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ABSTRACT

Introduction: Goniosynechialysis (Phaco-GSL)
is a logical therapeutic approach for patients
with primary angle-closure glaucoma (PACG)
and cataract. The aim of this study was to
compare the long-term effectiveness and safety
of Phaco-GSL and trabeculectomy (TRB) in the
management of PACG with coexisting cataract.
Methods: A review was conducted on 96 Chi-
nese patients (96 eyes) with PACG and cataract
from Peking Union Medical College Hospital
(PUMCH). Among them, 56 patients underwent
Phaco-GSL, while 40 underwent TRB. Intraocu-
lar pressure (IOP), best corrected visual acuity
(BCVA), use of supplemental antiglaucoma
medical therapy, surgery success rates, and
complications for both procedures were
assessed.
Results: The average follow-up period was
50.3 ± 18.7 months in the Phaco-GSL group
and 61.2 ± 15.1 months in the TRB group. At

the final follow-up, IOP decreased from
27.0 ± 11.1 mmHg to 13.5 ± 2.1 mmHg in the
Phaco-GSL group and in the TRB group IOP
decreased from 27.1 ± 7.7 mmHg to
16.5 ± 5.5 mmHg. The long-term postoperative
IOP in the Phaco-GSL group was significantly
lower than that in the TRB group. There was a
statistically significant reduction in medication
usage in both groups, with the TRB group hav-
ing a higher number of postoperative medica-
tions at the final follow-up. The incidence of
postoperative complications was significantly
higher in the TRB group compared to the
Phaco-GSL group.
Conclusions: Phaco-GSL is the recommended
surgical approach for Chinese patients with
primary angle-closure glaucoma (PACG) and
cataract. Compared to traditional TRB, eyes
undergoing Phaco-GSL show a reduced
requirement for antiglaucomatous medications,
improved management of IOP, decreased risk of
complications, and higher long-term cumula-
tive probability of treatment success for
patients with PACG.
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Key Summary Points

Why carry out this study?

Primary angle-closure glaucoma (PACG) is
a leading cause of blindness in Asia.
Trabeculectomy (TRB) is a traditional
method used to establish external
filtration bleb for the treatment of PACG,
but it carries the risk of complications.
Phacoemulsification combined with
goniosynechialysis (Phaco-GSL) has
offered a rational therapeutic approach to
restore the physiological internal drainage
pathway for patients with PACG and
cataracts.

This study aimed to compare the long-
term efficacy and safety of Phaco-GSL and
TRB as surgical approaches for Chinese
patients with PACG, addressing the
limited literature comparing their long-
term outcomes.

What was learned from the study?

Phaco-GSL emerges as the recommended
surgical approach for Chinese patients
with PACG and cataracts.

Compared to traditional TRB, eyes
undergoing Phaco-GSL demonstrate a
decreased reliance on antiglaucomatous
medications, improved management of
intraocular pressure, reduced risk of
complications, and higher long-term
cumulative probability of positive
outcomes.

INTRODUCTION

Angle-closure glaucoma is a leading cause of
blindness in Asia [1, 2], characterized by struc-
tural damage to the anterior chamber (AC)
angle and optic nerve and associated visual
dysfunction [3, 4]. Primary angle-closure glau-
coma (PACG) is characterized by the permanent

closure of the AC angle, resulting from apposi-
tional or synechial adhesion of the peripheral
iris to the trabecular meshwork (TM) [5–7]. The
gradual increase in intraocular pressure (IOP)
due to the closure of the AC angle can lead to
irreversible blindness [3, 7]. Trabeculectomy
(TRB) is a conventional treatment strategy for
patients with PACG with extensive synechial
angle closure or peripheral anterior synechiae
(PAS). However, it carries the risk of various
complications, including hypotony, flattening
of the AC, choroid detachment, leakage, and
infection of the filtration bleb, some of which
can be sight-threatening [7–9].

Cataract extraction alone can reverse the
anatomic predisposition to angle closure, but it
does not address the issue of PAS. Increasing
evidence has demonstrated that combining
goniosynechialysis with phacoemulsification
(Phaco-GSL) is an effective procedure for
relieving pupillary block and deepening the
depth of AC by removing the lens. Meanwhile,
this technique also allows for the dissection of
PAS by separating the peripheral iris from the
AC angle wall, reopening the closed angle, and
restoring physiological trabecular outflow [10].
Phaco-GSL is a logical therapeutic approach for
patients with PACG and cataracts. It is known
to improve IOP control with minimal compli-
cations and has gradually been adopted by
many glaucoma surgeons [11–13].

Considering the limited availability of liter-
ature comparing long-term outcomes between
Phaco-GSL and TRB, we conducted the present
study to compare the long-term efficacy and
safety of these two surgical approaches in Chi-
nese patients with PACG.

METHODS

This retrospective comparative study was con-
ducted at a single center. The study protocol
was approved by the Institutional Review Board
of Peking Union Medical College Hospital (s-
k1352), and it adhered to the principles out-
lined in the Declaration of Helsinki. Written
informed consent was obtained from all sub-
jects after an explanation of the nature of the
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study before their participation in the surgical
procedures of this study.

A total of 56 patients (56 eyes) with PACG
and coexisting cataract who had undergone
Phaco-GSL, along with 40 patients (40 eyes)
who underwent TRB, were enrolled in this
study. They were followed up postoperatively at
PUMCH in Beijing, PR China. The inclusion
criteria were as follows: (1) age C 40 years; (2)
diagnosis of PACG with definitive glaucoma-
tous optic neuropathy (GON) and associated
visual field (VF) defects; (3) presence of coex-
isting cataract with nuclear sclerosis, cortical
cataract, or subcapsular cataract, with best cor-
rected visual acuity (BCVA) of 0.5 (LogMAR), or
worse, or impact on daily activities; (4) elevated
IOP ([21 mmHg) with or without other
antiglaucoma medications; (5) confirmation of
synechial angle closure occluding[180 degrees
of the angle, as verified by indentation
gonioscopy.

The exclusion criteria for this study were as
follows: (1) secondary angle-closure glaucoma;
(2) a history of prior eye surgery or ocular
trauma; (3) severe systemic diseases such as
uncontrolled diabetes; (4) the presence of con-
current retinal or optic neuropathy, ocular
neovascularization diseases, or other oph-
thalmic conditions apart from glaucoma and
cataract; (5) long-term use of topical or systemic
steroids.

BCVA, IOP measured using a Goldmann
applanation tonometer, number of antiglau-
coma medications, presence of synechial/appo-
sition angle closure observed through
gonioscopy, slit-lamp examination, and fundus
examination, and the mean defect (MD) of the
VF measured using a standard automated
perimeter (Octopus Field Analyzer 101;
Switzerland) were assessed before the surgery,
during follow-up and at the final follow-up
evaluation. Based on the value of MD of VF,
patients were divided into three groups:
patients with a mild defect (MD C - 6 dB),
patients with moderate defect
(- 12 dB B MD\ - 6 dB), and patients with
advanced defect (- 20 dB B MD\ - 12 dB).

Surgical Technique

The surgeries were typically conducted using
surface anesthesia with oxybuprocaine
hydrochloride eye drops. In some cases, patients
undergoing TRB received subconjunctival
anesthesia in the operative field using 2% lido-
caine without epinephrine. Patients with a VF
radius of B 10 degrees or a cup-to-disc area ratio
of C 0.9 underwent the procedure under gen-
eral anesthesia.

Phaco-GSL Procedure

Standard phacoemulsification was performed
through a 2.4-mm clear corneal incision at the
11 o’clock position, followed by posterior
chamber intraocular lens (IOL) implantation. A
dense viscoelastic substance was injected into
the AC, and using the tension and thrust pro-
vided by the viscoelastic agent, the iris foot of
the appositional PAS was pressed down until the
TM was visible under direct guidance from the
intraoperative gonioscope (VOLK). The
goniosynechialysis spatula and Phaco-Emulsi-
fier aspirator accessories were selectively used in
areas with tightly adherent PAS. It was prefer-
able to achieve an opening angle of no less than
2708 with a clearly visible ciliary body band. The
superior quadrant, which often presented tech-
nical challenges, was commonly left untreated.
The Phaco-GSL procedure was performed gently
to avoid mechanical damage to the iris or
bleeding. Complete separation of PAS from all
angles was not recommended. After the proce-
dure, the viscoelastic substance was thoroughly
removed, and paracenteses were hydrostatically
sealed.

TRB Procedure

TRB was performed following the technique
described by Carins [14]. A superior fornix-
based conjunctival flap was created to expose
the sclera. A 4 9 4-mm scleral flap, dissected at
1/3 thickness and based on the limbus, was
prepared. A 1 9 2-mm block of tissue was
removed just anterior to the scleral spur to
access AC, followed by a peripheral iridectomy.
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The superficial flap was repositioned and
secured using two fixation sutures and two
adjustable sutures (10/0 nylon). The conjunc-
tiva was tightly closed with 10/0 nylon sutures
to ensure watertightness. Mitomycin C (MMC)
was applied using soaked sponges under the
scleral flap and conjunctiva (at a concentration
of 0.04% and duration 1–2 min under the flap
and 1 min under the conjunctiva).

All surgeries were performed by an experi-
enced doctor proficient in both cataract and
glaucoma surgery. The doctor strictly adhered
to the standard protocol for each surgery.

Postoperatively, patients in both groups
received treatment according to the following
regimen: 1% prednisolone acetate drops (Pred
Forte; Allergan, Irvine, CA) six times daily, with
the dose gradually tapered over a minimum of 4
weeks. Additionally, ofloxacin ophthalmic
solution (Santen Pharmaceutical Co., Osaka,
Japan) was administered four times daily for 3
weeks. In the Phaco-GSL group, 2% pilocarpine
was administered each night for at least 2
weeks. In the TRB group, atropine was added
three times daily for a period of 1 to 4 weeks.

In the Phaco-GSL group, subsequent tra-
beculectomy with MMC was indicated if the
IOP increased to more than 21 mmHg despite
maximally tolerated medications. In the TRB
group, suture lysis was performed if there was
no bleb and IOP increased beyond 21 mmHg
within 1 month after surgery. If IOP elevation
was [ 21 mmHg and the filtering bleb was
encysted or showed signs of fibrosis, a needling
procedure was carried out followed by a sub-
conjunctival and subscleral injection of 5-fluo-
rouracil (5 mg once daily for 3–5 consecutive
days, depending on clinical response).
Antiglaucoma medication was be resumed
based on the IOP level. Any postoperative
complications were recorded if present.

‘‘Complete success’’ was defined as IOP val-
ues ranging between 5 and 18 mmHg with a
reduction of C 20% without the need for addi-
tional hypotensive medications or reoperation
for glaucoma. ‘‘Qualified success’’ was defined as
the same outcome, however, including subjects
who required hypotensive medications
postoperatively.

Statistical Analysis

All analyses were conducted using SPSS Statis-
tics Premium v21 (IBM Corp., Armonk, NY,
USA). Descriptive statistics are presented as
means ± standard deviation (SD) for continu-
ous variables, medians, and interquartile range
for continuous variables with non-normal dis-
tribution and n (%) for categorical variables.
Normality of data was assessed using the Kol-
mogorov-Smirnov test, and parametric or non-
parametric tests were applied accordingly.
Associations between two categorical variables
were analyzed using the chi-squared test or
Fisher’s exact test when any cell value was\5 in
cross tabulations. Continuous parameters were
compared between the two groups using Mann-
Whitney tests or t-tests. Repeated measure-
ments of quantitative variables were compared
using paired t-tests (for normally distributed
differences in both groups) or Wilcoxon paired
signed rank tests (otherwise). Kaplan-Meier
survival analysis was performed to evaluate the
cumulative probability of surgery success. BCVA
was expressed as the logarithm of the minimal
angle of resolution (LogMAR) for statistical
analysis. Statistical significance was defined as
P\ 0.05.

RESULTS

A total of 96 eyes from 96 patients were inclu-
ded in the study. Among them, 56 eyes under-
went Phaco-GSL, while 40 eyes underwent TRB.
No statistically significant differences were
observed between the two groups in terms of
age, sex, baseline IOP, BCVA, axial length, pro-
portion of VF, number and duration of preop-
erative antiglaucoma medication, and extent of
PAS (P[0.05), except for the follow-up time, as
shown in Table 1.

The average follow-up period was
50.3 ± 18.7 months for the Phaco-GSL group
and 61.2 ± 15.1 months for the TRB group.
Both groups showed a significant reduction in
IOP from baseline (P\ 0.001). At the final fol-
low-up, the mean IOP decreased from
27.0 ± 11.1 mmHg to 13.5 ± 2.1 mmHg in the
Phaco-GSL group and from 27.1 ± 7.7 mmHg
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to 16.5 ± 5.5 mmHg in the TRB group. During
the early postoperative period, the IOP in the
TRB group was significantly lower than that in
the Phaco-GSL group at 1 day, 1 week, and
1 month post-operation (P\0.01). However,
the decrease in IOP in the Phaco-GSL group
demonstrated a gradual trend, with no signifi-
cant difference between the two groups from 3
to 18 months after the surgery. However, at the
24-month mark, the IOP in the TRB group was
higher than that in the Phaco-GSL group. As a
matter of fact, at the final follow-up, the IOP in
the TRB group was significantly higher than
that in the Phaco-GSL group (P\ 0.001). The
mean fluctuation in IOP reduction at the final
follow-up was 44.4% (95% confidence interval
[15], 38.3–50.4) in the Phaco-GSL group, while
it was 41.5% (95% confidence interval [15],
35.3–47.8) in the TRB group (Table 2).

At the final follow-up, the complete success
rates and qualified success rates were 53.6% (30/
56) and 92.8% (52/56), respectively, in the
Phaco-GSL group, whereas in the TRB group,
they were 37.5% (15/40) and 70.0% (28/40),
respectively. Kaplan-Meier survival analysis
revealed a higher cumulative probability of
success in the Phaco-GSL group compared to
the TRB group (P = 0.014, log-rank test) (Fig. 1).

The number of antiglaucoma medications
per patient decreased significantly in both
groups, from two to four medications to 0–2
medications (P\ 0.001). Moreover, there was a
notable difference in the number of therapeutic
medications used between the two groups at the
final follow-up (Table 3).

At the final follow-up, a remarkable
improvement in BCVA (logMAR) was observed
in the Phaco-GSL group compared to baseline

Table 1 Demographic characteristics

Phaco-GSL TRB P value

N (%) 56 (58.3) 40 (41.7)

Male N (%) 25 (44.6) 24 (60.0) 0.547*

Age (mean �SD; yearsÞ 58.7 � 5.5 57.� 12.2 0.326�

Pre-IOP (mean �SD; mm Hg) 27.0 � 11.1 27.1 �7:7 0.591�

Axial length (mean �SD; mm) 22.8 � 1.2 22.7 � 1.1 0.995�

Pre-medications [M (Q1, Q3)] 3 (3,4) 4 (3,4) 0.088�

Medication duration [M (Q1, Q3)]; ðmonths) 48 (42,60) 36 (16,60) 0.236�

Pre-Op BCVA (LogMAR) (mean �SDÞ 0.4 �0:2 0.3 �0:2 0.218�

Pre-Op PAS [M (Q1, Q3)]; ðdegrees) 270 (180,360) 180 (180,300) 0.205�

Pre-Op VF

Mild 12 8 0.347

Moderate 16 8 0.096

Advanced 28 24 0.581

Follow-up duration (mean �SD; months) 50.3 � 18.7 61.2 � 15.1 0.003�

Phaco-GSL goniosynechialysis combined with phacoemulsification, TRB trabeculectomy, IOP intraocular pressure, PAS
peripheral anterior synechiae; BCVA best corrected visual acuity, VF visual field, SD standard deviation, M median, Q1
lower quartile, Q3 upper quartile
*Chi-squared test
�t test
�Wilcoxon two-sample test
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(0.4 ± 0.2 vs 0.2 ± 0.2, t = -5.883, P\0.001).
However, in the TRB group, no significant dif-
ferences were observed when comparing pre-
and postoperative visual acuity (0.3 ± 0.2 vs
0.3 ± 0.2, t = 0.488, P = 0.700).

Intraoperative complications, such as
hyphema and aqueous misdirection, were
observed in both groups. In the Phaco-GSL
group, mild hyphema was mainly attributed to
the separation of PAS, and effective compres-
sion hemostasis was achieved using viscoelastic
agents. One patient in the TRB group experi-
enced hyphema resulting from iridectomy.
Moreover, two patients in the Phaco-GSL group
encountered posterior capsule rupture, and
IOLs were successfully implanted in the ciliary
sulcus.

In the early postoperative period, corneal
edema was observed in six patients in the
Phaco-GSL group and two patients in the TRB
group. In these cases, close observation was

deemed appropriate. Shallow AC, choroidal
detachment, and hypotony were common and
severe complications in the TRB group, neces-
sitating careful monitoring and specific treat-
ments. Additionally, one case of malignant
glaucoma occurred in each group, and both
were successfully relieved by relaxing the ciliary
muscle with atropine and performing combined
intravitreal puncture.

In the long term after surgery, PAS recur-
rence was observed in eight patients from the
Phaco-GSL group. Fortunately, no IOP rebound
was reported following observation or the
administration of anti-glaucoma drugs. On the
other hand, in the TRB group, common long-
term complications included bleb-related com-
plications and cataract progression.

There were no significant differences in
intraoperative complications between the two
groups. However, the incidence of complica-
tions was significantly higher in the TRB group

Table 2 IOP at baseline and following Phaco-GSL and TRB

IOP (mmHg) Phaco-GSL (mean – SD) (n) TRB (mean – SD) (n) P value

Preoperatively 27.0 ± 11.1(56) 27.1 ± 7.7(40) 0.953

1 day 21.1 ± 9.1(56) 10.4 ± 4.7(40) \ 0.001

1 week 15.6 ± 3.9(56) 9.7 ± 4.2(40) \ 0.001

1 month 15.2 ± 3.7(54) 13.1 ± 4.0(40) 0.004

3 months 14.1 ± 2.7(54) 13.2 ± 3.5(38) 0.227

6 months 14.4 ± 2.7(56) 13.8 ± 4.0(37) 0.450

12 months 14.0 ± 3.1(50) 14.3 ± 3.6(39) 0.675

18 months 13.4 ± 2.6(36) 14.2 ± 3.2(32) 0.176

24 months 13.2 ± 2.1(49) 15.4 ± 4.8(30) 0.009

36 months 13.6 ± 2.1(51) 16.2 ± 6.5(38) 0.012

48 months 13.7 ± 2.3(48) 14.8 ± 4.8(32) 0.353

60 months 13.1 ± 1.9(39) 15.8 ± 6.9(27) 0.082

72 months 12.1 ± 2.5(31) 15.7 ± 5.5(24) 0.095

84 months 11.0 ± 1.2(24) 14.7 ± 2.4(20) 0.10

Final follow-up 13.5 ± 2.1 16.5 ± 5.5 \ 0.001

Phaco-GSL goniosynechialysis combined with phacoemulsification, TRB trabeculectomy, IOP intraocular pressure, SD
standard deviation
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compared to the Phaco-GSL group during both
the early and late postoperative periods
(Table 4).

DISCUSSION

TRB and Phaco-GSL are both commonly used
surgical procedures for treating PACG with cat-
aract. TRB involves creation an additional arti-
ficial filtering pathway, but it is often associated
with a higher incidence of postoperative com-
plications. In contrast, Phaco-GSL has been
developed as a safer and better-received surgical
intervention for patients with PACG. Its pri-
mary objective is to deepen the AC and reopen
the anterior drainage angle. By stripping the
PAS from the angle wall, Phaco-GSL aims to
restore the normal physiological function of
aqueous outflow. However, recent meta-analy-
ses and multicenter studies have produced
inconsistent results [16–19]. We believe that
this inconsistency may be attributed to various
factors, such as differences in surgical proce-
dures and perioperative management, which
must not be overlooked.

In this study, both groups demonstrated a
significant decrease in IOP from baseline, with a

Fig. 1 Kaplan-Meier survival analyses comparing the success rates between the Phaco-GSL group and the TRB group.
Phaco-GSL phacoemulsification combined with goniosynechialysis, TRB trabeculectomy

Table 3 Number of antiglaucoma medications before and
after surgery in Phaco-GSL and TRB group

Glaucoma
medications

Phaco-GSL
[Median (Q1,
Q3)]

TRB
[Median
(Q1, Q3)]

P value

Preoperatively 3(3,4) 4 (3,4) 0.088

Final follow-

up

1(0,1) 1(0,2) 0.027

Phaco-GSL goniosynechialysis combined with pha-
coemulsification, TRB trabeculectomy, Q1 lower quartile,
Q3 upper quartile
Wilcoxon paired signed rank test between baseline and
post-baseline values
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notable trend towards better IOP outcomes
observed in the Phaco-GSL group. Specifically,
the Phaco-GSL group exhibited a significantly
lower postoperative IOP and a greater IOP
reduction at the final follow-up compared to
the TRB group. The postoperative IOP in the
Phaco-GSL group decreased steadily and exhib-
ited a safer profile, in contrast to the rapid drop
observed in the TRB group. Kaplan-Meier sur-
vival analysis indicated that the long-term sur-
gical success rate of Phaco-GSL was superior to
that of TRB. Tsai et al. [20] reported that com-
bined phaco-trabeculectomy had similar effects
on lowering IOP compared to trabeculectomy
alone. In a meta-analysis conducted by Liu
et al., which combined data from phaco-tra-
beculectomy and trabeculectomy, the pooled
results demonstrated that Phaco-GSL had an

equivalent ability to lower IOP as Phaco-tra-
beculectomy/trabeculectomy [18]. Notably,
previous studies had a follow-up duration of no
more than 3 years. In this study, we conducted a
longer postoperative follow-up, and the TRB
group exhibited noticeably higher postopera-
tive IOP compared to the Phaco-GSL group. We
believe this difference may be related to long-
term subconjunctival fibrosis after the TRB sur-
gery [21].

Our findings present compelling evidence
that both Phaco-GSL and TRB procedures
resulted in a reduction in the number of
antiglaucoma medications required by the
patients. This result is consistent with previous
studies that compared Phaco-GSL with Phaco-
TRB [8]. Furthermore, a significant difference in
the number of therapeutic medications was

Table 4 Surgical complications associated with Phaco-GSL and TRB

Complications Phaco-GSL n (%) TRB n (%) P value

Intraoperative

Posterior capsule rupture 2 (3.6) 0 (0) 0.227

Hyphema 12 (21.4) 8 (20.0) 0.865

Aqueous misdirection 3 (5.3) 1 (2.5) 0.490

Total 17 (30.3) 9 (22.5) 0.393

Early postoperative (1 day to 1 month)

Corneal edema 6 (10.7) 2 (5) 0.318

Shallow anterior chamber 1 (1.7) 8 (20) 0.003

Choroidal detachment 0 (0) 7 (17.5) 0.001

Hypotony 0 (0) 9 (22.5) \ 0.001

Malignant glaucoma 1 (1.7) 1 (2.5) 0.662

Total 8 (14.3) 27 (67.5) \ 0.001

Long-term postoperative ([ 1 month)

Bleb scarring/cystic bleb 0 (0) 14 (35) \ 0.001

Peripheral anterior synechiae 8 (14.3) 8 (19) 0.459

Cataract development and progression 0 (0) 12 (30) \ 0.001

Endophthalmitis 0 0 1.000

Total 8 (14.3) 34 (85) \ 0.001

Phaco-GSL goniosynechialysis combined with phacoemulsification, TRB trabeculectomy

430 Ophthalmol Ther (2024) 13:423–434



observed between the two groups at the final
postoperative follow-up. Specifically, the Phaco-
GSL group maintained a lower IOP with fewer
antiglaucoma medications compared to the TRB
group.

Due to the unique anatomical characteristics
of Chinese patients with PACG, including
shallow AC, short axial length, more extensive
and tightly adherent PAS, plateau iris configu-
ration, thicker and anteriorly rotated ciliary
body, constricted pupils, and zonular dialysis,
Phaco-GSL surgery presents relatively greater
challenges. The complexity of these cases
demands a high level of surgical skill and
experience to navigate through potential com-
plications and ensure optimal outcomes. By
recognizing and addressing these specific chal-
lenges, surgeons can enhance the safety and
effectiveness of Phaco-GSL surgery for patients
with PACG.

In this study, posterior capsule rupture
occurred in two patients, and the IOL was
implanted in the ciliary sulcus in the Phaco-GSL
group. This, to some extent, resulted in an ele-
vation of postoperative inflammatory response
and an increased likelihood of PAS recurrence.

There is a relatively high risk of developing
aqueous misdirection and malignant glaucoma
in patients with PACG [22]. During the surgery
in the Phaco-GSL group, three patients experi-
enced aqueous misdirection, leading to the
inability to form AC and a sustained increase in
IOP. To address this condition, we performed
ocular digital massage and pars plana puncture,
effectively controlling the situation and pre-
venting postoperative malignant glaucoma. In
some cases, anterior vitrectomy was also neces-
sary to manage the condition effectively.

We believe that preoperative ultrasound
biomicroscopy (UBM) examination is beneficial
in evaluating the condition of the ciliary body
and posterior chamber, enabling the prospec-
tive identification of patients who may be prone
to malignant glaucoma. Prior to surgery, a
thorough assessment of surgical risk is essential.
If required, anterior vitrectomy and iridio-
zonulo-hyalod-vitrectomy (IZHV) surgery can
be combined simultaneously to effectively
address the risk of angle closure caused by
malignant glaucoma and establish a reserve of

open space in AC, ultimately leading to a more
stable and successful outcome.

In this study, complications related to post-
operative overfiltration and filtering bleb fibro-
sis were almost invariably encountered in the
TRB group, in both the early and late periods.
These complications included shallow AC
(20%), choroidal detachment (17.5%), hypot-
ony (22.5%), and bleb scarring/cystic bleb
(35%), which were rarely observed in the Phaco-
GSL group. However, it is essential to emphasize
that Phaco-GSL does not rely on filtering blebs.
Instead, it effectively addresses issues such as
early postoperative bleb leakage and overfiltra-
tion as well as late postoperative bleb scarring.

Cataract development and progression were
identified as the most prevalent complications
of TRB. In a study conducted by Chen et al. [23]
on an Asian population, 52 (21%) patients with
PACG experienced increased cataract develop-
ment after TRB, as determined during the
32-month follow-up visit. The higher incidence
observed in our study (30%) can be attributed to
the longer duration of follow-up.

Although there was a slightly higher inci-
dence of intraoperative hyphema in the Phaco-
GSL group, it was temporary and mild. Addi-
tionally, the recurrence rate of PAS was 14.3%,
which is significantly better compared to the
previously reported high recurrence rate of
83.3% after Phaco-GSL by Tian et al. [24].

We attribute the favorable postoperative
outcomes of Phaco-GSL to the key advantages
of surgical procedures; we also emphasize that
glaucoma surgeons should carefully consider
and address these factors during the surgery: (1)
PAS separation should be performed with direct
gonioscopy visualization in a minimally inva-
sive manner. This approach can help avoid
damage to other structures of the chamber
angle as much as possible, ensuring that Phaco-
GSL is not only more effective but also safer
[17, 25]. (2) When feasible, it is recommended
to use blunt separation methods, such as vis-
coelastics, and avoid using ‘‘cutting type’’ sepa-
ration techniques. When using spatula and
Phaco-Emulsifier aspirator accessories, it is cru-
cial to target only the areas with extremely tight
PAS. This approach effectively minimizes
inflammation and hemorrhage, thereby
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reducing the risk of PAS recurrence and pre-
serving the function of the TM. These measures
are essential for achieving long-term stabiliza-
tion of IOP and improving the overall success
rate of the surgery. (3) Performing a blunt and
gentle procedure during Phaco-GSL signifi-
cantly reduces irritation and damage to the cil-
iary body and ciliary zonule. This approach
proves beneficial, especially in cases where
narrowing or closure of the anterior chamber
angle is caused by forward rotation of the ciliary
body. Moreover, it enhances the stability of the
IOL after surgery. (4) The flatness of the Asian
nasal bone allows for a minimally invasive
approach while maximizing the opening of PAS
[26]. Forced separation of the full circumferen-
tial PAS is not recommended. Several studies,
including the present one, have confirmed that
an opening angle of at least 2708 can effectively
reduce IOP. It is crucial to avoid pseudo-open-
ing of the AC, and we strongly recommend
detecting the ciliary band under gonioscopy
after GSL. (5) It should be combined with
intensive anti-inflammatory treatment during
the perioperative period to minimize recurrence
of PAS and reduce the damage to the TM.

The specific duration and extent of angle
closure that may lead to irreversible damage to
the TM remain uncertain because of limited
follow-up periods (from 2 to 12 months) in
previous studies [18]. However, our study
demonstrates that patients with a medical his-
tory of[3 years still achieved favorable surgical
results after undergoing Phaco-GSL. Therefore,
even in cases with a long medical history, con-
sidering the advantage of Phaco-GSL in terms of
postoperative complications compared with
TRB, we recommend Phaco-GSL as the initial
choice, and TRB can be selected if the operation
fails.

To the best of our knowledge, this study
represents the longest follow-up investigation
comparing Phaco-GSL and TRB surgeries.
Throughout this study, Phaco-GSL demon-
strated several advantages over traditional TRB,
including reduced medication usage, improved
IOP control, lower incidence of complications,
and higher cumulative probability of success
during postoperative follow-up exceeding
50 months. These encouraging results suggest

that the Phaco-GSL can be considered a valid
alternative to the conventional TRB method for
patients with PACG. Nonetheless, it is crucial to
acknowledge certain limitations of this study,
such as being a single-center retrospective
comparative study with a relatively small sam-
ple size. Therefore, to comprehensively evaluate
and validate the safety and long-term efficacy of
Phaco-GSL and to compare its outcomes with
TRB, a multicenter, randomized, prospective
study with a larger sample population is essen-
tial. Such future research will provide more
robust evidence and insights into the benefits of
Phaco-GSL as a surgical option for patients with
PACG.

CONCLUSIONS

In conclusion, considering the long-term per-
spective, Phaco-GSL emerges as a safe and
effective approach for managing patients with
PACG and cataract. It can be considered a pri-
mary treatment option for effectively control-
ling IOP.
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