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Abstract 

Background To evaluate the safety and efficacy of gonioscopy-assisted transluminal trabeculotomy (GATT) in treat-
ing patients with open-angle glaucoma (OAG) who had failed prior incisional glaucoma surgery.

Methods A consecutive case series of OAG patients aged ≥ 18 who underwent GATT with previous failed glaucoma 
incision surgery was retrospectively analyzed. Main outcome measures included intraocular pressure (IOP), the num-
ber of glaucoma medications, surgical success rate, and occurrence of complications. Success was defined as an IOP 
of ≤ 21 mmHg and a reduction of IOP by 20% or more from baseline with (qualified success) or without (complete 
success) glaucoma medications. For eyes with preoperative IOP of < 21 mmHg on 3 or 4 glaucoma medications, post-
operative IOP of ≤ 18 mmHg without any glaucoma medications was also defined as complete success.

Results Forty-four eyes of 35 patients (21 with juvenile-onset open-angle glaucoma and 14 with adult-onset primary  
open-angle glaucoma) with a median age of 38 years were included in this study. The proportion of eyes with 1 prior 
incisional glaucoma surgery was 79.5%, and the others had 2 prior surgeries. IOP decreased from 27.4 ± 8.8 mm Hg on 
3.6 ± 0.7 medications preoperatively to 15.3 ± 2.7 mm Hg on 0.5 ± 0.9 medications at the 24-month visit (P < 0.001). 
The mean IOP and the number of glaucoma medications at each follow-up visit were lower than the baseline 
(all P < 0.001). At 24 months postoperatively, 82.1% of the eyes had IOP ≤ 18 mmHg (versus 15.9% preoperatively, 
P < 0.001), 56.4% reached IOP ≤ 15 mmHg (versus 4.6% preoperatively, P < 0.001), and 15.4% achieved IOP ≤ 12 mmHg 
(compared to none preoperatively, P = 0.009). While 95.5% of eyes took 3 or more medications preoperatively, 66.7% 
did not take glaucoma medication 24 months after GATT. Thirty-four (77.3%) eyes achieved IOP reduction greater 
than 20% on fewer medications. The complete and qualified success rates were 60.9% and 84.1%, respectively. No 
vision-threatening complications occurred.

Conclusions GATT was safe and effective in treating refractory OAG patients who failed prior incisional glaucoma 
surgery.
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Introduction
Glaucoma is the leading cause of irreversible blind-
ness and estimated to affect approximately 111.8 mil-
lion individuals worldwide by 2040 [1]. A systematic 
analysis revealed that the overall prevalence of primary 
open-angle glaucoma (POAG) in China was 1.02% in 
2015 [2]. Glaucoma filtering surgery is one of the most 
frequently performed anti-glaucoma procedures in China 
[3]. However, bleb failure due to episcleral fibrosis or sub-
conjunctival scarring has always been a challenge, even 
with the introduction of releasable sutures and the com-
bined use of antimetabolites. Bleb-independent surgeries 
with more favorable safety profile are needed to preserve 
vision in glaucoma patients.

Gonioscopy-assisted transluminal trabeculotomy 
(GATT), a bleb-free procedure, creates a direct commu-
nication between aqueous humor and collector channels 
by circumferentially opening trabecular meshwork and 
inner wall of Schlemm’s canal, and consequently facili-
tates aqueous drainage [4]. Previous studies have shown 
that GATT can effectively treat open-angle glaucoma 
(OAG) [5–13] and childhood glaucoma [14–19].

Patients with prior failed glaucoma surgery are more 
prone to bleb fibrosis after repeated filtering surgery. 
GATT may show promise for these cases. Grover DS 
et al. [20] reported for the first time that GATT alone or 
combined with cataract surgery was safe and success-
ful in treating 60% to 70% of open-angle glaucoma with 
prior incisional glaucoma surgery. Sarkisian SR et al. [21] 
evaluated outcomes of 360° ab-interno trabeculotomy 
using the TRAB360 device and confirmed the work by 
Grover DS and colleagues. By contrast, Cubuk MO et al. 
[22] reported a limited efficacy of GATT for treating 
POAG patients with failed trabeculectomy. Thus, further 
research is required to evaluate this procedure.

The current study aimed to evaluate the efficacy and 
safety of GATT for treating OAG patients with prior 
failed incisional glaucoma surgery.

Methods
Participants and design
This consecutive case series included OAG patients 
aged ≥ 18, who previously had undergone incisional 
glaucoma surgery and presented an IOP > 21 mm Hg or 
progressive deterioration of visual field defects on maxi-
mum medication, or intolerance to medical treatment, 
and consequently underwent GATT in Beijing Tongren 
Hospital between May 2018 and March 2019. Exclu-
sion criteria included primary congenital glaucoma, sec-
ondary open-angle glaucoma or chronic angle-closure 
glaucoma, bleeding disorders, or inability to stop anti-
coagulant medications. All patients had a preoperative 
gonioscopic examination. Staging of glaucoma severity 

was according to Hodapp-Parrish-Anderson criteria of 
visual field defect [23]. Written informed consent was 
obtained from all patients before surgery. This study fol-
lowed the tenants of the Declaration of Helsinki and was 
approved by the institutional ethics committee at Beijing 
Tongren Hospital.

Surgical procedure and post‑operative care
All cases underwent GATT surgery as a stand-alone pro-
cedure performed by Dr. Huaizhou Wang. The surgical 
technique has previously described [4]. Briefly, a clear 
corneal temporal incision was created and viscoelastic 
material was injected into the anterior chamber. A micro-
catheter was inserted into the anterior chamber through 
a corneal paracentesis track placed in the superonasal or 
inferonasal quadrant. Using direct visualization with a 
goniolens, a 1–2 mm goniotomy was created in the nasal 
angle. Microsurgical forceps were placed into anterior 
chamber through the temporal clear corneal incision 
and used to insert the iTrack illuminated microcatheter 
(Ellex iScience Inc., Fremont, CA) into Schlemm’s canal 
through the goniotomy incision and advance the catheter 
through the canal circumferentially. Circumferential tra-
beculotomy was performed by pulling both ends of the 
microcatheter. If the microcatheter stopped somewhere 
in the Schlemm’s canal, an ab-interno cut down was 
performed to achieve a partial trabeculotomy, and the 
microcatheter was re-inserted into the original goniot-
omy incision in the opposite direction to achieve as close 
to 360-degree trabeculotomy as possible. The viscoelastic 
was then removed from the anterior chamber. The cor-
neal wounds were hydrated to ensure watertight closure.

After surgery, all the subjects were given tobramycin-
dexamethasone (TobraDex, Alcon, Rijksweg, Belgium) 
and Pranoprofen (Pranopulin, Senju Pharmaceutical, 
Osaka, Japan) eyedrops for 2 to 4 weeks. Pilocarpine 2% 
(Bausch & Lomb, Rochester, NY, USA) was used 4 times 
daily for 3 months to hinder peripheral anterior synechia 
and therefore not considered as an anti-glaucoma medi-
cation during this time.

Main outcome measurements
Demographics, baseline clinical characteristics, and 
postoperative data were obtained from patients’ medi-
cal records at each visit. The postoperative examina-
tions were performed on day 1, 2, 3 and 7, week 2 to 3, 
month 1, 3, 6, and thereafter every 3 to 6 months. Surgi-
cal success was defined as IOP ≤ 21 mmHg with at least 
a 20% reduction from baseline with (qualified success) or 
without (complete success) the use of glaucoma medica-
tions. Individuals with postoperative IOP of ≤ 18 mmHg 
without any glaucoma medications, if preoperative IOP 
of ≤ 21 mmHg on at least 3 glaucoma medications, were 
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also defined as complete success. Eyes with visual acu-
ity deteriorated to an absence of light perception were 
defined as a surgical failure; those undergoing a second-
ary surgical procedure were also defined as a failure and 
excluded from analysis.

Statistical analysis
All statistical tests were performed using the software 
SPSS 20.0 (SPSS, Inc., Chicago, IL, USA). Repeated meas-
urement variables were analyzed using a mixed-effects 
model with a Bonferroni-corrected significance level 
used for pairwise comparison. The Mann–Whitney U 
test was used to compare the number of glaucoma medi-
cations before and after surgery. Nominal variables were 
analyzed using Pearson chi-squared test or Fisher’s exact 
test. The Kaplan–Meier curve representsed the success 
rate of surgery. Alpha values of 0.05 were used for statis-
tical calculations.

Results
Demographics and baseline characteristics of the eyes are 
presented in Table 1. A total of 35 patients (21with juve-
nile-onset open-angle glaucoma  and 14 with POAG; 44 
eyes) were included in this study, of whom 28 were male 
and 7 were female. The median age at the time of GATT 
was 38  years (range, 18 to 60). The mean preoperative 
IOP was 27.4 ± 8.8 mm Hg on 3.6 ± 0.7 medications. All 
except one case had moderate or severe damage. Three 
eyes were pseudophakic. Thirty-five eyes (79.5%) had one 
prior incisional glaucoma surgery (28 with a prior trab-
eculectomy, 6 with Ex-press shunt implantation, and one 
with canaloplasty), and 9 eyes had two prior incisional 
glaucoma surgeries (6 with repeat trabeculectomy, one 
with trabeculectomy and Ex-Press shunt implantation, 
one with trabeculectomy and Ahmed valve implanta-
tion, and one with trabeculectomy and endoscopic 
cyclophotocoagulation). Three patients underwent prior 
trabeculectomy and selective laser trabeculoplasty. Pre-
operative gonioscopy revealed open angles in all eyes.

At 1, 3, 6, 12, 18, and 24 months after surgery, the mean 
IOP and the number of glaucoma medications were lower 
than that before surgery (all P < 0.001) (Table  2). Mean 
IOP decreased from (27.4 ± 8.8) mm Hg preoperatively 
to (15.3 ± 2.7) mm Hg 24  months after surgery, with 
the number of glaucoma medications decreasing from 
(3.6 ± 0.7) to (0.5 ± 0.9). At each follow-up visit, more 
than 75% of eyes reached IOP reduction greater than 
20% (Fig. 1). At the 24-month visit, 82.1% of the eyes had 
IOP ≤ 18 mm Hg (versus 15.9% preoperatively, P < 0.001), 
56.4% reached IOP ≤ 15  mm Hg (versus 4.6% preopera-
tively, P < 0.001), and 15.4% achieved IOP ≤ 12  mm Hg 
(compared to none preoperatively, P = 0.009) (Fig.  2). 
While 95.5% of eyes took 3 or more medications 

Table 1 Demographics and ocular characteristics of subjects

POAG Primary open-angle glaucoma, JOAG Juvenile-onset open-angle 
glaucoma, Trab Trabeculectomy, Ex-Press Ex-Press shunt implantation, ECP 
Endoscopic cyclophotocoagulation, SLT Selective laser trabeculoplasty, SD 
Standard deviation

Variables

No. patients 35

Glaucoma type

 POAG 14

 JOAG 21

No. eyes 44

Sex, male/female 28/7

Age, median (mean) (y) 38 (36.5)

 Range (y) 18–60

Prior incisional glaucoma surgeries

Eyes with 1 prior incision surgery, n (%) 35 (79.5)

 Trab, n 28

 Ex-press, n 6

 Canaloplasty, n 1

Eyes with 2 prior incision surgeries, n (%) 9 (20.5)

 2 Trab, n 6

 1 Trab + 1 Ex-Press, n 1

 1 Trab + 1 Ahmed valve, n 1

 1 Trab + 1 ECP, n 1

Eyes with prior SLT, n 3

Pseudophakia, n 3

Glaucoma staging

 Mild, n (%) 1 (2.3)

 Moderate, n (%) 7 (15.9)

 Severe, n (%) 36 (81.8)

Preoperative IOP, mean ± SD (mm Hg) 27.4 ± 8.8

Preoperative glaucoma medications, mean ± SD 3.6 ± 0.7

Table 2 IOP and number of glaucoma medications at baseline 
and over 2-year follow-up

The IOP and number of anti-glaucoma medications are expressed as 
mean ± standard deviations

IOP Intraocular pressure

Variables No. eyes IOP (mm Hg) Glaucoma 
medications

Preoperative 44 27.4 ± 8.8 3.6 ± 0.7

Postoperative

 1 month 44 14.2 ± 3.8 0.8 ± 1.2

 3 months 44 15.5 ± 4.2 0.5 ± 0.9

 6 months 42 15.0 ± 3.4 0.4 ± 0.8

 12 months 40 14.7 ± 2.8 0.4 ± 0.8

 18 months 40 15.5 ± 2.5 0.5 ± 1.0

 24 months 39 15.3 ± 2.7 0.5 ± 0.9

P value  < 0.001  < 0.001
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preoperatively, 66.7% did not take glaucoma medica-
tion 24 months after GATT (Fig. 3). Figure 4 showed 34 
eyes (77.3%) achieved IOP reduction greater than 20% on 
fewer medications; 31 eyes (70.5%) had IOP ≤ 18 mm Hg 
on fewer medications.

Figure  5 showed the Kaplan–Meier survival plots. 
At 24  months postoperatively, the complete and quali-
fied success rate were 60.9% and 84.1%, respectively. 
Table  3 demonstrated the efficacy outcomes of GATT 
for patients with different types of previous surgeries. 
Five eyes with uncontrolled IOP after GATT underwent 

repeated surgery (three eyes underwent repeated trab-
eculectomy, one underwent goniosynechialysis, and one 
underwent CO2 laser-assisted sclerectomy surgery).

Hyphema occurred in all subjects, which resolved 
within 1 to 2  weeks after surgery. IOP spike (an IOP 
of ≥ 30  mmHg within one month postoperatively) 
occurred in 19 eyes (16 eyes in the first week after oper-
ation and 3 eyes in the second week). IOP spike was 
treated by glaucoma medications or by releasing aqueous 
humor from the paracentesis site. In this case series, 11 
eyes with IOP spike and 6 eyes without IOP spike did not 
meet the definition of complete success (11/19 vs. 6/25, 
P = 0.022). Ciliochoroidal detachment was identified in 4 
eyes by anterior-segment OCT imaging, which resolved 
simultaneously within the first month after surgery.

Discussion
A prior failed filtering procedure is one known risk factor 
for bleb failure [24–26]. This study evaluated the efficacy 
and safety of GATT in treating patients with OAG and 
previous failed filtering surgeries. Patients recruited in 
this study were much younger than these in similar previ-
ous studies [20]. Our results showed a significant reduc-
tion of IOP and glaucoma medication after GATT. The 
qualified success rate was close to 80% at 24 months after 
surgery.

The current GATT study present a high rate-of-suc-
cess as compared to previous reports. Cubuk MO et  al. 
[22] demonstrated the limited efficacy of a 5–0 prolene-
suture GATT for POAG with failed trabeculectomy, 
while Grover DS et al. [20] reported that the mean IOP 
decrease was 9.4  mm Hg with a 0.8 decrease in glau-
coma medications after GATT for open-angle glaucoma 

Fig. 1 Box-and-whisker plot showing postoperative changes of 
intraocular pressure (IOP) at each visit. The median (50th percentile) 
is represented by the horizontal centerline, and the 25th and 75th 
percentiles as the lower and upper limits of the box. The upper and 
lower horizontal bars represent the maximum and minimum values, 
respectively, of a 1.5 interquartile range. POM, postoperative month

Fig. 2 Percentages of eyes with IOP ≤ 18, ≤ 15, and ≤ 12 mm Hg preoperatively and at the 24-month visit after gonioscopy-assisted transluminal 
trabeculotomy. ** P < 0.01,*** P < 0.001
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Fig. 3 Proportions of eyes on 0, 1, 2, 3, 4, and 5 glaucoma medications preoperatively and at the 24-month visit after gonioscopy-assisted 
transluminal trabeculotomy

Fig. 4 Numbers of eyes with intraocular pressure (IOP) reduction ≥ 20% on fewer glaucoma medications (red circles) and eyes with IOP ≤ 18 mm 
Hg on fewer glaucoma medications (black circles) 24 months after gonioscopy-assisted transluminal trabeculotomy

Fig. 5 The cumulative probability of complete (A) and qualified (B) success rate
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with prior incisional glaucoma surgery. Our study dem-
onstrated a larger decrease in both mean IOP and glau-
coma medications after surgery. This may partly be due 
to the following points. First, the average age of our study 
was younger than that in prior studies [20, 22]. Outflow 
resistance may be more localized to the trabecular mesh-
work among younger patients, and GATT targets dys-
functional trabecular meshwork. Shi Y et al. [27] reported 
that older age was one of the risk factors for GATT fail-
ure when treating juvenile open angle glaucoma. Salimi 
A et  al. [28] also reported favorable results of GATT in 
treating younger to middle-aged adults with open angle 
glaucoma. Our results were consistent with these studies. 
Second, we used illuminated microcatheters while Cubuk 
MO and colleagues used 5–0 prolone sutures. Micro-
catheters can offer the advantage of visualization of the 
catheter tip location within the Schlemm’s canal and help 
with catheter placement.

Prior incisional glaucoma surgery does not hinder 
microcatheter cannulation in the current study, which 
was consistent with the results reported by Grover DS 
and his colleagues [20]. In contrast, there was higher rate 
of failure to catheterize the Schlemm’s canal in treating 
primary congenital glaucoma after failed glaucoma sur-
geries [19]. The discrepancy may partly be attributed to 
the anatomical difference in the anterior chamber angle 
between congenital versus other forms of glaucoma. 
Anterior chamber angle dysplasia or developmental 
anomaly of the Schlemm’s canal may be more severe in 
primary congenital glaucoma, which makes it harder to 
circumferentially catheterize the canal.

In addition to surgical suture and microcatheter, the 
TRAB360 device has also been used for 360-degree 
ab-interno trabeculotomy for patients with refractory 
glaucoma, 20% of which had prior incisional glaucoma 
surgery [21]. Unlike our study, secondary open-angle 
glaucoma, chronic angle-closure glaucoma, congenital 

glaucoma and neovascular glaucoma were also enrolled 
by Sarkisian SR and the colleagues [21]. In their study, the 
mean IOP was reduced from 23.7 ± 6.0 mmHg preopera-
tively to 15.7 ± 5.5 mmHg at the 12-month visit. The cur-
rent study together with the work of Grover DR [20] and 
of Sarkisian SR [21] showed favorable results of GATT 
when treating refractory glaucoma, including cases with 
prior failed incisional glaucoma surgery. Moreover, our 
prior evaluation indicated that prior incisional glaucoma 
surgery is not a risk factor for GATT failure in treating 
juvenile open angle glaucoma [10].

Tube shunt procedures as well as repeat trabeculec-
tomy are commonly used for patients with failed glau-
coma surgery. In the TVT study, both tube shunt surgery 
and trabeculectomy with mitomycin C produced an IOP 
reduction of greater than 40% [29]. Nassiri N et al. [30] 
also evaluated the efficacy of trabeculectomy and tube 
shunt surgery in treating patients with failed filtering sur-
gery and reported similar percentage of IOP reduction. 
The mean IOP at two years in both studies were slightly 
lower than that in this study; our results supported that 
GATT may be desirable for subjects with failed incisional 
glaucoma surgery who are at high risk for failures for 
repeated filtering surgery. Randomized controlled studies 
are warranted to address whether GATT is comparable 
to traditional filtering surgery in treating these refractory 
cases.

GATT showed a favorable safety profile for refrac-
tory glaucoma in our study and published literature [20, 
22]. While more than 20% of patients experienced seri-
ous complications associated with reoperation and/or 
vision loss of 2 or more lines in TVT study [29], there 
was no sight-threatening event in the current study and 
re-operation was performed for five eyes to control IOP. 
IOP spikes following GATT are drawing more attention. 
Salimi A and colleagues [28] reported that IOP spike 
was not related to surgical failure, while our results and 
other studies indicated postoperative IOP spike may be 
associated with surgical failure [5, 27]. Shi et al. [27] indi-
cated the median IOP spike duration was 3.5 days (range 
1–21) after GATT; notably, prolonged IOP spike may be 
a predictor of GATT failure. The cause of IOP spike still 
remains unclear. Previous studies showed eyes receiving 
corticosteroids [11] or those with advanced glaucoma 
[27] were more likely to suffer IOP spike.

The current study is limited by the small sample size 
and the follow-up period of 24  months. Additional 
study with larger sample sizes and longer follow-up 
periods are necessary to evaluate its long-term effects. 
For several patients, both eyes were included in this 
study, which may affect interpretation of the results. 
IOP spike is a common postoperative complications 
and attracts attention. Since patients in this study are 

Table 3 Outcomes of GATT for eyes with different types of 
previous surgeries

Trab Trabeculectomy, Ex-Press Ex-Press shunt implantation, ECP Endoscopic 
cyclophotocoagulation

Types of prior glaucoma 
surgeries

No. eyes Complete 
success 
rate

Qualified 
success 
rate

1 Trab 28 53.6% 82.1%

1 Ex-Press 6 100% 100%

1 Canaloplasty 1 0 0

2 Trab 6 83.3% 100%

1 Trab + 1 Ex-Press 1 0 0

1 Trab + 1 Ahmed valve 1 0 100%

1 Trab + 1 ECP 1 100% 100%
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not followed daily until the end of the spike, we cannot 
show the exact duration of IOP spike. Further studies 
are needed to investigate this issue. The limitations uni-
versal to retrospective studies such as non-randomiza-
tion with no control group may also affect the results. 
However, it does provide real-world data on the safety 
and efficacy of GATT in treating refractory glaucoma.

Conclusions
GATT is safe and effective for the treatment of OAG 
patients who had prior failed incisional glaucoma sur-
gery. Randomized controlled studies with long-term 
follow-up should be done to better understand the effi-
cacy of GATT.

Abbreviations
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GATT   Gonioscopy-assisted transluminal trabeculotomy
IOP  Intraocular pressure
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