



A Decade of Strabismus Surgery Outcomes at Kilimanjaro Christian Medical Centre, Tanzania


ABSTRACTS
Background: Strabismus, a condition characterised by eye misalignment, affects 2-5% of the global population, leading to vision problems, psychological distress, and social challenges. Despite surgical interventions aiming to realign the eyes, predicting outcomes remains difficult, and there's a lack of data on strabismus surgery outcomes in Tanzania, hindering effective service planning and resource allocation.
Aim: The study aimed to evaluate the outcomes of strabismus surgery and its associated prognostic factors among strabismus patients attending KCMC Hospital in Northern Tanzania over ten years.
Participants and Methods: A hospital-based analytical cross-sectional study was conducted at the ophthalmology department of KCMC in Tanzania. Medical records of 115 patients undergoing first-time strabismus surgery from January 2011 to December 2020 were analysed. A successful outcome was defined as a postoperative deviation angle within 10 prism diopters of exotropia or 5 prism diopters of esotropia of orthophoria at 1 week postoperatively. Factors associated with surgery outcomes were assessed using a generalised linear model, considering variables with P < 0.05 as statistically significant.
Results: Over the study period, 115 patients underwent first-time strabismus surgery, with the majority presenting at or before age 9 and a significant proportion undergoing surgery at this age. Most cases had preoperative angles exceeding 45 degrees, following surgery, 71.3% achieved orthophoria, while complications were noted in 34.8% of cases, which were mainly under-corrected due to large angles. Analytically, associations between demographic and clinical factors and surgical outcomes were explored. Participants with acquired strabismus exhibited a significantly higher proportion of good outcomes compared to congenital cases (p = 0.015). Larger pre-operative angles (> 45 degrees) were associated with poorer outcomes (p = 0.001), while smaller angles (≤ 20 degrees) showed a trend towards better outcomes (p = 0.083). Furthermore, age at presentation, laterality, and angle before surgery significantly influenced surgical outcomes. Participants aged 10-19 years were 1.4 times more likely to have a good outcome compared to those aged ≤ 9 years (CPR = 1.4, 95% CI: 1.12-1.70).
Conclusion: Three-quarters of patients achieved orthophoria post-surgery. While factors like type of strabismus, preoperative angle, and type of horizontal strabismus showed clinical association with successful outcomes in crude analysis, they did not remain significant when adjusted. This study, like others, suggests that prognostic factors remain unpredictable for successful strabismus surgery outcomes.
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Introduction; -

Strabismus, characterised by the misalignment of the eyes, poses a significant challenge in both pediatric and adult populations, impacting not only visual function but also psychological well-being and social integration [1,2]. This condition often leads to loss of binocularity and depth perception, resulting in a myriad of consequences, including amblyopia, double vision, and reduced performance in various aspects of life [3,4].

With a prevalence ranging from 2% to 5% globally and higher rates reported in African countries such as Tanzania, strabismus represents one of the most common ocular disorders, particularly affecting children under the age of six [5,6]. This misalignment can manifest in various forms and degrees, with most cases originating in childhood. The etiopathogenesis of strabismus remains unclear, though its physiology involves extraocular muscles, cranial nerves, supranuclear pathways, and their cerebral controls [22,23].  Esotropia stands as the predominant form of strabismus, with variations observed in different geographical regions [6]. Various risk factors, including low gestational age, neuromuscular disorders, and systemic conditions, contribute to the development of strabismus, highlighting the multifactorial nature of this condition [7].

Treatment approaches encompass both surgical and non-surgical modalities, with surgical intervention aiming to realign the ocular axes to improve sensory and motor outcomes [2]. Surgical success is typically defined by achieving postoperative deviation angles within specified thresholds, yet predicting outcomes remains challenging due to numerous factors influencing success rates [8]. Strabismus surgery is particularly critical in pediatric patients, as early ocular alignment is closely associated with optimal visual development and improved long-term binocular outcomes. However, surgical correction in adults has also been shown to provide significant functional, psychosocial, and quality-of-life benefits, contributing to a steady increase in the global volume of strabismus surgeries over recent decades [24,25]. Despite its prevalence and impact, there is a paucity of data regarding the outcomes of strabismus surgery in Tanzania, leading to gaps in service planning, community awareness, and resource allocation for this condition [2].

This study aims to address this gap by investigating the outcomes of strabismus surgery and identifying prognostic factors associated with surgical success at Kilimanjaro Christian Medical Centre. By elucidating these factors, we endeavour to improve treatment strategies, enhance community awareness, and optimise resource allocation for strabismus surgical services in Tanzania.

Methodology
Study design:
This study, conducted at Kilimanjaro Christian Medical Centre's Eye Department from January 2011 to December 2020, is a hospital-based analytical cross-sectional examination of patients who underwent strabismus surgery. The hospital, a major referral centre in Northern Tanzania, treats a large patient population annually and provides training for eye care professionals. All patients diagnosed with strabismus and treated at the hospital were included, with exclusion criteria focusing on trauma, neurological conditions, tumours, and preexisting ocular conditions and prior strabismus surgeries. The study aimed to evaluate factors associated with the strabismus surgery outcomes, such as ocular motor alignment post-surgery, considering various demographic and clinical variables. Purposive sampling was employed to select patient files, with a total of 368 patient files found for the 10 years. Among these, 210 patients were managed conservatively, and 43 patients were excluded due to congenital and neurological causes. Consequently, only 115 patient files were analysed for the study.

Data Collection: 
A meticulous process was observed, ensuring both precision and ethical integrity. Initially, 115 patients who underwent horizontal strabismus surgery by the same surgeons during a specific period were identified. Preoperative and postoperative notes were scrutinised, with particular emphasis on the first-week postoperative period. Demographic details such as age, gender, and race were recorded, relying on self-report for the latter two. Ocular alignment, fusion, presence of amblyopia, visual acuity (VA), and stereopsis were meticulously documented. VA measurements followed standard protocols using Snellen charts or HOTV/picture matching, while induced tropia testing (ITT) was employed for preverbal patients. Alignment assessment encompassed various methods, including alternate cover testing and Krimsky testing. Fusion and stereopsis were evaluated using specific tests. Surgical success was determined by comparing preoperative and postoperative ocular alignment, with specific criteria of 5PD in Esotropia and 10PD in Exotropia. Compliance with the treatment plan was quantified by reviewing patient records for glasses wear, appointment attendance, and completion of recommended patching or atropine penalisation. Furthermore, thorough anterior and posterior examinations were conducted for all patients before surgeries, ensuring a comprehensive preoperative assessment. Throughout the entire process, ethical considerations were paramount, with strict adherence to patient confidentiality and privacy protocols. The study's methodology incorporated a systematic approach to data collection, facilitating accurate analysis and interpretation of the findings. By meticulously documenting various aspects of patient demographics, clinical presentation, surgical outcomes, and adherence to treatment plans, the study aimed to provide valuable insights into the management of strabismus while upholding the highest standards of ethical conduct and patient care.

Data Analysis: 
The data analysis plan involved several steps to comprehensively analyse the dataset regarding strabismus surgery outcomes. Initially, data cleaning procedures were conducted to ensure consistency in variables, including encoding, labelling, defining variables and values, recoding, and generating variables. Once the dataset was confirmed to be clean, descriptive statistics were performed, summarising categorical variables through frequency and percentages, and numeric variables via the median and interquartile range. Statistical differences in the proportion of strabismus surgery outcomes across independent categorical variables were assessed using chi-square (χ2) and Fisher’s exact tests, with variables exhibiting a P-value of <0.05 considered significantly different. Subsequently, a generalised linear model with the Poisson family was employed to evaluate factors associated with strabismus surgery outcome. Univariate analysis yielded the crude prevalence ratio (CPR) for each variable, with those exhibiting a P-value of <0.05 deemed statistically significant. Variables demonstrating both statistical significance and clinical importance in the univariate analysis were included in a multivariable analysis to determine the adjusted crude prevalence ratio (APR). Again, variables with a P-value of <0.05 were considered statistically associated with surgery outcome. This comprehensive approach aimed to provide thorough insights into the factors influencing strabismus surgery outcomes, utilising rigorous statistical methodologies and clinical relevance considerations.

Results and Discussion
The clinical characteristics of the study participants (N=115) were analysed and summarised in table 1, where the majority of participants were female (52.2%), with a median age at presentation of 6 years (IQR: 2-12). Most patients presented for surgery within 9 months of their initial assessment (74.0%). Acquired strabismus was predominant (86.1%), with a significant proportion presenting with pre-operative BCVA of 6/12 or better (66.1%). Hypertropia was the most common refractive error (86.1%), and alternating or bilateral laterality was observed in 69.6% of cases. Notably, 23.5% of patients presented with amblyopia, while 37.4% received treatment before surgery. Angle before surgery revealed a majority with angles greater than 45 degrees (53.9%). Various tests were utilised for strabismus evaluation, with the PCT test being the most frequently employed (59.1%). Surgical interventions mainly comprised combined procedures (50.4%), and the majority of surgeries were performed by super specialists (90.4%). Postoperative complications were observed in 65.2% of cases, with conjunctival issues being the most prevalent (65.2%).
In Figure 1, the prevalence of different types and patterns of strabismus in our study is presented, which provides a clear overview of the distribution of strabismus. Unilateral exotropia accounted for 5.2% of cases, while unilateral(constant) esotropia represented 30.4%. Alternating exotropia was observed in 12.2% of participants, while alternating esotropia constituted the majority at 52.2%. The proportional difference of strabismus surgery outcomes across participants' characteristics was analysed and summarised in Table 2. Participants with acquired strabismus had a higher proportion of good outcomes compared to those with congenital strabismus (p = 0.015). Larger angles before surgery (> 45) were associated with a higher proportion of poor outcomes (p = 0.001), while smaller angles (≤ 20) showed a trend towards better outcomes (p = 0.083). 
[bookmark: _Hlk166062131]Table 3 presents the factors associated with strabismus surgery outcomes. In the crude analysis, age at presentation, laterality, and angle before surgery were identified as variables significantly associated with strabismus surgery outcome. Participants aged 10-19 years were 1.4 times more likely to have a good outcome compared to those aged less than or equal to 9 years (CPR=1.4, 95% CI: 1.12-1.70).

Table 1: Social demographic and Clinical characteristics of the study participants (N=115)
	Variable
	Frequency
	Percentage

	Sex
	
	

	Male 
	55
	47.8

	Female
	60
	52.2

	Age at presentation
	
	

	≤ 9
	76
	66.1

	10-19
	22
	19.1

	≥ 20
	17
	14.8

	Median (IQR)
	6 (2-12)
	

	Time from presentation to surgery
	
	

	≤ 9
	85
	74.0

	10-19
	15
	13.0

	≥ 20
	15
	13.0

	Median (IQR)
	4 (2-10)
	

	Congenita and Acquired Strabismus
	
	

	Congenital
	16
	13.9

	Acquired
	99
	86.1

	Pre-operative BCVA
	
	

	6/12 & better
	76
	66.1

	6/18-6/60
	24
	20.9

	>6/60-worse
	15
	13.0

	Refractive error of patient
	
	

	Myopia
	12
	10.4

	Hypertropia
	99
	86.1

	Emmetropia
	4
	3.5

	Laterality
	
	

	Alternating & Bilateral
	80
	69.6

	Constant
	35
	30.4

	Amblyopia
	
	

	Yes
	27
	23.5

	No
	88
	76.5

	Treatment before surgery
	
	

	No
	72
	62.6

	Yes
	43
	37.4

	Angle before Surgery in PD
	
	

	≤ 20
	1
	0.9

	21-45
	52
	45.2

	> 45
	62
	53.9

	Strabismus test
	
	

	Hirschberg test
	31
	27.0

	Krimsy test
	14
	12.2

	PCT test
	68
	59.1

	More than 1 test
	2
	1.7

	Type of surgery performed
	
	

	Recession
	47
	40.9

	Resection
	7
	6.1

	Combined
	58
	50.4

	Other
	3
	2.7

	Level of surgeon
	
	

	Super specialist
	104
	90.4

	Specialist
	11
	9.6

	Postoperative complications
	
	

	Conjuctiva
	75
	65.2

	Granuloma
	5
	4.4

	Residual
	35
	30.4



Types of Strabismus 


Figure 1: The distribution of different types of Strabismus among the study participants (N=115)
*The proportional outcome of strabismus surgery, Poor= 33 (28.7%) and Good=82 (71.3%) *

Table 2: Proportional difference of strabismus surgery outcome across participants’ characteristics
	Variable
	Total
	Strabismus surgery outcome
	χ2
	P-value

	
	
	Poor
	Good
	
	

	
	n (%)
	n (%)
	n (%)
	
	

	Sex
	
	
	
	
	

	Male 
	55 (42.4)
	14 (25.5)
	41 (74.5)
	0.541
	0.462

	Female
	60 (57.6)
	19 (31.7)
	41 (68.3)
	
	

	Age at presentation
	
	
	
	
	

	≤ 9
	76 (66.1
	26 (34.1)
	50 (65.8)
	5.266
	0.063*

	10-19
	22 (19.1)
	2 (9.1)
	20 (90.9)
	
	

	≥ 20
	17 (14.8)
	5 (29.4)
	12 (70.6)
	
	

	Time from presentation to surgery
	
	
	
	
	

	≤ 9
	85 (74.0)
	26 (30.6)
	59 (69.4)
	2.037
	0.413*

	10-19
	15 (13.0)
	2 (13.3)
	13 (86.7)
	
	

	≥ 20
	15 (13.0)
	5 (33.3)
	10 (66.7)
	
	

	Congenita and Acquired Strabismus
	
	
	
	
	

	Congenital
	16 (13.9)
	9 (56.3)
	7 (43.8)
	6.897
	0.015*

	Acquired
	99 (86.1)
	24 (24.2)
	75 (75.8)
	
	

	Pre-operative BCVA
	
	
	
	
	

	6/12 & better
	76 (66.1)
	21 (27.6)
	55 (72.4)
	1.506
	0.500*

	6/18-6/60
	24 (20.9)
	9 (37.5)
	15 (62.5)
	
	

	>6/60-worse
	15 (13.0)
	3 (20.0)
	12 (80.0)
	
	

	Laterality
	
	
	
	
	

	Alternating & Bilateral
	80 (69.6)
	27 (33.8)
	53 (66.2)
	3.282
	0.070

	Constant
	35 (30.4)
	6 (17.1)
	29 (82.9)
	
	

	Amblyopia
	
	
	
	
	

	Yes
	27 (23.5)
	9 (33.3)
	18 (66.7)
	0.371
	0.543

	No
	88 (76.5)
	24 (27.3)
	64 (72.7)
	
	

	Treatment before surgery
	
	
	
	
	

	No
	72 (62.6)
	17 (23.6)
	55 (76.4)
	2.433
	0.119

	Yes
	43 (37.4)
	16 (37.2)
	27 (62.8)
	
	

	Angle before Surgery 
	
	
	
	
	

	≤ 20
	1 (0.9)
	0 (0.0)
	1 (100.0)
	11.612
	0.001*

	21-45
	52 (45.2)
	7 (13.5)
	45 (86.5)
	
	

	> 45
	62 (53.9)
	26 (41.9)
	36 (58.1)
	
	

	Type of Strabismus
	
	
	
	
	

	Alternating esotropia
	
	20 (34.5)
	38 (65.5)
	8.627
	0.083*

	Alternating exotropia
	
	4 (28.6)
	10 (71.4)
	
	

	Constant esotropia
	
	6 (17.1)
	29 (82.9)
	
	

	Constant exotropia
	
	1 (16.7)
	5 (83.3)
	
	

	Combined
	
	2 (100.0)
	0 (0.0)
	
	


*Fisher's exact P-value


Table 3: Factors associated with Strabismus surgery outcome
	Variable
	CPR (95%CI)
	P-value
	APR (95%CI)
	P-Value

	Sex
	
	
	
	

	Male 
	Ref
	
	
	

	Female
	0.92 (0.73-1.16)
	0.463
	-
	

	Age at presentation
	
	
	
	

	≤ 9
	Ref
	
	ref
	

	10-19
	1.40 (1.12-1.70)
	0.003
	1.16 (0.94-1.42)
	0.158

	≥ 20
	1.07 (0.75-1.52)
	0.692
	1.02 (0.75-1.41)
	0.883

	Time from presentation to surgery
	
	
	
	

	≤ 9
	Ref
	
	
	

	10-19
	1.25 (0.98-1.59)
	0.075
	
	

	≥ 20
	0.96 (0.65-1.41)
	0.838
	
	

	Congenita and Acquired Strabismus
	
	
	
	

	Congenital
	Ref
	
	
	

	Acquired
	1.73 (0.98-3.06)
	0.059
	
	

	Pre-operative BCVA
	
	
	
	

	6/12 & better
	Ref
	
	
	

	6/18-6/60
	0.86 (0.61-1.21)
	0.400
	
	

	>6/60-worse
	1.11 (0.82-1.47)
	0.498
	
	

	Laterality
	
	
	
	

	Alternating or Bilateral
	Ref
	
	
	

	Constant
	1.25 (1.01-1.56)
	0.044
	
	

	Amblyopia
	
	
	
	

	Yes
	Ref
	
	ref
	

	No
	1.09 (0.81-1.47)
	0.566
	1.20 (0.88-1.63)
	0.243

	Treatment before surgery
	
	
	
	

	No
	Ref
	
	ref
	

	Yes
	0.82 (0.63-1.07)
	0.147
	0.84 (0.66-1.08)
	0.186

	Angle before Surgery in PD
	
	
	
	

	≤ 20
	Ref
	
	
	

	21-45
	0.87 (0.77-0.96)
	0.008
	
	

	> 45
	0.58 (0.47-0.72)
	<0.000
	
	

	Level of surgeon
	
	
	
	

	Super specialist
	Ref
	
	ref
	

	Specialist
	0.48 (0.21-1.07)
	0.074
	0.51 (0.22-1.13)
	0.096

	Type of Strabismus
	
	
	
	

	Alternating esotropia
	Ref
	
	ref
	

	Alternating exotropia
	1.13 (0.77-1.66)
	0.540
	1.20 (0.88-1.65)
	0.253

	Constant esotropia
	1.31 (1.02-1.67)
	0.032
	1.27 (0.99-1.63)
	0.058

	Constant exotropia
	1.32 (0.87-1.98)
	0.188
	1.43 (0.96-2.14)
	0.081




In this study, we observed predominant features such as a high incidence of acquired strabismus (86.1%) and a median age of 6 years at presentation, aligning with observations from Dardyr et al. and Nwachukwu et al., which also reported a younger median age [9,10]. Similarly, hypertropia and significant pre-operative BCVA (>6/12 in 66.1% of cases) were common, which parallels findings from Azam et al., who noted the majority of visual acuity better than N10 in near vision [11]. However, our study reported a lower prevalence of amblyopia (23.5%) compared to Sarosh et al., who found a 35.89% prevalence, suggesting potential variations in diagnostic criteria or population genetics [12]. Most patients in our study underwent surgery within 9 months from initial assessment, significantly quicker than in the study by Uzun et al., where the mean time from onset to surgery was much longer [13].
Also, our study highlights a significant prevalence of alternating esotropia (52.2%) amongst the participants, which starkly contrasts with findings from several recent studies. For instance, Yetkin et al. observed that esotropia was prevalent in 52.9% of their cohort, not specifically alternating, and exotropia in 43.99%, indicating a more balanced distribution between these two types of strabismus in a Turkish population [14]. Similarly, Nwachukwu et al. reported a lower prevalence of esotropia at 4.32% in a Nigerian setting, which suggests geographical or ethnic variations in strabismus patterns [15]. Furthermore, our finding of unilateral esotropia accounting for 30.4% of cases is higher than what was reported by Dardyr et al., who found a much higher general esotropia rate of 54.4% in Egypt but did not differentiate between alternating and unilateral types, emphasising the importance of detailed classification in strabismus studies [9]. This underscores the variability in strabismus distribution.
In the analysis of surgical outcomes for strabismus, our study achieved an orthophoria success rate of 71.3%, which aligns closely with several findings in the current literature, albeit slightly lower than some. For instance, Kumari et al. and Uzun et al. reported higher success rates of 83% and 83.92%, respectively [16,13], indicating a potential variation in surgical technique or patient selection criteria that could account for these differences. Conversely, our results are comparable to those reported by Dakroub et al. and Dembinski et al., who observed success rates of 72.67% and 71%, respectively [17,18], suggesting that our findings may reflect a broader trend across diverse patient demographics and surgical settings. Notably, the study by Merino et al. reported a notably high success rate of 90.6% [19], which could be attributed to factors such as a smaller sample size or differing definitions of 'success'.
In the context of strabismus surgery outcomes, the present research aligns well with the literature, highlighting several key determinants of surgical success. Notably, the research findings suggest that acquired strabismus tends to have better surgical outcomes than congenital cases, supporting Uzun et al., who found that surgical success increased with lower deviation angles [13]. Similarly, the finding that smaller preoperative angles (≤ 20) are associated with better outcomes is consistent with observations by Zou et al. that smaller angles of deviation at near and distance contribute positively to surgical success [20]. However, while Waheeda-Azwa et al. found no significant associations between various demographic and clinical variables with outcomes [21], the present study importantly identifies age and angle before surgery as significant predictors. This discrepancy may reflect differences in methodology or sample characteristics between studies. Furthermore, Dembinski et al. emphasised the role of compliance with treatment regimens such as glasses and patching, underlining the importance of postoperative care in achieving favourable outcomes [18]. Collectively, these findings underscore the multifactorial nature of strabismus surgery outcomes, where both preoperative factors like the angle of deviation and postoperative management, including compliance and age at presentation, play crucial roles.
Conclusion; -
The global variation in strabismus surgery success rates, ranging from 40% to 81%, emphasises the importance of understanding predictive factors. Our study at KCMC Hospital achieved a notable 71% success rate, surpassing many similar studies. Factors such as strabismus type, pre-surgery angle, and unilateral esotropia emerged as crucial prognostic indicators. Acquired strabismus and smaller pre-surgery angles correlated with better outcomes, while unilateral esotropia indicated favourable results. However, variables like sex, age, visual acuity, and pre-surgery treatment had minimal impact. These insights aid clinicians in informed decision-making, optimising patient selection and care. Integrating prognostic factors enhances surgical efficacy, ultimately enhancing the quality of life for strabismus patients.
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