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ABSTRACT

Introduction: Primary Angle Closure Glaucoma (PACG) is a significant cause of irreversible blindness worldwide. It is caused by the closure of the drainage angle in the eye, leading to increased intraocular pressure. This study investigates the relationship between PACG severity, as measured by cup-to-disc ratio (CDR), and visual acuity in patients with PACG.

Objective: The primary objective is to assess the correlation between PACG severity stages, measured by CDR indicative of glaucomatous cupping, and visual acuity in PACG patients.

Methods: Conducted as a cross-sectional observational study, this research took place at the Ophthalmology Outpatient Clinic of RSUP Dr. M. Djamil Padang. The study enrolled 50 patients meeting clinical criteria, and data were subjected to Spearman's correlation test, with significance set at p<0.05.

Results: The majority of PACG patients (54%) either did not experience or had not experienced visual impairment, and most were classified under moderate PACG (64%). Bivariate analysis revealed a significant positive correlation between visual acuity and PACG severity based on CDR (r=0.709).

Conclusion: This study establishes a significant positive correlation, indicating that greater CDR, reflecting increased PACG severity, is associated with poorer visual acuity. Recognizing this association is crucial for developing targeted interventions and preventing irreversible visual loss in PACG patients.
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INTRODUCTION
Glaucoma is a term used to describe a group of optic neuropathies marked by the deterioration of ganglion cells and the retinal nerve fiber layer, resulting in alterations to the structure and function of the optic nerve head.1,2 The elevation of intraocular pressure (IOP) stands out as a significant risk factor linked to the advancement of glaucoma. Increased IOP has the potential to interfere with both the optic nerve and the visual pathway. This factor is modifiable, and it is known that the development of glaucoma can be delayed by reducing IOP. Normal IOP ranges from 10-21 mmHg, with values exceeding 21 mmHg considered high.3
The number of glaucoma patients worldwide is estimated to continue increasing over time.4 In 2013, the global count of glaucoma patients aged 40-80 was 64.3 million, rising to 76 million in 2020, and it is projected to further increase to 111.8 million by 2040.5 Riskesdas 2007 indicates a glaucoma prevalence of 0.46% in Indonesia, with West Sumatra ranking fifth in the country with the highest glaucoma prevalence at an incidence rate of 1.14%.6
The high prevalence of visual impairment and blindness due to glaucoma worldwide has led the World Health Organization (WHO) to designate it as a global health burden. Glaucoma is known to cause 2.2% of visual impairment and 6.6% of blindness globally. This makes glaucoma the third leading cause of blindness worldwide, following cataracts (33.4%) and uncorrected refractive error (20.9%). However, blindness resulting from glaucoma is irreversible, rendering it considered more dangerous.4,7
Primary Angle Closure Glaucoma (PACG) is one of the most common types of glaucoma, second only to Primary Open Angle Glaucoma (POAG). Unlike POAG, the primary issue in PACG is the closure of the anterior chamber angle, leading to disrupted drainage of aqueous humor and an increase in intraocular pressure (IOP).8 Patients with PACG often exhibit distinctive eye anatomy, including a shallow anterior chamber, short axial length, and thicker iris and lens. In most cases, PACG is chronic (70-80%) and asymptomatic because the angle closure and IOP increase occur gradually over an extended period. Consequently, this condition is often incidentally discovered during routine eye examinations.9 Over 80% of PACG patients are from Asia, particularly East and South Asia, attributed to the anatomical structure of Asian eyes, characterized by a shallower anterior chamber compared to individuals from other continents. Other risk factors include female sex, older age (>40 years), high myopia, and a family history of PACG.8,10
PACG to some extent is a preventable condition if the closure process of the anterior chamber angle (ACA) can be halted at an early stage.8 Management for PACG involves preventing permanent angle closure and ensuring proper ACA drainage function, but the primary goal remains achieving lower intraocular pressure (IOP). Lowering IOP in glaucoma is associated with efforts to prevent disease progression, prevent the worsening of glaucomatous optic neuropathy, and preserve patients' visual fields.10,11 Progressive visual defects can be averted with successful IOP control, achievable through topical medication, laser therapy, or surgical procedures. The choice of management for each PACG patient is determined by the disease's stage.1,8
One way to determine the stage or severity of PACG is by assessing optic nerve head (ONH) damage using the cup-to-disc ratio (CDR), where a greater CDR indicates a more advanced glaucoma stage.12 In chronic conditions, glaucomatous cupping causes visual field (VF) defects starting from the periphery, possibly worsening with disease progression, leading to central vision loss or decreased visual acuity in the long run. In acute conditions, patients may experience a sudden decrease in visual acuity without preceding peripheral VF defects.13 Visual impairment due to glaucoma can significantly impact the quality of life, affecting physical, economic, social, and psychological aspects. Patients with PACG have a poorer visual prognosis compared to Primary Open Angle Glaucoma (POAG), with almost three times more patients experiencing vision loss.8,14
The objectives of this research are to determine the characteristics (age and sex), describe visual acuity at each PACG stage, and investigate the relationship between visual acuity and PACG stages. This study is expected to contribute valuable information regarding the correlation between visual acuity and PACG stages, serving as a foundation for further research in the field of eye health. 

METHODS
This study is an observational research design with a cross-sectional study design. The research population comprises all patients diagnosed with Primary Angle Closure Glaucoma (PACG) seeking treatment at the Ophthalmology Outpatient Clinic at RSUP Dr. M. Djamil. The sampling technique used is consecutive sampling, where all subjects visiting the Ophthalmology Outpatient Clinic at RSUP Dr. M. Djamil from September to December 2019, and meeting the criteria, are included in the study until the required number of subjects is achieved. While the analysis based on a correlational analytical formula suggested a minimum sample size of 36, we opted to recruit 50 participants to ensure sufficient statistical power and account for potential participant dropouts.

Data analysis is carried out through univariate and bivariate analyses. Univariate analysis is conducted to observe the distribution of each variable's data. The variables analyzed in this study include age and sex. The data is presented descriptively in the form of frequency distribution tables. 
Bivariate analysis examines the relationships between independent and dependent variables. In this study, visual acuity serves as the dependent variable and is measured using a Snellen chart and a penlight. The results are classified according to the World Health Organization (WHO) definitions: normal (VA ≥ 6/12), vision impairment (VA < 6/12 to 3/60), and blindness (VA < 3/60). The independent variable is the stage of primary angle-closure glaucoma (PACG), classified based on the cup-to-disc (C/D) ratio using the Becker-Shaffer system: mild (C/D ratio 0.5 - 0.6), moderate (C/D ratio 0.6 - 0.8), and severe (C/D ratio > 0.8). Both variables are considered ordinal.

Following Dahlan MS (2012), the chosen bivariate analysis is the Spearman correlation test. This test assesses the degree and direction of the relationship between two ordinal variables. A p-value of less than 0.05 in this test indicates a significant correlation between the two variables. If a significant correlation is found between visual acuity and the PACG stage, the null hypothesis (H0) will be rejected.
This research has been ethically approved by the Research Ethics Commission of Fakultas Kedokteran Universitas Andalas, with approval number 599/UN.16.2/KEP-FK/2022.
RESULTS
The samples meeting the inclusion criteria consist of 50 patients, with each patient represented by one eye. This is because Primary Angle Closure Glaucoma (PACG) typically exhibits a bilateral nature, even though the clinical manifestations that appear in both eyes may be asymmetrical.
Table 1. Characteristics of the Samples

	Variables
	n
	%

	Number of patients
	50
	

	Number of eyes
	50
	

	Age (year)

40 - 49

50 - 59

60 - 69

70 - 79
	6

20

17

7
	12

40

34

14

	Sex

Female

Male
	40

10
	80

20

	Total
	50
	100


Table 1 shows that the sample characteristics based on age revealed an age range of 40 to 79 years, with the most prevalent age group being 50 to 59 years, comprising 20 individuals (40%). The mean age ± SD of the sample was 60 ± 9.12 years. In terms of sex, females outnumbered males, accounting for 40 individuals (80%).
Table 2. Visual Acuity Classification at Each Stage of PACG

	PACG Stage
	Visual Acuity
	Total

	
	Normal
	Vision Impairment
	Blindness
	

	Mild
	7 
(14%)
	0
(0%)
	0 (0%)
	7 (14%)

	Moderate
	20 (40%)
	11 (22%)
	1 (2%)
	32 (64%)

	Severe
	0 
(0%)
	3 
(6%)
	8 (16%)
	11 (22%)

	Total
	27 (54%)
	14 (28%)
	9 (18%)
	50
(100%)


Table 2 indicates that the most prevalent distribution of visual acuity classification is within the normal range (54%), with the majority of samples experiencing moderate-stage PACG (64%).
Table 3. Correlation between Visual Acuity and PACG Stage

	Variable
	p-value
	r

	Visual acuity and PACG Stages
	0,000
	0,709


The analysis was conducted using the Spearman correlation test to examine the relationship between the dependent variable (visual acuity) and the independent variable (PACG stage). The results of the Spearman test yielded a p-value of 0.000 (p < 0.05), indicating a significant correlation between visual acuity and the PACG stage, leading to the rejection of the null hypothesis (H0). Based on the correlation coefficient (r) value, r = 0.709, indicating a strong correlation between visual acuity and the PACG stage with a positive direction. This implies a positive linear relationship, signifying that as the severity of the PACG stage increases in patients, visual acuity worsens.
DISCUSSION
Sample Characteristics

This study was conducted on a sample of 50 patients, with each patient represented by one eye. Based on the research findings, the age range of the sample was 40 - 79 years, with the most common age group being 50 - 59 years, comprising 20 individuals (40%). The mean age of the sample was 60 ± 9.12 years. These results align with a study by Rayungsista, which investigated the characteristics of primary glaucoma patients at the Eye Clinic of RSUD R.A. Basoeni Mojokerto, revealing the most prevalent age group for PACG patients to be >50 - 60 years (42.4%).15 In terms of the age range of the sample, a study by Li et al. (2019) on PACG patients in Shanghai had a broader age range, from 36 - 94 years.16 Increasing age is a significant risk factor closely associated with the occurrence of PACG, especially in individuals aged over 40 years.4,5,17 This has led to numerous studies mentioning the prevalence of PACG in populations aged 40 and above. The increased incidence of PACG with age is known to be related to anatomical factors, such as thicker lenses and narrower or even closed anterior chamber angles. This results in an elevated risk of angle closure, leading to higher intraocular pressure.18
In terms of sex, this study found that the majority of the sample were females, totaling 40 individuals (80%). This finding is supported by studies on eye anatomy, indicating that even under normal conditions, females have shallower anterior chambers and thicker lenses compared to males, making them more susceptible to PACG.12 This trend was also identified by Helayel et al. in Saudi Arabia, where 53.6% of PACG subjects were females.19 However, a retrospective study by Ariesti et al. on the medical records of glaucoma patients at RSUP Dr. M. Djamil Padang from 2011 to 2012 obtained different results, with 62.5% of PACG patients being male, outnumbering females (37.5%).20 A meta-analysis by Zhang et al. mentioned that the prevalence of females was higher than males in 69.2% of studies (18 out of 26 studies).5 In addition to anatomical differences, the higher life expectancy of females is also a factor contributing to the tendency for a higher prevalence of PACG in females.21
Distribution of Visual Acuity Classification in Each Stage of PACG

The research results on 50 eyes with PACG revealed that 54% of the samples had normal vision (≥ 6/12), consisting of 14% mild PACG and 40% moderate PACG. Meanwhile, 28% of the samples experienced vision impairment, with 22% having moderate PACG and 6% having severe PACG. The lowest visual acuity classification percentage was blindness (18%), with 2% of the samples having mild PACG and 16% having moderate PACG.

According to the WHO classification, it can be observed that more than half of the sample either did not experience or had not yet experienced central vision decline, with visual acuity within the normal range (≥ 6/12). This result is similar to a study by Alzuhairy et al. at Qassim University Hospital, where 55.7% of glaucoma patients had normal visual acuity.22 Another study by Mokhles et al. found that 62.8% (OD) and 46.5% (OS) of patients with closed-angle glaucoma had normal vision. Although the average age of patients in that study was higher, preserved vision was still observed.23
Based on the severity stage, the majority of patients were found to have moderate PACG (CDR 0.6 - 0.8) at a percentage of 64%. Parikh et al. found that 70.1% of PACG patients had moderate-severe stages, and 29.9% had mild PACG. However, Parikh did not analyze individual percentage data for the three stages but grouped them into mild PACG and moderate-severe PACG.24 A similar result was found by Talaspayeva et al. in Central Asia, with an average CDR of 0.78. The classification of PACG stages based on CDR is one way to determine the progression of glaucoma and has been used since the 1960s. Although this method is relatively easy and fast, it has two shortcomings: (i) it does not illustrate the size of the optic disc and the position of the cup, and (ii) it cannot calculate the amount of neuroretinal rim damage, which directly contributes to visual field defects caused by glaucoma.25
PACG is often referred to as the "silent thief of sight" because of its asymptomatic nature, leading most patients to seek medical attention only when their vision is already blurred. The delay in initiating treatment is one of the factors contributing to poor visual prognosis in PACG patients.8,26 It is known that patients have already lost approximately 30-50% of retinal ganglion cells when they start to experience vision problems, meaning glaucomatous cupping has likely begun to develop.1 Visual acuity examination is a routine eye examination, but the results cannot be used as a basis for diagnosing or determining the stage of glaucoma in patients. This is because, in most chronic PACG cases, decreased vision or central vision is a later manifestation of visual field defects that begin peripherally. In other words, if there is a decrease in vision, it is highly likely that someone is already in an advanced stage of PACG. The delayed onset of symptoms from PACG also poses a higher risk of blindness compared to early detection. Therefore, it is essential to maintain and improve patient vision to prevent the worsening of irreversible blindness.10,12 A study suggests that lens extraction procedures can be performed to improve vision, with a success rate of up to 70%, even when the eye has extensive peripheral anterior synechiae (PAS).27
The Correlation between Visual Acuity and PACG Stage
The results of the study on 50 PACG patients at RSUP Dr. M. Djamil Padang, as seen in Table 3, indicate the Spearman correlation test results between visual acuity and PACG stage, obtaining a probability value (p-value) < 0.05, meaning there is a significant correlation between the two variables. This finding aligns with the research conducted by Buteikiene et al. on 73 subjects, revealing a connection between BCVA and UCVA with vCDR measurements (p < 0.001).28 This study's results also resonate with a retrospective study by Yousefi et al. on medical records from Tokyo University Hospital and Ryukyus University Hospital from 1998 to 2016, showing a significant relationship (p < 0.001) between visual acuity and PACG stage.29 Kim et al. categorized glaucoma eyes into three severity levels (mild, moderate, and severe) and found significant differences in visual acuity measurements at each glaucoma stage. However, the average age of subjects in that study was relatively low (54 years), considering it involved patients with degenerative diseases.30 The average age in Kim et al.'s study was younger compared to the average age of subjects in the RSUP Dr. M Djamil Padang study, which was 60 years.

PACG is considered more dangerous than POAG because it has a higher visual morbidity or permanent blindness rate. A meta-analysis study by George et al., comparing the incidence of blindness between PACG and POAG, found that out of 724 PACG cases, 27% of subjects experienced blindness, while only 151 individuals (8.9%) of 1702 POAG patients suffered from blindness. George et al. concluded that PACG is more likely associated with blindness compared to POAG. Studies in Scotland also obtained similar results, with the number of PACG patients experiencing vision loss almost three times higher than POAG.31
The onset of increased IOP due to angle closure in PACG is known to affect the decline in visual acuity in patients. In chronic PACG, central vision with relatively high acuity can be maintained until the advanced stage of the disease. This is because chronic glaucomatous cupping causes gradual VF defects starting from the periphery, which may worsen with disease progression, eventually leading to central vision impairment. However, in AACG or acute attacks, which are ophthalmologic emergencies, significant IOP elevation can result in rapid vision loss if there is a delay in treatment.10,12,13
Visual impairment has a negative impact on physical, socio-economic, and patient life aspects. Glaucoma patients often face challenges in mobility orientation, daily activities, information access, and communication.32 An increase in depression and anxiety occurrences is also found in glaucoma patients with reduced vision. A study at RSUP Dr. M. Djamil Padang in 2017 found a significant difference between the Glaucoma Symptom Scale (GSS) and Glaucoma Quality of Life-15 Score (GQL-15) questionnaire results in respondents with unilateral blindness, bilateral blindness, and non-blindness. Respondents with bilateral blindness had a worse quality of life.33 The primary focus of PACG treatment is interventions in the closed anterior chamber angle and IOP control. Controlled IOP can reduce glaucoma progression, thus preventing blindness due to its irreversible nature.3,8
This study acknowledges two key limitations. First, the inherent design of this cross-sectional investigation restricts the ability to definitively establish causal relationships between the variables of interest. Future research employing prospective methodologies, such as cohort studies, would be more appropriate to elucidate a causal link.  Second, the study does not differentiate between acute and chronic presentations of Primary Angle Closure Glaucoma (PACG). This distinction is crucial, as it can influence the relationship between the severity of vision loss and the cup-to-disc (C/D) ratio.  Future studies incorporating this distinction could offer more insightful findings regarding the association between visual acuity and the PACG stage.
CONCLUSION

Based on the conducted research, it can be concluded that the majority of PACG patients are females, with an average age of 60 ± 9.12 years, predominantly falling within the age group of 50-59 years. Most PACG patients have not experienced a decline in visual acuity, and the majority exhibit a moderate stage of PACG based on the CDR classification. The findings reveal a significant positive correlation, indicating that visual acuity tends to decrease as the PACG stage worsens.
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