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Abstract

Purpose.—To assess the optimal number and orientation of anterior segment optical coherence 

tomography (AS-OCT) images for accurately measuring ocular biometric parameters in angle 

closure eyes.

Methods.—Subjects with angle closure, defined as ≥3 quadrants of non-visible pigmented 

trabecular meshwork on static gonioscopy, were selected from the Chinese American Eye Study 

(CHES). Mean angle opening distance (AOD500) was calculated using four images (0°-180°, 

45°-225°, 90°-270° and 135°-315° meridians) from one eye per subject. Ten eyes from each 

quartile of AOD500 measurements were randomly selected for detailed 32-image analysis of 10 

biometric parameters, including AOD500, iris curvature (IC), anterior chamber depth (ACD), lens 

vault (LV), and anterior chamber area (ACA). Mean and range of measurements from 1, 2, 4, 8, or 

16 images were compared to 32-image values for all parameters.

Results.—40 out of 335 eyes with angle closure were selected for 32-image analysis. Deviation 

from the 32-image mean was between 0.44% and 19.31% with one image, decreasing to 0.08% to 

4.21% with two images for all parameters. Deviation from the 32-image range of measurements 

was between 54.67% to 88.94% with one image, decreasing to <7.00% with eight images for all 

parameters except ACD and ACA. Orienting the first image analyzed along the 25°-205° meridian 

better approximated the range of measurements when four or fewer images were analyzed.

Conclusions.—Sectoral anatomical variations in angle closure eyes are easily misrepresented 

based on current AS-OCT imaging conventions. A revised multi-image approach can better 

capture the mean and range of biometric measurements.
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INTRODUCTION

Primary angle closure glaucoma (PACG), the most severe form of primary angle closure 

disease (PACD), is a leading cause of permanent vision loss and blindness worldwide.1 

Iridotrabecular contact can impede outflow of aqueous humor, which leads to elevated 

intraocular pressure (IOP) and glaucomatous optic neuropathy if not diagnosed and treated.2 

Gonioscopy is the current clinical standard for assessing anterior chamber angle structures 

and detecting angle closure. However, gonioscopy is subjective and a weak predictor of 

PACD progression.3 Therefore, there is a need for more objective and precise methods to 

assess and risk-stratify patients with angle closure.

Anterior segment OCT (AS-OCT) is a non-contact, non-invasive imaging method that 

supports quantitative analysis of biometric parameters describing anterior segment structures 

and their configurations.4-6 Over the past two decades, rapid development of OCT 

technology has included the transition from time-domain to faster swept-source Fourier-

domain OCT devices.7 These advances have improved image quality and acquisition speed, 

which enhances the potential of AS-OCT as both a clinical and research tool.8 However, 

quantitative analysis of AS-OCT images remains time- and labor-intensive. Therefore, it is 

desirable to minimize the number of images analyzed while still accurately characterizing 

the biometric properties of the anterior segment.

Early AS-OCT studies represented the anterior segment using a single cross-sectional 

image acquired along the horizontal nasal-temporal meridian. Studies of predominantly 

open angle eyes have revealed substantial variation of biometric measurements among 

angle sectors, and multiple AS-OCT images are required to accurately quantify these 

sectoral variations.7,9,10 In open angle eyes, this variation was most noticeable among 

parameters that measured angle width (e.g. angle opening distance, AOD; trabecular iris 

space area, TISA); on average, angles were most narrow superiorly and inferiorly and most 

open temporally and nasally. There were also sectoral variations among other biometric 

parameters associated with angle closure, such as iris area (IA) and lens vault (LV). While 

sectoral anatomical variations in open angle eyes can be captured using as few as eight 

AS-OCT images, it is unclear if this approach is generalizable to angle closure eyes.11 The 

effect of rotating the meridian of image analysis away from the 0°-180° meridian is also 

unclear.

In this study, we examine the optimal number and orientation of AS-OCT images to 

approximate the mean and range of measurements for AS-OCT parameters in angle closure 

eyes. Accurate quantification of mean and range could have important clinical implications 

as narrower mean angle width is associated with higher IOP in angle closure eyes and the 

range of angle width measurements may reflect anatomical changes related to chronic angle 

closure.11,12
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METHODS

Subject Recruitment

Subjects with angle closure were recruited from the Chinese American Eye Study 

(CHES). CHES was a population-based, cross-sectional study consisting of 4,582 Chinese 

participants from the city of Monterey Park, CA, USA, aged 50 years or older.13 Angle 

closure was defined as ≥3 quadrants in which pigmented trabecular meshwork (TM) could 

not be visualized on static gonioscopy. Patients with a history of eye procedures, including 

laser peripheral iridotomy and cataract surgery, that could affect the configuration of anterior 

segment structures were excluded from this study. All study processes adhered to the tenets 

of the Declaration of Helsinki and was previously approved by the University of Southern 

California Medical Center Institutional Review Board.

At the time of CHES, each subject underwent a complete ocular examination with 

an experienced ophthalmologist. The exam included, in order, Goldmann applanation 

tonometry (GAT), gonioscopy, and AS-OCT imaging. GAT was performed with room lights 

on (27 cd/m2) and averaged over three consecutive IOP measurements. Gonioscopy utilized 

Posner-type 4-mirror lens (Model ODPSG; Ocular Instruments, Inc. Bellevue, WA, USA) 

and was performed under dark ambient lighting (0.1 cd/m2) using a 1-mm narrow slit light 

beam by two ophthalmologists masked to other examination findings. Care was taken to 

avoid indenting the cornea and shining the light beam through the pupil. While eyes were 

kept in the primary position during gonioscopy, lens tilting was allowed to overcome iris 

convexity. The angle in each quadrant was graded using the modified Shaffer system: grade 

0 = no structures visualized; grade 1 = non-pigmented trabecular meshwork (TM) visible, 

grade 2 = pigmented TM visible; grade 3 = scleral spur (SS) visible; grade 4 = ciliary body 

(CB) visible.

Image Acquisition and Processing

Two-dimensional OCT images were acquired using the Tomey CASIA SS-1000 swept-

source Fourier-domain OCT device (Tomey Corporation, Nagoya, Japan). Both eyes of 

study subjects were imaged under standardized dark-room conditions (0.1 cd/m2). One eye 

from each subject was randomly selected for analysis in MATLAB (Mathworks, Natick, 

MA, USA). Each image was processed using the SS OCT viewer software (version 3.0; 

Tomey Corp), which automatically identified the anterior segment structures and generated 

measurements of the anterior segment parameters upon manual identification of the scleral 

spur by an experienced grader (A.A.P) masked to the identities and other findings of the 

subjects.14 The grader also verified the structure segmentations automatically performed by 

the software. Four images per eye were analyzed, with the first image oriented along the 

0°-180° meridian. Additional OCT images were evenly spaced 45° apart from the horizontal 

meridian. Eyes with missing or corrupt images or an unidentifiable scleral spur in one or 

more images were excluded from the analysis. Intra-observer repeatability of measurements 

was calculated in the form of intraclass correlation coefficients (ICCs) for each parameter 

based on images from 20 angle closure eyes graded three months apart. These images were 

randomly selected from the pool of all images from eyes with angle closure. A detailed 

analysis of intra-observer and intra-device repeatability of biometric measurements from 

Shan et al. Page 3

Br J Ophthalmol. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



horizontal images of open and angle closure eyes by the current study grader has previously 

been reported.15

Among CHES subjects who received AS-OCT imaging, those with history of medications 

or procedures that could affect angle width or had at least one unidentifiable scleral spur 

in one or more images were excluded. In order to study angle closure eyes with a broad 

full range of angle widths, the remaining subjects were stratified into quartiles based on 

angle opening distance measured at 500 μm from the scleral spur (AOD500) averaged over 

4 images. The 1st quartile contained the eyes with the narrowest angles based on AOD500 

measurements and the 4th quartile contained the eyes with the widest angles. Ten eyes were 

randomly selected from each of the 4 quartiles to represent the spectrum of anatomical angle 

narrowing.

The SS OCT viewer could save data for up to 32 of 128 images acquired, leading to 

the analysis of a maximum of 32 images per eye. The first image analyzed was oriented 

along the nasal (0°) – temporal (180°) meridian, with the remaining images spaced evenly 

throughout the angle: 90° apart for 2 images, 45° apart for 4 images, 22.5° apart for 8 

images, 11.3° apart for 16 images and 5.6° apart for 32 images (Supplementary Figure 1).

Data Analysis

Ten AS-OCT parameters were measured per image. Four parameters characterized the 

angle: angle open distance (AOD), trabecular iris space area (TISA), both measured at 500 

μm and 750 μm from the scleral spur. The remaining six parameters described the anterior 

chamber: iris area (IA), iris curvature (IC), anterior chamber area (ACA), anterior chamber 

depth (ACD), anterior chamber width (ACW), and lens vault (LV). Individual measurements 

from each of the 10 subjects were pooled within each quartile and averaged across up to 

32 cross-sectional images. These data were then plotted along the angle from the nasal 

to superior to temporal to inferior and back to nasal sector to assess sectoral anatomical 

variations within each quartile of angle closure. Mean and range of measurements from 1, 

2, 4, 8 or 16 images were compared with values from 32 images through the following 

calculations:

Mean = average of all measurements obtained from 1, 2, 4, 8, 16 or 32 images
Percentage of 32 − image Mean = mean value obtained from 1, 2, 3, 4, 8 or 16 images ∕

32 − image mean x 100 %
Deviation from 32 − image Mean = 32 − image mean − mean measurement obtained from

1, 2, 4, 8, 16 images
Range = (maximum − minimum) of all measurements obtained along the angle from

1, 2, 4, 8, 16 or 32 images
Percentage of 32 − image Range = range obtained from 1, 2, 4, 8, or 16 images ∕ 32 −

image range x 100 %
Deviation from 32 − image Range2 = 32 − image range − range obtained from 1, 2, 4, 8

or 16 images

The effect of image orientation on mean and range of AOD750 measurements was assessed 

by rotating the meridian of image analysis in 5.6° increments (evenly spaced between 32 

images), starting with the 0°-180° meridian. The total number of images analyzed was 1, 2, 

4, 8, or 16, and images remained evenly spaced. The rotation of the meridian was always 

from the nasal to superior sector, i.e. in the counterclockwise direction for right eyes and in 

the clockwise direction for left eyes.
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RESULTS

Among the 599 CHES subjects who fit the definition of angle closure, 335 (55.9%) 

underwent AS-OCT imaging. Among these subjects, 27 were excluded due to history of 

medications or procedures that could affect angle width (N = 76, 8.1%) and 10 (3.0%) 

were excluded due to at least one unidentifiable scleral spur on preliminary analysis of 

4 images per eye. Among the remaining 298 subjects, 40 eyes of 40 subjects with angle 

closure underwent 32-image analysis grouped together and by quartile of AOD500. The 

mean AOD500 measurements for quartiles 1 through 4 were, respectively, 0.08, 0.09, 0.13, 

and 0.18 mm. Mean age was 64.55 ± 8.43 years. Among all subjects, 32 (80%) were female 

and 8 (20%) were male. A total of 1280 (40 x 32) AS-OCT images were analyzed. The 

scleral spur was identifiable in all 1280 images. Intra-observer ICC values for the grader 

reflected excellent repeatability for all parameters ranging between 0.89 (TISA500) to 0.98 

(ACD).

Angle parameters measured across 32 images and plotted by angle location for each of the 

4 quartiles demonstrated substantial sectoral variations (Figure 1). Some anterior chamber 

parameters (IA, IC, LV, ACW) also varied with respect to angle location, although some 

did not (ACD, ACA). Overall, superior and inferior sectors of the angle were more narrow 

than temporal and nasal sectors, although these differences were smaller in eyes from the 

narrowest (1st) quartile. Mean angle parameter measurements increased with quartile of 

AOD500 measurements (Supplementary Table 1). While this also applied to some mean 

anterior chamber parameter measurements (ACA, IC), it did not apply to others (IA, ACD, 

ACW, LV).

The mean measurements for 6 of the AS-OCT parameters (AOD500, AOD750, TISA500, 

TISA750, IC, LV) deviated substantially from 32-image values when characterized with 

fewer images (Figures 2 and 3). This contrasted with ACA, ACD, ACW and IA, which 

showed minimal deviations from their 32-image means with fewer images. Deviations with 

1 image ranged between 0.44% (ACD) and 19.31% (TISA500). With an increase to 2 

images, the deviations decreased to between 0.08% (ACD) and 4.21% (IC). With 4, 8, and 

16 images, the deviations decreased to between 0.01% (ACD) and 2.09% (AOD500), 0.00% 

(ACA) and 0.95% (AOD500), and 0.00% (LV) and 0.41% (AOD500) respectively. This 

pattern was relatively consistent across all quartiles (Figure 3).

The range of measurements for all 10 AS-OCT parameters deviated substantially from the 

32-image range (Figure 4). Deviations with 1 image ranged from 54.67% (AOD500) to 

88.94% (AOD 750), 2 images ranged between 6.63% (AOD500) and 47.45% (ACA). With 

an increase to 4 images, the deviations decreased to between 6.63% (AOD500) and 26.96% 

(ACD). With 8, and 16 images, the deviations became <6.97% and <3.38% respectively, 

with the exceptions of ACD and ACA, which remained at approximately 20% and 10% 

deviations respectively. Eight images were required to approximate the 32-image range of 

measurements to within 7% for all parameters except of ACA and ACD.

Deviation from the 32-image mean and range of AOD750 measurements with fewer images 

varied along the length of the angle depending on the starting meridian of the first image 
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analyzed (Figure 5). In general, the deviation was much smaller for mean compared to 

range; the deviation in mean AOD750 was 3.4% or less with only 2 images. For 1 image, 

the deviation was most prominent if the image was oriented at 23°-203° meridian for the 

mean and 0°-180° for the range. For 2 images, the deviation was most prominent if the 

starting image was oriented at 34°-214° for the mean and 0°-180° for the range. Per study 

convention, all subsequent images were spaced evenly along the angle and all rotations 

were performed from nasal to temporal sectors (Supplementary Figure 1). As the number 

of images increased, the effect of changing the meridian of the initial image was reduced 

(Figure 5).

DISCUSSION

In this study, we explored the optimal number and orientation of AS-OCT scans 

to accurately characterize anterior segment anatomy in angle closure eyes. We found 

substantial sectoral variation among biometric parameters. Furthermore, variations in the 

mean and range of measurements were poorly represented with fewer than 2 images for the 

mean and 8 images for the range. Finally, these variations could be better captured with 

fewer images if the first image analyzed was not oriented along the horizontal meridian. 

These findings are consistent with previous studies of sectoral anatomical variation in open 

angle eyes and support reconsideration of conventions in AS-OCT imaging for measuring 

biometric parameters in angle closure eyes.16

We found that on average, when analyzing 32 images per eye, the superior and inferior 

sectors of the angle are more narrow than temporal and nasal sectors, a finding that is 

consistent with open angle eyes.7 This sectoral anatomical variation was relatively preserved 

in the three quartiles with the greatest angle width based on AOD500, but appears slightly 

decreased in the quartile with the narrowest angle width, especially in the temporal and nasal 

quadrants. This finding supports a previous study that found sectoral variations of angle 

width decrease after mean angle width drops below a specific measurement threshold.17 It 

also suggests that there is limited distinction between eyes with open angles and early angle 

closure in the continuous spectrum of anterior segment configurations.

Our results demonstrate that LV, ACW, IC, and IA vary along the extent of the angle in 

angle closure eyes. These findings help explain inherent sectoral variations in angle width 

in the context of previously described biometric models of angle width.12 LV and ACW are 

greater in the superior and inferior sectors, which suggests that the scleral spur is recessed 

posterolaterally in these sectors relative to the temporal and nasal sectors using the anterior 

lens surface as the axial reference point. Relative posterolateral position of the scleral spur 

in conjunction with anterior position of the ciliary body could contribute to sectoral angle 

narrowing in individual eyes.18 In contrast, IC is greatest inferiorly and smallest superiorly, 

which may be related to the effects of gravity causing inferior pooling of aqueous humor and 

tilting of the lens in the seated position .19,20 While increased IC should contribute to greater 

angle narrowing in the inferior compared to the superior quadrant, this effect may be offset 

by greater IA superiorly. Sectoral variations among these four parameters may also explain 

why there are sectoral differences in the agreement between AS-OCT and gonioscopy when 

assessing angle width.21-23
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One historic convention of AS-OCT imaging is to measure the biometric properties of the 

anterior chamber using one image along the horizontal meridian or two images along the 

horizontal and vertical meridians.16 Despite decreases in sectoral anatomical variation with 

decreasing angle width, multiple images are still required to capture the mean and range 

of measurements in angle closure eyes. We found that only two images are needed to 

approximate the mean of all AS-OCT parameters to within 5% of their 32-image means 

in eyes with angle closure. This is fewer than the four images required to accurately 

approximate 32-image means in open angle eyes, which supports that sectoral anatomical 

variations decrease with angle narrowing. Quartile 1, with the most closed eyes based on 

AOD500 measurements, appeared to exhibit the largest deviation between the 1-image and 

32-image means; this pattern was consistent for all 4 angle parameters. The 32-image range 

of the same eyes required either 4 or 8 images to approximate, which is consistent with 

open angle eyes. These findings suggest that 4 or 8 images per eye offers the best balance 

of non-redundant data collection with accurate characterization of the sectoral variations 

inherent to most biometric parameters.

Another convention of quantitative AS-OCT studies of the anterior chamber is to orient 

the first scan along the 0°-180° meridian and second along the 90°-270° meridian. This 

practice is based on ease of imaging and manufacturer-programmed scan patterns, rather 

than physiological significance of these particular angle sectors. An alternative to analyzing 

images centered on the horizontal meridian is to offset the orientation of image analysis. The 

most efficient method to approximate both the mean and range of angle width (AOD750) 

measurements with fewer (two or four) images is to orient the first scan at 28°-208°, which 

approximates the accuracy of analyzing 8 images with conventional orientation.

Our study has several limitations. First, study subjects were limited to one ethnicity; 

therefore, it is unclear if our findings can be generalized to other races. Second, the sample 

size of subjects in each quartile was small. Our sample size was primarily limited by the 

number of images we elected to analyze per eye. For example, based on the standard 

convention of two images per eye, we analyzed the equivalent of 640 eyes worth of images. 

This reiterates the importance of our results as a time-saving measure in the analysis of AS-

OCT images. Third, we recognize that there are different AS-OCT phenotypes associated 

with angle closure disease.24-26 While we used measurements of AOD500 to stratify levels 

of angle closure severity, AOD500 itself is not a determinant of angle closure subtype. 

Therefore, our findings may not generalize to specific subtypes of angle closure. Fourth, we 

excluded eyes with unidentifiable scleral spurs from the analysis. While this was necessary 

to ensure that localized anatomical variations were not missed in some eyes, it is important 

to reiterate that scleral spur detectability in AS-OCT images remains operator dependent. 

Finally, image analysis was performed by a single experienced grader with over 40,000 

images of experience. It is unclear if measurements by a less experienced grader would have 

the same repeatability and therefore the same sectoral variation of measurements.

In conclusion, we recommend the analysis of 2 AS-OCT images to accurately approximate 

the mean and 8 images to approximate the range of biometric measurements of angle 

width in angle closure eyes. Alternatively, 4 evenly spaced images starting at the 28°-208° 

meridian is also sufficient with regards to the mean and range. The exact number of images 
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that best balances efficiency and accuracy may change with ongoing advancements in 

automation of the image analysis process, such as detection of the scleral spur.27 Artificial-

intelligence (AI) based image analysis could facilitate quantitative analysis of AS-OCT 

images. However, there are currently no FDA-approved algorithms for this purpose, and it 

is not yet clear if automated algorithms will generalize across different patient populations 

and AS-OCT devices.28 Therefore, additional studies are needed to evaluate the clinical 

benefit of more accurate biometric measurements in the risk assessment of patients with 

angle closure disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SYNOPSIS

A single OCT image along the nasal-temporal meridian does not accurately reflect 

sectoral variations of anterior segment anatomy. A multi-image approach with a starting 

meridian offset from the horizontal provides a more accurate alternative.
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Figure 1. 
Angle parameter measurements averaged over 32 images plotted by angle location (N = 

nasal, S = superior, T = temporal, I = inferior) for each of the 4 quartiles, Q1 (narrowest 

angles; blue dotted line) through Q4 (widest angles; purple dotted line), and averaged across 

all quartiles (black solid line).
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Figure 2. 
Sectoral variation of AOD750 measured with 1,2, 4, 8, or 16 AS-OCT images (red solid 

line) compared to 32 images (blue solid line) with corresponding mean measurements 

(dotted lines).
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Figure 3. 
Deviations of mean measurements from 32-image reference values for Q1 through Q4 

(dotted lines) and overall (black solid line).
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Figure 4. 
Deviations of range of measurements from 32-image reference values for Q1 through Q4 

(dotted lines) and overall (black solid line).
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Figure 5. 
Deviations in the mean (red lines) and range (blue lines) of AOD750 measurements of 1,2,4, 

or 8 AS-OCT images from 32-image values as a function of image orientation.
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