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ABSTRACT

Introduction: To compare 1-year outcomes of
CO2 laser-assisted sclerectomy surgery (CLASS)
alone or combined with phacoemulsification
(CLASS ? Phaco) in eyes with primary open-
angle glaucoma (POAG).
Methods: This was a prospective, comparative,
case series study. A total of 46 eyes with POAG
underwent CLASS or CLASS ? Phaco were fol-
lowed up for 1 year. The primary outcomes
included changes in intraocular pressure (IOP),
medication and best corrected visual acuity
(BCVA). The secondary outcomes were success

rate, functional bleb, postoperative laser inter-
vention and complications.
Results: CLASS alone resulted in a greater IOP
reduction compared with CLASS ? Phaco.
BCVA improved remarkably in CLASS ? Phaco
group, but there was no difference in BCVA
before and after CLASS. The number of
antiglaucoma medications significantly
decreased at 12 months postoperatively in both
groups. Functional blebs were more commonly
seen in the CLASS than combination group. The
overall success rate was higher in the CLASS
than CLASS ? Phaco group at 1 year after sur-
gery. The incidence of peripheral anterior
synechiae (PAS) in CLASS ? Phaco group was
significantly lower than that of CLASS alone.
Conclusion: CLASS alone achieved a greater
IOP reduction, more common functional bleb
formation and a higher success rate compared
to CLASS combined with Phaco, while combi-
nation surgery yielded a better BCVA improve-
ment and a lower PAS incidence than CLASS
alone. Both surgical strategies have favorable
safety and efficacy among POAG patients.
Combined surgery could be a viable option for
patients with co-existing POAG and cataract.
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Key Summary Points

What carry out this study?

CLASS has been proved to be a safe and
effective approach for POAG patients. The
available data comparing CLASS alone
and combined with Phaco are relatively
scarce, especially in Chinese patients. We
compared the 1-year outcomes between
CLASS and CLASS ? Phaco.

What was learned from the study?

CLASS alone achieved a greater IOP
reduction, more common functional bleb
formation and higher success rate than
CLASS combined with Phaco, while
combination surgery yielded better BCVA
improvement and lower PAS incidence
than CLASS alone.

Both surgical strategies have favorable
safety and efficacy among POAG patients.
Combined surgery could be a viable
option for patients with co-existing POAG
and cataract.

INTRODUCTION

Glaucoma is the second leading cause of
blindness worldwide [1]. It was estimated that,
in those aged C 50 years, 3.6 million were blind
because of glaucoma in 2020 [2], and the
number will increase to 111.8 million by 2040
[3]. Asia accounts for about 60% of the global
glaucoma population [4]. POAG is one of the
most common forms of glaucoma [3].

There are several risk factors involved in
pathogenesis of POAG, including increased IOP,
oxidative stress, excitotoxicity, ocular blood
flow, etc. [5, 6]. However, lowering IOP is the
most effective treatment [1, 5]. This is com-
monly achieved through medication, laser and
surgical modalities [7]. Trabeculectomy (Trab)
remains the gold standard for glaucoma surgery
[8]. However, due to the risk of potential

complications, there has been a substantial
decrease in Trab during the past 5 years in
China [9]. Nonpenetrating deep sclerectomy
(NPDS) is an alternative filtering surgery, which
achieves IOP reduction by increasing aqueous
outflow through a thin trabeculo-Descemet
window (TDW) into a surgically created scleral
lake, without penetrating the anterior chamber
[10]. However, a long learning curve is required
for the technique, and a high incidence of per-
foration during the procedure results in low
popularity of NPDS [11]. CLASS is an optimized
approach to NPDS. Using a CO2 laser to ablate
the scleral tissue instead of a manual procedure,
CLASS is less technically challenging and safer
compared with NPDS [12].

The incidence of glaucoma increases with
age [13]. Therefore, glaucoma and cataract often
co-exist in patients. If IOP cannot be controlled
under maximal medication, surgery should be
initiated for these patients, and combination
surgery seems to be the recommended method
[14]. It has been proved that NPDS combined
with phacoemulsification (NPDS ? Phaco) is
superior to NPDS alone owing to greater safety
and IOP and medication reduction [15].

As a modified NPDS, CLASS has been used
successfully to treat POAG in recent years
[15, 16]. In our previous study, we reported a
total success rate of 95.7% at 12 months after
CLASS [17]. To date, the available data com-
paring CLASS alone or combined with Phaco
have been relatively scarce. There was only one
previous study conducted in Asian glaucoma
patients, which indicated equal safety and
effectiveness between the two surgical approa-
ches. There is still no conclusion about whether
combination surgery is better than CLASS
alone, just like with conventional NPDS.

In this study, we compared the 1-year out-
comes between CLASS alone and combined
with Phaco, expecting to provide some valuable
information for surgeons when dealing with
patients with co-existing glaucoma and
cataract.
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METHODS

Study Design

This was a prospective, comparative, interven-
tional case series study. All patients were
recruited from our eye center between August
2020 to February 2022. The study was per-
formed in accordance with the Helsinki Decla-
ration of 1964 and its later amendments. Ethical
approval was obtained from the Ethics Com-
mittee of the Second Affiliated Hospital of
Zhejiang University (2020-ER721).

The inclusion criteria were: patients
aged C 18 years, diagnosed with POAG, with
uncontrolled IOP under maximum antiglau-
coma agents and no other ocular disorders
except for cataract. The exclusion criteria were:
patients with other systematic or ocular disor-
ders, ocular trauma or secondary glaucoma, or
history of any ocular surgery or laser treatment.
Patients with a visually significant cataract were
assigned to the combination group; otherwise,
CLASS alone was advocated. The decision about
which procedure to perform was determined by
the ophthalmologist and patient after thorough
discussion of the risks and benefits of each sur-
gery. Written informed consent was obtained
from all the subjects prior to participation.

The patients underwent a baseline examina-
tion within 2 days before the surgery and were
followed up at 1 week (W), 2 W, 1, 3, 6, 9 and
12 months (M) postoperatively. At each visit,
BCVA was examined with the standard loga-
rithmic visual acuity chart and converted to the
logarithm of minimum angle of resolution (log
MAR) equivalents; IOP was recorded as an
average of three consecutive measurements
with Goldmann applanation tonometry (GAT
AT900, Haag Streit, Köniz, Switzerland); slit-
lamp examination, gonioscopy and fundus
examination were performed by the same
experienced ophthalmologist. Ultrasound
biomicroscopy (UBM) was performed at 1, 3, 6,
9 and 12 M and other situations of unexpected
IOP elevation. Visual field test (Octopus 900,
Haag-Streit, USA) was evaluated at baseline, 6
and 12 M postoperatively. Cataract was graded
using the Lens Opacity Classification System III

(LOCS III) at the slit-lamp after dilation of the
pupil. Severity of glaucoma was assessed by
visual field (VF) damage and classified into three
categories: early glaucoma (mean defect,
MD B 6 dB), moderate glaucoma
(6\MD B 12 dB) and advanced glaucoma
(MD[12 dB) according to the Terminology
and Guidelines of Glaucoma (European Glau-
coma Society, 5th edition).

Surgical Procedure

All procedures were performed by a single sur-
geon (KJ Wang) under topical anesthesia with
Alcaine (s.a. Alcon-Couvreur n.v., Belgium) and
subconjunctival anesthesia with 0.2 ml 2%
lidocaine (Zhaohui Pharmaceutical, Shanghai,
China).

CLASS
CLASS was performed as described previously
[17]. In detail, a fornix-based conjunctival flap
was created to expose the sclera, and then a
one-third thickness 5 mm 9 5 mm scleral flap
was made and extended by 1 mm into the clear
cornea. Mitomycin C (MMC) (0.4 mg/ml) was
applied under the conjunctival and scleral flaps
for 3 min, and the area was washed with 20 ml
balanced salt solution (BSS). A 4 9 2-mm scleral
lake was created at the posterior scleral bed
using a commercially available OT-135P2 CO2

laser system (IOPtiMate, IOPtima Ltd., Ramat
Gan, Israel), with the depth of approximately
90% scleral thickness. MMC was applied again
on the scleral lake for 1 min and washed out by
BSS. Then, the CO2 laser beam was applied to
ablate the outer wall of Schlemm’s canal until a
continuous fluid percolation was observed.
Finally, the two corners of the scleral and con-
junctival flap were sutured with 10/0 nylon
sutures.

CLASS 1 Phaco
After pupillary dilation and topical anesthesia, a
fornix-based conjunctival flap was created to
expose the sclera, and then a one-third thick-
ness limbus-based 5 9 5-mm scleral flap was
made and extended by 1 mm into the clear
cornea. MMC (0.4 mg/ml) was applied under
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the conjunctival and scleral flaps for 3 min and
washed with 20 ml BSS. A 1.0-mm side incision
was performed, and the viscoelastic material
was injected into the anterior chamber. After
that, a 1.8-mm corneal incision was made, and a
5.0-mm-diameter capsulotomy was performed
with a capsulorhexis forceps. After hydrodis-
section, a standard phacoemulsification was
performed using the Stellaris system (Stellaris;
Bausch & Lomb, Rochester, New York), followed
by cortex removal using automated irrigation/
aspiration and final intraocular lens (IOL)
implantation in the capsular bag. Corneal inci-
sions were hydrated with balanced salt solution
for watertightness. Then, CLASS procedure was
performed as we mentioned above until the end
of the surgery.

Postoperative Management

For both groups, tobramycin and dexametha-
sone were prescribed postoperatively four times
a day (QID) for 1 month, and pilocarpine eye-
drops were used QID for 3 months. Postopera-
tive interventions were described as previously
[17]. At each visit, if PAS at the filtrating area
was confirmed by gonioscopy and UBM exami-
nation, a Nd:YAG laser synechiolysis was per-
formed in clinic to remove iris obstruction and
reopen the filtration site. If the postoperative
IOP raised above the desired target IOP or the
evidence of scleral reservoir reduction was
observed by UBM examination, a Nd:YAG laser
goniopuncture (LGP) was performed immedi-
ately in clinic to enhance the IOP-lowing effect.
IOP was measured within 10 min after laser
intervention to confirm the IOP-lowing effect.
IOP values before laser intervention were
included for mean IOP evaluation at each time
point, and IOP values after laser intervention
were included for success criteria. In patients
with iris incarceration, surgical repositioning
was carried out to pull the prolapsed iris cen-
trally. Subconjunctival injection of 5-fluo-
rouracil (5-FU, 0.2 ml, 25 mg/ml) and needling
were conducted in the presence of scarring up
in the filtrating area to inhibiting fibroblast
proliferation for some patients.

Therapeutic Outcomes and Success
Criteria

The efficacy evaluation included the IOP
reduction, changes in antiglaucoma medica-
tions before and after surgery and success rate.
Fixed combination medications were recorded
as two types of agents. The safety assessment
consisted of BCVA and visual field (MD) chan-
ges, proportions of postoperative interventions
and any intra- and postoperative complications.

‘‘Complete success’’ (CS) was defined as
5 B IOP\18 mmHg and C 20% IOP reduction
from the baseline, without hypotensive medi-
cations or any interventions (including laser
treatment, surgical repositioning or needling).
‘‘Qualified success’’ (QS) referred to IOP values
within the above criteria after postoperative
interventions or with hypotensive medications.
‘‘Failure’’ (F) was defined as IOP\5 mmHg
or[18 mmHg despite postoperative interven-
tion or hypotensive medications, or\20% IOP
reduction from the baseline or underwent
additional glaucoma surgery within 1 year.

Statistical Analysis

Statistical analyses were performed with the
GraphPad Prism version 9.0 software (GraphPad
Software Incorporation, San Diego, CA, USA).
The sample size was calculated based on a power
calculation (power = 0.80; P = 0.05) using IOP
reduction% at 1 year after surgery obtained in a
previous study [22], and 21 eyes per group were
considered well suited for the purpose of this
study. Quantitative data were expressed as
mean values ± standard deviation (mean ±

SD). Normality was tested by means of D’Agos-
tino and Pearson normality test. The Kruskal-
Wallis test followed by Dunn’s post-hoc analysis
were used to compare IOP values and medica-
tions before and after surgery. The Wilcoxon
matched-pairs signed rank test was applied to
compare changes of BCVA and mean defect
(MD) from baseline. The Mann-Whitney U test
was used to compare parameters between the
two groups. The chi-squared test was used to
compare incidence of complications between
the two groups. The cumulative probability of
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Fig. 1 Flowchart of the study design and final number of patients that completed the study

Table 1 Demographic and baseline characteristics of patients included in the study

CLASS 1 Phaco (n = 23) CLASS (n = 23) P value

Age (mean ± SD) 62.9 ± 8.5 42.6 ± 6.0 \ 0.00*

Sex (male/female) 14/9 13/10 [ 0.99

BCVA (log MAR) 0.6 ± 0.4 0.4 ± 0.6 0.37

Antiglaucoma medications (mean ± SD) 2.8 ± 1.0 3.4 ± 0.9 0.04

IOP (mmHg) 19.8 ± 6.5 31.0 ± 10.0 \ 0.00*

Severity of glaucoma

^Early glaucoma (MD B 6 dB) 0 0 –

^Moderate glaucoma (6\MD B 12 dB) 11 4 0.06

^Advanced glaucoma (MD[ 12 dB) 12 19 0.06

CLASS CO2 laser-assisted sclerectomy surgery (CLASS); CLASS ? Phaco, CO2 laser-assisted sclerectomy surgery com-
bined with phacoemulsification; M, month; IOP, intraocular pressure; BCVA, best corrected visual acuity; log MAR,
logarithm of minimum angle of resolution; MD, mean defect
*Compared by Mann-Whitney test, P\ 0.05
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success was illustrated using Kaplan-Meier sur-
vival curves, and log-rank test was used for
group comparisons. P value\0.05 was consid-
ered statistically significant.

RESULTS

Baseline Characteristics

A total of 56 patients were initially recruited,
and 46 of them, who completed surgical
treatment (n = 23 in each group) and the
1-year follow-up data collection, were finally
included for analysis (Fig. 1). Demographic
data and baseline characteristics are described
in Table 1.

Efficacy Evaluation

Changes in IOP

Both CLASS alone and CLASS ? Phaco groups
led to significant IOP reduction postoperatively
(Fig. 2A). Although there was no significant
difference in the mean IOP between the two
groups at 12 M after surgery, CLASS alone
resulted in a greater IOP reduction compared
with CLASS ? Phaco (Table 2, 54.5% vs 26.2%,
P\ 0.01).

Changes in Antiglaucoma Medications
Antiglaucoma medication was discontinued for
all patients at the early stage after surgery.
During the 12 M follow-up period, we preferred
to use laser intervention or needling to deal
with IOP elevation rather than antiglaucoma
medications. As shown in Fig. 1B and Table 2,
the number of medications significantly
decreased at 12 M postoperatively for both
CLASS and CLASS ? Phaco group (P\ 0.01,
compared with baseline).

Association of Bleb and IOP
Comparing the two groups, functional blebs
were more common in patients after CLASS (14/
23, 60.9%) than in patients after CLASS ?

Phaco (2/23, 8.7%, Fisher’s exact test, P\ 0.01,
Table 3 and Fig. 3). There was no significant
difference in relevant parameters between
patients with and without bleb in CLASS ?

Phaco group. However, in CLASS group, the
final IOP at 12 M was significantly lower and the
IOP reduction% was higher in patients with
bleb than in patients without bleb (P\0.05).
Meanwhile, patients with bleb had fewer med-
ications at 12 M after CLASS (P\0.05).

Success Rate
Supplementary Table 1 showed the success rate
at each time point in both groups after surgery.
The overall success rate (CS ? QS %) was higher
in CLASS group than in CLASS ? Phaco group
at each time point after surgery. At 12 M after
surgery, the CS% and QS% were 69.6% and
26.1% in CLASS group, while only 34.8% CS%

Fig. 2 Changes of IOP (A) and medications (B) during
the 1-year follow-up in CLASS alone or combined with
Phaco
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and 17.4% QS% were explored in CLASS ?

Phaco group.
Figure 4 showed the Kaplan-Meier plots of

the cumulative probability of complete success
(A) and qualified success (B) in both groups
during the 1-year follow-up. IOP values after
laser intervention were included for analysis.
Failure was defined as IOP[18 mmHg or IOP
reduction\ 20% from baseline at any time-
point, and qualified success in Kaplan-Meier
survival analysis was defined as
5 B IOP\18 mmHg and C 20% IOP reduction
from the baseline with or without antiglaucoma
medication (CS ? QS). The estimated complete
success rate was 60.9% in CLASS group and
26.1% in CLASS ? Phaco group (P = 0.01), and
the estimated qualified success rate at 12 M was
87.0% in CLASS group and 32.5% in CLASS ?

Phaco group, with statistical significance
(P\0.01).

Safety Assessment

Changes in Visual Acuity and Visual Field
Postoperatively, BCVA improved remarkably in
CLASS ? Phaco group, but there was no signif-
icant difference in BCVA before and after
CLASS. The mean defect (MD) of visual field
remained unchanged for both CLASS and
CLASS ? Phaco group at 1 year postoperatively
(Table 2).

Incidence of PAS
Comparing the two groups, the total incidence
of PAS in CLASS ? Phaco group (5/23, 21.7%)
was significantly lower than in CLASS group
(17/23, 73.9%, P\ 0.01, Supplementary
Table 2). During the 1-year follow-up, the PAS
incidence ranged from 0 to 47.8% in CLASS
alone group, with a peak occurring at 1 month
postoperatively. Only 0 to 8.7% of PAS

Table 2 Comparison of 1-year outcomes in CLASS ? Phaco and CLASS group

CLASS 1 Phaco (n = 23) CLASS (n = 23) P value

IOP at baseline (mmHg) 19.8 ± 6.5 31.0 ± 10.0 \ 0.01*

IOP at 12 M (mmHg) 15.1 ± 4.6 13.7 ± 3.9 0.30

IOP reduction% 26.2 ± 18.1%; 54.5 ± 16.7%; \ 0.01*

Medications at baseline (no.) 2.8 ± 1.0 3.4 ± 0.9 \ 0.04*

Medications at 12 M (no.) 0.5 ± 0.6 0.3 ± 0.6 0.78

Medication decrease% 85.0 ± 19.2%; 91.3 ± 16.2%; 0.28

BCVA at baseline (log MAR) 0.6 ± 0.4 0.4 ± 0.6 0.37

BCVA at 12 M (log MAR) 0.1 ± 0.2 0.3 ± 0.4 0.21

Change in BCVA 0.4 ± 0.4 : 0.1 ± 0.2 : \ 0.01#

MD at baseline (dB) 14.5 ± 6.9 17.2 ± 7.0 0.20

MD at 12 M (dB) 15.1 ± 6.9 18.5 ± 8.4 0.23

Change in MD 0.5 ± 2.1 ; 1.2 ± 3.9 ; 0.38

CLASS CO2 laser-assisted sclerectomy surgery (CLASS); CLASS ? Phaco, CO2 laser-assisted sclerectomy surgery com-
bined with phacoemulsification; M, month; IOP, intraocular pressure; BCVA, best corrected visual acuity; log MAR,
logarithm of minimum angle of resolution; MD, mean defect; ;, reduction; :, improvement
*Compared by Mann-Whitney test, P\ 0.05
#Compared by Wilcoxon matched-pairs signed-rank test, P\ 0.05
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incidence was found in CLASS ? Phaco group
(Table 4).

Scleral Reservoir Reduction
In CLASS group, 7/23 (30.4%) patients devel-
oped scleral reservoir reduction during the
1-year follow-up period, and LGP treatment was
performed to enhance the IOP-lowing effect
(Supplementary Table 2). As for CLASS ? Phaco
group, 8/23 (34.8%) patients underwent LGP
treatment. There was no significant difference
in the proportion of eyes treated with LGP
between the two groups (Table 4, P[ 0.05).

Intra- and Postoperative Complications
In CLASS group, one eye (4.3%) exhibited
intraoperative micro-perforation. This patient
developed iris incarceration and underwent
surgical repositioning at 2 M after surgery.
Subconjunctival injection of 5-FU and needling
were performed in one patient (4.3%). One
patient (4.3%) developed shallow anterior
chamber. No other complications were
observed.

In CLASS ? Phaco group, uneventful CLASS
and cataract surgery were performed for all
patients. Subconjunctival injection of 5-FU and
needling were performed in one patient (4.3%).
No other complications were observed.

DISCUSSION

In this study, we presented a comparison of
safety and efficacy in POAG patients who
underwent CLASS alone or combined with
Phaco. The results showed that CLASS alone
achieved a greater IOP reduction, more com-
mon functional bleb and higher success rate
compared with CLASS ? Phaco. Meanwhile,
combination surgery showed a better BCVA
improvement and a lower PAS incidence than
CLASS alone. Medication reduction, proportion
of LGP interventions and complications were
comparable in both groups during the 1-year
follow-up.

CLASS is a modified NPDS, which has been
used in POAG patients for decades and has
attracted increasing attention in China during
recent years [16, 18]. It has been proved to be as

Table 3 Comparisons of patients with and without bleb in CLASS ? Phaco and CLASS group

CLASS 1 Phaco CLASS

With bleb Without bleb P value With bleb Without bleb P value

N 2 21 – 14 9 –

Female/male 1/1 9/12 – 8/6 1/8 –

Age (years) 51.5 ± 14.6 63.8 ± 7.5 0.16 39.1 ± 14.7 47.9 ± 17.5 0.15

Baseline IOP (mean ± SD) 18.5 ± 5.7 20.2 ± 6.7 0.62 30.8 ± 11.1 31.3 ± 8.7 0.70

12 M IOP (mean ± SD) 16.0 ± 2.8 14.7 ± 4.1 0.59 12.1 ± 3.3 16.2 ± 3.4 0.01*

IOP reduction (mean ± SD) 2.5 ± 2.8 5.5 ± 6.2 0.62 18.7 ± 11.9 15.1 ± 7.6 0.63

IOP reduction% (mean ± SD) 11.7 ± 11.7 22.8 ± 20.9 0.49 56.0 ± 22.8 45.4 ± 16.2 0.04*

Pre-medication (mean ± SD) 3.0 ± 1.4 2.7 ± 0.9 0.95 3.1 ± 1.0 3.7 ± 0.7 0.24

12 M medication (mean ± SD) 0.5 ± 0.7 0.4 ± 0.6 0.99 0.0 ± 0.0 0.8 ± 0.7 0.01*

Medication reduction (mean ± SD) 2.5 ± 2.1 2.3 ± 0.8 0.99 3.1 ± 1.0 2.9 ± 0.9 0.48

Medication reduction% (mean ± SD) 75.0 ± 35.4 86.9 ± 18.2 0.67 100 ± 0.0 77.8 ± 19.5 0.00*

CLASS CO2 laser-assisted sclerectomy surgery; Phaco: phacoemulsification; IOP: intraocular pressure; M: month
*P\ 0.05, compared by Mann-Whitney test
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efficient as NPDS in terms of IOP-lowing effect
[18]. Compared with traditional Trab, CLASS
also showed similar IOP-lowing effect in Chi-
nese POAG patients [19]. As for combination
surgery, previous reports about 1-year outcomes
of CLASS combined with or without Phaco were
summarized in Table 5. Yu et al. reported a 39%
IOP reduction in a group of Chinese POAG

patients after CLASS ? Phaco [20]. Villavicencio
et al. demonstrated that CLASS ? Phaco
achieved a greater IOP reduction compared with
Trab ? Phaco (45.2% vs 37.7%) [21]. However,
only 6.7% IOP reduction in combination group
was reported by Ho et al. in 2021, which was
significantly lower than in CLASS group (40.6%)
[22]. In our study, a greater IOP reduction was

Fig. 3 Comparison of function bleb in CLASS combined
with or without Phaco. Slit-lamp examination (A1–C1)
and ultrasound biomicroscopy (UBM) examination
(A2–C2) of patients without bleb in CLASS ? Phaco

group; slit-lamp examination (D1–F1) and UBM exam-
ination (D2–F2) of patients with functional bleb in
CLASS group
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found in CLASS alone group compared with
combination group (54.5% vs 26.2%). The dif-
ferences in baseline IOP and sample size might

contribute to the inconsistency with previous
studies.

Success rate was a common index to evaluate
the long-term effect of a surgery. The definition
of success in our study was modified based on
previous studies [23] to distinguish the propor-
tion of patients transformed from QS to CS after
postoperative Nd:YAG laser intervention [17].
The overall success rate (CS ? QS%) in our
study was consistent with the qualified success
rate (QS%) in previous studies. Comparing
CLASS alone and Class ? Phaco, the success
rate in standalone group was significantly
higher than in combination group in our cur-
rent study, which was consistent with a previ-
ous Singapore study [22]. The 1-year success rate
of combination surgery varied significantly
among previous studies. Villavicencio et al.
reported a success rate of 97.2% in a Caucasian
population [21]. A study by Rajia et al. reported
similar results in a group of Indian patients,
with a CS% of 85.7% and a QS% of 92.3% at
1 year after CLASS ? Phaco [24]. In contrast,
only 46.4% qualified success was reported by Ho
et al. in Asian glaucoma patients from Singa-
pore [22]. However, Yu et al. reported an overall

Fig. 4 Kaplan-Meier cumulative survival curves of com-
plete success (A) and qualified success (B) rate in CLASS
group and CLASS ? Phaco group

Table 4 Comparison of PAS incidence and LGP proportion between CLASS ? Phaco and CLASS

Incidence of PAS (%) Proportion of LGP (%)

CLASS 1 Phaco
(N = 23)

CLASS
(N = 23)

P value CLASS 1 Phaco
(N = 23)

CLASS
(N = 23)

P value

1 W 4.3 (1) 4.3 (1) [ 0.99 4.3 (1) 0 (0) [ 0.99

2 W 8.7 (2) 17.4 (4) 0.67 13 (3) 13 (3) [ 0.99

1 M 0 (0) 47.8 (11) \ 0.01* 4.3 (1) 4.3 (1) [ 0.99

2 M 0 (0) 4.3 (1) [ 0.99 4.3 (1) 8.7 (2) [ 0.99

3 M 4.3 (1) 0 (0) [ 0.99 0 (0) 8.7 (2) 0.49

6 M 4.3 (1) 21.7 (5) 0.19 8.7 (2) 0 (0) 0.49

9 M 4.3 (1) 0 (0) [ 0.99 8.7 (2) 0 (0) 0.49

12 M 4.3 (1) 4.3 (1) [ 0.99 13 (3) 4.3 (1) 0.61

CLASS, CO2 laser-assisted sclerectomy surgery; Phaco, phacoemulsification; PAS, peripheral anterior synechia; LGP,
Nd:YAG laser goniopuncture; W, week; M, month
*Compared by Fisher’s exact test, P\ 0.01
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success rate of 88.0% in a Chinese population
[20]. Our study yielded similar results in CLASS
group, but a lower CS% and QS% in CLASS ?

Phaco group. The inconsistency could stem
from several factors. First, the response of scleral
tissue to laser may be different between Chinese
and Caucasian patients [23]. Second, most of
the patients recruited in our study were
advanced glaucoma patients. A longer-term
usage of multiple antiglaucoma medications
might lead to a greater inflammatory reaction
and higher scarring tendency [25]. In addition,
success rate was calculated based on baseline
IOP in our study (IOP reduction of C 20% from
baseline). The baseline IOP in CLASS group was
significantly higher than in combination group.
Some patients in the CLASS ? Phaco group had
a baseline IOP within the normal range under
maximum medications and reached a target
IOP without medications after surgery, which
would be categorized as a failure, due to
a\ 20% IOP reduction. These factors might
result in a lower postoperative success rate in
CLASS ? Phaco group.

PAS was a common complication after
CLASS. The incidence of PAS ranged from 0.0 to
30.7% among previous studies, with a higher
rate of PAS in Chinese compared with Cau-
casian patients [17]. In our study, the incidence
of postoperative PAS was significantly lower in
combination group than in CLASS alone. As we
know, the TDM has a narrow and thin mem-
brane near the iris root. A high prevalence of
narrow angles (36.9%) was found in mainland
population aged[ 50 years [26], which might
contribute to the high risk of PAS after CLASS.
Cataract surgery can deepen anterior chamber
and increase the width of anterior chamber
angle in Chinese subjects [27]. Meanwhile, a
younger age and higher baseline IOP also
increased the risk of PAG in CLASS group. We
speculate that these may be reasonable expla-
nations for the lower incidence of PAS in com-
bination group.

The mechanism of IOP reduction after NPDS
is complicated. There may be several aqueous
humor drainage pathways, including subcon-
junctival bleb, trabecular meshwork, intrascleral
outflow and suprachoroidal outflow [28]. It has
been reported that the subconjunctival and

suprachoroidal pathway may be the main
mechanisms to achieve IOP reduction after
CLASS [29]. In our study, functional bleb was
more common in CLASS group than in combi-
nation group (60.9% vs 8.7%), which con-
tributed to a greater IOP-lowing effect. In a
5-year comparison study, there were more eyes
with a significantly higher and more extensive
bleb in the trabeculectomy group than in the
phacotrabeculectomy group [30]. So far, to our
knowledge, this is the first study evaluating the
filtering bleb and exploring the mechanisms of
IOP reduction between CLASS alone and com-
bined with Phaco, which deserves further
attention.

Study Limitations

The study has certain limitations. First, this was
a prospective, interventional case series study,
without age-matched control and randomized
assignment. Selection bias resulted in a signifi-
cant difference in several baseline parameters,
which might affect the outcomes between the
two groups. Second, a limited sample size was
included in our study, and the 1-year follow-up
period was relatively short to provide strong
evidence in glaucoma studies. Furthermore,
bleb assessment using Moorfields bleb grading
system (MBGS) or the Indiana Bled Appearance
grading scale (IBAGS) was not included in our
study. Therefore, we advocate that a large-scale,
multi-center, randomized controlled trial (RCT)
should be conducted to verify the safety and
effectiveness comparing CLASS alone and
combined with Phaco. UBM examination com-
bined with clinical grading scale can provide
more useful information and help to evaluate
the mechanisms after CLASS in our future
study.

CONCLUSION

In summary, this study contributes a novel
comparison between CLASS alone and
CLASS ? Phaco. Our results suggested that both
surgical strategies have favorable safety and
efficacy for POAG patients. CLASS alone
achieved greater IOP reduction, more common

1730 Ophthalmol Ther (2022) 11:1719–1733



functional bleb formation and higher success
rate, while CLASS ? Phaco yielded better BCVA
improvement and lower PAS incidence. Com-
bined surgery could be a viable option for
patients with co-existing POAG and cataract.
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