56 (69.1%) eyes had adequate control of IOP up to 

1 year following the procedure without reintervention. Of those 

that did require reintervention, many had a less-invasive proce-

dure (MIGS or laser). A smaller subset of these eyes required 

more invasive trabeculectomy, tube, or shunt procedures.

Table 4 Type of surgical reintervention used to treat glaucoma 
and other ocular conditions

0–12 months

n

Reinterventions to treat glaucoma 20

Ex-Press shunt 8

Aqueous shunt (Ahmed, Baerveldt) 2

CPC 2

ECP 2

SLT 2

Xen 2

Goniosynechialysis 1

Other reinterventions 3

Cataract surgery (primary reason) with CyPass 2

YAG laser for posterior capsule opacification 1

Abbreviations: CPC, cyclophotocoagulation; ECP, endoscopic cyclophotocoa
gulation; SLT, selective laser trabeculoplasty; YAG, yttrium aluminum garnet.

have complicated regimens. Elderly patients can have 

reduced dexterity, which interferes with their application 

of topical drops. Economic challenges may result in the 

patients’ discontinuing their therapy. Numerous preservative 

effects on the ocular surface have been reported such as the 

exacerbation of dry eye and an increased risk of failure in 

later trabeculectomy surgery.8–10 For patients with moderate-

to-severe glaucoma, pharmacologic therapy alone may not 

adequately control IOP.11

The results from the current study with medication 

reduction are important because the patients are less reliant 

on IOP-lowering medications following the 360° ab-interno 

trabeculotomy procedure. This allows for simplification 

or elimination of their topical medication regimens. This 

decrease in ocular hypotensive medications serves to reduce 

the “preservative load” and its deleterious effects on the 

ocular surface. Eyes treated using ab-interno trabeculotomy 

have shown improvements in corneal defects, tear spreading, 

and tear interferometry grades.12

While trabeculectomy is the most common surgical inter-

vention,11 it is still associated with a relatively high risk of 

complications.10,13,14 However, minimally invasive glaucoma 

surgeries tend to be associated with less risk of sight-threaten-

ing complications.15,16 Currently, a step-wise approach starting 

with less-invasive methods to more invasive techniques is 

commonly used for managing patients with refractory disease 

(ie, medications, laser trabeculoplasty, minimally invasive/

ab-interno procedures, repeat anterior filtration, tube/shunts).1,5

Innovations made in the past few years have advanced 

MIGS as an option for treating POAG.1 The TRAB360 device 

utilized a 360° ab-interno trabeculotomy approach in this con-

secutive series of 81 eyes treated using stand-alone procedure.2
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In the refractory glaucoma patients, the decision of 

treatment strategy for each individual is important as there 

is an increased sense of urgency compared with the patients 

who respond to treatment. These treatment decisions are 

based on the extent of optic nerve damage, visual field loss, 

and the degree of IOP elevation. The physician often does 

not have the luxury of waiting to see if a patient’s IOP will 

improve over time. Target IOP in these patients is typically 

lower than for mild–moderate POAG.22 In the clinical setting, 

this can lead to more aggressive reintervention.

The TRAB360 device provides several advantages for 

the treatment of glaucoma. Using an ab-interno approach, the 

device allows for access to 360° of Schlemm’s canal. Keeping 

the target area restricted to the canal helps to preserve the 

patient’s options for future interventions. The trabeculotomy 

procedure is implant free and sutureless, which helps to mini-

mize complications. It is also blebless, which allows for easier 

management for long term compared with more invasive 

procedures. This 360 blebless ab-interno trabeculotomy can 

be performed as a stand-alone procedure or as one combined 

with cataract surgery. The single-handed design of the instru-

ment provides good control during the procedure.

The current study was limited by its retrospective, 

nonrandomized, uncontrolled design. The study encompassed 

a relatively small sample size at only one surgical center. 

A wide variety of glaucoma types were included in the 

analysis. However, the study does provide real-world data 

on the safety and efficacy of the TRAB360 device.

Conclusion
The TRAB360 was an effective stand-alone MIGS procedure 

for patients with moderate-to-severe refractory glaucoma. 

Surgical intervention using the device was associated with 

a favorable efficacy (eg, sustained reductions in IOP and 

medication use) and safety profile.
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