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Purpose: This study aimed to evaluate the long-term surgical outcomes of trabeculectomy with mitomycin C (MMC) and identify 
factors associated with surgical failure in Thai patients with primary and secondary glaucoma.
Methods: This retrospective study included 421 eyes from 397 patients with glaucoma who underwent trabeculectomy with MMC 
from January 1, 2012, to December 31, 2015. The patients’ demographics, baseline characteristics, ocular parameters, and post
operative outcomes were analyzed. Surgical success was classified into complete success (IOP = 4–21 mmHg without anti-glaucoma 
medication), qualified success (IOP = 4–21 mmHg with medication), and failure (IOP >21 mmHg or <4 mmHg). Factors associated 
with surgical failure were assessed using Cox regression analysis.
Results: The cumulative probability of complete or qualified success at 8 years was 65.9% (95% CI: 59.9%, 71.9%); however, 
a significantly higher success rate was observed in the primary glaucoma group (75.1%) than in the secondary glaucoma group 
(47.4%) (p < 0.001). The secondary glaucoma group, particularly those with secondary closed-angle glaucoma, had the lowest success 
rates. Preoperative IOP, number of anti-glaucoma medications, and visual acuity were significantly different between the two groups. 
Etiologic factors associated with surgical failure included pseudo-exfoliation glaucoma (adjusted HR 3.23), neovascular glaucoma 
(adjusted HR 2.87), and secondary angle closure glaucoma (adjusted HR 2.62). Late complications were more prevalent in patients 
with secondary glaucoma than in those with primary glaucoma and included decreased visual acuity (5.43% vs 10.29%), hypotony 
(0.26% vs 1.14%), corneal decompensation (1.82% vs 3.40%), and bleb-related infection (0.19%).
Conclusion: Trabeculectomy with MMC remains an effective surgical option for primary glaucoma, demonstrating better long-term 
outcomes compared to its outcomes in patients with secondary glaucoma. Risk factors for surgical failure include specific glaucoma 
etiologies. These findings would personalize management strategies to optimize surgical approaches based on predictive factors for 
surgical success.

Plain language summary: The study looked at how well a type of eye surgery called trabeculectomy works for people with 
glaucoma, a condition that causes high pressure in the eye. We reported how successful the surgery was over 8 years and what might 
make it more likely to fail. 

The study found that trabeculectomy surgery works better for people with primary glaucoma than for those with secondary 
glaucoma (glaucoma caused by other health issues). After 8 years, about 75% of primary glaucoma patients had successful results, 
while only 47% of secondary glaucoma patients did. Secondary glaucoma patients also had more postsurgery problems, like vision 
loss and infections. These findings would help doctors tailor treatment plans and choose the best surgical approach based on factors 
that predict surgery success. 

Keywords: close-angle glaucoma, neovascular glaucoma, open-angle glaucoma, postintraocular surgery glaucoma, pseudoexfoliation 
glaucoma, uveitic glaucoma
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Introduction
Glaucoma is one of the leading causes of blindness in Thailand and worldwide. By 2040, the prevalence of glaucoma is 
projected to reach 111.8 million, driven primarily by an aging population.1 In Thailand, the prevalence of glaucoma is 
4.07% among individuals aged 40 years and older, increasing to nearly 5% in those over 50 years of age.2–4

Glaucoma is a chronic optic neuropathy characterized by the gradual deterioration of the optic nerve, often associated with 
functional visual field damage. Abnormally high intraocular pressure (IOP) is a significant risk factor for the disease.5,6 The 
primary aim of glaucoma treatment is to halt disease progression and prevent ongoing damage to the optic nerve, which can 
lead to permanent visual field loss and irreversible blindness. Current treatment primarily focuses on reducing IOP. However, 
several factors must be considered in managing glaucoma patients, including the stage of the disease, quality of life, patient 
factors, and life expectancy. For patients with early to moderate stages of the disease, anti-glaucoma medications or selective 
laser trabeculoplasty (SLT) are typically recommended.7,8 In contrast, surgery is recommended for patients with advanced 
stages of glaucoma who cannot tolerate medications or whose IOP remains insufficiently controlled, leading to the deteriora
tion of both the patient’s functional visual field and structural optic nerve.6–9

While novel minimally invasive glaucoma surgeries (MIGS) have shown promising outcomes, trabeculectomy 
remains the standard surgical option for controlling IOP by bypassing the aqueous humor to the subconjunctival 
space.10–12 The application of anti-metabolites, such as Mitomycin C (MMC) and 5-fluorouracil (5-FU), can modify 
wound healing processes and increase the success rate of surgery.13 The overall success rate of trabeculectomy with 
MMC is reported to be 80–90% at 1 year; however, this decreases to 60–73% during longer-term follow-ups of 5–6 
years.14 Differences in race and glaucoma etiology may also affect the success rates of surgery.15–19 There is a gap in the 
current understanding of the long-term outcomes of trabeculectomy with mitomycin C (MMC), particularly within the 
Thai population and across various glaucoma etiologies. This study aims to evaluate the surgical outcomes of trabecu
lectomy with MMC in patients with both primary and secondary glaucoma, as well as to identify factors associated with 
surgical failure. The findings may contribute to optimizing treatment protocols and enhancing the accuracy of prognostic 
assessments for glaucoma patients in Thailand.

Materials and Methods
This retrospective study included patients with glaucoma. The study was conducted in accordance with the principles of 
the Declaration of Helsinki and was approved by the Mettapracharak (Wat Rai Khing) Research Ethics Committee. The 
study was also conducted in line with the International Conference on Harmonization of Good Clinical Practice (ICH- 
GCP) guidelines (COA013/2565). The ethics committee waived the need to obtain informed consent, as all data were 
anonymized and kept confidential.

The medical records of patients with glaucoma who underwent their initial trabeculectomy with MMC between 
January 1, 2012, and December 31, 2015, were reviewed retrospectively. The inclusion criteria included cases of patients 
with glaucoma who had uncontrolled IOP, underwent primary trabeculectomy with MMC augmentation, and had been 
followed up at the Department of Ophthalmology, Mettapracharak (Wat Rai Khing) Hospital, Thailand. The exclusion 
criteria included patients who had previously undergone any glaucoma surgery.

Demographic data, including sex, age, underlying conditions, history of glaucoma treatment, and type of glaucoma, 
were collected from the patient records. Baseline and follow-up data were recorded, including LogMAR visual acuity, 
IOP, the number of anti-glaucoma medications, and details of laser and bleb care procedures performed postoperatively. 
Complications and any further surgical management were also documented. Ocular parameters were assessed preopera
tively and during follow-up visits, including the vertical cup-to-disc ratio (VCDR) and visual field test results, such as the 
mean deviation (MD), pattern standard deviation (PSD), and visual field index (VFI).

Patients with glaucoma were categorized into two groups based on the disease etiology: the primary glaucoma group 
and the secondary glaucoma group. Trabeculectomy is indicated for patients with uncontrolled IOP despite the maximum 
tolerated glaucoma medications, particularly when there is evidence of disease progression, both structurally and 
functionally. Trabeculectomy with 0.04% MMC was performed by eight glaucoma specialists at Mettapracharak 
Hospital, utilizing a fornix-based conjunctival flap. Although the fundamental approach remained consistent, there 
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were slight variations in individual techniques, and the duration of MMC application ranged from 2 to 4 minutes among 
different surgeons.

Postoperative care following trabeculectomy included the application of topical steroids 4–8 times daily for 3–6 months 
with adjustments made based on the level of inflammation and the characteristics of the bleb. Additionally, topical antibiotics 
were prescribed to be used four times daily for 1–2 months to prevent infection. Postoperative follow-up for patients involved 
examinations 1 week postoperatively, followed by follow-up visits every 1–2 weeks for the first month and then every 1–2 
months thereafter. To ensure a functional bleb, interventions such as laser suture lysis or needling procedures were performed 
as needed. If IOP remained uncontrolled, additional management strategies, including topical and/or oral anti-glaucoma 
medications or further glaucoma procedures, were considered to achieve optimal IOP control.

Surgical outcomes were categorized into three groups: complete success (IOP of 4–21 mmHg without anti-glaucoma 
medication), qualified success (IOP of 4–21 mmHg with additional glaucoma medications), and failure (IOP above 
21 mmHg despite anti-glaucoma medications or IOP below 4 mmHg, indicating prolonged hypotony). Laser suture lysis 
(LSL) or bleb needling were not considered surgical failures, as these interventions are part of the standard postoperative 
care for trabeculectomy.

Statistical Analysis
Demographic data and ocular characteristics were presented using descriptive statistics, with continuous variables 
reported as mean and standard deviation (SD) and categorical variables as frequency and percentage. For categorical 
data, the chi-squared test and Fisher’s exact test were used to compare the groups, while unpaired t-tests and the Mann– 
Whitney U-test were used for continuous data to compare the primary and secondary glaucoma groups. The success rates 
for both groups were analyzed using Kaplan–Meier curve analysis, with comparisons made using the Log rank test. 
Factors associated with surgical failure were analyzed using Cox regression analysis, both univariable and multivariable, 
with results reported as hazard ratios. A p-value of less than 0.05 was considered statistically significant. All statistical 
analyses were conducted using SPSS version 28.0 (IBM Corp., Armonk, NY, USA).

Results
A total of 421 eyes from 397 patients with glaucoma were analyzed. Patients with glaucoma were categorized into the 
primary glaucoma group (274 eyes from 251 patients including cases of primary open-angle glaucoma (POAG) in 145 
eyes (52.9%), primary angle closure glaucoma (PACG) in 108 eyes (39.4%), juvenile open-angle glaucoma (JOAG) in 20 
eyes (7.2%), and ocular hypertension (OHT) in 1 eye (0.4%) and the secondary glaucoma group (147 eyes from 146 
patients including cases of neovascular glaucoma (NVG) in 75 eyes (51.0%), uveitis glaucoma in 15 eyes (10.2%), 
postsurgical related glaucoma in 14 eyes (postvitreoretinal surgery, and penetrating keratoplasty surgery in 8 eyes, 6 
eyes) (9.5%), secondary angle closure glaucoma in 13 eyes (8.8%) (lens subluxation in 6 eyes, phacomorphic glaucoma 
in 3 eyes, and Iridocorneal endothelial (ICE) syndrome in 4 eyes), traumatic glaucoma in 12 eyes (8.2%), pseudoexfolia
tion glaucoma (PXG) in 9 eyes (6.1%), pigment dispersion glaucoma (PDS) in 2 eyes (1.4%), steroid-induced glaucoma 
in 3 eyes (2.0%), and other secondary glaucoma in 4 eyes (2.7%)) (Table 1).

The average age differed significantly between the groups. The primary glaucoma group had an average age of 60.8 
±3.7 years (range: 16–88 years), while the secondary glaucoma group had a younger average age of 56.0±15.7 years 
(range: 7–84 years) (p-value=0.002). There were no significant differences in sex distribution between the two groups. 
Baseline characteristics between the primary and secondary glaucoma groups revealed several significant differences. 
The primary glaucoma group had better mean visual acuity, measuring 0.79±0.70 logMAR, compared to 1.50±0.85 
logMAR in the secondary group (p < 0.001). Additionally, the secondary glaucoma group exhibited a higher mean 
preoperative IOP of 30.14±12.14 mmHg, while the primary group had a mean IOP of 23.77±10.77 mmHg (p < 0.001). 
Moreover, the primary glaucoma group showed greater structural optic nerve damage, with a vertical cup disc ratio 
(VCDR) of 0.84±0.13 compared to 0.73±0.21 in the secondary group (p < 0.001). However, no significant differences 
were found in visual field parameters between the groups, both classified as advanced glaucoma staging, with mean 
deviations of −16.68±11.08 dB and a visual field index of 47.55±33.59% for the primary group and −17.65±10.78 dB and 
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Table 1 Baseline Characteristic and Demographic Data Between Primary and Secondary Glaucoma

Total of eyes / patients Primary Glaucoma Secondary Glaucoma p-value

274 / 251 147/146 –

Primary glaucoma
Primary open-angle glaucoma 145 (52.9%)

Primary angle closure glaucoma 108 (39.4%)
Juvenile open-angle glaucoma 20 (7.2%)

Ocular hypertension 1 (0.4%)

Secondary glaucoma
Neovascular glaucoma 75 (51.0%)

Uveitic glaucoma 15 (10.2%)
Postsurgical related glaucoma: 14 (9.5%)

- Post penetrating keratoplasty - 6 (4.1%)

- Post pars plana vitrectomy - 8 (5.4%)
Secondary angle closure glaucoma: 13 (8.8%)

- Lens subluxation - 6 (4.1%)

- Phacomorphic glaucoma - 3 (2.0%)
- Iridocorneal endothelial syndrome - 4 (2.7%)

Traumatic glaucoma 12 (8.2%)

Pseudoexfoliative glaucoma 9 (6.1%)
Pigment dispersion syndrome 2 (1.4%)

Steroid induced glaucoma 3 (2.0%)

Other secondary glaucoma 4 (2.7%)

Age (mean ± SD) 60.8 ± 13.7 (range: 16–88) 56.0 ± 15.7 (range: 7–84) 0.002*

Gender 0.425

Female 110 (43.8%) 58 (39.7%)

Male 141 (56.2%) 88 (60.3%)

Preoperative data
Visual acuity (LogMAR) 0.79 ± 0.70 1.50 ± 0.85 <0.001*

Intraocular pressure (IOP) mmHg 23.77 ± 10.70 30.14 ± 12.14 <0.001*

Visual field parameter (n=111)
- Mean deviation (MD) dB –16.68 ±11.08 –17.65 ± 10.78 0.792

- Pattern standard deviation (PSD) dB 7.66 ± 3.44 7.39 ± 4.52 0.819

- Visual field index (VFI)% 47.55 ± 33.59 48.44 ± 35.35 0.939
Vertical cup to disc ratio (VCDR) 0.84 ± 0.13 0.73 ± 0.21 <0.001*

Anti-glaucoma medication:

Duration of anti-glaucoma treatment (months): 14 (5, 36) 5 (2, 12) <0.001*

Number of baseline medication 3.97 ± 1.81 4.01 ± 1.00 0.841
Type of anti glaucoma medication

- Topical beta-blocker 262 (95.6%) 138 (93.9%) 0.434

- Topical prostaglandin analogues 257 (93.8%) 117 (79.6%) <0.001*
- Topical carbonic anhydrase inhibitors 181 (66.1%) 92 (62.6%) 0.477

- Topical alpha agonist 231 (84.3%) 129 (87.8%) 0.338

- Oral acetazolamide 131 (47.8%) 107 (72.8%) <0.001*

(Continued)
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48.44±35.35% for the secondary group. Importantly, regarding those with tolerable visual acuity, only 26.37% (111 out) 
of 421 patients had visual field data.

The primary glaucoma group had a longer duration of glaucoma treatment prior to trabeculectomy, with an average of 14 
months compared to 5 months in the secondary glaucoma group (p < 0.001). The mean number of preoperative anti-glaucoma 
medications was similar between the two groups, with both averaging four types of medication (p = 0.841). Topical 
prostaglandin analogues were prescribed for 93.8% of the primary glaucoma group, significantly higher than the 79.6% in 
the secondary group (p < 0.001). Conversely, oral acetazolamide was more frequently prescribed in the secondary group, with 
72.8% compared to 47.8% in the primary group (p < 0.001). Additionally, 64 eyes in the secondary glaucoma group underwent 
panretinal photocoagulation due to neovascular glaucoma, while 93 eyes in the primary glaucoma group received laser 
peripheral iridotomy for angle closure. Furthermore, phakic lens status was more prevalent in the primary glaucoma group 
compared to the secondary group (p < 0.001) (Table 1).

The mean follow-up period was 5.2 ± 2.8 years. At the eighth-year follow-up, the cumulative probability of complete 
or qualified success following trabeculectomy with MMC was 65.9% (95% CI: 59.9%, 71.9%). When comparing the two 

Figure 1 Cumulative probability of complete or qualified success of trabeculectomy with Mitomycin C between the primary and secondary glaucoma groups.

Table 1 (Continued). 

Total of eyes / patients Primary Glaucoma Secondary Glaucoma p-value

Preoperative laser
- None 149 (54.4%) 62 (42.2%) 0.017*

- Laser peripheral iridotomy 93 (33.9%) 13 (8.8%) <0.001*

- Selective laser iridoplasty 18 (6.6%) 4 (2.7%) 0.091
- Pan retinal photocoagulation 5 (1.8%) 64 (43.5%) <0.001*

- Laser diode transscleral photocoagulation – 4 (2.7%) 0.006*

- Combined laser iridotomy and iridoplasty 9 (3.3%) – 0.026*

Lens status
- Phakic lens 215 (78.5%) 91 (61.9%) <0.001*
- Pseudophakia 59 (21.5%) 52 (35.4%) 0.002*

- Aphakia 0 (0.0%) 4 (2.7%) 0.006*

Note: *Statistically significant p < 0.05.
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groups, the primary glaucoma group demonstrated a higher cumulative probability of success at 75.1% (95% CI: 68.4%, 
81.8%), compared to 47.4% (95% CI: 36.0%, 58.8%) in the secondary glaucoma group (p < 0.001) (Figure 1).

Preoperative IOP in the secondary glaucoma group exhibited a higher mean IOP of 30.14±12.14 mmHg compared to 
23.77±10.70 mmHg in the primary glaucoma group (p < 0.001). IOP significantly decreased when comparing baseline 
preoperative values to postoperative follow-up values at every time point for both groups (p < 0.001; Figure 2). The 
average number of anti-glaucoma medications decreased significantly when compared to the average baseline number at 
every time point.

Regarding the etiology of primary glaucoma, the cumulative probability of complete or qualified success following 
trabeculectomy with MMC was comparable among those with POAG, PACG, and JOAG as follows: POAG: 74.7% 
(95% CI: 64.6%, 84.8%), PACG: 76.0% (95% CI: 65.5%, 86.5%), and JOAG: 70.0% (95% CI: 50.0%, 90.0%), 
(p=0.261) (Figure 3).

Figure 2 Intraocular pressure and number of anti-glaucoma medication comparing at baseline and postoperative follow-up between the primary and secondary glaucoma group.

Figure 3 Cumulative probability of complete or qualified success of trabeculectomy with Mitomycin C in the primary open-angle glaucoma, primary closed-angle glaucoma, 
and juvenile open-angle glaucoma groups.
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In the secondary glaucoma group, the cumulative probability of complete or qualified success following trabecu
lectomy with MMC was 66.7% (35.9%, 97.5%) for PXG, 50.8% (35.6%, 66.0%) for NVG, 50.0% (20.4%, 79.6%) for 
uveitis glaucoma, 58.3% (30.5%, 86.1%) for traumatic glaucoma, 49.7% (20.7%, 78.7%) for postsurgical related 
glaucoma, and 46.2% (15.6%, 76.8%) for secondary angle closure glaucoma; these results showed no statistically 
significant differences (p=0.996) (Figure 4).

Early postoperative complications within the first year were comparable between the primary and secondary groups 
and included a decrease in visual acuity (3.38% vs 3.40%, p=0.976), bleb leakage (0.91% vs 0.34%, p=0.177), hypotony 
(1.46% vs 1.70%, p=0.697), overhanging bleb (0.09% vs 0.34%, p=0.246), and corneal decompensation (0.46% vs 
0.85%, p=0.313). On the other hand, late postoperative complications were more prevalent in the secondary glaucoma 
group and included decreased visual acuity (5.43% vs 10.29%, p=0.003), hypotony (0.26% vs 1.14%, p=0.020) and 
corneal decompensation (1.82% vs 3.40%, p=0.004). A bleb-related infection was observed in one eye of the secondary 
glaucoma group (0.19%, p=0.139) (Table 2).

Laser suture lysis was performed in 53.68% of cases and was comparable between both groups (53.3% vs 54.4%, 
p=0.826) with a median duration of 19 days postoperatively. Bleb needling was conducted in 27.08% of cases and was 

Figure 4 Cumulative probability of complete or qualified success of trabeculectomy with Mitomycin C in cases of neovascular glaucoma, uveitis glaucoma, postsurgical 
related glaucoma, secondary closed-angle glaucoma, and traumatic glaucoma.

Table 2 Early and Late Postoperative Complications

Early Complication within 1 Year Late Complication 2 to 8 Years

Primary 
Glaucoma

Secondary 
Glaucoma

p-value Primary 
Glaucoma

Secondary 
Glaucoma

p-value

Decrease in visual acuity 37 (3.38%) 20 (3.40%) 0.976 62 (5.43%) 54 (10.29%) 0.003*

Bleb leakage 10 (0.91%) 2(0.34%) 0.177 – – –

Hypotony 16 (1.46%) 10(1.70%) 0.697 3 (0.26%) 6 (1.14%) 0.020*

Overhanging bleb 1(0.09%) 2(0.34%) 0.246 3 (0.26%) – 0.238

Corneal decompensate 5 (0.46%) 5(0.85%) 0.313 11 (0.96%) 15 (2.86%) 0.004*

Bleb related infection – – – – 1 (0.19%) 0.139

Note: *Statistically significant p < 0.05.
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similar in both the primary and secondary glaucoma groups (26.64% vs 27.89%, p=0.787), with an average needling of 
1.38 times in the primary glaucoma group and 1.51 times in the secondary glaucoma (p=0.588), while the median time 
was 98 days postoperatively. The secondary glaucoma group needed additional surgeries for glaucoma, such as second 
trabeculectomy, glaucoma drainage device implantation, bleb revision, laser diode transscleral photocoagulation (LDTC), 
and XEN gel implantation to control IOP more often than in the primary glaucoma group, and the difference was 
statistically significant (49 eyes (17.88%) vs 51 eyes (34.69%), p < 0.001). Cataract surgery was performed following 
trabeculectomy in 125 eyes (58.14%) in the primary glaucoma group and in 41 eyes (40.5%) in the secondary glaucoma 
group, p = 0.035 (Table 3).

Factors associated with surgical failure following trabeculectomy with MMC were analyzed, including age, sex, 
glaucoma etiology, visual acuity, IOP, visual field parameters, VCDR, previous glaucoma treatments, lens status, and 
postoperative care. Univariate analysis identified several factors linked to surgical failure: pseudoexfoliation glaucoma 
(unadjusted HR 2.98, 95% CI: 1.05–8.50, p = 0.041), neovascular glaucoma (unadjusted HR 1.993, 95% CI: 1.15–3.45, 
p=0.014), secondary angle closure glaucoma (unadjusted HR 2.821, 95% CI: 1.24–6.44, p=0.014), previous selective 
laser trabeculoplasty (SLT) (unadjusted HR 2.28, 95% CI: 1.15–4.50, p=0.018), and laser diode transscleral photocoa
gulation (unadjusted HR 4.92, 95% CI: 1.53–15.82, p=0.008). Postoperative a number of times of bleb needling also 
emerged as a risk factor (unadjusted HR 1.46, 95% CI: 1.29–1.64, p < 0.001).

Multivariate analysis revealed significant factors associated with surgical failure included pseudoexfoliation glaucoma 
(adjusted HR 3.23, 95% CI: 1.10–9.45, p=0.033), neovascular glaucoma (adjusted HR 2.87, 95% CI: 1.29–6.37, 
p=0.010), previous SLT (adjusted HR 2.45, 95% CI: 1.12–5.33, p=0.024), and postoperative bleb needling (adjusted 
HR 1.71, 95% CI: 1.46–2.00, p < 0.001). Meanwhile, the secondary angle closure glaucoma was approaching 
significance (adjusted HR 2.620, 95% CI: 0.997–6.889, p=0.051) (Table 4).

Table 3 Postoperative Management

Primary Glaucoma Secondary Glaucoma p-value

Laser suture lysis (eyes) 
median time to laser 19 days (range: 8, 47)

146 (53.3%) 80 (54.4%) 0.826

Needling the bleb (eyes) 73 (26.64%) 41 (27.89%) 0.787
- 1 time 73 (72.28%) 41 (66.13%) 0.407

- 2 times 20 (19.80%) 15 (24.19%) 0.509

- 3 times 7 (6.93%) 3 (7.14%) 0.540
- 4 times 1 (0.99%) 3 (7.14%) 0.124

Average needling time 
median time to needling 98 days (range: 43, 305)

1.38 time 1.51 time 0.588

Repair bleb leak 7 (2.55%) 4 (2.72%) 0.920
Reform anterior chamber 9 (3.28%) 1 (0.68%) 0.095

Further glaucoma operation 49 (17.88%) 51 (34.69%) <0.001*
- Second trabeculectomy 24 (48.98%) 9 (17.65%) 0.337

- Glaucoma drainage device 12 (24.49%) 15 (29.41%) 0.019*

- Laser diode transscleral photocoagulation 5 (10.20%) 13 (25.49%) <0.001*
- Bleb revision 7 (14.29%) 11 (21.57%) 0.017*

- XEN gel implantation 1 (2.04%) 3 (5.88%) 0.091

Further ocular operation
- Cataract surgery 125 (58.14%) 41 (45.05%) 0.035*

- Cataract surgery and second trabeculectomy 9 (4.19%) 1 (1.10%) 0.165
- Pars plana vitrectomy – 7 (4.76%) <0.001*

- Penetrating keratoplasty and cataract surgery 1 (0.36%) 1 (2.0%) 0.653

Note: *Statistically significant p < 0.05.
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Table 4 Univariate and Multivariate Analysis of Factors Associated with Surgical Failure in Trabeculectomy with Mitomycin

Variable Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

Primary glaucoma
Primary open-angle glaucoma Ref. Ref.

Primary angle closure glaucoma 1.837 (0.839, 4.021) 0.128 0.379 (0.140, 1.024) 0.056

Juvenile open-angle glaucoma 0.813 (0.452, 1.465) 0.491 0.830 (0.320, 2.152) 0.701
Ocular hypertension – – – –

Secondary glaucoma
Pseudoexfoliation glaucoma 2.980 (1.045, 8.497) 0.041* 3.226 (1.102, 9.446) 0.033*

Neovascular glaucoma 1.993 (1.150, 3.453) 0.014* 2.865 (1.288, 6.374) 0.010*
Steroid induced glaucoma 1.303 (0.177, 9.591) 0.795 0.456 (0.058, 3.604) 0.456

Uveitic glaucoma 1.404 (0.493, 3.998) 0.525 0.816 (0.273, 2.438) 0.715

Post penetrating keratoplasty 
post pars plana vitrectomy

1.976 (0.471, 8.292) 
2.479 (0.871, 7.060)

0.352 
0.089

0.887 (0.202, 3.890) 
2.372 (0.684, 8.231)

0.873 
0.174

Traumatic glaucoma 1.909 (0.670, 5.435) 0.226 1.016 (0.315, 3.276) 0.979

Secondary angle closure glaucoma 2.821 (1.235, 6.444) 0.014* 2.620 (0.997, 6.889) 0.051
Other secondary glaucoma 1.211 (0.165, 8.897) 0.851 0.163 (0.019, 1.364) 0.094

Age (years) 0.974 (0.963, 0.986) <0.001* 0.968 (0.952, 0.984) <0.001*
Female Ref.

Male 1.011 (0.693, 1.475) 0.955

Preoperative data
Duration of diagnosis 1.004 (0.997, 1.010) 0.283 1.008 (0.990, 1.026) 0.382

Visual acuity (LogMAR) 1.118 (0.901, 1.388) 0.312
Intraocular pressure (IOP) >23 mmHg 1.021 (1.006, 1.036) 0.007*

Mean deviation (MD) dB 1.023 (0.990, 1.056) 0.171

Visual field index(VFI) % 1.008 (0.995, 1.022) 0.213
Vertical cup to disc ratio (VCDR) 1.331 (0.386, 4.593) 0.651

History of anti-glaucoma medication
Duration of anti-glaucoma ≥10 Months 0.779 (0.531, 1.143) 0.202

Number of medication ≥ 4 types 1.301 (0.813, 2.082) 0.272

Prostaglandin analogues 1.194 (0.622, 2.292) 0.593
Beta-blockers 1.418 (0.552, 3.854) 0.493

Carbonic anhydrase inhibitors 1.180 (0.781, 1.781) 0.432

Alpha agonist 0.998 (0.578, 1.724) 0.995
Acetazolamide 1.352 (0.911, 2.005) 0.134

Previous laser
Laser peripheral iridotomy 0.886 (0.540, 1.455) 0.633 1.049 (0.458, 2.403) 0.909

Selective laser iridoplasty 2.279 (1.153, 4.503) 0.018* 2.446 (1.122, 5.332) 0.024*

Pan retinal photocoagulation 1.425 (0.838, 2.423) 0.191 0.463 (0.216, 0.993) 0.048*
Laser diode transscleral photocoagulation 4.916 (1.528, 15.824) 0.008* 1.211 (0.326, 4.508) 0.775

Combined laser iridotomy and iridoplasty 0.363 (0.050, 2.639) 0.317 0.341 (0.043, 2.700) 0.308

Lens status
Phakia Ref. 0.277 Ref. 0.072

Pseudophakia 1.263 (0.829, 1.925) 0.236 1.569 (0.961, 2.563) 0.962
Aphakia 2.343 (0.574, 9.569) 0.959 (0.177, 5.198)

(Continued)
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Discussion
In this study, the surgical outcomes of trabeculectomy were extensively studied in terms of short-term, mid-term, and long-term 
success rates, postoperative complications, and factors associated with failure.18–22 Compared to 5-fluorouracil, the application of 
MMC has been linked to higher success rates without increasing postoperative complications and is currently becoming 
a standard adjunctive for trabeculectomy.13,23 The success rates of trabeculectomy vary significantly depending on etiologies 
and ethnic backgrounds. The eight-year cumulative success rates in patients with primary glaucoma in this study, including both 
open-angle and closed-angle glaucoma as well as juvenile open-angle glaucoma, aligned closely with those reported by previous 
studies. For instance, Wagner et al reported a 73% qualified success rate and a 69% complete success rate after 6 years in 
Caucasian patients with open-angle glaucoma.14 Liu et al also observed a five-year qualified success rate of 42.9% in Chinese 
patients with closed-angle glaucoma, which improved to 65.4% in those without diabetes mellitus.24 Chiu HI et al additionally 
reported a 10-year cumulative qualified success rate of 67.1% in Taiwanese patients and found higher success rates among those 
over 70 years old.18 Qin ZX et al reported comparable cumulative success rates at 3 years in both primary close- and open-angle 
glaucoma in Chinese patients at 78.7% and 71.5%, respectively.19 Romero et al reported a 72% success rate after 5 years in 
Caucasian patients with primary closed-angle glaucoma.16 Pathania et al reported a remarkable five-year quality surgical success 
rate of 96% in an Indian cohort with juvenile open-angle glaucoma without MMC.25 Conversely, Tsai et al found no significant 
difference in the success rates between trabeculectomy with and without MMC in patients with juvenile open-angle glaucoma, 
suggesting that the role of MMC may vary in different populations (73% vs 68%, p = 0.89).26

Our results showed that the cumulative success rate in the secondary glaucoma group was lower than that in the primary 
glaucoma group and varied from those reported in previous studies with different glaucoma etiologies. However, it should be 
noted that a significant proportion of participants in the secondary glaucoma group in this study were patients with neovascular 
glaucoma. Our findings are consistent with those of Takihara et al, who reported a cumulative success rate of 51.7% at 5 years 
after trabeculectomy with MMC in patients with neovascular glaucoma.27 The highest cumulative success rate in the secondary 
glaucoma group in this study was observed in those with pseudoexfoliation glaucoma and was higher than the 5 year cumulative 
success rates in Chinese patients studied by Li et al (66.7% vs 35%);28 however, it was lower than that reported in Turkish 
patients (90.6%) in a study by Pelitli Gürlü V et al.29 The 8-year cumulative success rate among patients with uveitis glaucoma 
was lower than the 10-year cumulative success rate reported by Kanaya et al (50% vs 66.5%).30 Furthermore, Marjanovic et al 
reported a better success rate three years after the emulsified silicone oil postoperative Pars Plana vitrectomy (49.7% vs 67.9%).31

In our study, the secondary closed-angle glaucoma group included cases of lens-induced glaucoma and ICE syndrome. Chew 
ACY et al reported a higher long-term success rate of combined phaco-trabeculectomy in a small subgroup of 35 patients with 
secondary glaucoma with a cumulative of success of 91.4% vs 49.7%.32 In contrast, Ruksana A. et al found that a small number of 
Indian patients with phacomorphic glaucoma (7.9%) required postoperative glaucoma management after undergoing cataract 
surgery.33 Furthermore, regarding patients with ICE syndrome, Doe et al reported a lower 5-year success rate compared with the 
rate reported in our study (29% vs 46.2%).34 On the other hand, regarding the traumatic glaucoma group, the short-term success 
rate reported by Shah et al in a study that included Indian children were better than those reported in our study (71.8% vs 58.3%).35

Our results showed that while early complications were similar between the two groups, patients in the secondary glaucoma 
group experienced late complications more frequently than those in the primary glaucoma group. For example, decreased visual 
acuity and hypotony were more frequent in the secondary glaucoma group due to their advanced disease stage at baseline, poorer 

Table 4 (Continued). 

Variable Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

Postoperative care
Laser suture lysis 1.002 (0.998, 1.007) 0.317 1.707 (1.455, 2.002) <0.001*
Needling the bleb 1.000 (0.999, 1.001) 0.977

Number of bleb needling 1.455 (1.290, 1.641) <0.001*

Cataract surgery 0.884 (0.591, 1.323) 0.549
Other operation (pars plana vitrectomy, penetrating keratoplasty) 1.156 (0.499, 2.678) 0.735

Notes: *Statistically significant p < 0.05.
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surgical outcomes, uncontrolled IOP affecting vision, and cataract formation posttrabeculectomy which align with previous 
studies.36–39 Corneal decompensation was more prevalent in the secondary glaucoma group due to the complexities of the 
condition and intervention that compromised endothelial cell.40–42 Only one eye had a bleb-related infection in this study, and this 
was lower than that reported after a 5-year follow-up study by Yamamoto T. et al but was similar to the 0.1% reported in a 2-year 
follow-up study by Luebke J. et al43,44 In our study, cataract surgery after trabeculectomy was performed in 56% of patients and 
did not influence the failure rate, similar to the findings reported by Wagner et al.14

Our study identified several similar factors associated with surgical failure that align with the reports of previous 
studies, including pseudoexfoliation glaucoma, neovascular glaucoma, and secondary closed-angle glaucoma. In patients 
with pseudoexfoliation, exfoliative materials can obstruct the trabecular meshwork and affect aqueous humor drainage, 
contributing to elevated IOP. After trabeculectomy, the integrity of the blood-aqueous barrier could be compromised and 
may aggravate the inflammatory response. The inflammation and exfoliative materials also exacerbate scarring at the 
filtering area and reduce the efficacy of trabeculectomy, leading to surgical failure.28,45

Neovascular glaucoma (NVG) is a type of secondary glaucoma associated with severe damage to the trabecular 
meshwork and refractory controlled glaucoma. NVG results from ischemia triggering the production of angiogenic 
factors that lead to the growth of abnormal blood vessels within the eye as well as obstructed and impaired functioning of 
the trabecular meshwork, resulting in increased IOP. Surgical outcomes of trabeculectomy and glaucoma drainage device 
implantation have been shown to be unpredictable and challenging due to neovascularization and fibrosis.27,46,47

In the secondary closed-angle glaucoma group, cases of lens-induced glaucoma, glaucoma due to phacomorphic changes, and 
subluxation lenses were included. Additionally, trabeculectomy was performed on those with uncontrolled IOP following cataract 
surgery. Generally, cataract surgery can control IOP in a majority of cases; however, uncontrolled IOP after cataract surgery can be 
due to functional impairment of the trabecular meshwork resulting from extensive inflammation or permanent damage.33

Second, our multivariate analysis showed that a history of undergoing selective laser trabeculoplasty (SLT) was associated 
with trabeculectomy failure. The efficacy of SLT has been reported in patients with open-angle glaucoma and ocular 
hypertension as an initial treatment or an adjunctive therapy in combination with anti-glaucoma medication.8,48,49 In patients 
with medically uncontrolled IOP in both primary and secondary open-angle glaucoma, SLT may be considered as a treatment 
option.50 A retrospective cohort study by Baser G. et al showed that SLT does not affect the success rate of trabeculectomy in 
patients with medically uncontrolled POAG. In our report, SLT was performed in a minority of patients with primary and 
secondary glaucoma (6.6% vs 2.7%); therefore, this finding cannot be generalized.

Third, some postoperative procedures, including needling the bleb, were identified as factors associated with failure and 
were similar to those report by Sugimoto et al.51 Failing trabeculectomy, defined as under drainage or not achieving the target 
IOP, may precede the needling procedure. Therefore, the needing procedure can be the cause or a contributing factor to failure.

The strengths of our study include providing long-term surgical outcomes of trabeculectomy with MMC in both 
primary and secondary glaucoma, based on a large sample size. Additionally, we applied Cox regression analysis to 
identify significant risk factors for failure, which adjusted for potential confounders and helped us draw more reliable 
conclusions about factors influencing the success or failure of trabeculectomy in this population.

However, the limitations of our study include its retrospective design and the absence of randomization, which prevents us 
from identifying causality. There was also a limited amount of visual field data available for comparison. Additionally, the study 
was conducted at a single tertiary hospital in Thailand, which may limit the generalizability of the findings to other healthcare 
settings or patient populations, particularly in low-resource environments or countries with different healthcare systems.

For future research, we propose conducting prospective studies to establish causality and comparing trabeculectomy 
with other surgical options, such as novel minimally invasive glaucoma surgeries (MIGS) or glaucoma drainage devices, 
to gain a more comprehensive understanding of the optimal surgical approach.

Conclusion
Overall, our findings demonstrate the effectiveness of trabeculectomy with MMC in patients with glaucoma with 
uncontrolled IOP for both primary and secondary glaucoma. However, significantly different outcomes were observed 
between these groups; therefore, careful patient selection and risk assessment are essential. Alternative surgical 
approaches may be considered in cases with a high risk of trabeculectomy failure, for example, pseudoexfoliation 
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glaucoma and neovascular glaucoma. By identifying significant risk factors for surgical failure, our findings can guide 
clinicians in optimizing patient selection, surgical technique, and postoperative management to improve success rates.
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