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Review Article

IntroductIon
Glaucoma is one of the most common causes of irreversible 
visual loss worldwide.1 It affects about 76 million people 
around the world in 2020, which has been estimated to 
increase to 111.8 million by 2040.2 Intraocular pressure (IOP) 
is the only modifiable risk factor in glaucoma management.3,4 
Medical, laser, and surgical interventions can be used to 
lower the IOP by different mechanisms. Minimally invasive 
glaucoma surgeries (MIGS) mainly increase the natural 
outflow that consists of trabecular and uveal outflows. 
Trabecular outflow consists of proximal (trabecular 
meshwork [TM]) and distal (Schlemm’s canal, collector 
channels, mid‑scleral plexus veins, and episcleral veins) 
parts.5 It has been stated that major resistance to aqueous 
outflow occurs at the TM.6-8

Trabeculotomy is a blebless IOP-lowering surgery that 
increases trabecular outflow.9-11 It has been estimated that 360° 
trabeculotomy reduces 50% and 75% of outflow resistance in 
the eyes with IOPs of around 7 and 25 mmHg, respectively. 
Considering that trabecular outflow is pressure dependent, this 
implies that a greater portion of IOP resistance resides in the 
distal part of trabecular outflow in eyes with lower IOP, which 
decreases upon IOP elevation.12

Gonioscopy-assisted transluminal trabeculotomy (GATT) is a 
kind of trabecular-targeted MIGS introduced by Grover in 2014.13 
GATT is an ab-interno, conjunctiva sparing, sutureless, and 
blebless IOP-lowering surgical approach based on the disruption 
of the TM and the inner wall of Schlemm’s canal aiming at the 
improvement of the outflow facility.5 This review aims to evaluate 
the safety and efficacy of ab‑interno trabeculotomy procedures.
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Methods
The PubMed and Google Scholar databases were searched 
using the keywords “glaucoma”, “microinvasive glaucoma 
surgery”, “complications”, “goniotomy”, and “trabeculotomy” 
without language or time restriction. Since GATT was first 
introduced in 2014, we had no time restriction. The reference 
list of relevant studies was explored for additional resources. 
The titles and the abstracts of 205 articles were meticulously 
reviewed and eligible sources with available full texts were 
gathered and checked for duplication. The search was updated 
during article preparation. A comprehensive literature review 
was performed on 66 articles.

results
GATT is done as a standalone procedure or in combination 
with cataract extraction (CE) without compromising the 
efficacy.13,14 In addition, it may be performed before or after 
the cataract surgery.14-16 In doing so, a main temporal incision 
and a paracentesis tract at inferonasal or supranasal limbus 
are made depending on the laterality of the eye and the 
surgeon’s dominant hand. Then, an intracameral miotic agent 
can be injected, especially in phakic eyes to protect the lens.17 
The anterior chamber is then filled with viscoelastic agents, 
preferably cohesive to limit blood influx into the anterior 
chamber,18 and by tilting the patient’s head and microscope, 
the surgeon can have a clear view of the nasal angle structures 
by using a direct goniolens.

Once the nasal angle structures are identified, 1–2 mm goniotomy 
is performed with either a 25G needle19 or a microvitreoretinal 
blade.20 Besides, a trabectome can used to initiate GATT by 
performing a 90° ablation of nasal TM and proceeding to 360° 
ab-interno trabeculotomy (trabectome-initiated GATT). As the 
initial TM incision may cause bleeding and obscure the view of 
the surgeon, performing TM ablation can provide a clear view 
of the lumen and the outer wall of Schlemm’s canal, and the 
possibility of wound reapproximation following tissue ablation 
is minimized in the trabectome-treated part of the angle.17 
Jared et al. started with a Kahook dual blade (KDB) to excise 
2 clock hours of the TM and then proceeded with GATT in a 
case of uveitis and the subsequent steroid-induced glaucoma.21

After performing goniotomy, a suture or microcatheter is 
introduced into the Schlemm’s canal. When the suture or 
microcatheter passes 360° of the canal, which can be roughly 
achieved by 20 passes of 2 mm when threading TM in eyes 
with normal corneal diameter, the tip emerges through the 
site of goniotomy. Then, both proximal and distal ends can be 
grasped and the suture or microcatheter can be externalized 
through the incision to perform a 360° trabeculotomy. This 
can be done by externalizing the tip and making a traction 
on the other end to complete the procedure. Finally, anterior 
chamber is irrigated and partially (15%–40%) filled with 
a viscoelastic agent to prevent further blood influx due to 
postoperative hypotonia.

A surgeon can use a thermally blunted 5-0 or 6-0 prolene 
or nylon22 suture to avoid Schlemm’s canal trauma and 
misdirection. The blunted tip 5‑0 nylon used in ab‑externo 
trabeculotomy had a more rounded and thinner tip compared 
to 6-0 prolene23 [Figure 1a and b].

Grover et al. preferred the 4.0 nylon due to higher flexibility 
and lower ocular structure damage compared to prolene. In 
addition, integrating the surgical marker ink into the suture by 
melting made it more visible even through the ocular surface 
in some cases24 [Figure 2a-d].

Flexible illuminated microcatheters such as iTrack (Ellex, 
California, USA) and Glaucolight (DORC International, 
Zuidland, The Netherlands) have the benefit of continuously 
tracking the catheter and decrease the chance of subretinal 
or suprachoroidal misdirection, which is a possible serious 
complication.18,25 In cases where the catheter is stopped in 
the canal or is directed into the collector channels, it helps 
find the precise location and retrieve it through cut‑down.26 
Glaucolight is a single‑use, flexible, blunt‑ended microcatheter 
with a diameter of 150 μm (40G) that has an integrated sterile 
LED light for illumination. It is not equipped with a lumen 
for viscoelastic injection and is not connected to an external 
light source.27 The iTrack has a greater diameter compared 
to Glaucolight (200 vs. 150 μm). Besides, it has the benefit 
of a 70-μm diameter lumen, through which the viscoelastic 
material is injected into the Schlemm’s canal and provides 
the opportunity to perform ab-interno canaloplasty during 
the procedure.28 However, the concern about microcatheters 
is the cost compared to sutures despite the lack of difference 
in the final results of the surgery.24 Liang et al. noticed that 
prolene suture had greater pliability compared to the iTrack 
microcatheter. Pliability was measured through an experiment, 
assessing the maximum force (m‑force) by reading the 
maximum power that vertically held sutures or catheters of 
various lengths could apply over a balance with microgram 
sensitivity. Based on the results, the m-force of the 6.0 prolene 
suture was one-third of the 5.0 prolene and the iTrack had a 
50-time greater m-force compared to the prolene suture. Since 
the m-force was greater in smaller lengths, the Schlemm’s 
canal encountered the maximum trauma on inserting the suture 
or microcatheter and the iTrack traumatized the canal more 
than others.29

In some cases, it is not possible to perform the 360° 
trabeculotomy and the procedure may stop at around 
180°–270°. In this case, the surgeon can perform an ab-interno 
cut‑down over the stop point by retrieving the externalized 
end and perform 180°–270° trabeculotomy. By passing the 
suture or microcatheter in an opposite direction once again, it 
would be possible to complete the 360° trabeculotomy. Grover 
et al. performed GATT on 198 patients, and a complete 360° 
trabeculotomy could be performed in 89.4% of the eyes. In that 
study, 5.5% and 4.5% of the eyes were treated by 300°–360° 
and 180°–280°, respectively.16 In another study, 4 out of the 
66 eyes could not have the 360° pass and the catheter stopped 
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at about 270°, which was possibly due to a previous cataract 
surgery scar.20 Furthermore, Fontana et al. reported that about 
20 procedures were necessary before becoming a master in 
performing 360° trabeculotomy.30

After removing the suture or microcatheter, anterior chamber 
is filled with balanced saline solution (BSS) by placing the 
irrigation handpiece in the vicinity of the angle structures to 
flush away the collector channels. This is visible as blanching 
of the perilimbal vessels of that area, known as episcleral 
venous fluid wave (EVFW).

EVFW was first described by Fellman et al. in eyes that 
underwent trabectome (NeoMedix Corp., Tustin, CA). The 
extent of EVFW was significantly associated with the success 
of the operation. In fact, EVFW indicated the patency of the 
collector channels and the integrity of the distal part of the 
conventional outflow and was shown as blanching of the 

episcleral, conjunctival, and aqueous veins during the irrigation 
phase, presenting the surge of the BSS into the collector 
channels31,32 [Figure 3a and b]. Aktas et al. assessed the EVFW 
in patients who had GATT. They came to the conclusion that the 
extent of EVFW was positively correlated to the success of the 
surgery and a lower postoperation IOP. In addition, the EVFW 
of <4.5 h was associated with an increased need for restarting 
antiglaucoma medications after the operation.33 Furthermore, 
the amount of the viscoelastic agent left in the anterior chamber 
by the end of the surgery can be adjusted based on the amount 
of blood influx and the extent of EVFW.13,16

GATT can be performed in eyes with congenital, juvenile, 
primary, or secondary open-angle glaucoma (SOAG) and 
identifiable angle landmarks. Since GATT is accompanied 
by a moderate hemorrhagic risk, antithrombotic therapy is 
recommended to be stopped at a proper time prior to surgery.34

Figure 1: Blunted tip 6‑0 prolene (a) had a thicker and angulated head 
compared to the 5‑0 nylon (b), which had a rounded edge, matchstick 
like head with less friction

b

a

Figure 2: The tip of a clear 4.0 nylon suture is marked with a surgical 
marking pen (a). By applying low‑temperature cautery, the ink is 
incorporated into the nylon while blunting the tip (b). Excess ink is 
removed by balanced saline solution and sponge (c). The final picture 
of the suture (d)

dc

ba

Figure 3: Episcleral venous fluid wave. During hypotony, blood influxes 
into the anterior chamber. A conjunctival vein is marked with black 
arrow (a). The balanced saline solution fluid surge into the marked 
conjunctival vein led to blanching (b)

b

a

Figure 4:  Intracapsular hematoma, a rare complication of 
gonioscopy‑assisted transluminal trabeculotomy surgery
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Author 
(year)

Definition of success/failure Success/failure rate Factors associated 
with failure

GATT complications

Grover et al. 
(2014)

Failure: Reoperation to control 
pressure; a postoperative IOP not 
lowered by at least 20%; IOP of 
>21 mmHg; a single high-pressure 
refractory to glaucoma 
medications

9% - failure N/A 30% hyphema
9.4% IOP spike
1.2% CME
1.2% choroidal folds

Contd...

Table 1: The clinical effectiveness of gonioscopy‑assisted transluminal trabeculotomy in various studies

Author 
(year)

Study 
design

Eyes/
participant

Follow‑up 
(months)

Primary 
disease

Surgery type Number of 
cases with 360° 

treated angle

Mean IOP 
reduction 

(mmHg [%)

Reduction in 
the number of 
IOP‑lowering 

agents
Grover et al. 
(2014)13

RCS 85 (85) 12 57 POAG
28 SOAG

58 GATT
27 GATT + CE

N/A 11.1 (39.8) POAG
19.9 (56.8) SOAG

1.1 POAG
1.9 SOAG

Rahmatnejad 
et al. 
(2017)20

RCS 66 (66) 12 48 POAG
18 SOAG

56 GATT
10 GATT + CE

62 9.3 (38) POAG
18.6 (61.2) SOAG

1.7 POAG
1.7 SOAG

Grover et al. 
(2018)16

RCS 198 (198) 24 119 POAG
79 SOAG

137 GATT
61 GATT + CE

177 9.2 (37.3) POAG
14.1 (49.8) SOAG

1.4 POAG
2 SOAG

Sato et al. 
(2018)37

PCS 64 (64) 24 28 POAG
20 NTG

16 PEXG

50 GATT + CE
14 GATT

N/A 5 (27.2) 0.5

Aktas et al. 
(2019)35

Comparative 
RCS

104 (104) 18 65 POAG
39 SOAG

81 GATT
23 GATT + CE

N/A 9.1 (36.4) 2.2

Wang et al. 
(2020)52

RCS 59 (48) 18 JOAG GATT N/A 12.4 (47.9) 3.3

Sato et al. 
(2020)61

Prospective 
3-arm 
randomized 
trial

99 (99) 12 51 POAG
22 NTG

26 PEXG

360° incision 
group (n=34), 

upper-180° 
incision 

group (n=34), 
lower-180° 

incision group 
(n=31)

N/A 4.9 (20.8) 1.7

Salimi et al. 
(2020)18

RCS 56 (47) 12 34 POAG 
and JOAG
17 SOAG
5 OHTN

50 GATT
6 GATT + CE

51 13.7 (49) 1.9

Sharkawi 
et al. 
(2020)43

PCS 103 (84) 24 PEXG 53 GATT
50 GATT + CE

97 13.4 (51) 1.8

Bozkurt 
et al. 
(2020)96

RCS 108 (108) 12 42 POAG
66 PEXG

40 GATT
68 GATT + CE

86 10.3 (40.9) 2.5

Shi et al. 
(2021)51

PCS 70 (70) 12 JOAG 70 GATT 67 15.5 (44.3) 2.4

Fontana 
et al. 
(2021)30

RCS 110 (110) 18 POAG
PEXG
Uveitic 

glaucoma

61 GATT
49 Trabx

46 11.6 (42) GATT
17 (56) Trabx

2.3 Trabx
2.1 GATT

Faria et al. 
(2021)39

RCS 100 (89) 24 69 POAG
26 SOAG

5 congenital 
glaucoma

51 GATT
49 GATT + CE

77 12.2 (49.2) 2.6

Aktas et al. 
(2022)97

Comparative 
RCS

202 36 91 POAG
111 PEXG

153 GATT
49 GATT + CE

179 8.8 (34.4)
POAG

12.8 (44.6) PEXG

2 POAG
2.3 PEXG

Wan et al. 
(2023)40

PCS 124 24 POAG 66 GATT
58 GATT + CE

N/A 41.5 2.54
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Table 1: Contd...

Author 
(year)

Definition of success/failure Success/failure rate Factors associated 
with failure

GATT complications

Rahmatnejad 
et al. (2017)

Success: IOP reduction >20% 
from baseline or IOP between 5 
and 21 mmHg; no need for further 
glaucoma surgeries

63% - success rate Postoperative IOP 
spike (defined as IOP 
>30 mmHg)
African-American race

38% hyphema
24.7% IOP spike

Grover et al. 
(2018)

Failure: Reoperation to control 
pressure; a postoperative IOP not 
lowered by at least 20%; IOP of 
>21 mmHg; a single high-pressure 
refractory to glaucoma medications

0.18–0.48 - cumulative 
proportion of failure

Pseudophakic POAG 
preoperative MD of 
−15.0 or worse in 
POAG eyes

31.3% hyphema
1.5% iridodialysis
1% Descemet detachment
0.5% IOP spike
0.5% hypotony maculopathy and 
choroidal effusion

Sato et al. 
(2018)

Success: Postoperative 
IOP ≤15 mmHg and IOP 
reduction>20% (criterion A) or 
IOP ≤12 mmHg and IOP reduction 
>30% (criterion B)

49.2% - criterion A and 16.0% - 
criterion B

Nothing found 50% hyphema
28% IOP spike

Aktas et al. 
(2019)

Success: Both IOP <21 and 
<18 mmHg and ≥20% reduction 
from baseline without further 
glaucoma surgeries

83.7% for IOP <21 and 65.4% 
for IOP <18

N/A 28.3% hyphema
15.4% IOP spike
0.9% iridodialysis
0.9% TASS
0.9% suprachoroidal 
hemorrhage

Wang et al. 
(2020)

Success: IOP ≤18 mmHg and a 
reduction of IOP by 20% or more 
from baseline with (qualified 
success) or without (complete 
success) glaucoma medications

58.6% - complete success
81.2% ‑ qualified success

IOP spike 53.6% macrohyphema
49.1% microhyphema
48.3% IOP spike

Sato et al. 
(2020)

Success: IOP ≤21 mmHg and 
≥20% IOP reduction (criterion A) 
or IOP ≤15 mmHg and ≥20% IOP 
reduction (criterion B)

Criterion A: 36.7% in the 360° 
group, 26.5% in the upper-180° 
group, and 25.5% in the 
lower-180° group
Criterion B: 28.9% in the 360° 
group, 20.9% in the upper-180° 
group, and 20.6% in the 
lower-180° group

N/A 34.3% IOP spike
14.1% hyphema
5% hypotony

Salimi et al. 
(2020)

Success: IOP between 6 and 
21 mmHg (criterion-A) or 6 and 
18 mmHg (criterion-B) and a 
relative IOP reduction of ≥20% 
compared to baseline

84% - success rate for both 
criteria

Older age at the time 
of glaucoma diagnosis

71% hyphema
46% IOP spike
16% microcystic corneal edema
5% lens-related changes

Sharkawi 
et al. (2020)

Success: IOP reduction ≥20% 
from baseline or IOP between 6 
and 21 mmHg, without further 
glaucoma surgeries

89.2% - success rate N/A 1% hyphema persisting >2 weeks
24.2% IOP spike

Bozkurt 
et al. (2020)

Success: IOP reduction >20% from 
baseline; IOP between 5 and 
21 mmHg; if surgery was done 
for intolerance to medications, 
preoperative <21 mmHg with 
medications, postoperatively 
<21 mmHg without medications; no 
need for further glaucoma surgery

87.5% - GATT
83.8% - GATT with CE group

N/A N/A

Shi et al. 
(2021)

Postoperative IOP of ≤21 mmHg 
with at least a 20% reduction 
from preoperative IOP with or 
without the use of antiglaucoma 
medications (qualified and complete 
success, respectively) at each 
postoperative visit

91.4% ‑ qualified success
74.3% - complete success

Older age
Longer duration of 
postoperative IOP 
spike

74% IOP spike

Contd...
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A summary of important studies with at least 50 participants 
and 6‑month follow‑up period, evaluating the efficacy and 
safety of GATT in various forms of glaucoma, is presented 
in Table 1.

Grover et al. reported a 24-month follow-up of 198 eyes of 
198 patients with various forms of glaucoma. In that study, 
the patients were categorized based on primary open-angle 
glaucoma (POAG) or non-POAG, phakic, or pseudophakic 
status as well as solo or combined procedures. Among the 
patients with POAG, 46 phakic eyes and 37 pseudophakic 
eyes had GATT and 36 eyes had a combined procedure, with 
IOP reductions of 10.4, 8.4, and 8.9 mmHg, respectively. 
In addition, IOP and medication reduced by 37.3% and 
1.43, respectively, in the patients with POAG. Moreover, 
pseudophakic eyes with POAG that underwent GATT had the 
highest rates of failure and reoperation among the patients, 
which was possibly due to the older age, worse preoperation 
mean deviation (MD), and a lower target pressure in these 
patients. Preoperation visual field MD of −15 or worse 
was also associated with a greater failure rate in the POAG 
patients, which could be associated with a more sclerotic 
distal outflow pathway. The cumulative proportions of 
failure and reoperation rate were 0.18–0.48 and 0.09–0.43, 

respectively, and were lowest among the patients with mild 
glaucoma compared to those with advanced glaucoma.16 
Similarly, Rahmatnejad et al. categorized patients into six 
subgroups and reported the outcomes of 66 eyes undergoing 
GATT or combined GATT and cataract surgery during a mean 
follow-up of 11.9 months. Based on the results, 48 eyes had 
POAG and the remaining had other causes of SOAG including 
steroid induced, pigment dispersion glaucoma (PDG), 
uveitic, and pseudoexfoliation glaucoma (PEXG). The mean 
preoperation IOP was 26.1 ± 9.9 mmHg, which was reduced 
to 14.6 ± 4.7 mmHg in the 12th month, with an overall success 
rate of 63%. The patients with POAG had a mean IOP 
reduction of 10.4 ± 9.4 and 9.3 ± 10.8 mmHg, respectively, 
in the 6th and 9th months postoperatively. Moreover, there was 
no significant difference between phakic eyes (n = 27) with 
isolated GATT or combined procedure (n = 8) regarding the 
decrease in IOP or medications. However, there was a limited 
number of patients in the combined group.20 These results 
were in concordance with those of the research carried out 
by Aktas et al. on 104 eyes (65 – POAG and 39 – SOAG), 
which showed a mean IOP reduction of 41.34 ± 17.54%, 
38.51 ± 20.72%, and 36.52 ± 17.22% in eyes with isolated 
GATT, combined procedure, and prior CE, respectively, during 
19.4 ± 8.1 months, and the difference was not statistically 

Table 1: Contd...

Author 
(year)

Definition of success/failure Success/failure rate Factors associated 
with failure

GATT complications

Fontana 
et al. (2021)

Complete success: IOP decrease 
≥30% from baseline and an absolute 
IOP ≤18 mmHg with (qualified) 
or without (complete) the use of 
glaucoma medications

Complete success: 59% Trabx, 
46% GATT
Qualified success: 27% GATT, 
31% Trabx

N/A 11.5% hyphema
11.5% IOP spike
1.6% vitreous hemorrhage

Faria et al. 
(2021)

Failure: Eyes that required further 
surgical interventions for IOP 
control

26% - failure Previous vitreoretinal 
surgery and scleral 
buckling

50% hyphema

Aktas et al. 
(2022)

Success: IOP reduction≥20% from 
baseline and IOP between 6 and 
21 mmHg without further glaucoma 
surgery

73.3% - POAG
79.4% - PEXG

N/A 32% hyphema
13.4% IOP spike
1% iridodialysis
0.5% cyclodialysis
0.5% suprachoroidal hemorrhage
0.5% transient myopia

Wan et al. 
(2023)

Success: (1) follow-up for at least 
3 months, an IOP ≤18 mmHg, 
and a reduction of IOP by 20% or 
more from baseline with (qualified 
success) or without (complete 
success) glaucoma medications; 
or for eyes with preoperative 
IOP of <21 mmHg on three or 
four glaucoma medications, 
postoperative IOP of ≤18 mmHg 
without any glaucoma medications; 
(2) no loss of light
perception vision; and (3) no need 
for additional surgical procedures

68.42% - complete success
84.81% ‑ qualified success

N/A 39.5% microhyphema
40.3% macrohyphema
37.1% IOP spike
33.1% Supraciliary effusion

RCS: Retrospective case series, PCS: Prospective case series, POAG: Primary open-angle glaucoma, SOAG: Secondary open-angle glaucoma, NTG: Normal 
tension glaucoma, PEXG: Pseudoexfoliative glaucoma, JOAG: Juvenile open‑angle glaucoma, OHTN: Ocular hypertension, GATT: Gonioscopy‑assisted 
transluminal trabeculotomy, CE: Cataract extraction, N/A: Not available, IOP: Intraocular pressure, MD: Mean deviation, CME: Cystoid macular edema, 
Trabx: Trabeculectomy, TASS: Toxic anterior segment syndrome
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significant. In addition, the results revealed no significant 
correlation between the visual field MD and IOP reduction, and 
only 3.9% of the patients needed further filtering surgeries.35

Fontana et al. compared the 18-month efficacy of 
GATT ± CE (n = 61) and trabeculectomy (n = 49) in 110 eyes 
with POAG, PEXG, and uveitic glaucoma. The percentage 
of IOP reduction was greater for trabeculectomy, which 
was statistically significant since the first postoperation 
week. At the 18th month postoperation, the mean 
reduction of IOP was 11.64 ± 5.34 (42.04 ± 15.56%) and 
16.98 ± 8.13 mmHg (56.05 ± 17.72%) for GATT and 
trabeculectomy, respectively. The results indicated that 
combined cataract surgery and GATT (n = 12) had a 2 mmHg 
greater IOP‑lowering effect compared to GATT alone in 
phakic (n = 13) and pseudophakic eyes (n = 36). These 
results were in contrast to those of the study performed by 
Rahmatnejad et al. and Grover et al., which demonstrated that 
there was no significant difference between isolated GATT 
and combined GATT and cataract surgery in terms of IOP 
reduction.13,20,30 In another study on 32 eyes, mostly diagnosed 
as POAG (84.3%), the mean IOP reduction following combined 
GATT and phacoemulsification was 18% and 21% in the 6th and 
12th months, respectively. These values were lower compared 
to the aforementioned studies, which could be attributed to the 
lower baseline IOP or incomplete goniotomy (270° or less) in 
a quarter of patients.36 In a 2-year follow-up study of combined 
GATT and phacoemulsification, the amount of IOP reduction 
and success rate were greater than the values obtained among 
the patients who had GATT alone (28.5% vs. 23.6% for IOP 
reduction; 56.4% vs. 31.6% for success rate).37

Olgun et al. compared the efficacy of XEN gel (Allergan plc, 
Dublin, Ireland) implantation in 114 and GATT in 107 eyes 
with open-angle glaucoma. The most common diagnosis 
in both groups was POAG (142 eyes) followed by PEXG 
(63 eyes). The mean IOP-lowering effect was greater in 
the XEN gel group (57.9% vs. 37.1%) in the 24th month 
postoperation. Transient hyphema was the most common 
complication in both groups, and 31.5% of the eyes undergoing 
XEN gel implantation needed needling during the follow-up 
course. Despite the possible bleb-associated issues, the authors 
recommended XEN gel implantation as a better option in 
patients with lower target IOP. 38

Faria et al. studied the efficacy of isolated GATT (51 eyes) 
and combined GATT and CE (49 eyes) in 89 patients with 
POAG (69 eyes) and SOAG (31 eyes). The mean IOP was 
decreased from 24.85 ± 9.00 mmHg on 3.61 ± 0.75 medication 
to 12.58 ± 1.24 mmHg on 0.96 ± 1.04 medications in the 
24th postoperation month. The success rate was similar in both 
isolated GATT and combined GATT and CE groups, and the 
highest failure rate was observed in SOAG eyes with previous 
vitreoretinal surgery (12 eyes). More than 65% of these eyes 
needed additional IOP-lowering surgery which was possibly 
attributed to the presence of scleral buckle in half of them, 
compromising the efficacy of GATT.39

Recently, Wan et al. evaluated the efficacy of performing 
GATT (66 eyes) versus combined GATT and CE (58 eyes) in 
eyes with different severities of POAG, and they found that 
24 months’ IOP‑lowering effect was similar in both procedures. 
The mean IOP was reduced from 26.40 ± 6.37 mmHg 
on 3.12 ± 0.80 medications and 27.54 ± 8.09 mmHg on 
3.35 ± 0.64 medications preoperatively to 16.08 ± 2.38 mmHg 
on 0.45 ± 0.96 medications and 15.50 ± 3.40 mmHg on 
0.95 ± 1.50 medications at 24 months in combined surgery 
and isolated GATT surgery, respectively. Furthermore, it was 
noticed that the surgical success in patients with advanced 
POAG was worse than in patients with mild-to-moderate 
POAG at all follow-up visits in both combined and isolated 
GATT surgeries; however, it was not statistically significant. 
The complete success rate of isolated GATT and GATT+CE 
in patients with advanced POAG was 61.95% and 76.67% 
respectively, and it was 68.48% and 75.00% in cases with 
mild-to-moderate POAG.40

Grover et al. evaluated the efficacy of GATT in 79 eyes with 
SOAG including traumatic, steroid-induced, PDG, PEXG, 
and mixed mechanism glaucoma in 24 months. They showed 
that the means of IOP and medication reduction were 49.8% 
and 2.0, respectively.16 Rahmatnejad et al. studied a group 
of patients including 18 eyes with SOAG (steroid-induced, 
PDG, uveitic, and PEXG), among which 9 phakic eyes 
and 7 pseudophakic eyes had isolated GATT and two eyes 
underwent the combined surgery. The mean amount of IOP 
reduction was 16.6 ± 15.8 mmHg (54.6%) after 6 months and 
18.6 ± 10.7 mmHg (61.2%) after 12 months. The amount of 
IOP reduction was similar in patients who underwent isolated 
GATT or combined procedure. However, the number of 
patients was limited.20 Grover et al. and Rahmatnejad et al. 
found a greater IOP‑lowering effect for GATT in the eyes with 
SOAG compared to those with POAG (49.8% vs. 37.3% in 
24 months and 61.2% vs. 38% in 12 months).16,20

A study on 104 eyes (62.5% – POAG, 24% – PEXG, and 
13.5% – PDG/uveitic/steroid-induced glaucoma) revealed 
a greater IOP reduction in patients with POAG compared 
to SOAG eyes (40.1% vs. 27.6% at 18 months). However, 
they could achieve single-digit IOP in PEXG eyes. These 
contradictory results might be due to the heterogeneous 
composition as well as the lower number of SOAG eyes.35

GATT has been proved to be an effective option in the 
treatment of patients with steroid-induced glaucoma. In one 
study on 13 eyes with steroid-induced glaucoma, the mean 
IOP decreased from 25.5 ± 7.5 mmHg in the preoperation visit 
to 10.5 ± 1.0 mmHg in the 24th postoperative month, which 
accounted for a 63% decline in the IOP. Moreover, the number 
of antiglaucoma medications decreased from 3.1 to <1 during 
postoperation visits.19 There are also reports of successful IOP 
reduction following GATT in a pediatric case of steroid-induced 
glaucoma secondary to vernal keratoconjunctivitis as 
well as combined GATT and cataract surgery in a case 
of postpenetrating keratoplasty (PKP) steroid-induced 
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glaucoma.41,42 Similarly, Sharkawi et al. evaluated patients with 
PEXG undergoing GATT (n = 53) or combined GATT and 
CE (n = 50) for 24 months. The results indicated no significant 
difference between the two groups regarding the reduction in 
the IOP or medication reduction. By the end of 24 months, the 
mean IOP reduced from 27.1 to 13 mmHg and the number of 
glaucoma medications decreased from 2.9 to 1.1. In addition, 
the overall success rate was 89.2%.43

GATT was successfully used in eight cases with SOAG 
following vitreoretinal surgery, five of which were silicone 
oil filled during the GATT and had no concurrent silicone 
oil removal. All the patients experienced at least 50% IOP 
reduction in the last follow-up (1–25 months) compared to 
baseline, which was a great achievement, especially in eyes 
with previous scleral buckle and scarred conjunctiva, that 
compromised the success of ab‑externo procedures.44

Smith et al. performed GATT in 39 eyes with previous 
corneal transplant surgeries (59% – PKP, 35.9% – Descemet’s 
stripping endothelial automated keratoplasty [DSEAK], 
2.6% – Descemet’s membrane endothelial keratoplasty [DMEK], 
and 2.6% – deep anterior lamellar keratoplasty). The 
preoperation IOP was 30.9 ± 11.5 mmHg on 4.2 ± 1.0 
medications, which decreased to 13.9 ± 4.7 mmHg on 0.6 ± 1.0 
medications after 24 months (56.2% IOP reduction). Seven 
eyes required reoperation for uncontrolled IOP at a median 
of 8.5 months, and four eyes underwent repeated corneal 
surgeries; one had undergone tube shunt surgery after GATT, 
one eye with previous DSEAK had preoperation corneal 
edema that was not resolved after IOP control and required 
repeated DSEAK, and the remaining two eyes were stable 
for over 3 years before developing corneal edema.45 Another 
study also disclosed the management of three eyes with 
previous PKP and one eye with previous DMEK by performing 
GATT. Based on the findings, two eyes with previous PKP 
became medication free and had controlled IOP for at least 
4 years after a 360° GATT. However, the other two eyes with 
incomplete GATT (270° and 180°) needed further glaucoma 
surgeries. None of the patients showed graft rejection during 
the follow-up period. Regarding the conjunctival-sparing 
nature of GATT, it can be a suitable alternative in patients with 
previous PKP who may need rigid gas-permeable or scleral 
contact lenses.46 Furthermore, GATT has been reported to be 
safe and effective in the management of SOAG in a case of 
multiple endocrine neoplasia type 2B47 and in two patients 
with scleromalacia secondary to scleritis.48

Grover et al. used GATT as a safe and effective IOP‑lowering 
procedure in four eyes with primary congenital glaucoma (PCG) 
and ten eyes with juvenile open-angle glaucoma (JOAG). They 
reported a mean IOP and medication reduction of 12.5 mmHg 
and 1.8, respectively, during a mean follow-up period of 
20.4 months. Nevertheless, it was not possible to pass the 
microcatheter for 360° in one eye due to angle dysgenesis.49 
Another research revealed the successful management of PCG 
with GATT, even in eyes with a history of prior goniotomy. The 

results demonstrated several challenges such as cloudy cornea, 
lack of TM pigmentation, and translucent uveal meshwork 
during GATT performance in neonates with PCG. In addition, 
unlike older children, there was no visible blood influx into 
the TM when IOP was reduced intraoperatively.50

In a prospective study on 70 eyes with JOAG, the mean IOP 
decreased from 31.3 ± 9.5 mmHg preoperatively to 15.8 ± 2.7 
after 12 months (44.3 ± 18.7% IOP‑lowering effect). Among 
the studied eyes, 52 (74%) experienced a greater IOP spike 
compared to the values reported in the previous studies.20 The 
longer duration of the IOP spike was associated with the greater 
IOP in the 1st month after the operation as well as in the last 
visit. Furthermore, the results revealed supraciliary effusion 
on the swept-source anterior segment optical coherence 
tomography (OCT). The higher grade of supraciliary effusion 
was associated with the lower IOP on the 1st day postoperation 
day, and the effusion was resolved by the time of IOP spike 
onset. The visual field MD was −17.4 ± 10.6 dB, and 66% 
of the eyes had severe glaucoma. Nonetheless, 50 eyes 
experienced >40% IOP reduction, which signified the efficacy 
of GATT in eyes with JOAG, even in severe diseases, which 
might be due to the underlying angle dysgenesis.51

Wang et al. studied the efficacy of isolated GATT in 48 eyes 
of 59 patients with JOAG during a mean follow-up period of 
14.9 months. The mean age of the patients was 27.4 years. 
Among the eyes under investigation, 26 had prior glaucoma 
surgeries including trabeculectomy (n = 20), Ex‑PRESS 
shunt (n = 3), trabectome (n = 2), and canaloplasty (n = 1). 
The mean IOP decreased from 26.5 ± 9.0 mmHg on 3.7 ± 0.9 
medications preoperatively to 14.1 ± 2.3 mmHg on 0.4 ± 0.8 
medications at 18 months postoperatively (average reduction 
in IOP = 47.9%). The IOP‑lowering effect of GATT was 
comparable in patients with and without previous glaucoma 
surgeries. Besides, efficacy was similar in mild‑to‑moderate 
and severe cases, which was possibly due to the fact that 
the main location of resistance in eyes with JOAG was the 
proximal part of the TM that was addressed by ab‑interno 
trabeculotomy and only a small portion of the TM and 
Schlemm’s canal was involved in eyes with previous filtering 
surgeries.52 Another study on 56 eyes including five eyes with 
ocular hypertension (OHTN), 34 eyes with POAG or JOAG, 
and 17 eyes with SOAG (PDG, uveitic, and angle recesion 
glaucoma) showed an average IOP reduction of 49% (from 
27.70 ± 10.30 mmHg preoperatively to 14.04 ± 3.75 mmHg at 
12 months), with 90% of the eyes achieving IOP <18 mmHg. 
The results indicated that lower age at the time of OHTN or 
glaucoma diagnosis was the single predictor of success rate. 
In that study, no significant difference was observed between 
the efficacy of isolated GATT (n = 50) and combined GATT 
and CE (n = 6).18

Shi et al. compared the efficacy of ab‑interno and ab‑externo 
microcatheter-assisted trabeculotomy in 115 eyes with clear 
cornea PCG during a 1-year follow-up. The two groups were 
similar in terms of IOP reduction and success rate. Complete 
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360° trabeculotomy could be performed for 40 eyes in the 
ab-interno trabeculotomy group (69%) and 37 eyes in the 
ab‑externo trabeculotomy group (65%). The rate was even 
lower in eyes with prior glaucoma surgeries compared to those 
without previous glaucoma surgeries (40% vs. 84%), which 
might be due to the angle dysgenesis and surgical destruction 
of Schlemm’s canal. It should be noted that previous glaucoma 
surgeries were correlated to worse surgical outcomes and eyes 
with partial trabeculotomy had less IOP reduction compared to 
those with 360° trabeculotomy (44.3% vs. 56.3%).53

Qiao et al. compared the efficacy of GATT (36 eyes) and 
KDB goniotomy (13 eyes) in patients with JOAG. The 
average treated angle was 340 ± 36.1° in the GATT group 
and 111.9 ± 16.2° in the KDB group. Besides, the mean 
number of preoperation antiglaucoma medications was lower 
in the KDB group (3.08 ± 0.86 vs. 3.71 ± 0.46). Moreover, 
the mean preoperation IOP was 31.5 ± 14.5 mmHg on 
3.7 ± 0.5 medications in the GATT group, which decreased to 
15.9 ± 4.9 mmHg on 1.1 ± 1.4 antiglaucoma medications by 
the end of the 6th month postoperation (37% IOP reduction). 
In the KDB group, the mean IOP reduction was 14% at 
3 months (26.1 ± 12.5 mmHg at baseline to 20 ± 10.8 mmHg) 
and the mean number of antiglaucoma medications was 
reduced from 3.1 ± 0.9 preoperatively to 2.3 ± 1.3 after 
3 months. In conclusion, the success rate and median survival 
time were greater after GATT compared to KDB goniotomy, 
and there was a greater need for additional glaucoma surgeries 
after KDB goniotomy.54

Grover et al. studied the efficacy of GATT in 35 eyes with 
various types of open-angle glaucoma and at least one prior 
glaucoma surgery (trabeculectomy in 19 eyes, glaucoma 
drainage device (GDD) implantation in 13 eyes, trabectome in 
4 eyes, and endoscopic cyclophotocoagulation in 5 eyes). On 
occasions that the tube or sclerostomy intruded the Schlemm’s 
canal, ab-interno cut-down was performed and it was tried 
from the opposite side to complete the 360° trabeculotomy. All 
the eyes were treated by at least 270°. The mean preoperation 
IOP was 25.7 mmHg on 3.2 antiglaucoma medications, which 
was decreased to 15.4 mmHg on 2 medications at 24 months. 
In subgroup analysis, the cumulative proportion of failure 
over time was slightly worse in the trabeculectomy group 
compared to the GDD group, but the difference was not 
statistically significant. In addition, seven eyes with previous 
trabeculectomy and two eyes with previous GDD implantation 
required further glaucoma surgeries. Despite the lower efficacy 
of GATT in eyes with previous glaucoma surgeries compared 
to virgin eyes, it can restore the aqueous outflow through the 
conventional pathway collapsed due to hypoperfusion, thus 
preventing a second trabeculectomy or GDD implantation 
in these eyes.55 Cubuk et al. evaluated the effectiveness of 
GATT after failed trabeculectomy in 12 eyes with POAG and 
14 eyes with PEXG. The mean interval between the previous 
trabeculectomy and the GATT surgery was 42.5 ± 4.7 months. 
Except for five eyes with 270° trabeculotomy, complete 
circumferential trabeculotomy could be done in all the patients. 

The results revealed the greater IOP‑lowering effect of GATT 
in the eyes with PEXG (46.8%) compared to the POAG 
eyes (32.1%) at 12 months. The success rate was also greater in 
the PEXG group (64.3% vs. 25%). Thus, the authors stated that 
GATT could be an appropriate second IOP-lowering procedure 
in eyes with PEXG with similar efficacy to virgin eyes due to 
the deposition of pseudoexfoliative materials and pigments in 
the proximal TM, which could be addressed by trabeculotomy, 
while distal outflow was involved in POAG eyes.56,57

Wang et al. evaluated the efficacy of GATT in 35 eyes with one 
previous incisional glaucoma surgery (28 – trabeculectomy, 
6 – Ex‑PRESS shunt implantation, and 1 – canaloplasty), and 
9 eyes with two previous incisional glaucoma surgeries (6 with 
repeat trabeculectomy, 1 with trabeculectomy and Express 
mini-shunt implantation, 1 with trabeculectomy and Ahmed 
valve implantation, and 1 with trabeculectomy and endoscopic 
cyclophotocoagulation). The study included 21 patients with 
JOAG and 14 patients with POAG, and the mean IOP was 
decreased from 27.4 ± 8.8 mmHg on 3.6 ± 0.7 medications 
preoperatively to 15.3 ± 2.7 mmHg on 0.5 ± 0.9 medications 
on the 24th months after surgery.58

Up to now, a few absolute contraindications have been reported 
for GATT including unstable intraocular lenses (IOLs), 
bleeding diathesis, inability to stop anticoagulant medications, 
and any condition that precludes the potential to identify angle 
structures such as endothelial decompensation and extensive 
peripheral anterior synechia. Routine GATT is also difficult 
to perform in patients with corneal opacity and those with 
severe limitation of cervical spine mobility. However, this can 
be surpassed by using an ophthalmic endoscopic technique.59 
Furthermore, it has been recommended to reconsider GATT 
performance in patients who cannot tolerate head elevation 
during the first 2 weeks of surgery until the resolution of the 
possible postoperative hyphema.16

Hyphema is the most common postoperative complication 
of GATT (occurrence rate = 36%–91.3%),56,60 which occurs 
because of blood reflux through the collector channels due 
to hypotonia. However, it is usually resolved by the end of 
the 1st postoperative month.20 By leaving a modest amount of 
viscoelastic agents at the end of the procedure, the incidence 
of postoperation hypotony and the resultant hyphema can 
be lessened at the expense of a possible early postoperative 
IOP spike. In cases with layered macroscopic hyphema 
persisting for 10 days or causing IOP spikes, anterior chamber 
irrigation is suggested.16,22 In a prior research, the incidence 
of postoperation hyphema was significantly decreased in 
patients who had hemi-GATT (180° treated) while preserving 
the IOP‑lowering efficacy compared to the 360° treated TM. 
Hence, performing hemi-GATT might be considered in patients 
with active lifestyles.18,61 In another study, hyphema and IOP 
spike were reported following pharmacologically induced 
mydriasis in the late follow-up of a case who had undergone 
uncomplicated cataract surgery and GATT.62 The blood clot 
may be entrapped between the IOL and the posterior capsule, 
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and it can take up to 4 months to resolve.56 It may also need 
interventions such as laser capsulotomy. In two patients with 
PEXG, capsular hematoma, anterior capsular phimosis, and 
IOL subluxation were detected after combined GATT and 
phacoemulsification, which were treated by IOL and bag 
removal and secondary IOL implantation [Figure 4].63

Postoperation IOP spike is relatively common, occurring in 
24.7%–74% of eyes. It usually occurs during the 1st postoperation 
week most likely due to retained viscoelastic agents and red 
blood cell clogging the outflow pathway. It is usually treated 
by antiglaucoma medications and aqueous release from the 
paracentesis site. Yet, it may need anterior chamber irrigation in 
cases with massive hyphema. IOP spikes can also rarely happen 
as a steroid response during the 1st month postoperation.18,51,52,56 
It has been shown that an IOP spike increases the surgical 
failure rate. Although the underlying mechanism is not fully 
understood, it indicates a poor reserve in the posttrabecular 
outflow system and lower capability of patients’ drainage 
systems in occasions with increased flow resistance such as 
bleeding.20,51,52,64 Higher preoperation IOP can be associated 
with a greater incidence of IOP spike, while older age and 
suture misdirection into the anterior chamber or supraciliary 
space may have a protective role.54

Sato et al. showed a mean endothelial cell loss of 4.9 ± 7.6% 
during a 2-year follow-up of patients undergoing GATT or 
combined GATT and CE.37 However, another study evaluating 
the short-term endothelial cell loss in these patients found 
GATT as a safe procedure for endothelium during a 1-month 
follow-up.65

Supraciliary effusion may happen after uneventful GATT and 
may result in a transient myopic shift and a shallow anterior 
chamber.66 In an anterior segment OCT study on patients 
with JOAG, supraciliary effusion was detected in 57% of 
the cases on the 1st day postoperation, which was resolved 
in all the cases by the end of the 1st month.51 Akagi et al. 
reported a prevalence of 42% for ciliochoroidal detachment 
on the 3rd day after ab-interno trabeculotomy with trabectome 
in patients with POAG. They attributed the ciliochoroidal 
detachment mainly to the increased uveoscleral outflow 
through the site of trabeculotomy, which was the reason 
for the unexpected low postoperation IOP.67 Other reported 
complications included partial stripping of Schlemm’s canal, 
TM, and Descemet membrane,68 microcystic corneal edema, 
transient worsening in visual acuity, cyclodialysis cleft, 
hypothony,18 Descemet detachment, hemorrhagic Descemet 
detachment, iridodialysis,16 and closure of the trabecular shelf 
with peripheral anterior synechiae or reattachment of trabecular 
cleft in areas with previous blood clots.51

Aktas et al. reported an unusual case of panscleritis and 
exudative retinal detachment following GATT in a case of 
chronic anterior uveitis and SOAG. The patient was treated by 
prescribing systemic and topical steroid and oral cyclosporine. 
By the end of the 1st postoperation month, scleritis was 
resolved, but shallow exudative retinal detachment persisted. 

Hence, it was advised to prescribe perioperative systemic 
steroids and control the inflammation for at least 3 months 
prior to performing GATT in uveitic patients.69

Suture misdirection is an important potential complication 
of suture trabeculotomy procedures whose incidence can be 
decreased by using illuminated microcatheters. Subretinal 
misdirection can result in serous retinal detachment and focal 
photoreceptor outer segment defect.25,70 Cystoid macular 
edema, choroidal effusion, hypotony maculopathy, and 
vitreous hemorrhage are among the other posterior segment 
complications of GATT.16,18

Several factors have been reported to be associated with an 
increased failure rate. Rahmatnejad et al. found that IOP 
spike (IOP >30 mmHg) and African-American ancestry 
elevated the incidence of failure, with the role of race being 
due to increased inflammatory response in blacks. Besides, 
the visual field MD was lower in the surgical failure group 
compared to the surgical success group, but the difference 
was not statistically significant.20 Pseudophakic patients with 
POAG and visual field MD <−15 also showed an increased 
failure rate.49

In the research carried out by Wang et al. on eyes with JOAG, 
Humphrey visual field defect severity, prior glaucoma surgery, 
age, and preoperative IOP and medication had no effects on 
the surgical failure rate and the only effective factor was 
postoperative IOP spike.52 Another study on patients with 
JOAG showed that IOP spike and history of glaucoma surgery 
were the major risk factors for failure. Moreover, complete 
trabeculotomy was associated with a better surgical outcome.51 
Sato et al. disclosed that the larger number of antiglaucoma 
medications (≥2) and performing isolated GATT compared 
to the combined GATT and CE were associated with a higher 
failure rate.37 A recent study emphasized that postoperative 
management with topical nonsteroidal anti‑inflammatory 
drugs lowered the incidence of postoperative IOP spike and 
failure. The results also indicated that eyes with incomplete 
trabeculotomy had a greater failure rate compared to those with 
360° trabeculotomy.64 In contrast, some other studies revealed 
no significant correlation between the extent and location of 
trabeculotomy and the IOP‑lowering effect of GATT.18,61,71

Salimi et al. found that younger age at the time of diagnosis 
was the single most determining factor in surgical success and 
other factors such as prior selective laser trabeculoplasty (SLT), 
extent of trabeculotomy, prior antiglaucoma medications, 
glaucoma type and severity, and combination with cataract 
surgery had no effects on the success rate. This was possibly 
due to the localization of obstruction in a more proximal part of 
trabecular outflow in younger patients and the shorter duration 
of antiglaucoma medication use, which could result in ocular 
surface problems and distal outflow atrophy.18

Another study on patients with JOAG demonstrated that the 
duration of postoperative IOP spike and age at the time of 
surgery had the greatest correlations with surgical success. 
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In addition, the only risk factor for prolonged IOP spikes 
was the severity of the disease based on Humphrey visual 
field MD. In that study, the mean open trabecular shelf on 
the anterior segment OCT was 298.9 ± 76.6°, and there was 
no significant correlation between the extent of open TM and 
surgical success. They reported that trabecular shelf closure 
was usually associated with blood clot contraction and 
postulated that extensive early postoperative hyphema might 
have a devastating effect on the final results.51 Another study 
showed that lower preoperative deep vessel density assessed 
using anterior segment OCT angiography, especially in the 
fornix area, was associated with a greater success rate and 
IOP‑lowering effect in eyes undergoing TM‑targeted MIGS 
including suture trabeculotomy. This finding was attributed 
to a healthy trabecular outflow pathway and normal episcleral 
venous pressure.72

One of the most important points of suture GATT is the 
cost‑effectiveness, which has turned this operation to the 
choice of MIGS in developing countries.73 This characteristic 
is similar to a recently evolved MIGS procedure named bent 
needle ab-interno goniectomy (BANG) which uses a single 
25-gauge needle, bent toward the bevel, to perform ab-interno 
goniectomy. In a study on 39 eyes with mild-to-severe 
open-angle glaucoma, BANG procedure could reduce the 
IOP from 17.4 ± 4.1 mmHg on 1.1 ± 1.4 topical glaucoma 
medications to 13.3 ± 2.5 mmHg on 0.5 ± 0.8 topical glaucoma 
medications at the 6th postoperation month and 73% of patients 
had 20% or greater IOP reduction.74 Furthermore, there is a 
case report on evolving new aqueous outflow channels in 
temporal quadrant in aqueous angiography following BANG 
in temporal angle.75

Voykov et al. introduced microinvasive suture trabeculotomy 
(MIST), which is a conjunctival sparing ab-interno approach to 
perform 360° trabeculotomy by grasping and retrieving the 10.0 
prolene suture in patients undergoing previous canaloplasty. 
Similar to other trabeculotomy procedures, it acts by cleavage 
of the inner wall of the Schlemm’s canal and has a comparable 
IOP‑lowering effect, as observed in the above‑mentioned 
study.76 In long-term follow-up, the procedure showed an 
IOP‑lowering effect of 37.5% in the 3rd month and 41.2% in 
the 12th month postoperation. The most common complication 
was postoperative hyphema due to blood influx.77 Baumgarten 
et al. stated that the eyes that needed early (<3 months) 360° 
trabeculotomy after canaloplasty had a greater preoperation 
and lower postoperation (2nd month) IOP compared to the 
eyes undergoing 360° trabeculotomy later than 3 months after 
canaloplasty. Overall, they introduced MIST as the first‑line 
treatment in eyes with failed canaloplasty.78

Trab 360 (Sight Sciences, Menlo Park, CA, USA) was 
introduced in 2015 for the first time. This MIGS device is 
composed of a beveled access cannula made of stainless steel 
and a blunted edged, soft, and flexible injection tube from 4 
to 0 blue nylon filament (200 um) with a 290‑um bulbous tip, 
which is advanced to or retracted from the Schlemm’s canal 

using a control wheel on the handle of the device. The cannula 
pierces the TM and the tube is introduced into the Schlemm’s 
canal. It can be used through a clear corneal incision to perform 
either 180° or 360° ab-interno trabeculotomy.28,79

Areaux et al. used Trab 360 in 46 eyes of children with different 
classes of childhood glaucoma (21 eyes with PCG, 6 with 
JOAG, 8 with glaucoma associated with a nonacquired systemic 
disease, 2 with ectropion uvea, 4 with uveitis, and 5 with 
glaucoma following cataract surgery). Six eyes had previous 
glaucoma surgeries: micropulse cyclophotocoagulation in 1, 
goniotomy in 2, and GDD implantation in 3. The mean amount 
of goniotomy was 290°. Surgical success was defined as the 
postoperation IOP of ≤24 mmHg with or without medications 
and no additional surgeries. The overall success rate was 
67.4%, and it was greater in patients with PCG as well as in 
the eyes that had Trab 360 as the first glaucoma surgery. The 
mean IOP reduction in successful eyes was 13.65 mmHg 
during 15.3 months, and the only reported complication was 
cyclodialysis cleft in two eyes.80

Sarkisian et al. evaluated the efficacy of 360° ab‑interno 
trabeculotomy with Trab 360 in 81 eyes with different types 
of refractory open-angle glaucoma with the predominance of 
POAG (n = 67). They revealed a mean IOP and medication 
reduction of 7.3 ± 6.7 mmHg and 0.6, respectively, at 
12 months. In that study, 67% of the patients had previous 
glaucoma procedures, with SLT accounting for 51.9% of the 
procedures. During 1 year, 18 eyes needed IOP-lowering 
surgery, 2 eyes underwent cataract surgery (primary reason) 
with CyPass, and 1 eye underwent goniosynechialysis, which 
were considered failure.81

Hirabayashi et al. compared the efficacy of CE in combination 
with KDB goniotomy (74 eyes) to 360° trabeculotomy 
(19 eyes with Trab 360 and 8 eyes with GATT) for 6 months. 
The majority of the cases had POAG in both groups. The 
means of IOP-lowering effect (2.9 ± 5.4 in KDB eyes 
and 2.9 ± 6.8 in Trab 360/GATT eyes) and antiglaucoma 
medication reduction (1.1 ± 1.3 in KDB eyes and 1.2 ± 1.1 
in Trab 360/GATT eyes) were similar in the two groups 
despite the lesser extent of the TM procedure in the KDB 
group (approximately 120° vs. 360°). This might be due to the 
lower baseline IOP and smaller number of eyes undergoing 
360° trabeculotomy in that study.82

Trab 360 has been now replaced by OMNI™ (Sight Sciences, 
Menlo Park, CA, USA), which has the potential to inject the 
viscoelastic agent through a hollow cannula upon retraction.

OMNI received the Food and Drug Administration’s approval 
in 2017. OMNI provides the ground for performing ab-interno 
canaloplasty followed by trabeculotomy through a single corneal 
incision, which addresses both proximal and distal resistances 
of the conventional aqueous outflow pathway.83 GEMINI study 
evaluated the efficacy of cataract surgery, 360° canaloplasty, and 
180° trabeculotomy by OMNI in 137 patients with open-angle 
glaucoma (93% – POAG, 6% – PEXG, and 1% – PDG). By the 
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end of the 6th month postoperation, the mean IOP reduction was 
9 mmHg (38%) and the number of antiglaucoma medications 
was decreased from 1.8 ± 0.9 to 0.6 ± 1. In addition, 104 out of 
the 134 eyes became medication free by the end of the 6th month, 
86% of which had IOP of 6–18 mmHg.84 In ROMEO study, 
sequential canaloplasty and trabeculotomy were performed 
on 48 pseudophakic eyes with mild-to-moderate open-angle 
glaucoma (46 – POAG, 1– PEXG, and 1 – PDG) and patients 
were categorized based on their preoperation IOP (>18 
or ≤18 mmHg). Based on the results, 21 eyes had canaloplasty in 
both hemispheres and the rest had canaloplasty in one hemisphere. 
Trabeculotomy was also performed for 180° in 45 eyes and 360° 
in three eyes. During the 1-year follow-up, IOP was reduced in 
patients with baseline IOP >18 mmHg (21.8 to 15.6 mmHg) 
and remained controlled in eyes with baseline IOP ≤18 mmHg. 
In addition, the medication burden decreased from 1.7 ± 1.3 
to 1.2 ± 1.3 and from 2.0 ± 1.3 to 1.3 ± 1.3, respectively. Five 
eyes required a second IOP-lowering intervention (2 – SLT, 
1 – GDD, 1 – trabeculectomy, and 1 – Express mini‑shunt) during 
days 136–343 postoperation. In this group, the mean IOP was 
26.4 ± 3.8 mmHg on 2.4 ± 1.5 medications.85 A similar study 
was conducted on 81 patients with mild-to-moderate open-angle 
glaucoma (76 – POAG and 5 – PEXG) undergoing combined 
cataract surgery, canaloplasty, and trabeculotomy by OMNI. In 
that study, 24 eyes had baseline IOP >18 mmHg (Group 1) and 
57 had baseline IOP ≤18 mmHg (Group 2). During a 12‑month 
follow-up, Group 1 had a 30.8 ± 14.3% IOP reduction and 
the mean number of medications decreased from 2.0 ± 1.3 
preoperatively to 1.1 ± 1.1. Furthermore, 87.5% of the eyes had 
IOP ≥6 mmHg and ≤18 mmHg. Group 2 showed no significant 
IOP changes at 12 months, but the number of medications 
decreased significantly from 1.6 at baseline to 0.9 and 49.1% 
of the patients were medication free. The results revealed no 
significant correlation between the extent of canaloplasty and 
postoperative IOP.86 After a 24-month follow-up of 38 eyes 
of 27 patients with uncontrolled mild-to-moderate open-angle 
glaucoma (27 – POAG and 11 – PEXG) who underwent 
canaloplasty and trabeculotomy by OMNI, the means of 
IOP and medication reduction were 10 mmHg (39.6%) and 
1.4, respectively. Moreover, 88.5% (23/26) of the eyes had 
IOP <18 mmHg, with 14 (61%) being without medications. 
Overall, a similar efficacy was observed for the eyes with PEXG 
and POAG.87

Grabska-Liberek et al. performed canaloplasty and 360° 
trabeculotomy with OMNI surgical system on 17 eyes of 
15 patients. Most eyes had POAG (88.2%), nine had standalone 
surgery, and the remaining had the operation in combination 
with cataract surgery. The means of IOP and medication 
reduction were 7.7 mmHg (36%) and 1.95, respectively, 
at 12 months. The mean baseline IOP was higher in the 
standalone group compared to the combined group (22.11 vs. 
18.5 mmHg). Similar results were also obtained with regard 
to IOP reduction (7.9–8.9 vs. 4.6–6.3 mmHg).88

There is a report of the successful management of an infant 
with congenital glaucoma associated with Sturge–Weber using 

the OMNI surgical system.89 Pyfer et al. also showed that the 
OMNI surgical system could reduce diurnal IOP fluctuations. 
In that study, 128 eyes enrolled in GEMINI study that were 
mostly diagnosed with POAG were treated via the OMNI 
surgical system and the mean IOP decreased from 23.7 ± 3.1 
to 15.6 ± 4.2 mmHg at the 12th month. Moreover, the peak 
IOP decreased by over 8 mmHg and 95% of the patients had 
diminished peak IOP after the operation. Furthermore, the 
mean IOP fluctuations decreased from 2.8 to 1.8 mmHg at 
12 months postoperation.90

Overall, there are few publications on MIST, Trab 360, and 
OMNI device system. Nonetheless, as they act similarly 
to GATT, they have similar safety profiles and possible 
complications.

dIscussIon
Pressure-dependent or conventional (trabecular) outflow 
pathway is responsible for 80%–90% of aqueous outflow, 
through which aqueous passes the TM, enters the Schlemm’s 
canal, and is drained into the collector channels, aqueous 
veins, and episcleral vessels.91,92 It has been reported that the 
juxtacanalicular tissue and the inner wall of the Schlemm’s 
canal contribute to the main resistance in the proximal 
part93 and 25%–50% of the resistance in the conventional 
pathway resides in the distal part.92 By performing ab-interno 
trabeculotomy, the barrier effect of TM and the inner wall of 
the Schlemm’s canal can be eliminated. However, resistance 
in the distal part that can be responsible for as high as 50% 
of resistance in the conventional pathway has not been 
addressed.94 Increased distal resistance can result from many 
factors such as aging, cauterization of sclera during surgery 
and collapse, and stasis of the Schlemm’s canal and collector 
channels or occlusion of collector channels ostium by TM 
herniation in an elevated IOP setting.92 In a healthy distal 
pathway, 360° ab‑interno trabeculotomy is expected to bring 
IOP to as low as episcleral venous pressure. In a diseased 
distal pathway, however, this target IOP is not achieved. Thus, 
TM-targeted MIGS have a golden time and the health of the 
distal part should be determined before proceeding with the 
surgery.5

Up to now, several preoperation methods have been 
recommended to estimate the patency and efficacy of collector 
channels such as response to SLT or pilocarpine, blood reflux 
into the Schlemm’s canal during provocative gonioscopy, and 
observation of pulsatile flow within aqueous veins.5 However, 
no study has been done on the relationship between the IOP 
response to pilocarpine and MIGS outcome, and the impact 
of successful SLT on trabecular MIGS results has not been 
proven.95 There are also some intraoperative techniques such 
as observing the EVFW during irrigation and using trypan blue, 
fluorescein, or indocyanine green canalography.92

In the absence of a healthy distal outflow pathway or 
elevated episcleral venous pressure, other glaucoma surgeries 
targeting suprachoroidal or diverting the aqueous into the 
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subconjunctival space are recommended. By inventing 
new devices such as OMNI, surgeons can benefit from 
the potential to perform ab-interno canaloplasty alongside 
ab‑interno trabeculotomy and address both proximal and 
distal trabecular outflow pathways.85 Nevertheless, no study 
has compared OMNI and GATT in terms of the IOP-lowering 
effect. Ab‑interno trabeculotomy procedures are relatively 
safe, blebless, and efficient glaucoma surgeries that can be 
performed in a low-cost setting. These procedures can be 
performed either isolated or in combination with CE, without 
compromising the efficacy.

Considering the absence of bleb-related complications such as 
blebitis, leakage, hypotony, and bleb-related endophthalmitis, 
this procedure is recommended, especially in cases with 
mild-to-moderate open glaucoma with or without cataract 
surgery.
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