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Abstract 
Background: Lens-induced glaucoma (LIG) is a prevalent issue concerning eye health in Sudan. This study sought to evaluate the visual outcomes of lens-induced glaucoma in Western Sudan. Methodology: This retrospective study was conducted at Makkah Eye Complex in North Kordofan State, Sudan, from August 2021 to August 2022. The study analyzed 50 patients who presented at the clinic with complaints of blurred vision, pain, and headache, ensuring comprehensive coverage during the designated period. Results: This study examined 50 patients with LIG, postoperative visual acuity in day (1) 6/24_6/60 was (52%) 6/6_6/24 (8%) 6/36_6/60 (8%) light perception (4%) and hand motion were (28%). About postoperative visual acuity in day (7) 6/6_ 6/24 was (12%) 6/24_6/60 (52%) light perception (4%) count finger (32%) no light perception (0) Postoperative visual acuity after (1) month 6/6_6/24 (20%), 6/24_6/60 (60%) light perception (4%) and count fingers (16%) About optic disc status: optic atrophy (72%), normal disc (12%). Conclusion: LIG is notably prevalent among the elderly rural Sudanese population; good visual acuity can be achieved in lens-induced glaucoma presenting within 2 weeks, with intraocular pressure of <35 mm Hg and with meticulous control of intraocular pressure and inflammation with medications, highlighting the need for awareness and health education.
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INTRODUCTION
Glaucoma is a set of chronically progressing illnesses that affect the visual nerve [1]. Glaucomas are a type of permanent visual loss caused by the gradual degradation of retinal ganglion cells [2]. 
Gifford first reported lens-induced glaucoma (LIG) in 1900, linking it to hyper-mature senile cataracts. Von Ruess separately defined LIG as glaucoma with spontaneous absorption of lens materials through an unbroken capsule. Throughout the decades, numerous comparable entities have been documented in the literature. LIG is a type of secondary glaucoma that looks like acute angle-closure glaucoma (ACG) but has normal intraocular pressure (IOP) and open angles in the contralateral eye, as well as quick resolution of symptoms after cataract extraction. According to the pathogenesis, LIG is further characterized as:
Lens protein-related: Leakage of lens protein via an intact or breached lens capsule. This group includes phacolytic glaucoma (PLG), lens-particle induced glaucoma (LPIG), phacoanaphylactic glaucoma (PAG), and aqueous flow obstruction, which is a blockage in the body's structure that stops water from moving from the back chamber to the front chamber. This kind includes phacomorphic glaucoma (PMG). 

In developing countries with limited resources, advanced individuals often develop LIG. Hypermature senile cataracts are the most common subtype. At the time of senile cataract presentation, the incidence of LIG might reach up to 2.4%, with a female preponderance [3]. 
Glaucoma is the second greatest cause of blindness, accounting for 15% of cases in Africa. People with darker skin tones have the highest prevalence of glaucoma [4]. Data on the epidemiology of glaucoma in Sudan is scarce; however, significant prevalence rates are expected. 
Lens-induced glaucoma (LIG) typically manifests in outpatient settings as an abrupt, painful vision loss accompanied by conjunctival redness. Ectopia lentis in children can progress to mature cataracts in the elderly. LIG is a type of secondary glaucoma that looks a lot like acute angle-closure glaucoma (ACG). It is identified by normal intraocular pressure (IOP) and open angles in the eye that is not affected by the cataract [3]. Symptoms go away quickly after the cataract is removed. 
Hypermature cataract is a corticonuclear cataract characterized by rapid lens fiber disintegration, cortical matter liquefaction, and the presence of a tiny hard nucleus. If not treated promptly, it can result in phacolytic glaucoma, phacomorphic glaucoma, or corneal decompensation [5]. 
Few previous research studies have investigated high visual acuity in the previously operated eye as a risk factor for developing LIG in the afflicted eye. Neglected lens-induced glaucoma is associated with poor visual results. Overall, 35% to 50% of cases do not improve beyond 6/60 after surgery, with potential explanations including optic atrophy, uveitis, corneal decompensation, cystoid macular edema, and macular disease [6]. 
Phacolytic glaucoma (PG) is defined by an abrupt increase in intraocular pressure (IOP) in eyes with progressive cataracts, which is accompanied by aqueous flare and cells. The pathogenic process is microleakage of high molecular weight lens proteins through an intact anterior lens capsule, which causes an inflammatory response and leads to occlusion of the aqueous drainage channels by proteins, protein-laden macrophages, and inflammatory debris. In the traditional description, the anterior capsule is intact, and lens proteins leak through minute holes in the capsule. There may be an associated pseudohypopyon [5]. 
There is no data about LIG in Elobeid, North Kordofan, Sudan. 
Globally, around 1 billion people have vision impairment due to preventable causes. Cataracts are responsible for an estimated 55% of blindness and severe vision impairment in adults aged 50 and up worldwide. 
Previous research has demonstrated that lens-induced glaucoma is a leading cause of secondary glaucoma and poor visual results. Lens-induced glaucoma is avoidable [7]. 
To the best of our knowledge, no previous study has been conducted on this topic in El-Obeid, and I observed a large frequency of LIG during my training.
MATERIAL AND METHOD:
The present retrospective study was conducted at the Makkah Eye Complex in North Kordofan State, Sudan, spanning from August 2021 to August 2022. The investigation focused on a cohort of 50 patients who arrived at the clinic reporting symptoms of blurred vision, pain, and headaches, ensuring comprehensive documentation throughout the designated timeframe.
Ethical consent:
All patients provided their consent to take part in the study.
Ethical Approval:
The human research ethics committee at MRCC has granted approval for this research proposal (Approval number: HREC 0007/MRCC.3/24).
Statistical Analysis
The data sets were imported into the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL), and a test was conducted to determine that p-values less than 0.05 were statistically significant.
RESULTS
This study examined 50 patients with lens-induced glaucoma ranging from 46 to 90 years old, with a mean age and standard deviation of 65.9±8.3. Patients' ages range from 60 to 60, 30% between 40 and 60, and 10% between 30 and 40 years old. Regarding education status, the majority of them (52%) were illiterate. 40% attended primary school, and 8% attended high school. Approximately 84% resided in rural areas and 16% in cities. 
The results demonstrated that gender distribution Figure 1 shows that the majority of the study participants were female (64%), with men accounting for 36%, as indicated in Table 1 and Figure 1. 
Table 1 shows the distribution of research subjects by demographic characteristics:

	Variable
	Males
	Females
	Total

	Age
	
	
	

	46-60
	8
	12
	20

	Above60
	10
	20
	30

	Total
	18
	32
	50

	Education status
	
	
	

	Primary
	8
	16
	24

	Illiterate
	10
	16
	26

	Total
	18
	32
	50

	Residence
	
	
	

	Rural
	16
	26
	42

	Urban
	2
	6
	8

	Total
	18
	32
	50













Figure 1. Distribution of the study subjects by demographic characteristic
Regarding the clinical presentation of patients, 32% presented with DOV, 24% with pain, 28% with pain + DOV, 8% with pain + redness + DOV, and 8% with merely redness. The majority of patients showed after one week (80%), with 24% appearing between one and five weeks and 16% appearing between three days and one week. The majority of lens-induced glaucoma is phacomorphic (92%), with only 8% being phacolytic (Figure 2, Table 2).
Table 2. Distribution of the study subjects by clinical characteristics:
	Variable
	Males
	Females
	Total

	Pain
	4
	8
	12

	Red ness 
	0
	4
	4

	DOV
	8
	8
	16

	Pain+ red ness+ DOV
	0
	4
	4

	pain+ DOV
	6
	8
	14

	Total
	18
	32
	50

	Types of LIG
	
	
	

	Phacomorphic
	18
	28
	46

	Phacolytic
	0
	4
	4

	Total
	18
	32
	50



Figure 2 provides a description of the study subjects based on their clinical presentations.
IOP at the time of presentation exceeded 30 mmHg in most cases (12% male, 22% female). In terms of pupil response, 76% exhibited fixed dilation, while 16% displayed normality. 8% of the pupils were reactive, while others were not visible due to ocular edema. In terms of visual outcomes during the presentation, hand motion (HM) accounted for 48%, count fingers (CF) for 48%, and light perception (PL) for 4%. Regarding the state of colleagues’ eyes in the study sample, the majority had immature cataracts (60%), pseudophakia (24%), mature cataracts (8%), and normal (8%). In terms of anterior chamber status, the majority of the study group (88%) had shallow anterior chambers, while only 12% had deep anterior chambers, as illustrated in Figure 3 (Table 3).
Table 3. Distribution of the study subjects by clinical characteristic at examination
	Variable
	Males
	Females
	Total

	IOP at presentation
	
	
	

	10-20
	4
	4
	8

	20-30
	2
	6
	8

	above 30
	12
	22
	34

	Total
	18
	32
	50

	Visual acuity at presentation
	
	

	HM
	8
	16
	24

	CF
	8
	16
	24

	Pl
	2
	0
	2

	Total
	18
	32
	50

	Status of Fellow eye
	
	
	

	Pseudophakic
	6
	6
	12

	mature cataract
	0
	4
	4

	Immature cataract
	8
	22
	30

	Normal
	4
	0
	4

	Total
	18
	32
	50

	Anterior Chamber
	
	
	

	Shallow A/C
	16
	28
	44

	Deep A/c
	2
	4
	6

	Total
	18
	32
	50

	Pupil Reaction
	
	
	

	Fixed dilate
	12
	26
	38

	Not visible
	2
	2
	4

	Normal
	4
	4
	8

	Total
	18
	32
	50

	PI=Perception of light





Figure 3. Description of the study subjects by clinical characteristic at examination
Post-operative IOP day 1: 64% > 30, 24% between 10-20, and 12% between 20-30. 
Regarding IOP at day 7, the majority were 68% between 20-30, 32% between 10-20, and >30 IOP at one month: 10-20 (72%), 20-30 (24%), and >30 (4%), as shown in Figure 4 and Table 4.
Table 4: Distribution of the study subjects by intraocular pressure post-operative characteristic
	Variable
	Males
	Females
	Total

	IOPday 1 post op
	
	
	

	10-20
	8
	4
	12

	20-30
	0
	6
	6

	>30
	10
	22
	32

	Total
	18
	32
	50

	IOPday 7 post op
	
	
	

	10-20
	10
	6
	16

	20-30
	8
	26
	34

	Total
	18
	32
	50

	IOPday 1month post op
	
	
	

	10-20
	10
	26
	36

	20-30
	6
	6
	12

	>30
	2
	0
	2

	Total
	18
	32
	50




Figure 4: Description of the study subjects by intraocular pressure post-operative characteristic
Post-operative visual acuity on day 1 was 6/24_6/60 (52%). 6/6_6/24 (8%) 6/36_6/60 (8%): light perception (4%) and hand motion (28%). Regarding post-operative visual acuity in the day (7) 6/6_ 6/24 was (12%) 6/24_6/60 (52%) Light perception (4%). Count fingers (32%). No light perception (0) post-operative visual acuity after one month. 6/6_6/24 (20%), 6/24_6/60 (60%), light perception (4%), and counting fingers (16%) About the optic disc state, optic atrophy (72%), normal disc (12%), and other modifications (16%) are presented in Figure 5 and Table 5.
Table 5: Distribution of the study subjects by visual acuity post-operative and optic disc status characteristic
	Variable
	Males
	Females
	Total

	PostoperativeVAinday1
	
	
	

	6/6-6/24
	6
	0
	6

	6/24-6/60
	4
	22
	26

	Pl
	2
	0
	2

	CF
	6
	10
	16

	Total
	18
	32
	50

	PostoperativeVAinday7
	
	
	

	6/6-6/24
	4
	0
	4

	6/24-6/60
	4
	22
	26

	6/24-6/60
	2
	2
	4

	Pl
	2
	0
	2

	HM
	6
	8
	14

	Total
	18
	32
	50

	Postoperative VA after month
	
	
	

	6/6-6/24
	6
	4
	10

	6/24-6/60
	4
	26
	30

	Pl
	2
	0
	2

	C.F
	6
	2
	8

	Total
	18
	32
	50

	Optic disc status
	
	
	

	Normal
	2
	4
	6

	Optic atrophy
	12
	24
	36

	other change
	0
	4
	4

	Total
	18
	32
	50





Figure 5: Distribution of the study subjects by visual acuity post-operative.


Figure 6. Description of the study's optic disc status.
DISCUSSION:
Lens-induced glaucoma is a global health concern that impacts both health systems and people in low-income countries. 
This clinical study was conducted at the Makkah Eye Hospital complex in El-Obeid to investigate the prevalence and visual outcomes of LIG. The prevalence of LIG in the study is 20%. Cataracts remain the leading cause of blindness in developing countries, primarily affecting the elderly rural population. Delayed reporting for treatment results in major problems such as lens-induced glaucoma, which causes irreversible vision loss.
Our investigation revealed that 76% of individuals had poor visual outcomes due to optic atrophy. Most patients had high IOP. These observations were previously reported [3]. 
In this study, 30 individuals saw no or just modest visual improvement following the procedure. This cohort was the group with the largest time lag between the onset of discomfort, redness, and reporting for treatment. 
However, our investigation revealed that one of the main causes of poor postoperative eyesight following cataract surgery was late reporting for treatment. 
The Lahan study discovered that prolonged discomfort and a high level of IOP at presentation in PMG were related to a poor visual result after discharge. Cases with IOP at presentation <35 mm Hg (58.80%) had better visual acuity than those with IOP >35 mm Hg. 
At presentation, IOP exceeded 30 mm/Hg in 50 cases (100%) and was reduced to a normal level of 14-22 mmHg in all cases following cataract surgery, as seen in the Lahan trial, where preoperative IOP exceeded 30 mm in 79% and postoperative IOP after cataract surgery was less than 21 mmHg in 72% of cases. The primary presenting feature was loss of vision and pain, and the majority of our patients (80%) presented more than 7 days after the onset of symptoms. Among the 8 patients who presented within 7 days of the beginning of symptoms and within 5 weeks of the onset of symptoms, postoperative visual acuity was lower than in those who presented early. This information is consistent with Duah's research findings. 
When we looked into the causes of a delay in receiving cataract surgery in the affected eye, which eventually led to the development of LIG, a majority of them had good vision in the fellow eye and took care of their visual demands. This meets the WHO aim of more than 80% having excellent eyesight with available corrections. Out of these 50 patients, 30 had early pseudophakic cataracts, four had normal cataracts, and four had advanced cataracts in their other eyes. Unfortunately, despite the comprehensive coverage of rural and suburban regions under the district blindness control society system, bilateral hypermature cataracts are still prevalent today. 
Patients, particularly those from rural areas, may be able to see clearly with one eye while entirely ignoring the other. It is critical for healthcare workers to emphasize that if a cataract is not removed, it can progress to an LIG, causing a painless blind eye to become a painful blind eye. Regular implementation of this procedure may lead to a steady increase in the number of patients opting for early second surgery. 
The most prevalent lens status in the other eye was immature cataract (30 patients), followed by pseudophakic (12 patients), and the most common reason given for the delayed presentation was the ability to cope with adequate vision in one eye. 
In our investigation. A total of 50 patients participated in this trial, with 18 (36%) being male and 32 (64%) being female. The majority of patients with LIG were female compared to males. This is identical to Prajna's findings, and it is most likely due to a lack of attention to them seeking therapy. This demonstrates that gender prejudice may put females in danger due to the lower priority given to them in some areas when seeking treatment. This includes the acceptance of poverty as a normal part of aging, fear of surgery, lower expectations, and socioeconomic restraints. 
According to the Malaysian National Eye Survey II, females are less likely than males to have cataract surgery; however, we must also remember that girls have a higher frequency of LIG than males. Several studies have revealed that females have a higher prevalence of senile cataracts, which may explain their higher risk of LIG. According to the Goel report, females have less access to health care services, particularly in rural areas. In some areas or groups of people, women are unable to travel anywhere alone. It could also be due to our increased understanding of the safety of cataract surgery, with a focus on the fact that it is performed under local anesthesia, with little systemic risk. Informing patients that they require no assistance and can resume their normal activities shortly after surgery is also crucial. We also need to reinforce patient trust. 
In our investigation, LIG was found to be higher in the sixth decade of life. Data were gathered from Flocks et al., Ali Abdollahi et al., and Rohatgi JN. LIG is also revealed to be a disease of increasing age, with the highest age group being 60 years or above (60%), followed by 46-60 years (30%) and 30-45 years (10%). Elderly people are more likely to develop lens-induced glaucoma. Other research showed similar outcomes. Sitoula's study found that phacomorphic glaucoma is more common than phacolytic glaucoma. Rijal AP et al. and Sharma RG et al. have found phacomorphic glaucoma to be more frequent than other kinds of LIG (3, 4). Phacomorphic glaucoma accounts for 92% (46 individuals). Four cases, accounting for 8%, revealed phacolytic glaucoma. 
The link between IOP height at the presentation and the visual result was clinically significant but statistically insignificant (P > 0.05). The Madurai study likewise revealed no statistically significant relationship between preoperative IOP and ultimate visual acuity. The significant reduction in IOP following treatment was determined to be 60.00%, and at the final follow-up, the IOP reduction to baseline was 92.00%, indicating clinical and statistical significance. 
At the last follow-up, 36 (72% of patients) had their IOP decreased to normal levels (10-20 mm Hg). This suggests that achieving stable IOP in LIGs requires reducing IOP as close to normal as possible before surgery. IOP at presentation exceeded 30 in 50% of individuals. In Lahan's 1998 research, IOP at presentation ranged between 14 and 81 mm Hg. 79.2% of eyes had an IOP greater than 30 mm Hg, while 14.3% had an IOP less than 22 mm Hg. 6.2% had an IOP < 21 mm Hg, while 96.8% had an IOP < 30 mm Hg. 
There was no significant link between the duration of symptoms and the presenting IOP, as found in the current investigation. A weak positive connection was discovered between the duration of symptoms and the best managed preoperative IOP, which is similar to the current investigation. 
BCVA during the final follow-up, associated with fundus alterations, revealed significantly high visual acuity in a normal fundus. And low visual acuity in (35) of the cases was definitely high (52.0%). These differences were clinically and statistically significant (p = 0.000). 
In contrast, with phacomorphic glaucoma, the anterior chamber is always shallow, and the angles narrow due to the iris being pushed forward by the enlarged lens, which is consistent with earlier studies such as Prajna et al.'s in 1996. On the other hand, researchers discovered phacolytic glaucoma in the deep anterior chamber.
Conclusion
[bookmark: _GoBack]LIG is common in Sudan, mainly appearing as phacomorphic glaucoma. Females are more frequently influenced than males. Lens-induced glaucoma (LIG) is common among elderly rural Sudanese people. With proper medication and control of intraocular pressure and inflammation, patients can achieve excellent visual acuity within 2 weeks. This highlights the importance of raising awareness and providing health education.
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Postoperative VA day1	
Males	Females	Total	6/24-6/60	
Males	Females	Total	0.22	0.69	0.52	CF	
Males	Females	Total	0.33	0.31	0.32	6/6-6/24	
Males	Females	Total	0.23	0	0.08	6/24-6/60	
Males	Females	Total	0.12	0.06	0.08	HM	
Males	Females	Total	0.33	0.26	0.28000000000000003	6/6-6/24	
Males	Females	Total	0.33	0.12	0.2	Pl	
Males	Females	Total	0.11	0	0.04	


Females	Optic disc status	Normal	Optic atrophy	other change	0.12	0.76	0.12	Total	Optic disc status	Normal	Optic atrophy	other change	0.12	0.72	0.08	Males	46-60years	Above60y%ears	Rural	Urban	Primary	Illiterate	0.44	0.56000000000000005	0.88	0.12	0.44	0.56000000000000005	Females	46-60years	Above60y%ears	Rural	Urban	Primary	Illiterate	0.38	0.62	0.81	0.19	0.5	0.5	Total	46-60years	Above60y%ears	Rural	Urban	Primary	Illiterate	0.4	0.6	0.84	0.16	0.48	0.52	Males	
Pain	Redness	DOV	Pain+redness+dov	pain+dov	Phacomorphic	Phacolytic	0.22	0	0.44	0	0.33	1	0	Females	
Pain	Redness	DOV	Pain+redness+dov	pain+dov	Phacomorphic	Phacolytic	0.25	0.13	0.25	0.13	0.25	0.88	0.12	Total	
Pain	Redness	DOV	Pain+redness+dov	pain+dov	Phacomorphic	Phacolytic	0.24	0.08	0.32	0.08	0.28000000000000003	0.92	0.08	


males	20-Oct	20-30	above 30	HM	CF	PL	Pseudophakic	Mature cataract	Immature cataract	Normal	Fixed dilate	Not visible 	Normal	Shallow A/c	Deep A/c	0.22	0.11	0.66	0.44	0.44	0.12	0.33	0	0.44	0.22	0.66	0.11	0.22	0.88	0.12	Females	20-Oct	20-30	above 30	HM	CF	PL	Pseudophakic	Mature cataract	Immature cataract	Normal	Fixed dilate	Not visible 	Normal	Shallow A/c	Deep A/c	0.12	0.18	0.68	0.5	0.5	0	0.18	0.12	0.68	0	0.81	0.06	0.13	0.75	0.25	Total	20-Oct	20-30	above 30	HM	CF	PL	Pseudophakic	Mature cataract	Immature cataract	Normal	Fixed dilate	Not visible 	Normal	Shallow A/c	Deep A/c	0.16	0.16	0.68	0.48	0.48	0.04	0.24	0.08	0.6	0.08	0.76	0.08	0.16	0.88	0.12	
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