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Abstract

Background Trabeculectomy (TRAB) traditionally has been the gold-standard surgical treatment for primary open-
angle glaucoma (POAG), while gonioscopy-assisted transluminal trabeculotomy (GATT) is an emerging minimally
invasive surgery used for the treatment of various open-angle glaucoma (OAG) types. In this study, we aimed to
compare the efficacy and safety between GATT and TRAB for the treatment of POAG.

Methods This cohort study included eyes with POAG that underwent a single GATT (30 eyes) or TRAB (34 eyes).
Follow-up was conducted at 1 day, 1 week, and 1, 3, 6, and 12 months postoperatively. Intraocular pressure (IOP), the
numbers of glaucoma medication, visual field mean deviation, peripapillary retinal nerve fiber layer thickness, surgical
time, and complications were analyzed. Success criteria were defined as IOP <21 mmHg and >20% IOP reduction
from baseline. Qualified and complete surgical success rates were also compared.

Results I0P and antiglaucoma drug use decreased significantly at 12 months postoperatively in the both groups
(P<0.001), with no significant differences between the two groups pre- and postoperatively (P>0.05). The success
rates at 12 months were 70% (95% confidence interval [Cl]=52.6-87.4%) in the GATT group and 76.5% (95% Cl=61.4—
91.5%) in the TRAB group (P=0.559).Visual field loss remained unchanged at 12 months postoperatively compared
with preoperative levels in both groups (P> 0.05); however, peripapillary retinal nerve fiber layer thickness decreased
significantly at 12 months postoperatively compared with preoperative levels in the GATT group (P<0.001). The most
frequent complications after TRAB and GATT were bleb-related complications and hyphema, respectively.

Conclusions GATT demonstrated an efficacy comparable to that of TRAB for the treatment of POAG with regards to

lowering IOP, reducing medication use, and preserving visual fields. Thus, GATT is a minimally invasive technique that
enables an effective and safe decrease in IOP.
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Background

Glaucoma is the leading cause of irreversible blindness;
it is projected to affect approximately 112 million people
worldwide by 2040 [1-3]. Primary open-angle glaucoma
(POAG) is the predominant subtype of the disease, and
blindness occurred in 6 million people with POAG in
2020 [4—6]. Trabeculectomy (TRAB) has been the gold-
standard surgical treatment for POAG for over 50 years
[7]. However, TRAB is associated with numerous short-
and long-term complications, many of which are vision-
threatening [8]. In recent decades, ophthalmologists
have attempted to identify new procedures for glaucoma
treatment.

Among these alternative procedures, minimally inva-
sive glaucoma surgery has become an increasingly
available group of safe and less traumatic ab interno pro-
cedures [9, 10]. Gonioscopy-assisted transluminal tra-
beculotomy (GATT) was introduced by Grover et al. in
2014 to manage OAG [11]. Since its introduction, mul-
tiple studies have demonstrated the clinical effectiveness
of GATT for the treatment of various OAG types [12—
15], and the combination of GATT and cataract surgery
is commonly used in clinical practice [16, 17]. However,
trials comparing the outcomes of GATT and TRAB for
treatment specifically addressing POAG are lacking; the
only two relevant studies targeting OAG did not adjust
for the confounding effect of combined cataract extrac-
tion [18, 19].

Therefore, in this study, we aimed to compare the effi-
cacy and safety of GATT and TRAB alone in patients
with POAG during a postoperative follow-up of 12
months. We compared the changes in intraocular pres-
sure (IOP) and the administration of antiglaucoma medi-
cation. Visual field (VF), optical coherence tomography
(OCT) of the optic disc, and gonioscopy were simultane-
ously used to observe structural and functional changes
in the patients.

Methods

This retrospective comparative cohort study adhered
to the principles of the Declaration of Helsinki and was
approved by the Ethics Committee of Qilu Hospital of
Shandong University (approval number: KYLL-202008-
167). All patients signed an informed consent form, and
no patient received a stipend.

Research participants

This retrospective cohort study included patients with
POAG who underwent single TRAB or GATT at Qilu
Hospital of Shandong University between November

2018 and March 2023. POAG was diagnosed based on
the characteristic glaucomatous fundus, visual field dam-
age, and open anterior chamber angle. Patients who failed
to achieve the target IOP or those with unstable IOP con-
trol despite receiving the maximum tolerated dose of
IOP-lowering medications were deemed to require surgi-
cal intervention and included in this study.

Patients with types of glaucoma other than POAG,
including secondary glaucoma, angle-closure glaucoma,
trauma-associated glaucoma, or syndrome-associated
glaucoma; those <18 years old; those who had undergone
combined cataract extraction and GATT/TRAB; and
those who had undergone previous ophthalmic surgery
other than cataract and glaucoma surgery were excluded.

Research data

Data on sex, age, and history of cataract or glaucoma
surgery were obtained from the patients’ charts. All the
included patients underwent documented full ophthal-
mic examinations preoperatively and postoperatively,
including IOP measurement (TX-20, CANON, Tokyo,
Japan) and VF testing (HFAII, ZEISS, Jena, Germany)
evaluated with the mean deviation (MD), OCT (CIR-
RUS HD-OCT 4000, ZEISS, Jena, Germany) of the optic
disc to measure peripapillary retinal nerve fiber layer
(RNFL) thickness, and gonioscopy (Ocular Instrument,
Bellevue, WA, USA) to assess the angles of the anterior
chamber. The episcleral venous fluid wave (EVFW) was
examined in the GATT group before the end of the sur-
gery. The morphology of the filtering bleb was assessed
postoperatively using a slit-lamp microscope. The num-
ber of glaucoma medications and the incidence and types
of complications were also determined. Follow-up data
were collected at 1 day, 1 week, and 1, 2, 3, 6, and 12
months postoperatively. VF and OCT were performed 12
months postoperatively.

Surgical approaches

All surgeries were performed by the same experienced
glaucoma surgeon (HG). For the GATT procedure, a cor-
neal limbal incision was made, and a viscoelastic agent
was injected into the anterior chamber. The structures
of the anterior chamber angle on the nasal side were
visualized using the goniolens, and the Schlemm’s canal
was localized. A needle was used to make a 1-2 mm
incision on the inner wall of the canal. A heat-blunted
6—0 prolene suture was then inserted into the broken
end of Schlemm’s canal and passed through the canal
until it exited the other broken end. The trabeculotomy
was completed by holding the ends of the sutures with
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forceps and slowly pulling the sutures to incise the inner
wall of Schlemm’s canal. Residual viscoelastic and ante-
rior chamber blood were removed by balanced salt solu-
tion flushing, and the EVFW was examined at maximum
irrigation (Supplemental File 1). At the end of the surgery,
a watertight closure of the corneal incision was made to
maintain a slightly elevated IOP.

For the TRAB procedure, a conjunctival flap based on
the fornix and a scleral flap (3%X4 mm) based on the cor-
neal limbus were fabricated. Cotton swabs impregnated
with mitomycin (0.4 mg/mL) were placed between the
conjunctival flap, scleral flap, and scleral bed for 2.5 min,
after which the mitomycin was fully rinsed away using
lactated Ringer solution. The deep corneoscleral tissue
(2x2 mm) was excised, followed by the removal of the
iris tissue from the periphery. The free angle of the scleral
flap was closed using 10—0 prolene sutures along with
two releasable sutures on each side of the scleral flap.

Efficacy assessment

Procedural success was defined as postoperative IOP <21
mmHg and an IOP reduction of at least 20% from base-
line. Eyes that met the abovementioned criteria without
the use of antiglaucoma medications were defined as
complete successes, whereas those that used glaucoma
medications were defined as qualified successes.

In this study, 1% pilocarpine eye drops (miotic) were
routinely administered for 3 months postoperatively to
patients in the GATT group to prevent peripheral ante-
rior iris adhesions; therefore, these drops were not con-
sidered glaucoma medications.

Statistical analysis

The sample size was determined to be 26 for each group
to achieve adequate power (80%, alpha=0.05), and non-
inferiority was detected using a one-sided two-sample
t-test. At the last follow-up, the GATT group constituted
29 participants and the TRAB group 31 participants,
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which exceeded the minimum sample requirements for
each group.

Statistical analysis was performed using IBM SPSS
Statistics for Windows, version 23.0 (IBM Corp., USA).
Continuous data such as age, IOP, number of glaucoma
medications used, visual field MD, RNFL thickness,
operation time, and extension of trabeculotomy achieved
in the GATT group were expressed as means+standard
deviations. Categorical data such as sex, glaucoma type,
lens status, history of antiglaucoma surgery, and surgi-
cal complications were expressed as frequencies and
percentages.

The normality and homogeneity of variance of the
continuous data were tested before comparison. Data
that demonstrated normal distribution and homogene-
ity were analyzed using a t-test. Data that did not satisfy
normal distribution or homogeneity were analyzed using
a corrected t-test, Mann—Whitney U-test, or Wilcoxon
rank-sum test, as appropriate. Pearson’s chi-squared and
Fisher’s exact tests were used to compare the categorical
data. Survival rate was analyzed with Kaplan-Meier sur-
vival analysis. Statistical significance was set at P<0.05
for all the analyses.

Results

No statistically significant differences were observed in
age, sex, lens status, or history of antiglaucoma surgery
between the two groups (P>0.05; Table 1). Regarding
antiglaucoma surgical history, the GATT group included
four eyes that had undergone TRAB and two eyes with
Ahmed glaucoma valve implantation. The TRAB group
included two eyes that had undergone GATT. All patients
underwent regular follow-up until the 12-month mark.

IOP reduction

The average preoperative IOPs did not differ significantly
between the GATT and TRAB groups (27.35£10.02 vs.
30.00+£11.84 mmHg, P=0.34). The IOPs of both groups
at 12 months were significantly lower than those before

Table 1 Comparison of the general participant characteristics between the two treatment groups

GATT group TRAB group Pvalue
Patients/eyes (n) 30/30 34/34
Age (years) 47.20+10.46 47.65+1249 0.878
Sex (n, %) 0.885
Male 18 (60%) 21 (61.8%)
Female 12 (40%) 13 (38.2%)
Lens status (n, %) 0.748
Phakic 28 (93.33%) 31(91.18%)
Pseudophakic 2(6.67%) 3(8.82%)
Previous antiglaucoma surgery (n, %) 0.088
No 24 (80%) 32 (94.12%)
Yes 6 (20%) 2 (5.88%)

GATT, gonioscopy-assisted transluminal trabeculotomy; POAG, primary open-angle glaucoma; TRAB, trabeculectomy
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Table 2 Pre- and postoperative IOP values and reduction after TRAB and GATT during the follow-up period

10P (mmHg, Mean £ SD)

0P reduction from baseline (mmHg, Mean +SD)

GATT Group TRAB Group Pvalue GATT Group TRAB Group Pvalue
Preoperative (baseline) 27.35+10.02 30.00+11.84 0.342
1 day after surgery 14.83+4.94 19.18+9.33 0.026 1253+£1042 10.79+£14.81 0.594
1 week after surgery 15.78+6.81 13.81+£3.97 0.161 11.60£10.53 15.88+13.19 0.163
1 month after surgery 16.07+£3.53 15.54+4.60 0.616 10.79£10.50 14.15+£12.68 0.264
2 months after surgery 14.94+3.66 15.83+4.63 0415 11.93+9.84 13.88+£13.08 0515
3 months after surgery 15.39+3.50 14.62+2.92 0.354 11.52+10.03 1541+11.88 0.175
6 months after surgery 15.94+3.44 15.01+4.19 0.202 1093£10.13 15.03£12.95 0177
12 montbhs after surgery 15.64+4.80 15.15+3.02 0.994 11.24+10.77 15.19+£12.14 0.189
GATT, gonioscopy-assisted transluminal trabeculotomy; IOP, intraocular pressure; TRAB, trabeculectomy
Table 3 Changes in visual field MD values and RNFL thickness before and after operation
GATT Group TRAB Group PValue
Visual field MD value/dB
Preoperative -16.18+16.37 -2342+842 0.011
12 months after Surgery -18.74+9.27 -23.98+8.85 0.019
PValue 0.797 0.639 —
RNFL thickness/um
Preoperative 60.23+18.26 57.74+9.97 0.128
12 months postoperatively 57.79£12.15 54.19£832 0495
PValue 0.034 0.077 e

GATT, gonioscopy-assisted transluminal trabeculotomy; MD, mean deviation; RNFL, retinal nerve fiber layer; TRAB, trabeculectomy

surgery (P<0.001). At postoperative day 1, the IOP in
the TRAB group was significantly higher than that in
the GATT group (14.83%£4.94 vs. 19.184+9.33 mmHg,
P=0.026). No other follow-up time point showed signifi-
cant differences in IOP between the two groups (P>0.05).
The reduction in IOP compared to preoperative levels
did not differ between the groups at any follow-up time
points (P>0.05)(Table 2). IOP decreased by an average
of 33.59% in the GATT group and 41.32% in the TRAB
group at 12 months postoperatively. The range of IOP
reduction (33.59% vs. 41.32%) did not differ significantly
between the two groups (P=0.363). History of previ-
ous glaucoma surgery did not affect preoperative IOP,
12-month postoperative IOP, IOP reduction, or range of
IOP reduction in the GATT and TRAB groups (P>0.05,
Supplemental File 2).

Antiglaucoma medication

Preoperatively, 11 and 17 eyes in the GATT group
received 3 and 2 types of antiglaucoma drugs, respec-
tively (average: 2.43+0.63 types). In the TRAB group, 19
and 9 eyes received 3 and 2 types of antiglaucoma drugs
preoperatively, respectively (average: 2.29+1.03 types).
The number of types of drugs did not differ significantly
between the two groups (P=0.880).

In the GATT group, 2 eyes received 2 types of drugs,
9 eyes received 1 type of drug, and 18 eyes did not use
antiglaucoma drugs (1 eye that underwent reoperation
during the follow-up period was not included), with an

average of 0.4510.63 types at 12 months postoperatively.
In the TRAB group, 2 eyes received 2 types of drugs, 7
eyes received 1 type of drug, and 22 eyes received no
antiglaucoma drugs at 12 months postoperatively (3 eyes
that underwent reoperations during the follow-up period
were not included), with an average of 0.351£0.61 types.
The number of types of drugs did not differ significantly
between the two groups (P=0.497). Compared with that
before the procedure, the use of antiglaucoma medica-
tions in both groups was significantly lower at 12 months
postoperatively (P<0.001).

Visual field MD and RNFL thickness reduction

The visual field MD values did not substantially change
at 12 months postoperatively compared with the pre-
operative level in both the GATT (P=0.797) and TRAB
(P=0.639) groups (Table 3).

However, the RNFL thickness decreased significantly
at 12 months in the GATT group (P=0.034), whereas
the decrease was not statistically significant in the TRAB
group (P=0.077) when comparing with preoperative lev-
els (Table 3).

Preoperative and postoperative angle status

Gonioscopy was performed on all the participants to
assess the angle status preoperatively and during the
postoperative follow-up. Supplemental File 3 reveals a
gonioscopic photograph showing an open angle pre-
operatively. Different pigmentations could be observed



Wang et al. BMC Ophthalmology (2024) 24:533

covering the trabecular meshwork in different individu-
als. Multiple iris processes were commonly observed
crossing the scleral spur. At the follow-up after the GATT
surgery, gonioscopy showed a wide-open angle and a
good visualization of the posterior wall of the Schlemm’s
canal (Supplemental File 4). Several participants had
blood in their Schlemm’s canal. During follow-up, dif-
ferent extents of peripheral anterior synechiae formation
were observed in the angle after GATT surgery.

Operation time

The mean operation time in the GATT group was
significantly shorter than that in the TRAB group
(30.60+11.67 vs. 37.26+11.75 min, P=0.020). The opera-
tion time was not affected by the history of antiglau-
coma surgery in either the GATT group (31.44%13.55 vs.
29.18+7.80 min, P=0.621) or TRAB group (37.40+12.40
vs. 36.25£556 min, P=0.936). The mean opera-
tion times differed significantly between the first and
last five patients in the GATT group (46.00+10.25 vs.
27.00+5.70 min, P=0.018).

Trabecular meshwork incision range

In the GATT group, 25 eyes (83.33%) completed a 360°
trabecular meshwork incision. Among the five eyes that
did not complete the 360° incision, one eye had a his-
tory of antiglaucoma surgery; three, one, and one eye
had 270°, 240°, and 180° incisions, respectively. The inci-
sion range of the trabecular meshwork did not differ sig-
nificantly between patients with or without a history of
antiglaucoma surgery (339.47+41.30° vs. 343.64+54.27°,
P=0.486).

Surgical complications and success rates

No intraoperative complications were observed in either
group. Furthermore, the frequency of surgical com-
plications did not differ significantly between the two
groups at 12 months postoperatively (P=0.986). The
main surgical complications in the GATT and TRAB
groups were hyphema and bleb-related complications
(Supplemental File 5), respectively (Table 4). During the

Table 4 Incidence of postoperative complications in the two
treatment groups

Postoperative complications, n (%) GATT TRAB
Hyphema 4(13.33%) 0
Transient ocular hypertension 2 (6.67%) 0
Filtration bleb-related complications 0 5(14.71%)
Hypotony 1(3.33%) 1 (2.94%)
Malignant glaucoma 0 1 (2.94%)
Uncontrolled IOP 1(3.3%) 2 (5.88%)
Total 8 (26.67%) 9(26.47%)

GATT, gonioscopy-assisted transluminal trabeculotomy; IOP, intraocular
pressure; TRAB, trabeculectomy
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follow-up period, in the TRAB group, secondary surgi-
cal procedures were performed in three eyes (8.82%): one
eye underwent anterior vitrectomy because of malignant
glaucoma at 1 week postoperatively, one eye underwent
GATT at 2 months postoperatively, and one eye under-
went repeated TRAB at the 6-month follow-up owing
to uncontrolled IOP despite medical treatment. In the
GATT group, one eye (3.3%) underwent TRAB at the
1-month follow-up. These cases were considered treat-
ment failures and were excluded from the analysis after
subsequent intervention.

The results of the survival analysis demonstrated
no significant difference in the probability of success
between the two groups (P=0.605). The probabilities of
success after 12 months were 70% (95% CI=52.6—87.4%)
and 76.5% (95% CI=61.4-91.5%) for TRAB and GATT,
respectively (Fig. 1). The complete and qualified suc-
cess rates in the GATT group were 53.3% (16 eyes) and
70% (21 eyes) at 12 months postoperatively, respectively,
whereas those in the TRAB group were 55.9% (19 eyes)
and 76.5% (26 eyes), respectively. The complete and qual-
ified success rates did not differ significantly between the
two groups (P=0.838 and 0.559, respectively).

Discussion

The present study investigated and compared the clini-
cal effects of GATT and TRAB for the treatment of
POAG during a 12-month postoperative follow-up
period. GATT and TRAB exhibited similar efficacies in
lowering IOP, reducing medication use, and preserving
visual fields. The occurrence of surgical complications
and success rates at 12 months did not differ signifi-
cantly between the two procedures. Specific complica-
tions varied, with the most common complications being
hyphema in the GATT group and bleb-related complica-
tions in the TRAB group.

The primary target of antiglaucoma procedures in
patients with POAG is reducing the IOP. Multiple stud-
ies have confirmed the ocular hypotensive effects of
GATT [20, 21]. Fontana et al. reported that the IOP-
lowering effect of TRAB for OAG in the late postopera-
tive period (18 months) was better than that of GATT in
some patients undergoing concomitant cataract surgery
[18]. Another study demonstrated better IOP reduction
for early postoperative TRAB combined with cataract
surgery; however, GATT combined with cataract surgery
had a better ocular hypotensive effect at 12 months post-
operatively [19]. Thus, controversy exists regarding the
efficacy of GATT and TRAB for the treatment of OAG,
and no study specific to POAG patients has compared
these two procedures. Combined cataract surgery may
have an important influence on the outcomes, consider-
ing the additional IOP-lowering effect of cataract surgery
[22]. In this study, we excluded patients who underwent
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Fig. 1 Kaplan—-Meier curves showing the probabilities of surgical success versus months of follow-up. The Logrank statistical test was used. Eyes were
classified as failures if IOP decreased >20% from baseline or the absolute IOP was <21 mm Hg. The solid line and dashed line represent patients treated
with gonioscopy-assisted transluminal trabeculotomy (GATT) and trabeculectomy (TRAB), respectively

TRAB or GATT combined with any other procedure,
including cataract extraction, which may explain the
younger age and phakic status of our patient popula-
tion. To the best of our knowledge, this is the first study
to compare the effects of GATT alone and TRAB alone
for the treatment of POAG. Our results demonstrated
similar postoperative IOP and its reduction between the
two groups during the entire follow-up period, except for
postoperative day 1, where the IOP of the TRAB group
was higher than that of the GATT group. The two groups
showed no significant differences in the number of IOP-
lowering medications used pre- and post-operatively.
Furthermore, both surgeries significantly reduced the
number of medications used within 12 months postop-
eratively, consistent with previously reported clinical
research findings [18].

Examination of the visual field is the most common
functional assessment used in glaucoma, with a smaller

visual field MD indicating greater damage. The visual field
protective effect of both GATT and TRAB has been indi-
cated in several studies [8, 23]. Fontana et al. reported no
change in visual field loss in patients undergoing GATT
and TRAB [18]. However, refractive interstitial clouding,
such as cataracts, can affect the accuracy of visual field
MD measurements, rendering combined cataract sur-
gery a confounding factor in comparing changes in visual
field MD before and after antiglaucoma surgery [24]. The
present study excluded the influence of cataract extrac-
tion, and GATT and TRAB showed comparable visual
field protective effects at 12 months postoperatively.
RNEFL thickness is a sensitive indicator of glaucoma-
tous optic nerve damage [25]. In contrast to the visual
field results, our follow-up results showed that the RNFL
thickness of the GATT group was lower at 12 months
postoperatively than preoperatively, although the RNFL
thickness was comparable between the GATT and TRAB
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groups pre- and post-operatively. Damage to the RNFL
may precede measurable changes in the visual field after
GATT; however, no previous studies have investigated
visual field and RNFL thickness changes after GATT
surgery. These inconsistent changes demonstrated for
the first time in the present study suggest that RNFL
thickness and visual field sensitivity should be carefully
assessed and integratively analyzed during the follow-up
after GATT or TRAB surgeries. Accordingly, adjusting
the target IOP and identifying other glaucoma risk fac-
tors may reflect the different reasons for glaucoma pro-
gression and guide the selection of appropriate treatment
interventions.

In the present study, the operation times of GATT were
shorter than those of TRAB, suggesting that GATT is a
relatively time-saving procedure. The operation time for
the last five cases of GATT was significantly lower than
that for the first five cases of GATT, indicating that while
GATT requires a learning curve, it constitutes a relatively
easy-to-learn technique. Patterson et al. also reported
that senior residents could safely and effectively perform
GATT [26].

Patients with prior glaucoma surgery were included
in this study to evaluate the effect of previous antiglau-
coma surgeries on the efficacy of the current procedures.
GATT was proven to be a safe and effective treatment
for patients with refractory OAG who have failed vari-
ous previous glaucoma surgeries [12, 27]. GATT has
since become our first choice for patients with refractory
POAG. In the present study, no statistically significant
difference was observed regarding the history of antiglau-
coma surgery between the GATT and TRAB groups, and
the previous antiglaucoma surgery did not significantly
affect the operation time, trabecular mesh incision range,
12-month postoperative IOP, or IOP reduction in either
the GATT or TRAB group (P>0.05).

The complication rates were similar between GATT
and TRAB (26.67% vs. 26.47%). Hyphema was the most
common surgical complications after GATT [11, 28],
whereas the most common surgical complications in the
TRAB group were filtering bleb-related complications,
including early excessive filtration and long-term hypo-
filtration, which often result from scarring of the filtra-
tion channel [29]. The results of the present study are
consistent with those of previous reports, with hyphemas
occurring in four eyes (13.33%) in the GATT group and
filtration bleb-related complications occurring in five
eyes (15.41%) in the TRAB group. In the GATT group,
no vision-threatening complications occurred during
the surgeries or follow-up period. Malignant glaucoma
occurred in one eye in the TRAB group. Mydriasis and
anti-inflammatory treatments were administered, and
phacoemulsification combined with anterior vitrec-
tomy resulted in the resolution of the condition. The
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reoperation rates of GATT are reportedly 9% after 6
months of follow-up [11] and 14.8% after 18 months
of follow-up, whereas the reoperation rate of TRAB is
reportedly 8.2% [18]. In the present study, one eye (3.3%)
in the GATT group required repeat antiglaucoma surgery
during the follow-up period, whereas three eyes (8.82%)
in the TRAB group underwent repeat surgery. The differ-
ence was not statistically significant (P=0.365), verifying
the comparable safety of GATT and TRAB.

The complete and qualified surgical success rates were
comparable between the two groups, with some factors
significantly affecting the success rate. GATT is an out-
flow procedure designed to improve drainage into the
patient’s natural drainage system, which was confirmed
using gonioscopy to observe the opening status of the
trabecular cleft [11]. The EVFW is reported to be a prog-
nostic indicator for the success of GATT surgery since
the trabeculotomy is circumferential, allowing access to
all collecting channels [30, 31]. The EVEW was observed
in most patients who underwent GATT surgery in this
study. The long-term success of TRAB primarily depends
on developing a functioning filtering bleb to achieve sub-
conjunctival flow [8], which was recorded in the TRAB
group.

This study had some limitations. Firstly, the sample
size was limited due to the single-centre study design
and the exclusion of patients who had undergone com-
bined surgery. Second, the follow-up period was rela-
tively short and participants were limited to patients with
POAG. Thirdly, the non-randomised nature of the study
limits the interpretation of the comparative data. Large
randomised trials with longer follow-up to compare the
therapeutic effects of GATT and TRAB in various OAG
are our future research directions.

In conclusion, to the best of our knowledge, this is
the first study to compare the effects of GATT alone
and TRAB alone for the treatment of POAG, with the
simultaneous detection of structural and functional
changes using the visual field and RNFL thickness. GATT
showed comparable efficacy to TRAB for the treatment
of POAG during the 12-month postoperative follow-up
period, including lowered IOP, reduced medication use,
preserved visual fields, and safety. However, TRAB was
superior at mitigating RNFL damage, whereas GATT was
minimally invasive and had a shorter procedure time.
The types of complications differed between the two pro-
cedures, with the complications of the GATT procedure
being primarily hyphema-related and those of the TRAB
primarily bleb-related. Our results suggest that GATT is
a safe, effective, time-saving and minimally invasive sur-
gical option for the treatment of POAG, which will be
beneficial to ophthalmologists in making clinical deci-
sions when treating patients with POAG.
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EVFW  Episcleral venous fluid wave

GATT Gonioscopy-assisted transluminal trabeculotomy
IOP Intraocular pressure

MD Mean deviation

oCT Optical coherence tomography

POAG  Primary open-angle glaucoma
RNFL Retinal nerve fiber layer

TRAB Trabeculectomy

VF Visual field
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Supplemental file 1: Representative images of the episcleral venous fluid
wave examination during gonioscopy-assisted transluminal trabecu-
lotomy (GATT) surgery (Description of data: A: Intraoperative appearance
of episcleral veins when there is no flow in the anterior chamber. Blood
(white arrow) refluxes into the anterior chamber with low IOP. Episcleral
veins appeard dilated and twisted and merged with the conjunctival
plexus (black arrows). B: The BSS fluid surge produced a marked fluid wave,
and the episcleral venous plexus showed blanching (black arrows). The
upper 4 black arrows designated thinning and stiffness of episcleral veins;
the lowering 4 horizontal black arrows showed the invisible episcleral
venous plexus due to the fluid wave of BSS flushing. C: The black arrows
pointed to multiple slender superficial episcleral veins before BSS flushing.
D:The black arrows indicated the location of the corresponding black ar-
rows in C, however, the vessels were no longer visible at maximal irrigation
of the anterior chamber)

Supplemental file 2: Pre- and postoperative IOP values and reduction with
or without previous antiglaucoma surgery (Description of data: History

of previous glaucoma surgery did not affect preoperative IOP, 12-month
postoperative I0P, IOP reduction, or range of IOP reduction in the GATT
and TRAB groups)

Supplemental file 3: Representative images of the angles by gonioscopy
in primary open-angle glaucoma individuals before surgery (Description
of data: A: Gonioscopic photograph showed a normal open angle, trace
pigmentation in the posterior trabecular meshwork and normal insertion
of the iris into a narrow ciliary body band. B: Open angle with brown pig-
ment covering the trabecular meshwork. C: Multiple iris processes were
observed in the angle. D: Gonioscopic photograph shows mild pigmenta-
tion of the trabecular meshwork)

Supplemental file 4: Representative images of the angle by gonioscopy in
primary open-angle glaucoma individuals after GATT surgery (Description
of data: A-C: gonioscopy showed a wide open angle and a good visualiza-
tion of the posterior wall of the Schlemm'’s canal. D: Blood was seen in
Schlemm’s canal after trabeculectomy. E, F: Gonioscopy photograph
showed localized peripheral anterior synechiae formation (arrow) in the
angle after GATT surgery

Supplemental file 5: Representative images of the filtration blebs obtained
by photographs (A, B, C) and slit-lamp examination (D, E, F) in individuals
after TRAB surgery (Description of data: A, D: the filtration bleb was bulged
and well diffused. B, E: the filtration bleb showed a multi-cavity thin-walled
shape. C, F: scar-type filtration bleb showed scarring and a large number
of blood vessels)
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