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Abstract
Purpose: To compare outcomes of CO2 laser–assisted sclerectomy surgery (CLASS) and trabeculectomy in
patients with open-angle glaucoma, both combined with phacoemulsification.
Methods: A retrospective analytical study included 70 eyes. We compared the results of surgical procedures,
phacoemulsification + trabeculectomy + Ologen implant performed in 2013 and 2014 and phacoemulsification +
CLASS + Ologen implant performed in 2015 and 2016. Patients diagnosed with open-angle glaucoma were
included. Intraocular pressure (IOP) was measured preoperatively and at 1, 3, 6, 9, and 12 months. Best-corrected
visual acuity (BCVA) was measured preoperatively and at 1, 9, and 12 months. Medication use was measured
preoperatively and at 9 and 12 months. Success rate was defined as IOP ≤ 18 mmHg with or without medication 1
year postoperatively.
Results: In total, 37 eyes were included in the trabeculectomy group and 33 eyes in the CLASS group. Both
groups had a follow-up of 1 year. In the trabeculectomy group, mean ± SD preoperative IOP and that at 1-year
follow-up were 17.03 ± 5.75 and 11.65 ± 1.34 mmHg (a reduction of 37.68%), BCVA increased from 0.196 ± 0.27 to
0.20 ± 0.32, and medications decreased from 2.97 ± 1.11 to 1.27 ± 1.07. The success rate was 86.4%. In the
CLASS group, mean ± SD preoperative IOP and that at 1-year follow-up were 21.15 ± 7.2 and 12.42 ± 2.3 mmHg (a
45.19% reduction), BCVA declined from 0.20 ± 0.2 to 0.07 ± 0.1, and medications decreased from 3.51 ± 0.79 to
0.51 ± 0.66. The success rate was 97.2%.
Conclusion: Our findings demonstrate that CLASS is a technique that allows good reduction of IOP and
medications and maintains better visual acuity with lower rates of postoperative complications than conventional
trabeculectomy.

Keywords: CO2 laser–assisted sclerectomy; Best-corrected visual
acuity; Intraocular pressure; Trabeculo-Decemet’s membrane

Introduction
Glaucoma is one of the most frequent causes of permanent
blindness worldwide. To treat Glaucoma the trabeculectomy surgery
has been the gold standard of filtration surgeries, demonstrating
adequate control of intraocular pressure (IOP). However, considering
postoperative complications, such as a shallow anterior chamber,
hypotony, blister failure, cataract formation, endophthalmitis,
choroidal hemorrhage or malignant glaucoma, [1-3] the number of
surgeons who perform non-perforating filtration techniques, such as
non-penetrating deep sclerectomy (NPDS), has increased despite its
main disadvantage, the slow learning curve, because it is a precise
surgical technique [4] .
The main work conducted by Krasnov [5] in 1969 and various
amendments developed the new filtration technique of NPDS, [6-9]
which has a better safety profile than the conventional trabeculectomy
[10]. NPDS enables the aqueous humor to be filtered from the anterior
chamber through the Trabeculo-Descemet’s Membrane (TDM), thus
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avoiding entering the anterior chamber surgically. The technique
requires dissection of two scleral flaps, one at a surface level and the
other at a deeper level of the sclera, to dry out the deeper one. In this
way, the outer wall of Schlemm’s canal is removed, allowing
percolation, that is, the passage of aqueous humor through the TDM
[11,12] .
A variation of this NPDS is the CO2 laser-assisted sclerectomy
surgery (CLASS) proposed by Assia et al. as a potential alternative to
simplify this surgery. The CO2 laser allows a safe sclerectomy because
photoablation occurs only with dry tissues [13-15]. The infrared
radiation (wavelength of 10600 nm) is absorbed by liquid, so it is
ineffective with wet tissues; when unroofing Schlemm’s canal and
beginning percolation of the aqueous humor, the liquid prevents the
laser from perforating the TDM, thus minimizing the likelihood of
entering the anterior chamber [16]. CLASS offers a rapid learning
curve for surgeons experienced in filtration surgeries, and it requires a
shorter surgical time than conventional NPDS surgery [2,17,18] .
The aim of this study was to analyze retrospectively the clinical
results of both techniques trabeculectomy and phacoemulsification
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versus CLASS and phacoemulsification, in patients with open-angle
glaucoma.

Methods
An analytical retrospective study was conducted to review the
medical records of 70 patients (total of 84 eyes) who underwent
surgery at the Oftalmosalud Eye Institute, Lima, Peru. The study
complied with the Declaration of Helsinki. The ethics committee and
institutional review board of Oftalmosalud approved the study. Written
informed consent was obtained from all patients.
The results of two
surgical
procedures
were
compared:
trabeculectomy
+
phacoemulsification conducted in 2013 and 2014 and CLASS +
phacoemulsification conducted in 2015 and 2016. In both procedures,
a subconjunctival Ologen collagen matrix implant was used.

calculated with the CO2 laser compass. Phacoemulsification of the
crystalline lens was done by making a 2.2 mm incision through clear
cornea, then an intraocular lens was implanted. The CO2 laser beam
was applied on the white zone of the scleral bed, where the scleral
reservoir was conducted in an area of 2 × 3 mm.

The inclusion criteria were 18 years old or older patients diagnosed
with progressive open-angle glaucoma in which the intraocular
pressure (IOP) could not be controlled with maximum medical
therapy and with moderate glaucoma between -6.00 y -12.00 dB in the
Hopapp-Parrish-Anderson classification. All patients who had history
of previous filtration surgeries, history of laser eye surgeries, previous
critical ocular trauma or any intraocular pathology included macular
degeneration age related were excluded.
IOP was measured with the Goldman applanation tonometer in
the preoperative period and at 1, 3, 6, 9, and 12 months after surgery.
The number of antiglaucoma medications used, as well as the bestcorrected visual acuity (BCVA) measured according to the Snellen
chart converted into the LOGMAR chart, were assessed in the
preoperative period and at 1, 9, and 12 months after surgery.
Postoperative complications were recorded at each visit during the first
year. The decrease of IOP to ≤ 18 mmHg with or without medication
was considered as a rate success.

Surgical Techniques
All surgeries were conducted by using intravenous sedation and
subconjunctival anesthesia.

Trabeculectomy
Subconjunctival anesthesia with lidocaine was filtered with
mitomycin C at 0.04 mg/ml. The trabeculectomy was conducted via a
fornix-based peritomy, with a scleral flap of 1/3 thickness of 4 × 4 mm
up to clear cornea. Phacoemulsification of the crystalline lens was done
by making an incision through clear cornea, then the intraocular lens
was implanted. The anterior chamber at cornea level was operated with
a #15 surgical knife and then conducted a trabeculectomy of 1 mm
with a Kelly punch; a peripheral iridectomy was done, and closed the
scleral flap with 10.0 nylon. The Ologen subconjunctival implant was
inserted, allowing a free space in the superior edge of the scleral flap,
closed the peritomy with 10.0 nylon, and performed a Seidel test.
Finally, intracameral antibiotic was applied (Figure 1).

CO2 Laser–Assisted Sclerectomy Surgery (CLASS)
The AcuPulse CO2 laser system (Lumenis, Yokneam, Israel) was
used with an adapter (IOPtiMate, IOPtima, Tel Aviv, Israel).
Subconjunctival anesthesia with lidocaine was filtered with
mitomycin C at 0.04 mg/ml. The surgeon created a fornix-based
conjunctival flap, a scleral flap of 1/3 partial thickness of 5 × 5 mm
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Figure 1: A-B After phacoemulsification and trabeculectomy or
CLASS treatment, we introduced the Ologen implant behind the
conjunctival flap. C Blister appearance 3 months Post Op. D Blister
appearance 9 month Post Op.
Then the CO2 laser was applied in the perilimbal grey area, which
corresponds to the roof of Schlemm’s canal. The area was subjected to
ablation until exit of the aqueous humor, a process known as
percolation. The ablation process occurred across the entire width of
the grey area of the scleral flap until the surgeon observed sufficient
percolation of the aqueous humor. The scleral flap was closed with two
10.0 nylon stitches, verifying any filtration. Then the Ologen
subconjunctival implant was placed in the superior edge of the scleral
flaps, the peritomy was closed with 10.0 nylon and a Seidel test was
performed. Finally, intracameral antibiotic was applied (Figure 2).
In both groups, topical antibiotics (Moxifloxacin hydrochloride)
were used in the postoperative period every 4 hours for 1 week.
Corticoids (Prednisolone acetate) were given every 4 h for 2 weeks;
then the dose was reduced to every 6 h until 1 month after the surgery,
and every 8 h a day until 3 months, then twice a day for 2 months
more, and finally once a day until 6 months. The CLASS group
received pilocarpine during the first 15 days, to avoid imprisonment of
the iris and maintain constant percolation and the trabeculectomy
group received atropine during the first 15 days to prevent choroid
detachment.

Statistical analysis
The statistical analysis was performed by using the SPSS program
version 21. The data are presented as mean ± SD or median (range) for
continuous variables or as percentages for categorical variables.
Student’s t-test was used for independent samples in the case of IOP
and various drugs. Regarding BCVA, the Mann-Whitney U-test and
Kaplan-Meier curves were used to analyze the efficacy and
demonstrate the success rate.
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Chronic open-angle glaucoma

37 (100%)

33 (100%)

Table 1: Patients’ demographic and clinical characteristics

IOP
The IOP (mean ± SD) for the trabeculectomy group was 17.03 ±
5.75 mmHg in the preoperative period, 11.76 ± 3.97 mmHg at 1
month, 12.57 ± 3.53 mmHg at 3 months, 12.14 ± 1.87 mmHg at 6
months, 13.49 ± 3.77 mmHg at 9 months, and 11.65 ± 1.34 mmHg at 1
year, including 4 patients with a pre-operative IOP more than 25
mmhg (29.5±3.69); in the CLASS group, these values were 21.15 ± 7.2,
12.00 ± 4.1, 13.85 ± 5.5, 13.09 ± 3.7, 12.82 ± 2.2, and 12.42 ± 2.3
mmHg, respectively (Figure 3), including 6 patients with pre-operative
IOP more than 25 mmhg (39.83 ± 10.12 mmhg).
Figure 2: (A) IOPtima Laser CO2 System, main unit. (B)
Anatomical zone: clear zone, limbus line, grey zone and white zone
(courtesy IOPtima laboratory). (C) Laser beam applied on the grey
zone, starting percolation. (D) Percolation of aqueous humor
through the ablated zone.

Results
A total of 70 eyes of 70 patients were analyzed. Regarding the
trabeculectomy group, 37 eyes were analyzed, with a mean ± SD age of
68.3 ± 12.1 years and a frequency of 56.7% males and 43.3% females.
Regarding the CLASS group, 33 eyes were analyzed, with a mean ± SD
age of 67.9 ± 12.0 years and a frequency of 61.5% males and 38.5%
females. The diagnoses included were chronic open-angle glaucoma in
70 (100%). Both surgical techniques had a follow-up of 1 year (Table
1).

BCVA
The BCVA (mean ± SD) in the trabeculectomy group was 0.19 ±
0.27 during the preoperative period, 0.21 ± 0.27 at 1 month, 0.20 ±
0.29 at 9 months, and 0.20 ± 0.32 at 1 year. That in the CLASS group
was 0.20 ± 0.2 preoperatively, 0.22 ± 0.2 after 1 month, 0.08 ± 0.1 after
9 months, and 0.07 ± 0.1 after 1 year. Comparing the results, both
groups showed statistically significant differences between
preoperative values and those at 1-year follow-up.

No. of patients

Trabeculectomy

CLASS

37 (100%)

33 (100%)

Sex
Female

13 (43.3%)

10 (38.5%)

Male

17 (56.7%)

16 (61.5%)

Age of patients (years)
Mean ± SD

68.3 ± 12.1

67.9 ± 12.0

No. of eyes

37 (100%)

33 (100%)

Right

24 (64.9%)

19 (57.6%)

Left

13 (35.1%)

14 (42.4%)

Figure 3: Average of IOP in each group.
In the trabeculectomy group, the success rate was 86.48% with a
37.68% reduction in IOP. In the CLASS group, the success rate was
97.2%, with a 45.19% reduction in IOP.

Medication
In the trabeculectomy group, medication (mean ± SD) was reduced
from 2.97 ± 1.11 in the preoperative period to 1.27 ± 1.07 after 1 year.
In the CLASS group, medication was reduced from 3.51 ± 0.79 in the
preoperative period to 0.51 ± 0.667 at 1 year (Figure 4).

Complications
In the trabeculectomy group, postoperative complications were
narrow camera in 2.7% of cases. Four patients required another
surgery to reduce IOP. Two patients undergoing to
endocyclophotocoagulation and the other two was made Baerveldt
glaucoma drainage implant, which represents 11.2%.
In the CLASS group, the main early postoperative complications
were temporary ocular hypertension in 8 cases (24.24%), which was
treated with oral acetazolamide and solved in the first postoperative
month in all cases; hypotony in 1 case (33%), which was treated with
topical steroids and oral steroids; we did goniopuncture in 33.33%; and
needling in 21.21% of eyes.

Diagnosis
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In the CLASS group reported the following complications,
temporary ocular hypertension, hypotony, iris incarceration, and plain
blister. It was not reported macroperforations because if this occurred
intraoperatively, it would turn into conventional trabeculectomy and
the CLASS group would be excluded.
Because of the difficulty of evaluating a microperforation, it was
considered that the cases with hypotony may have been caused by
microperforations of TDM or the beginning of a choroidal
detachment, which was rapidly solved by using high doses of corticoid.
All hypotony cases were solved in the first month after the surgery with
no complications.

Figure 4: Average number of antiglaucoma medications in each
group.

Discussion
The efficacy regarding the reduction of IOP with the CLASS
procedure is comparable to the results registered in manual NPDS
studies, but the CLASS procedure is easier and depends less on the
surgeon [18]. Our success rate in the CLASS group was 97.2%.
According to the database of Cochrane systematic revisions, the
expected success rate for manual NPDS with no antimetabolites or
collagen implants is 80% at 6 months. This improvement in the success
rate of CLASS may reflect the accuracy of the laser obtaining the
expected results [16].
Previous studies compare trabeculectomy or CLASS with
conventional NPDS, but this seems to be the first study to compare
trabeculectomy with CLASS. Eldaly et al. [19] demonstrated noninferiority between conventional NPDS and trabeculectomy regarding
the success rate (OR 0.98, 95% CI 0.51–1.88). This result is similar to
the results obtained in our study, in which after 1 year of follow-up,
both groups registered similar IOP and success rate.
In our study, significantly less medication was used in the CLASS
group than in the trabeculectomy group, In a long-term study of NPDS
with collagen implants, Shaarawy et al. [20] reported an absolute
success rate of 57%, defined as IOP<21 mmHg with medications and
Cabarga-Nozal et al. [21] reported less use of medication during the
postoperative period in patients with NPDS in comparison with
conventional trabeculectomy.
In various studies, a lower complication rate has been demonstrated
in NPDS versus conventional trabeculectomy [19,22]. In this study, the
complication reported in the trabeculectomy group was narrow
camera. In this group we did not find any choroidal detachment.
However, it is widely known as reported in studies trabeculectomy
complications including hyphema, hypotony, narrow anterior chamber,
choroidal detachment, and Seidel failure [23].
Greifner et al. [2] compared CLASS versus conventional NPDS and
reported the following complications for the CLASS group:
microperforation (3%), macro-perforation (7%), hyphema (7%),
hypotony (7%), narrow anterior chamber (3%), choroidal detachment
(7%), Seidel failure (18%), iris incarceration (48%), macular edema
(3%), and malignant glaucoma (3%).
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The patients with iris incarceration had a goniopunture. This
procedure is usually performed during the postoperative period of
NPDS to reduce spontaneous iris incarceration, which reduces the exit
of aqueous humor through the TDM, thus reducing IOP. Greifner et al
[2] noted performing goniopuncture in 85% of the CLASS group.
According to the medium-term clinical results of CLASS, Geffen et
al18 performed goniopuncture in 6% of patients, and in their study of
long-term results of NPDS Shaarawy et al. [21] performed 51% of
goniopunctures with collagen implants. Despite the fact that
goniopuncture turns deep sclerectomy into a penetrating procedure in
a later stage, it is not considered as a failed treatment but a procedure
that enables clinicians to have better control of IOP, offering a
sustained success of the surgery. The same occurs with the revision of
needling, which should not be considered as a surgical failure. Greifner
et al. [2] reported performing needling in 44% of the CLASS group.
Geffen et al. [18] performed needling in 26% of patients. Thus, the
frequency of goniopuncture (33.33%) and needling (21.21%) in our
study is within the expected range.
Previous studies did not report a significant difference in terms of
BCVA between conventional NPDS and conventional trabeculectomy
[4,22]. We did find differences in BCVA, registering better results in
the CLASS group after 9 months and 1 year in comparison with the
conventional trabeculectomy group. This difference may be caused by
fewer complications during the postoperative period, because nonpenetrating surgeries produce less inflammation of the anterior
chamber.
This study had some limitations. It is a retrospective study with a
short follow-up period (12 months). It provided a better follow-up to
evaluate the efficacy of long-term CLASS.
In conclusion, conventional trabeculectomy and CLASS enable
adequate control of IOP in patients with glaucoma who do not respond
to pharmacological treatment. However, CLASS results in fewer
postoperative complications which are characteristic of all filtration
surgeries and the patients needed fewer drugs to control IOP. It also
provides surgeons a rapid learning curve with a shorter surgical time
than conventional NPDS.
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