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ABSTRACT
	Aim: To evaluate long term outcomes of trabeculectomy and associated factors for failure among adult glaucoma patients in northern Tanzania from January 2013 to December 2023. 
Study design: This was a hospital based retrospective cohort study. 
Place and Duration of Study: Department of Ophthalmology, Kilimanjaro Christian Medical Center, Northern Tanzania, between January 2013 and December 2023. 
Methodology: This study included 286 eyes from 247 adult glaucoma patients aged ≥18 years who underwent primary trabeculectomy (TE), with or without cataract surgery. Data were consecutively extracted from medical records. Surgical success was defined as postoperative intraocular pressure (IOP) between 6 and 21 mmHg. Data were analyzed using STATA 17. 
Results: The median (IQR) age at surgery was 63 years (range, 53–71). Mean (±SD) follow up time was 11 (±1.4) months. The surgical success rate was 84.2% at 12 months. The median (IQR) IOP was reduced from 30 (17-58) mmHg at baseline to 12 (7-31) mmHg, (P < 0.001) at 12-months post operatively. High baseline IOP (Hazard ratio = 1.72, P = 0.037) and older age at operation (Hazard ratio = 2.22, P = 0.008) were the only significant risk factors associated with a higher likelihood of trabeculectomy failure. 
Conclusion: Trabeculectomy has shown higher success rates within 12-months among adult glaucoma patients in northern Tanzania. Achieving favorable outcomes in lowering IOP and reducing the number of medications.
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1. INTRODUCTION
Glaucoma refers to a group of optic neuropathies, characterized by excavation of the optic disc with corresponding progressive visual field loss. In 2013, there were 64.3million (3.54%) glaucoma cases worldwide, with Africa having about 13% these  cases [1]. Sub Saharan Africa (SSA) have reported a prevalence of 5.02%, 6.8% and 4.16% in Nigeria, Ghana and Tanzania, respectively [2–4]. Despite this high prevalence, early diagnosis and treatment is still the biggest challenge due to asymptomatic nature of a disease, low public knowledge and  limited eye care services [5,6].
Glaucoma can be mainly classified according to anterior chamber angle morphology. Open angle glaucoma (OAG) being the most common globally, with African ancestry having a 2.8 times higher prevalence than Europeans. In SSA, OAG is approximately six times more prevalent than angle closure glaucoma (ACG). While ACG and normotensive glaucoma are more common in Asians [4,7]. 
Glaucoma is the second most common cause of visual impairment and the number one cause of irreversible blindness worldwide [8,9]. If left untreated, can significantly reduce quality of life and placing a heavy burden on families and communities at large [10,11].
Intraocular pressure (IOP) is the only modifiable risk factor for glaucoma development and progression [7]. Hence, lowering IOP is the optimal target of glaucoma treatment. First line therapy involves topical eyedrops, while incisional glaucoma surgeries  remain as an  option among those with medically uncontrolled glaucoma and even for the patients on antiglaucoma topical medications with IOP within the normal range but still have progressive visual field loss [12–14].
Trabeculectomy (TE) is the most commonly performed filtering glaucoma surgery worldwide and remains the standard surgical approach  when  medical or laser treatments fail to achieve adequate IOP reduction [15].  It works by  creating a continuous flow of aqueous humor from the anterior chamber to the subconjunctival space  through a fistula that is created under a partial thickness sclera flap,  thereby reducing the IOP [16,17]. TE has demonstrated significant and sustained decreases in IOP, which is crucial for preserving optic nerve function and preventing further vision loss. Several studies have been done to evaluate the outcome of TE. However long term outcome includes follow up time from one year post operatively [18]. The success rate following primary TE varies from 38-98%, this effectiveness has been observed across diverse patient population, demographics and types of glaucoma, including OAG and ACG, highlighting its pivotal role in glaucoma management strategies globally. This has showed more significance in Africa as medical therapy has not been reliable because of unavailable,  expensive glaucoma medication and poor medication adherence [19,20].
Given the scarcity of long term comprehensive data on trabeculectomy outcome and surgical success rates in low resource settings, thus hindering our ability to evaluate its effectiveness and improving surgical techniques to promote glaucoma care in resource constrained environment. This study aims to evaluate the 12 months outcome of TE in reducing IOP and look in the predictive factors for surgical failure. Thus, offering valuable insights vital for guiding clinical practice and improving glaucoma care in underserved communities.
2. MATERIAL AND METHODS
2.1 Study design and participants 
This hospital based retrospective cohort study was conducted at Department of Ophthalmology, Kilimanjaro Christian Medical Centre, a tertiary zonal and a teaching hospital in northern Tanzania. Included eyes in patient aged 18 years and above, that underwent primary TE with or without combined cataract surgery between January 2013 and December 2023 and all cases that were performed by ophthalmologists. The exclusion criteria were; All eyes with a history of glaucoma laser treatment prior TE, normal tension glaucoma, decompensated cornea and cornea scars, less than 12 months follow-up period and all eyes with missing information such as baseline IOP, type of antimetabolite used and visual field test results.

2.2 Study procedure
A consecutive sampling method was used and cases were identified through theatre logbooks followed by a case-notes review for each file and then recorded to the data sheet. 
Preoperative information on age at time of surgery, gender, visual acuity (VA), baseline IOP, lens status, cup disc ratio (CDR), type of glaucoma was first documented based on information found in the files as traumatic, neovascular, uveitic, primary open angle glaucoma (POAG), primary angle closure glaucoma (PACG) and other secondary glaucoma and then classified as OAG and ACG according to documented gonioscopy findings on peripheral anterior chamber angle morphology. The baseline IOP was defined as an average of two pre-operative IOP readings taken and recorded on patient's medical records on two consecutive visits just before surgery[21]. Visual field parameters were extracted from Humphrey Field Analyzer model 740i S/N: 7401-17434. 
Perioperatively; type of surgery done (Combine trabeculectomy with cataract extraction and Trabeculectomy alone) and type of antimetabolites used, were noted.
Postoperatively; follow-up time was 12 months. Information on VA, IOP, lens status, use of medication, number of medication, type of medications and postoperative intervention such as 5FU injection, needling, repeat trabeculectomy and CPC were recorded on the 1st day, 1 week,1 month, 3 months, 6 months and 12 months after surgery, according to the proposed time windows for follow up visits as recommended by World Glaucoma Association [21]. 
2.3 Surgical technique
All surgeries were done under retrobulbar anesthesia. A cornea traction suture was placed, followed by a fornix based conjunctival flap. Corneal was covered with methylcelluce to prevent epithelial damage. Then placement of MMC (0.2-0.5mg/ml) or 5FU (25mg/ml) soaked sponges for 5min. After removal of the sponges and irrigation, a partial thickness scleral tunnel was created. In combined cases, cataract extraction using phacoemulsification or small incision cataract surgery (SICS) was performed with intraocular lens (IOL) implantation. Then TE was done from the posterior lip of the scleral tunnel using a Kelly's Descemet’s membrane punch, and an iridectomy was done. Then conjunctiva was closed using 10-0 monofilament nylon sutures. 
[bookmark: _Toc171948056]2.4 Outcome measures
[bookmark: _Hlk196905105]Surgical success was defined as maintaining postoperative IOP between 6 and 21 mmHg at follow-up time. Qualified success referred to achieving this target with glaucoma medication use, while complete success target IOP was achieved without medication. Surgical failure was defined as a postoperative IOP >21 mmHg or ≤5 mmHg on two consecutive follow up visits, and the need for additional glaucoma intervention (e.g., needling, repeat trabeculectomy, or cyclophotocoagulation (CPC)) as complete failure [6,12,21]. 
2.5 Data analysis
Data was analyzed using STATA (Stata Corp LLC, College Station, Texas, USA) version 17. The distribution was skewed, descriptive statistics summarized categorical variables using frequency and percentages, and numeric variables using median with interquartile range (IQR). Wilcoxon signed rank test compared median difference in IOP during participants follow up time. The Kaplan Meier survival curves were used to show the success probability and the comparison of the surgical success time between different exposure groups, with the log rank test confirming the significance difference.  A Poisson distribution regression model was used to assess the factors associated with the event. Significance in these tests was set at P-value of <0.05.
3. RESULTS
3.1 Social demographic and clinical characteristics of the participants
[bookmark: _Toc171807547]A total of 286 eyes from 247 patients who completed 12months follow up were enrolled in this study. The mean (SD) followup period was 11 (±1.4) months. Of the 247 patients, 66.6% were males, 15.4% had diabetes mellitus, 20.6% had systemic hypertension and two third of the population had POAG as shown in table 1. Clinical characteristics of the 286 operated eyes are shown in Table 2. Majority (60.1%) were on two or more antiglaucoma medications, OAG contributed for 89.2% of all glaucoma cases that underwent surgery. TE alone was performed twice as frequently as combined TE with cataract extraction.

Table 1 : Social demographic characteristics of the study participant (N=247)
	Variable
	Frequency
	Percentage

	Sex
	
	

	Male
	164
	66.4

	Female
	83
	33.6

	Pre-existing DM
	
	

	No
	209
	84.6

	Yes
	38
	15.4

	Pre-existing HTN
	
	

	No
	196
	79.4

	Yes
	51
	20.6

	Type of glaucoma
	
	

	POAG
	189
	76.5

	PACG
	25
	10.1

	Neovascular glaucoma
	7
	2.8

	Uveitic glaucoma
	8
	3.3

	Other secondary glaucoma*
	18
	7.3


*Traumatic, Pigment exfoliation syndrome, Angle recession, Phacomorphic and Phacolytic glauoma



[bookmark: _Toc171807548]Table 2: Clinical characteristics of the operated eyes (N=286)
	Variable
	Frequency
	Percentage

	Age at time (years)
	
	

	<40
	24
	8.4

	40-59
	90
	31.5

	60+
	172
	60.1

	Median (IQR)
	63(53,71)
	

	Operated eye
	
	

	Right Eye
	157
	54.9

	Left Eye
	129
	45.1

	Baseline IOP (mmHg)
	
	

	≤20
	48
	16.8

	21-40
	178
	62.2

	>40
	60
	21

	Median (IQR)
	30 (24,38)
	

	Preoperative eyedrops use
	
	

	No
	21
	7.3

	Yes
	265
	92.7

	Number of glaucoma medications
	
	

	<2
	114
	39.9

	2+
	172
	60.1

	Glaucoma stage at surgery
	
	

	Mild
	47
	16.4

	Moderate
	43
	15

	Advance
	44
	15.4

	Severe
	152
	53.1

	Preoperative Cup disc ratio 
	
	

	<0.8
	97
	33.9

	≥0.8
	189
	66.1

	Preoperative lens status
	
	

	Phakic
	259
	90.6

	Aphakia
	2
	0.7

	Pseudophakia
	25
	8.7

	Type of glaucoma
	
	

	OAG
	255
	89.2

	ACG
	31
	10.8

	Type of surgery done
	
	

	Trabeculectomy
	189
	66.1

	Trabeculectomy + SICS
	90
	31.5

	Trabeculectomy + PHACO
	7
	2.4

	Antimetabolite type
	
	

	5-FU
	134
	46.9

	MMC
	152
	53.1

	Postoperative Lens status
	
	

	Phakic
	160
	55.9

	Pseudophakia
	120
	42.0

	Aphakia
	6
	2.1





3.2 Trabeculectomy outcome
Overall, 76.2% had surgical success at 12 months postoperative. Out of 286 eyes, 34 eyes had complete failure and among them 28 (9.8%) underwent needling, 4 (1.4%) eyes had repeat TE and only 2 (0.7%) eyes had CPC. Figure 1 shows the outcome of trabeculectomy surgery.


[bookmark: _Toc171807552]Figure 1: Outcome of Trabeculectomy surgery among participants eyes at 12 months postoperative (N=286)

[bookmark: _Hlk169656676]The surgical success rate for the participants’ eyes after TE from 3 months, 6 months to 12 months was 98.3%, 93.0%, and 84.2% respectively. The success probability showed significance difference by Age (P-value = 0.0141), and baseline IOP (P-value = 0.0351) as shown on figure 2.

Figure 2: Kaplan Meier survival curve showing the overall probability success on participants’ eyes after Trabeculectomy surgery and the success probability among different participants’ characteristics after Trabeculectomy (N=286).[image: ]
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[bookmark: _Hlk169630766][bookmark: _Hlk169629456]In comparison to the median baseline IOP of 30 (17-58) mmHg, this study demonstrated a significant IOP reduction at 3 months 14 (6-39) mmHg, 6 months 14 (5.5-36.5) mmHg, and 12 months 12 (7-31) mmHg with a P-value of less than 0.001 as shown in Figure 3. Regarding number of glaucoma medications, we observed a significant reduction in mean number of medications, from 1.68 to 0.65 medications postoperative at month twelve (p<0.001). Notably; preoperatively 92.7% of eyes were using antiglaucoma medications, whereas 12 months after surgery, about half (50.3%) of eyes were not using any IOP lowering medication. 

P<0.001


[bookmark: _Toc171807554][bookmark: _Toc171807550]Figure 3: Box-plot illustration of IOP levels throughout a 12 months observation period: 25/75 (boxes), and median values (dark lines) and Dashes denote outliers.

Table 3 summarizes factors associated with TE surgical failure. In crude analysis older age at surgery of >60 years (CHR=2.19; 95%CI (1.21-3.94) P-value = 0.009) and high baseline IOP of >40 (CHR=1.66; 95%CI (1.01-2.74) P-value = 0.047) were factors that significantly associated with high risk of surgical failure. In multivariable analysis, age at surgery (CHR=2.21; 95%CI (1.23-3.98) P-value = 0.08) and baseline IOP (CHR=1.72; 95%CI (1.03-2.85) P-value = 0.037), remained significantly associated with TE surgical failure. 




Table 3: Factors associated with surgical failure after trabeculectomy
	Variable
	cHR(95%CI)
	P-value
	aHR(95%CI)
	P-value

	Age
	
	
	
	

	≤60
	Ref
	
	Ref
	

	>60
	2.19(1.21-3.94)
	0.009
	2.21(1.23-3.98)
	0.008

	Sex
	
	
	
	

	    Male
	Ref
	
	
	

	    Female
	1.14(0.69-1.87)
	0.610
	1.04(0.63-1.71)
	0.884

	Glaucoma type
	
	
	
	

	Open angle
	Ref
	
	Ref
	

	Angle closure
	1.54(0.79-3.02)
	0.206
	1.33(0.68-2.62)
	0.405

	Preoperative IOP (mmHg)
	
	
	
	

	<40
	Ref
	
	Ref
	

	≥40
	1.66(1.01-2.74)
	0.047
	1.72(1.03-2.85)
	0.037

	Preoperative eyedrop use
	
	
	
	

	No
	Ref
	
	
	

	Yes
	2.68(0.66-10.97)
	0.168
	
	

	Glaucoma stage at surgery
	
	
	
	

	Mild to moderate
	Ref
	
	
	

	Advanced
	1.04(0.62-1.73)
	0.893
	
	

	Type of surgery
	
	
	
	

	Trabeculectomy
	Ref
	
	
	

	Combined TE
	0.97(0.59-1.61)
	0.927
	
	

	Type of Antimetabolite
	
	
	
	

	5FU
	Ref
	
	
	

	MMC
	0.83(0.51-1.33)
	0.429
	
	

	Postoperative lens status
	
	
	
	

	Phakic
	Ref
	
	
	

	Pseudophakia/Aphakic
	0.92(0.57-1.48)
	0.720
	
	



4. DISCUSSION
This study reported a high 12 months trabeculectomy success rate of 84.2%, which is comparable to the success rates observed in a Nigeria (79.4%), Rwanda (90%) likely due to similar follow up durations, patient population, and success criteria (IOP ≤21 mmHg) [16,20]. However, the success rate in this study was lower than that in a Japanese study (94.9%), due to different success criteria (20% IOP reduction) and potential racial differences in wound healing, with higher macrophage and fibroblast activity in Black patients, leading to more aggressive scarring [12,22]. Additionally, the success rate in this study was statistically higher than in the UK study (72%), that involved a wider range of surgeons including trainees and different success criterion used of less than two thirds pressure reduction from baseline [23]. 
IOP decreased significantly and consistently from a median baseline IOP of 30 mmHg to 12 mmHg at 12months postoperatively. This is similar to retrospective studies done in the United Kingdom, USA, China and India to assess TE outcome among POAG, PACG, pigmentary glaucoma and juvenile open angle glaucoma patients, respectively, which showed a consistent IOP decrease [24–27]. This similarity can be due to higher baseline IOP levels prior surgery, which increased the significant proportion of IOP decrease following surgery. Consistent with our findings, Gopang et al. reported significant IOP reduction following trabeculectomy. Although only 50% of their cases received antimetabolites compared to 100% in our cohort, the comparable IOP lowering effect may be attributed to similarly elevated baseline IOP levels in both studies [28]. As it has been previously reported by Yuasa et al., that better results in IOP reduction were observed in eyes with high IOP [12]. On the other hand, a study from the USA that compared primary TE with phacoemulsification TE revealed a slight increase in median IOP from the first post operative month to the twelve months. Where by, about half of the population in their study (48.42%) had low pre operative IOPs of <20 mmHg. On the contrary, the majority of eyes in our study (83.2%) had an IOP of ≥21 mmHg [29]. 
This study found that patients aged 61 and older had a higher risk of surgical failure after TE compared to younger patients, this could be attributed by severe stage of diseases in older age indicating advanced glaucoma, consistent with findings in Japan and India [30,31]. Older age is also linked to poorer wound healing, which increase failure risk. Additionally, studies have shown that younger patients tend to have more localized, vascularized blebs compared to older patients thus increasing likelihood of failure [32]. In contrast, studies from India and USA [25,26] reported that younger age was linked to higher failure rates. This discrepancy is likely due to differences in the study populations focusing on juvenile open-angle glaucoma aged 10-35 years in the Indian study and PACG in the USA study.
High preoperative IOP was significantly associated with an increased risk of TE failure, these findings are consistent with a study done in Japan by Sugimoto et al., likely due to greater risk of both intraoperative and postoperative complications [30]. However, a study by song et al., reported a reduced risk of failure with higher preoperative IOP, which mainly focused on PACG patients with significant trabecular meshwork damage, where TE fistulas may more effectively reduce IOP in eyes with higher baseline IOPs [26]. In contrast, our study included a broader range of glaucoma types, with 76% of participants having POAG. 
Our study found no significant association between surgery type and surgical failure, similar to a USA study in which there was no statistical difference between patients undergoing TE and Combined TE [29]. However, it differs from a Japanese study, which linked combined TE to higher failure risk. The difference may be due to the use of Small Incision Cataract Surgery (SICS) in this study, compared to Phacoemulsification in the Japanese study [30].
Due to its retrospective nature this study has few limitations; First, it was difficulty in accounting for variability in surgical techniques between different surgeons. Secondly, due to loss to follow-up, long-term follow up beyond one year was not possible. Future studies should focus on developing a standardized follow up protocol for all patients undergoing TE outlining specific assessment to be conducted at each visit, assessing bleb morphology and monitoring glaucoma progression through visual field and optic nerve imaging. 
[bookmark: _Hlk198209096]5. CONCLUSION
Trabeculectomy is highly effective in lowering intraocular pressure across diverse types of glaucoma, showing a higher success rate in northern Tanzania. Nearly half of the patients remained medication free, achieving favorable outcomes without requiring additional eye drops, thereby reducing the financial burden. However, treatment should be tailored to individual patient characteristics, as older age and high baseline IOP emerged as a significant risk factor for surgical failure, underscoring the importance of preoperative IOP control and individualized patient assessment to improve long-term success in the management of glaucoma.
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Abbreviations
5-FU – 5 Fluorouracil
ACG – Angle closure glaucoma
CPC – Cyclophotocoagulation
IOP – Intraocular pressure 
MMC – Mitomycin C
OAG – Open angle glaucoma
PACG - Primary angle closure glaucoma
POAG- Primary open angle glaucoma
TE – Trabeculectomy

Complete Success	Qualified Success	Failure	Complete failure	41.6	34.6	11.9	11.9	
Percentage of TE outcome
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