
pISSN: 1011-8942  eISSN: 2092-9382

© 2021 The Korean Ophthalmological Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses 
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

304

Original Article

Purpose: This study aims to investigate the safety, efficacy and feasibility of sutureless trabeculectomy using a porous colla-
gen matrix that contains a connected porous structure (Ologen) in the control of intraocular pressure (IOP) in glaucoma pa-
tients .

Methods: The study includes 25 eyes from 24 patients that met the inclusion criteria. All eyes underwent trabeculectomy 
with the Ologen implant that provides a space with a dynamic and physiological aqueous reservoir system. The operation was 
considered successful if IOP is <15 mmHg without need of IOP-lowering drops at 18 months of follow-up.

Results: The target IOP was achieved in 21 out of the 25 eyes (84%), the remaining four eyes all had an IOP of 16 mmHg at  
18 months. Short-term complications consisted of seven cases of bleb leakage treated with bandage contact lens and one 
case of mild choroidal effusion which resolved after observation alone.

Conclusions: We can conclude that this technique can provide safety, effectiveness and short learning curve for ophthal-
mology trainees with lower incidence of perioperative and postoperative complications. Further studies may be required to 
prove stability and long-term efficacy in management of glaucoma patients. 
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Although trabeculectomy was first introduced more than 
four decades ago, it remains the gold standard primary 
surgical procedure to lower the intraocular pressure (IOP) 
in patients with glaucoma. In various studies, the success 
rate has ranged from 76% to 87% [1-8]. However, the risk 
of complications and failure are still an issue to be ad-

dressed. Several studies have highlighted a variety of risk 
factors that can compromise the success rate of this proce-
dure. This includes age below 40 years at the time of sur-
gery, black race, presence of systemic disease such as dia-
betes mellitus, IOP greater than 40 mmHg along the 
course of the disease, the prolonged use of topical IOP-low-
ering medications before surgery, previous history of ar-
gon laser trabeculoplasty, pseudophakia or aphakia, and 
previous ocular surgery [3,4,7,8]. 

Moreover, it is recognised that some types of glaucomas 
are associated with increased risk of failure of trabeculec-
tomies such as the secondary glaucomas (steroid-induced, 
neovascular, uveitic, angle recession), pseudophakia, and 
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aphakia [5,6,9]. On the other hand, several surgical tech-
niques have been associated with reduced failure rate, in-
cluding superonasal location of scleral flap [10] and intra-
operative use of mitomycin C [2-4,8,11]. However, the type 
of conjunctival flap isn’t known to affect the success rate, 
as some studies showed better success rates with lim-
bus-based conjunctival f lap compared to fornix-based, 
while others reported similar success rates between the 
two [12].

Postoperatively, the use of subconjunctival 5-fluorouracil 
injection and the performance of laser suture lysis has 
been associated with improved success rates [4,12]. There-
fore, identifying the risk factors for trabeculectomy failure 
will aid clinicians to institute prompt intervention within 
the perioperative period to increase chances for success. It 
will also help clinicians during the preoperative counsel-
ling of patients regarding outcomes of surgery. 

Recently, biomedical devices to reduce the risk of scar 
formation were introduced by tissue engineering and have 
been proved to modify the process of wound healing. Olo-
gen (Ologen; Aeon Astron Europe, Leiden, The Nether-
lands), a new product that modulates wound healing, is a 
3D collagen-glycosaminoglycan scaffold specifically de-
signed to promote wound healing with minimal scarring in 
a wide range of ophthalmic surgeries. It has been used to 
create a healthy vascular bleb following trabeculectomy.

Ologen is a porous collagen matrix in a dry form of 
scaffold that contains a connected porous structure of 10 to 
300 μm diameter made of cross-linked lyophilized porcine 
type I atelocollagen (≥90%) and glycosaminoglycans 
(≤10%). The collagen matrix is thought to eventually bio-
degrade within 90 to 180 days. Random orientation of col-
lagen generates the 3-D porous structure which interrupts 
the alignment of fibroblasts and therefore enables a random 
pattern of fibroblast deposition, not suppressing or inhibit-
ing fibroblast growth but guiding fibroblasts to grow ran-
domly inside the matrix. Modulating fibroblast behavior is 
thought to produce a more physiological environment 
without scar formation. 

Materials and Methods

Case selection and regulatory approval

Twenty-five eyes, each diagnosed with advanced glaucoma 
(either primary or secondary) with medically uncontrolled 
IOP were recruited to the current study, and were assigned to 
the study intervention. The study patients were recruited af-
ter the approval of the ethics committee of Magrabi Eye Hos-
pital in Riyadh, Kingdom of Saudi Arabia (MEHR 114-17). 
Informed consent was obtained from all patients. Recruited 
patients all had uncontrolled IOP in the study eye with maxi-
mal tolerable medical therapy. Uncontrolled glaucoma was 
defined as uncontrolled IOP (≥22 mmHg) measured with a 
Goldmann applanation tonometer with visual field defect 
progression on maximal medical IOP-lowering treatment. 
Exclusion criteria were known allergy to collagen and patient 
refusal. For each patient, preoperative, intraoperative, and 
postoperative data were collected.

1) Preoperative characteristics
Preoperative characteristics were age, sex, type of glau-

coma, IOP, and number of preoperative glaucoma medica-
tions used during a period of three months before surgery. 
Patients also underwent angle examination using gonios-
copy, automated perimetry (visual field testing) and fundus 
examination. Following surgery, all these examinations, 
apart from the visual field, were performed on the first day 
and then repeated after one week as well as after 1, 3, 6, 9, 
12, and 18 months. Visual field tests were repeated every 6 
months.  

2) Intraoperative characteristics 
Intraoperative characteristics were date of operation, 

surgical technique, and presence of any intraoperative 
complications.

3) Postoperative characteristics
IOP, complications, and number of postoperative glauco-

ma medications were recorded. All IOP measurements were 
performed using the Goldmann applanation tonometer.

Primary study outcome

The primary study outcome was defined as a post-trabe-
culectomy IOP <15 mmHg without glaucoma medication 
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and a qualified success when IOP was <15 mmHg with 
glaucoma medication. It was considered a failure when 
IOP was ≥15 mmHg with glaucoma medication, or when 
an eye required further glaucoma drainage surgery.

Secondary study outcome

Secondary study outcomes included the number of post-
operative glaucoma medications, postoperative complica-
tions, and number of needling procedures required in each 
group. Complications were considered as follows: hypoto-
ny was considered when a postoperative IOP <5 mmHg 
for more than 2 weeks. The anterior chamber depth was 
clinically compared with the fellow eye. Anterior chamber 
was shallow when a peripheral iridocorneal touch occurred 
and flat with a lenticulo corneal touch. Anterior chamber 
flare would indicate anterior chamber inflammation. Cho-
roidal detachment would be present when seen in the pe-
ripheral retina by an indirect ophthalmoscope. 

Surgical procedures: sutureless scleral flap trabeculec-
tomy with mitomycin-C and Ologen

A fornix-based conjunctival flap is performed, then; cre-
ating a 3 × 4-mm rectangular one third thickness scleral 
f lap, mitomycin-C in a concentration of 0.2 mg/mL was 
applied for 2 minutes, 2 × 2 mm. An internal sclerostomy 

is commonly created with the use of a Kelly glaucoma 
punch (Geuder, EA/1, 19 gauge, 1.0 mm).

An iridectomy is performed to reduce the risk of iris oc-
cluding the sclerostomy, double-layered Ologen sandwich-
ing the scleral flap, we cut one Ologen disc into two halves, 
and then we put one half under the scleral flab (Fig. 1A) 
and the other half above it (Fig. 1B). As Ologen is a porous 
collagen, it has relatively rough surface (not slippery) and 
it swells once soaked by BSS that is why it stays perfectly 
in its position. Suture less closure of the scleral flap, con-
junctiva is secured at the limbus. The conjunctival closing 
was performed via two main cardinal (limbal) 10/0 nylon 
sutures and one 10/0 vicryl mattress in-between. 

Statistical analyses

All statistical analysis was performed using GraphPad 
Prism ver. 8.4.1 (GraphPad Software, San Diego, CA, 
USA). Gaussian distribution was tested for all values using 
the D’ Agostino and Pearson test. Where normality tests 
were not passed, median values and interquartile range are 
reported. Two-tailed Wilcoxon matched-pairs signed rank 
tests were used to for comparison between postoperative 
and the preoperative values. For all analyses, a p-value of 
less than 0.05 was considered to be statistically significant. 

Fig. 1. (A) First layer of Ologen under scleral flab. (B) Second layer of Ologen above scleral flab. Informed consent for publication of the 
clinical images was obtained from the patient. Informed consent for publication of the clinical images was obtained from the patient.
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Results

We identified 25 eyes from 24 patients that met the in-
clusion criteria. There were 17 males and seven females 
with median age (interquartile range, IQR) at the date of 
the operation 54 years (range, 15–73 years). Five eyes had 
previous trabeculectomy and 18 were phakic. Baseline 
characteristics are described in Table 1. The median (IQR) 

preoperative IOP was 30 (26–38) mmHg. A mean (range) 
IOP decrease of 55% (33%–77%) was achieved resulting in 
a median postoperative IOP of 14 mmHg (12–14),  
18 months after the trabeculectomy (p < 0.0001, two-tailed 
Wilcoxon matched-pairs signed rank test) (Table 2 and Fig. 
2). Median (IQR) visual acuity improved from 0.54 (0.40–
1.20) to 0.4 (0.24–0.70) logMAR at 12 months (p = 0.0006, 
two-tailed Wilcoxon matched-pairs signed rank test) (Table 

Table 1. Comparison of baseline characteristic among two 
groups
Characteristics Value
No. of patients 24
No. of eyes 25
Sex, male 17 (79.8)
Age (yr), median (range) 54 (15–73)
Right eyes 17 (68)
Phakic 18 (72)
No. of eyes with previous trabeculectomy 5
Preoperative visual acuity (logMAR) 0.54 (0.4–1.2)
Preoperative IOP 30 (26–38)
No. of eyes per type of glaucoma

Primary open angle 9
Neovascular 6
Acute primary angle closure 5
Acute secondary angle closure 1
Pigmentary 1
Congenital 2
Steroid-induced 1

Values are presented as number, number (%), or median 
(interquartile range) unless otherwise indicated. 
logMAR = logarithm of the minimum angle of resolution; IOP = 
intraocular pressure.
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Fig. 2. Intraocular pressure (IOP). All values presented are medi-
an. Error bars are interquartile range.

Fig. 3. Visual acuity (VA). All values presented are median. 
Error bars are interquartile range. logMAR = logarithm of the 
minimum angle of resolution. 

Table 2. Intraocular pressure and visual acuity assessments

Preoperative 
assessment

Postoperative follow-up assessments
Day 1 Week 1 Month 1 Month 6 Month 12 Month 18

Intraocular pressure
Median (IQR) 30 (26–38) 6 (4–8) 7 (6–8) 10 (8–12) 12 (10–15) 12 (12–14) 14 (12–14)
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Visual acuity
Median (IQR) 0.54 (0.40–1.2) 0.70 (0.54–1.80) 0.7 (0.24–1.30) 0.4 (0.24–0.85) - 0.4 (0.24–0.70) -
p-value 0.007 0.681 0.006 - 0.001 -

IQR = interquartile range.
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2 and Fig. 3). The median (IQR) number of glaucoma  
medication was reduced from 4 (3–4) to 0 after the opera-
tion. The operation was considered successful if IOP  
≤15 mmHg without need of IOP-lowering drops at  
18 months. In our cohort, this was achieved in 21 out of the 
25 eyes (84%), the remaining four eyes all had IOP of 16 
mmHg at 18 months. Short-term complication consisted of 
seven cases of bleb leakage treated with bandage contact 
lens and one case of mild choroidal effusion which settled 
with no intervention.  

Discussion

Trabeculectomy has been the most common incisional 
surgery for treating glaucoma for more than 40 years [13]. 

Also, it is known that postoperative scarring is a major 
problem that affects the long-term success of trabeculecto-
my. Therefore, antimetabolite agents such as  mitomycin-C 
were introduced to reduce fibroblast proliferation in the 
subconjunctival space and in Tenon’s capsule and reduced 
the risk of scar formation [14]. But their side effects raised 
the prospect of several complications, such as corneal en-
dothelial cell loss [15], cystic thin avascular bleb, choroidal 
detachment [16], endophthalmitis [17], and late-onset bleb 
leakage [18].

In our trabeculectomy technique, Ologen provides a 
space with a dynamic and physiological aqueous reservoir 
system because it is placed directly facing trabeculectomy 
opening and under the subconjunctival space. The implant 
inf luences the healing process by forcing the fibroblasts 
and myofibroblasts to grow into the pores and secrete a 
loose connective tissue matrix. Subsequently, Ologen is 
biodegraded by the body within 90 to 180 days from its 
implantation then ends by a fibrous meshwork structure 
which is almost similar to trabecular meshwork without its 
TM cells. Theoretically, this can potentially act as a space 
maintainer and a f low controller improving the surgical 
success of trabeculectomy [19]. 

Postoperative reduced IOP proved to be one of the im-
portant factors to preserve visual fields in these high-risk 
glaucoma patients. In the Advanced Glaucoma Interven-
tion Study, it was found that in order to stop progress of 
glaucomatous visual field loss, postoperative IOPs in the 
low teens should be achieved [20]. Target pressures for 
normal pressure glaucoma patients might be even lower 

[21]. It has been shown that reducing IOP by 30% in nor-
mal-pressure glaucoma patients diminishes the rate of vi-
sual field loss progression [22]. 

As earlier long-term studies often defined success as a 
postoperative IOP level of 21 mmHg or less [23-25]. In our 
case series, a postoperative IOP level of less than 15 mmHg 
was targeted in all patients. Our goal was to achieve a rea-
sonable target IOP for trabeculectomies with the additional 
use of mitomycin-C and Ologen. Results of initial and fol-
low-up assessment of IOP showed that the majority of our 
patients had IOP levels of 15 mmHg or less at the end of 
the follow-up period. The percentage of IOP reduction on 
the short-term follow-up in our patients was 55% (33%–
77%). Further studies may be needed for long-term fol-
low-up of IOP reductions in those patients.

It can be easily noted that our technique offers trabe-
culectomy with simple and straightforward steps which re-
quire basic surgical skills in the form of conjunctival and 
scleral flaps dissection with no scleral suturing which is al-
ways one of the tricky steps in trabeculectomy with the 
need for its optimum control to avoid being tight or loose 
and also any further need to be adjustable or releasable. 
This explains why the procedure is suitable for trainees 
with its very short learning curve. In our short-term study, 
none of our patients needed bleb needling, bleb revision, or 
suture lysis, which suggests that the procedure is a cost-ef-
fective procedure. 

Furthermore, one of our goals was to achieve a cost ef-
fectiveness plan regarding the use of glaucoma medica-
tions. This was always a challenge in many studies as there 
was a gradual increase in the use of glaucoma medications 
in the follow-up period. In our case series, this could be at-
tained during the follow-up of our patients.

Additionally, there was no deterioration of vision in our 
patients during the follow-up. Despite our study not com-
paring the visual field changes in these patients, we have 
maintained that IOP reductions and stability are the main 
factors in glaucoma progression.

The short-term results of our patients demonstrate that 
the procedure was of high safety profile with well-con-
trolled short-term complications and no long-term compli-
cations during the follow-up period of the study. Reported 
early bleb leak in few patients was likely related to the clo-
sure technique which might be needed to be tighter in 
some patients but in those few patients. This early leakage 
was totally controlled by a bandage contact lens in the next 
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few days following the procedure. 
The current study faced a number of limitations that in-

cludes the relatively small sample size, follow-up time, and 
inability to compare our intervention with a matched con-
trol group. We consider this study to be a pilot study. Fur-
thermore, we are planning to continue in a different study 
design with additional outcome measures.  

Our case series study of those patients who underwent 
trabeculectomy with Ologen is aiming to find a safe and 
effective trabeculectomy procedure with a short learning 
curve. This study suggests that this technique can provide 
safety, effectiveness and a short learning curve for new 
ophthalmology trainees with lower incidence of operative 
and postoperative complications.  
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