Measurement of Macular Choroidal Thickness in Narrow Angle patients by Optical Coherence Tomography
Abstract
Background: Primary angle closure glaucoma (PACG) poses a higher risk of severe visual impairment compared to primary open angle glaucoma (POAG), with choroidal thickness implicated in its pathophysiology. Optical coherence tomography (OCT) allows detailed assessment of macular choroidal thickness, potentially aiding in early detection and risk assessment in narrow-angle conditions.
Objective: To comparatively analyze macular choroidal thickness in narrow-angle patients using OCT.
Patients and methods: This case-control study included 75 participants divided into three groups: Group I (angle closure glaucoma, n = 25), Group II (angle closure suspects, n = 25), and Group III (healthy controls, n = 25). Choroidal thickness in the sub-foveal, nasal, and temporal regions was measured by OCT.
Results: Sub-foveal, nasal, and temporal choroidal thicknesses were significantly higher in Groups I and II than in Group III (p < 0.001), with no significant differences between Groups I and II. Sub-foveal choroidal thickness correlated positively with intraocular pressure (IOP) (r = 0.475, p = 0.017) and negatively with spherical equivalent (SE) (r = -0.428, p = 0.033). Temporal choroidal thickness was positively correlated with age (r = 0.603, p = 0.001) and best corrected visual acuity (BCVA) (r = 0.444, p = 0.026).
Conclusion: Increased macular choroidal thickness, particularly in the sub-foveal, nasal, and temporal regions, may serve as an indicator for angle-closure risk, correlating with elevated IOP and refractive measures. OCT imaging could thus be valuable in early diagnosis and monitoring of angle-closure conditions.
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Introduction
Glaucoma remains the leading cause of irreversible blindness globally, impacting millions. It was estimated that primary open angle glaucoma (POAG) caused bilateral blindness in 5.9 million people, while primary angle closure glaucoma (PACG) affected 5.3 million individuals by 2020. Unlike POAG, PACG poses a significantly higher risk of severe bilateral vision impairment, carrying a threefold increase, as indicated by population studies [1-3].
PACG differs fundamentally from POAG, with angle closure as the primary concern, leading to secondary intraocular pressure (IOP) elevation. Importantly, PACG may be preventable if the angle closure process is addressed early. Current treatments, including laser peripheral iridotomy (LPI), iridoplasty, and cataract extraction, show promise in opening the angle; however, considerable gaps persist in our understanding and clinical management of PACG [4].
Characteristically, PACG eyes exhibit a flat cornea, shallow anterior chamber, thick lens, short axial length, and notably, a thicker choroid [5-8]. Quigley suggested that choroidal expansion might play a role in PACD pathogenesis by pushing the lens-iris diaphragm forward, thus exacerbating anterior chamber angle closure [9]. Choroidal thickness is influenced by numerous factors, and studies confirm choroidal expansion in both acute and chronic PACD cases, regardless of treatment status [10, 11].
Enhanced-depth imaging optical coherence tomography (EDI-OCT) facilitates detailed observation of choroidal thickness changes. Prior research has shown that PACD eyes tend to have a greater macular choroidal thickness than normal eyes [6, 12, 13]. For instance, in a Chinese population study, EDI-OCT measurements of nine macular regions indicated higher choroidal thickness and volume in PACG patients compared to normal eyes, highlighting the choroid’s potential role in PACG development and progression [14]. Therefore, this study aims to comparatively analyze differences in macular choroidal thickness in narrow angles patients by using OCT imaging.
Materials and Methods
Study Design and Patients:
This case control study that was carried out on 75 individuals, 50 patients with narrow angle and 25 age and gender matched individuals at the Ophthalmology Department of Benha University Hospitals during the period from January 2023 to September 2024.
The patients were equally divided into three equal groups; group I: Twenty-five patients with angle closure glaucoma, group II: Twenty-five patients with angle closure suspect, and group III: Twenty-five healthy individuals, age and gender matched.
Inclusion criteria were patients with narrow angle according to Shaffer grading which was categorized as follows: Grade 0 (closed angle with no visible structure), Grade 1 (very narrow angle with visible Schwalbe's line), and Grade 2 (narrow angle with visible trabecular meshwork). Eligible participants also had an average axial length of 22 mm (±1 mm) and a refractive error range of +4 to -4 diopters (D).
Exclusion criteria were patients with open angle glaucoma, secondary glaucoma, causes affecting choroid like uveitis, or retinal vascular disease, history of intraocular surgery, and history of laser glaucoma treatment.
Methods: 
All studied cases were subjected to the following:
Comprehensive data collection, which included a full medical history (age, gender, occupation, comorbidities like hypertension and diabetes, prior surgeries, and family medical history). Clinical examination involved detailed ophthalmologic evaluation, including best corrected visual acuity (BCVA), axial length, IOP measurment by Goldman Aplanation Tonometer, spherical equivalent (SE), and cup/disc ratio. Measurment of choroidal thickness by OCT (AngioVue system (Optovue Inc., Fremont, CA, USA).
Statistical analysis:
Data management and statistical analysis were performed using SPSS version 28 (IBM, Armonk, New York, United States). Quantitative data were assessed for normality and summarized as means with standard deviations or medians with ranges, based on distribution. Categorical data were summarized as numbers and percentages. Group comparisons used independent t-tests or Mann-Whitney U tests for quantitative data, and Chi-square or Fisher’s exact tests for categorical data. Multivariate logistic regression was used to predict MACE, with odds ratios and 95% confidence intervals calculated. A p-value < 0.05 was considered statistically significant.
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The studied groups were comparable regarding age (P = 0.464), sex (P = 0.4), laterality (P = 0.326), diabetes (P = 0.076), and hypertension (P = 0.841). Table 1
BCVA, SE, IOP, and cup-disc ratio all showed significant differences among the study groups (P < 0.001). BCVA was lower in group I (median =  +0.3) compared to groups II and III (medians = +0.8 and +0.9, respectively). SE was lower in group I (median = +1.75) than in group II (median = +2) but higher than in group III (median = +0.75). IOP was higher in group I (19 ±6) and progressively lower in groups II and III (15 ±3 and 12 ±1, respectively). The cup-disc ratio was also higher in group I (0.5 ±0.2), compared to  groups II and III (0.2 ±0.1 for each). NO significant difference was observed between groups II and III. Table 1
Sub-foveal, nasal, and temporal choroidal thicknesses showed significant differences among the study groups (P < 0.001). Sub-foveal choroidal thickness was lower in group III (208 ±2) compared to groups I and II (285 ±36 and 288 ±46, respectively), with no difference between groups I and II. Similarly, nasal choroidal thickness was lower in group III (208 ±6) compared to groups I and II (275 ±44 and 295 ±60, respectively), and temporal choroidal thickness was also lower in group III (210 ±7) compared to groups I and II (269 ±51 and 245 ±56, respectively), with no significant difference between groups I and II for either measurement. Table 2
Subfoveal choroidal thickness (SFCT) was positively correlated with IOP (r = 0.475, P = 0.017) and negatively correlated with SE (r = -0.428, P = 0.033). Nasal choroidal thickness was positively correlated with SE (r = 0.399, P = 0.048). Temporal choroidal thickness showed a positive correlation with age (r = 0.603, P = 0.001) and BCVA (r = 0.444, P = 0.026), while it was negatively correlated with axial length (r = -0.525, P = 0.007). Other variables did not show significant correlations. Table 3
Nasal choroidal thickness was negatively correlated with IOP (r = -0.412, P = 0.041) and SE (r = -0.440, P = 0.028). In contrast, it was positively correlated with best-corrected visual acuity (BCVA) (r = 0.453, P = 0.023). Temporal choroidal thickness showed a significant negative correlation with axial length (r = -0.470, P = 0.018). Other variables did not show significant correlations. Table 4.
No significant correlations were reported between subfoveal, nasal, and temporal choroidal thickness and other parameters in group III. Table 5
Case presentation:
Case 1: A 58-year-old female patient with ACS diagnosis in the left eye. Her IOP is within the normal range at 12 mmHg, and her BCVA is optimal at 6/6, indicating no significant vision impairment. However, SFCT measures 319 μm, which is elevated compared to typical values in healthy eyes. Figure 1
Case 2: A 55-year-old female patient diagnosed with ACG in the right eye. IOP is notably elevated at 29 mmHg, a hallmark of glaucoma progression, and BCVA is reduced to 0.7, indicating some degree of visual impairment. The SFCT measures 361 μm, significantly higher than typical values, reflecting the choroidal expansion often seen in ACG cases. Figure 2
Case 3: A 55-year-old female patient with a normal eye examination in the right eye. IOP is well within the normal range at 11 mmHg, and BCVA is 6/6, indicating perfect vision without any detectable impairment. The SFCT is 209 μm, which falls within the typical range expected for a healthy eye. Figure 3
Discussion
PACG is a major cause of blindness, with growing evidence linking increased choroidal thickness to its development. Using advanced OCT imaging, our study explores how these subtle choroidal changes might hold the key to early detection and risk assessment in PACG [15]. So we aims to analyze differences in macular choroidal thickness in narrow angles patients by using OCT imaging.
Our study indicates that increased sub-foveal, nasal, and temporal choroidal thickness is a characteristic structural change in angle-closure disease, present even in angle-closure suspects (Group II) before the onset of glaucoma (Group I). The lack of significant difference in choroidal thickness between these two groups suggests that choroidal thickening could play a role in angle narrowing, contributing to elevated IOP and potentially increasing glaucoma risk.
Confirming our study, Zhou et al. found significantly higher choroidal thickness in primary angle-closure eyes compared to controls across all macular locations (p < 0.05), with subfoveal thickness strongly associated with primary angle closure (OR 1.008; 95% CI, 1.003-1.014). No differences were observed between angle-closure glaucoma patients and suspects, supporting choroidal thickening as an early angle-closure feature [16]. Also, Wang et al. observed greater SFCT in acute primary angle-closure (APAC) eyes compared to fellow primary angle-closure suspect (PACS) eyes. EDI-OCT showed subfoveal thickness was highest in APAC, reinforcing choroidal thickness’s role in acute angle closure [7]. Moreover, Zhou et al. reported thicker choroidal measurements in PACS eyes of APAC patients versus healthy controls, particularly at the subfovea (all P < 0.05), linking subfoveal thickness with PACS and angle-closure susceptibility [17]. Parallel to our results, Huang et al. examined choroidal thickness (CT) in 297 eyes (210 AC, including PACS, APAC, PAC, PACG, and 87 controls) using EDI-OCT, finding significantly thicker CT in all AC subtypes versus controls, with APAC showing the highest CT (318.1 ± 88.3 μm). Similar to our study, they noted no CT differences between PACG and PACS, supporting consistent choroidal thickening across AC types [18]. The increase in sub-foveal, nasal, and temporal CT in PACG and PACS is attributed to choroidal expansion, which crowds the anterior segment and narrows the angle. Quigley et al. suggested this thickening, common in hyperopic eyes with shorter axial lengths, may elevate IOP and contribute to angle closure [19].
Uveal effusion might be another potential source of the greater choroidal thickness in APAC eyes. Inflammation, hypotony, and/or sudden IOP reduction may contribute to the prevalence of uveal effusion in APAC eyes. Recent UBM studies of AC eyes show abnormal separations between the choroid and sclera, an observation that demonstrated a prevalence of uveal effusion in APAC [20, 21].
Supporting our results, Ibrahim et al. compared choroidal thickness in 100 newly diagnosed glaucoma patients and 50 controls, finding significantly higher SFCT in glaucoma patients (277.3 ± 37.78 μm) versus controls (259.8 ± 24.92 μm), alongside a thinner RNFL in glaucoma cases [22].
Aligning with our findings of minor CT differences between groups I and II, Huang et al. observed that PACG eyes had slightly thinner CT than PACS eyes, likely due to higher IOP reducing choroidal blood volume [18].
Interestingly, Arora et al. found that AC eyes had greater baseline CT than OA eyes (P = 0.002) and showed a significant post-WDT increase (5.6 μm, P = 0.04), unlike OA eyes, underscoring the choroid’s role in angle-closure mechanisms [23].
Our findings revealed significant correlations between choroidal thickness and clinical parameters in Group I. SFCT showed a positive correlation with IOP and a negative correlation with SE, indicating that myopic progression (more negative SE) may thin the choroid due to axial elongation and mechanical stretching. Conversely, nasal choroidal thickness was positively correlated with SE, suggesting a unique response to refractive changes. Temporal choroidal thickness correlated positively with age and BCVA but negatively with axial length, indicating that a thicker temporal choroid may enhance blood supply to the outer retina, supporting better visual outcomes.
Consistently, Singh et al. investigated correlation between choroidal thickness (CT) and IOP control in 102 eyes from 61 PACG patients, split into controlled (≤21 mmHg) and uncontrolled (>21 mmHg) IOP groups. They found significantly higher mean SFCT in the uncontrolled IOP group (294.46 ± 51.05 μm) versus the controlled group (245.57 ± 62.10 μm). Thicker choroids were associated with younger age, higher IOP, and greater optic nerve head cupping, indicating that choroidal expansion may contribute to elevated IOP and angle crowding in PACG patients [15]. In accordance with our results, Hosseini et al. compared choroidal thickness in 91 eyes from 20 normal subjects and 43 glaucoma patients using SD-OCT. They found no significant differences in choroidal thickness between glaucoma patients and controls, except in the temporal parafoveal region (P = 0.037). Choroidal thickness was also unrelated to glaucoma severity, differing from our findings that showed significant variations across groups. This discrepancy may stem from population differences; our study likely included angle-closure glaucoma cases, where increased choroidal thickness is common, while Hosseini et al. focused on open-angle glaucoma, which typically involves less choroidal change [24]. Furthermore, Maul et al. conducted a study to measure choroidal thickness and determine factors associated with it in glaucoma patients and suspects. They studied 74 glaucoma patients and suspects using SD-OCT to assess macular and peripapillary choroidal thickness. They found that thinner choroid was significantly associated with older age, longer axial length, thicker central corneal thickness, and lower diastolic perfusion pressure, but choroidal thickness was not consistently associated with the severity of glaucoma damage [25]. In agreement with our results, Maul et al. found that certain demographic and clinical factors such as age and axial length were significantly correlated with choroidal thickness. Moreover, they reported no significant differences in choroidal thickness between glaucoma patients and suspects as in our study, we found no significant differences in choroidal thickness among Group I and Group II [25].
Elevated IOP likely leads to an expansion of the choroidal vasculature due to increased hydrostatic pressure within the eye. The choroid is a highly vascularized structure, and increased pressure may cause vascular distension, leading to a thicker subfoveal choroid. This phenomenon has been observed in conditions like glaucoma, where elevated IOP affects both retinal and choroidal structures.
The study had some limitations worth noting. Firstly, being a single-center study with a relatively small sample size. Secondly, the study was performed with absence of follow-up.
Conclusions
Increased macular choroidal thickness, particularly in the sub-foveal, nasal, and temporal regions, may play a key role in the pathophysiology of narrow-angle conditions. This thickening, correlated with factors like elevated IOP, SE, and axial length, highlights the potential of OCT-measured choroidal thickness as an indicator for angle-closure risk.
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Table 1: General and clinical characteristics of the studied groups
	
	
	Group I
(n = 25)
	Group II
(n = 25)
	Group III
(n = 25)
	P-value

	Age (years)
	Mean ±SD
	56 ±5
	54 ±6
	55 ±3
	0.464

	Sex
	
	
	
	
	

	Males
	n (%)
	4 (16)
	7 (28)
	8 (32)
	0.4

	Females
	n (%)
	21 (84)
	18 (72)
	17 (68)
	

	Laterality
	
	
	
	
	

	Right
	n (%)
	14 (56)
	13 (52)
	9 (36)
	0.326

	Left
	n (%)
	11 (44)
	12 (48)
	16 (64)
	

	DM
	n (%)
	11 (44)
	6 (24)
	4 (16)
	0.076

	HTN
	n (%)
	10 (40)
	8 (32)
	9 (36)
	0.841

	BCVA
	Median (range)
	0.3 (0.02 - 0.9) 2, 3
	0.8 (0.3 - 1) 1, 3
	0.9 (0.7 - 1) 1, 2
	<0.001*

	Axial length
	Mean ±SD
	22.02 ±0.22 
	22.18 ±0.31 
	22.05 ±0.11
	0.06

	SE
	Median (range)
	+1.75 (+0.5 to +3) 2, 3
	+2 (+1.25 to+ 3) 1, 3
	+0.75 (-0.75 to+ 1.5) 1, 2
	<0.001*

	IOP
	Mean ±SD
	19 ±6 2, 3
	15 ±3 1, 3
	12 ±1 1, 2
	<0.001*

	Cup/Disc ratio
	Mean ±SD
	0.5 ±0.2 2, 3
	0.2 ±0.1 1
	0.2 ±0.1 1
	<0.001*


SD: Standard deviation; n: number; DM: Diabetes mellitus; HTN: Hypertension, *Significant P-value; 1: Significantly different from group I; 2: Significantly different from group II; 3: Significantly different from group III; BCVA: Best corrected visual acuity; SD: Standard deviation; n: number; SE: Spherical equivalent; RAPD: Relative afferent pupillary defect; RRR: Round, regular, reactive; IOP: Intraocular pressure.



Table 2: Choroidal thickness in the studied groups.
	Choroidal thickness
	
	Group I
(n = 25)
	Group II
(n = 25)
	Group III
(n = 25)
	P-value

	Sub-foveal 
	Mean ±SD
	285 ±36 3
	288 ±46 3
	208 ±2 1, 2
	<0.001*

	Nasal 
	Mean ±SD
	275 ±44 3
	295 ±60 3
	208 ±6 1, 2
	<0.001*

	Temporal 
	Mean ±SD
	269 ±51 3
	245 ±56 3
	210 ±7 1, 2
	<0.001*


*Significant P-value; 1: Significantly different from group I; 2: Significantly different from group II; 3: Significantly different from group III; SD: Standard deviation; n: number.


Table 3: Correlation between choroidal thickness & other parameters in group I
	
	Sub foveal
	
	Nasal
	
	Temporal

	
	r
	P
	
	r
	P
	
	r
	P

	Age (years)
	-0.044
	0.836
	
	-0.029
	0.892
	
	.603
	0.001*

	Axial length
	-0.086
	0.683
	
	-0.353
	0.084
	
	-.525
	0.007*

	IOP
	.475
	0.017*
	
	0.272
	0.188
	
	0.348
	0.088

	Cup/Disc ratio
	-0.122
	0.563
	
	-0.01
	0.96
	
	-0.37
	0.069

	BCVA
	-0.061
	0.774
	
	0.112
	0.594
	
	.444
	0.026*

	SE
	-.428
	0.033*
	
	.399
	0.048*
	
	0.077
	0.714


*Significant P-value; r: Correlation coefficient; P: P-value; IOP: Intraocular pressure; BCVA: Best corrected visual acuity; SE: Spherical equivalent


Table 4: Correlation between choroidal thickness & other parameters in group II
	
	 Sub foveal
	
	Nasal 
	
	Temporal

	
	r
	P
	
	r
	P
	
	r
	P

	Age (years)
	-0.232
	0.264
	
	0.181
	0.387
	
	-0.056
	0.79

	Axial length
	-0.363
	0.075
	
	-0.311
	0.13
	
	-.470
	0.018*

	IOP
	-0.315
	0.125
	
	-.412
	0.041*
	
	-0.262
	0.205

	Cup/Disc ratio
	-0.253
	0.223
	
	0.109
	0.603
	
	-0.121
	0.564

	BCVA
	0.187
	0.371
	
	.453
	0.023*
	
	-0.139
	0.506

	SE
	-0.026
	0.902
	
	-.440
	0.028*
	
	0.049
	0.818


*Significant P-value; r: Correlation coefficient; P: P-value; IOP: Intraocular pressure; BCVA: Best corrected visual acuity; SE: Spherical equivalent

Table 5:Correlation between choroidal thickness & other parameters in group III
	
	 Sub foveal
	
	Nasal 
	
	Temporal

	
	r
	P
	
	r
	P
	
	r
	P

	Age (years)
	0.042
	0.841
	
	0.236
	0.256
	
	0.348
	0.088

	Axial length
	-0.263
	0.204
	
	-0.118
	0.575
	
	0.098
	0.641

	IOP
	-0.295
	0.152
	
	0.213
	0.306
	
	0.07
	0.741

	Cup/Disc ratio
	-0.201
	0.335
	
	-0.118
	0.575
	
	-0.025
	0.907

	BCVA
	0.354
	0.082
	
	0.03
	0.886
	
	0.059
	0.779

	SE
	-0.19
	0.362
	
	0.336
	0.101
	
	0.19
	0.362


*Significant P-value; r: Correlation coefficient; P: P-value; IOP: Intraocular pressure; BCVA: Best corrected visual acuity; SE: Spherical equivalent



Figure legends:
Figure 1: Case with ACS.
Figure 2: Case with ACG.
Figure 2: Case with normal eye.
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