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Purpose: To quantitatively compare iridocorneal angle assessments using gonioscopy and anterior segment optical coherence
tomography (AS-OCT).
Patients: US and Chinese patients with open-angle glaucoma (OAG) and/or ocular hypertension (OHT).
Methods: Analysis was pooled from 2 multicenter, noninterventional studies conducted in the US and China. Gonioscopy Shaffer
grade and an AS-OCT method that approximates the angle width relative to local morphologic variations were compared by measuring
the same iridocorneal angles. A third, separate, single-center, noninterventional study was conducted to verify results observed from
the pooled analysis.
Results: From the pooled studies, a total of 239 eyes were measured using Shaffer grade and AS-OCT. Of these, 6 were Shaffer grade 2, 37
in Shaffer grade 3, and 196 in Shaffer grade 4. There was a trend of increasing Shaffer grade with increasing AS-OCT angle width. Open
iridocorneal angles, Shaffer grade ≥3, had a ~98% sensitivity and 88% positive predictive value for identifying AS-OCT angle width
≥300 µm, using the AS-OCT method. To verify these results, a total of 28 right eyes were imaged for the third study. A trend of increasing
Shaffer grade with increasing AS-OCT angle width was observed, and angles with Shaffer grade ≤2 had AS-OCT angle width <300 µm.
Conclusion: The AS-OCT method can determine the space in the anterior chamber and can potentially identify angles that are the
appropriate size for certain glaucoma devices. Information gathered from AS-OCT can provide additional comprehensive and
quantitative assessment to gonioscopy.
Keywords: gonioscopy, anterior segment optical coherence tomography, angle assessment, open-angle glaucoma

Introduction
Gonioscopy, as well as other imaging modalities (such as ultrasound biomicroscopy [UBM] and anterior segment optical
coherence tomography [AS-OCT]), have been widely used to assess the anterior chamber angle (ACA) to determine the
type of glaucoma and the most appropriate treatment option for a patient. The difference between the two main anatomic
definitions of glaucoma, primary open-angle glaucoma (OAG) and primary angle-closure glaucoma (ACG), lies in the
ACA.1–4 In recent years, more glaucoma treatment options, such as minimally invasive glaucoma surgeries (MIGS), tubes,
and drug delivery implants, have become available. To benefit from certain devices and safely determine the most
appropriate treatment option, the iridocorneal angle width (space) must be large enough to safely accommodate them.5 If
the device contacts the corneal endothelium, it can cause corneal edema, and if it impacts the iris, it can cause anterior
chamber inflammation, and potentially, visual loss. A recent study reported that corneal endothelial cell density loss may be
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inadvertently caused by selective laser trabeculoplasty (SLT) lasers that have a spot size of 400 µm, and in some eyes, the
angle opening is less than 400 µm.6 No study has analyzed the space between the iris and the cornea to determine which
device should be used in a specific patient. Although gonioscopy is the current gold standard for assessing the ACA,7 AS-
OCT has also been widely used due to recent advancements and new features made for ACA assessment. This study was
designed to evaluate an AS-OCT method that is different and simpler than other assessments. The findings were compared
to standard gonioscopy grading.

Indirect gonioscopy is a contact method performed by placing a goniolens on the patient’s cornea while the patient is
seated at the slit lamp. It allows for a 360-degree assessment of the angle width and provides dynamic visual information,
such as changes during compression. During gonioscopy, areas of synechiae (angle-closure) can be identified by gently
pushing on the eye. Neovascular and pseudoexfoliation signs can also be visually identified during gonioscopy.8 In
regards to ACA devices, such as aqueous bypass shunts and stents or intracameral implants, it can provide clinicians with
an idea of whether the angle devices may fit. There are many standard grading systems for gonioscopy, such as Scheie,
Shaffer, and Spaeth. Each method is categorical and determines how open the angle might be. Shaffer grade is based on
the angle between the iris and trabecular meshwork and provides a basic approach to determining the space in that angle.9

Although gonioscopy is the gold standard, there are some issues with the technique. For example, the requirement for
direct contact with the eye may slightly change the angle shape due to compression artifact, which may lead to false
impressions of the angle width. In addition, some patients find it uncomfortable,10 and gonioscopy is highly subjective
and not quantitative.10–12 It may also underrepresent anatomic variation of the ACA when compared to other methods
such as AS-OCT.13 Gonioscopy may not be able to provide the quantitative information required to accurately assess if
an angle can accommodate a specific angle device.

AS-OCT is a non-contact (avoiding inadvertent compression) imaging technique that produces high resolution, cross-
sectional images of the anterior chamber through optical backscattering of light (reflections).14 It can be performed with
dim or bright light to see the differences in the angle. These objective, high-resolution images can accurately measure the
angle width using the scleral spur or Schwalbe line as a landmark15–17 and can be analyzed qualitatively and
quantitatively by automated image analysis software.14,18 Quantification of anterior chamber angle parameters have
been shown to have high repeatability and reproducibility with OCT devices.19–22 A potential drawback for using AS-
OCT is that it only provides a cross sectional image of a particular area and local morphological variability can affect
interpretation of the condition. Differences between eye quadrants can also increase this difficulty.23–28

A more precise way of measuring the ACA, rather than using large categories or identifying it as open or closed, is
needed to better determine the most appropriate treatment option. AS-OCT is a simple tool that can be implemented in
the clinic to help bridge this knowledge gap. As it becomes adopted into practice, it is important to understand how
measurements obtained from AS-OCT are related to and compare with gonioscopy observations and classifications. The
two methods may provide complementary information. Together, they can improve the overall picture of the ACA, and
this information can be used to help make treatment decisions. In this study, a simple AS-OCT method was introduced to
potentially reduce measurement variability due to morphological differences, such as iris bumps and corneal curvatures.
We compared the AS-OCT angle width measurements with the Shaffer grades obtained using gonioscopy to see how the
two methods are correlated. The AS-OCT method has the potential to provide a more objective and quantitative ACA
measurement. The purpose of this study was to evaluate the AS-OCT method for determining the space in the anterior
chamber compared to gonioscopy. One use for determining the space in the anterior chamber is to identify angles that are
the appropriate size for certain glaucoma devices, such as MIGS, tubes, and drug delivery implants.

Methods
This paper includes data from three studies that were conducted to evaluate the AS-OCT method in different populations.
The studies were conducted in compliance with Good Clinical Practice (GCP) and in accordance with the Declaration of
Helsinki. Investigators obtained approval of the study from an Institutional Review Board (IRB) (Chesapeake Research
Review, Inc., Columbia, MD) or Independent Ethics Committees (IEC) (Ethics Committee of West China Hospital,
Sichuan University, Sichuan, China; Ethics Committee of Beijing Tongren Hospital, Beijing, China; Ethics Committee of
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the Eye and ENT Hospital of Fudan University, Shanghai, China) prior to study initiation at each site. Written informed
consent was obtained at the first study visit.

Analyses were conducted in two parts. In the first part, data from two multicenter, noninterventional, prospective
studies, with a similar design, were pooled and presented together. Asian patients had been reported to be at higher risk of
corneal contact with angle devices due to shallower iridocorneal angles;29–31 to account for this factor, both US and
Chinese patients were studied. One of the two multicenter studies was conducted at three sites in China (NCT01781962)
and the second at three sites in the US (NCT01540370); hereon the first part of the paper is referred to as the pooled
study. To help validate the pooled study, data from a single-center, noninterventional, prospective study was analyzed
independently; hereon the study is referred to as the single-center study.

For the pooled study, inclusion criteria included adult patients (≥18 years of age) who had been diagnosed with OAG or
OHT in both eyes. Patients needed to be able to understand and be willing to follow study instructions as well. Patients were
excluded if they had a known allergy or sensitivity to diagnostic agents used in the study, any changes in eye medication
within 7 days prior to the examination day, intraocular surgery within 3 months prior to examination day, corneal or other
ocular abnormalities, active or recurrent ocular disease, or wearing or anticipated wear of contact lenses during the study. In
addition, patients were also excluded if there was a history of angle recession, narrow angle or angle-closure glaucoma
(having a Shaffer grade ≤1), peripheral anterior synechia in the inferior angle, trabeculectomy or other types of incisional
glaucoma surgery, or intraocular surgery resulting in cornea, angle, or iris trauma that altered the normal anterior segment
anatomy. Inclusion and exclusion for the single-center study was the same as the pooled study, other than the inclusion of
narrow angles (having a Shaffer grade ≤1) in the single-center study. To first determine if the AS-OCT method can be used
to determine open angles, narrow angle and ACG patients were excluded from the pooled study. To verify the results from
the pooled study and determine if the method was applicable to patients with narrow angles, the single center study was
conducted and included narrow angle patients. Pseudophakia patients were allowed in all studies.

Patients who fit the eligibility criteria completed the screening visit, examination visit, and the study procedures within 5
weeks. Shaffer grade was determined using indirect gonioscopy with a mirrored Goniometric MV200 gonioscopy lens
(Ocular Instruments, Inc.) and methylcellulose interface. The goniometric lens has a single mirror inclined at 62°, similar to
a Goldmann one-mirror lens. Due to reports of variability in angle width between quadrants, and the fact that many anterior
segment devices (including recently approved intracameral implants) reside in the inferior quadrant, only the inferior
quadrant (6 o’clock angle) was measured to standardize the measurements in the pooled study. Shaffer grade (grade 0–4) is
based on the angle between the iris and trabecular meshwork where the clinician approximates the angle at which the iris
inserts relative to the trabecular meshwork. Grade 0 is the narrowest (smallest) angle described by the inability to identify
the apex of the corneal wedge, while grade 4 is the widest angle with the ciliary body band easily visualized. The Shaffer
grades 3 (20°-34°) and 4 >35°) refer to open-angles representing the angle between the iris and the meshwork to be ≥ 30°
and without risk of angle-closure. Angles between 0° to 29° are classified as Shaffer grades 0, 1 (<10°) and 2 (10°-20°) and
are considered either closed or have increased risk of angle-closure (Table 1). In clinical practice, it is common for

Table 1 Description of the Shaffer Grading System

Shaffer
Grade

Angular
Width

Description Angle-Closure
Risk

0 0° Closed: No angular structures visible and the iris is against the trabecular

meshwork

Closed

1 <10° Very narrow angle: Schwalbe’s line is visible High

2 10–20° Narrow angle: Trabecular meshwork is visible Possible, but not

likely

3 20–34° Wide open: Scleral spur is visible No risk

4 >35° Wide open: All structures clearly visible No risk
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a modified Shaffer grading system that combines the degrees of angle opening along with the visible angle structures to be
used.9,32 At each site, gonioscopy was performed by the same investigator(s).

AS-OCT images of the inferior angle were obtained using Zeiss Cirrus (Carl Zeiss Meditec, Dublin, CA) spectral
domain high-definition optical coherence tomography by the same technician, when possible, at each study site. At least
3 images from each eye were captured using anterior segment 5-line raster with the scan lines bisecting the limbus at the
6 o’clock position. Both gonioscopy and AS-OCT were conducted at the same visit. The images were sent to an Image
Review Committee (IRC) to evaluate the AS-OCT angle width. For this paper, an anatomic (space) interpretive method
was used to determine the AS-OCT angle width (µm) to account for morphological variabilities. Unlike the other
reported methods, such as AOD-SL (Angle opening distance at Schwalbe’s line), which is defined as the distance from
the Schwalbe’s line to the iris surface that is perpendicular to a line drawn from scleral spur to Schwalbe’s line,16,33 this
simple AS-OCT method approximates the iridocorneal angle width using the diameter of the largest circle that can fit
between the point of contact at Schwalbe’s line and the iris (Figure 1A and B). Other methods, such as AOD-SL, can
vary due to their dependency on the visibility of the morphology in the image and the identification of multiple
landmarks in the eye. Figure 1A demonstrates how AOD-SL measurements of the same AS-OCT image can vary
based on the grader’s interpretation. In addition, it can be challenging to identify the scleral spur due to morphological
variability, and differences between the eye quadrants can increase this difficulty.23–26 Overall, due to the straightforward
approach, our method can potentially reduce measurement variabilities due to morphological differences. For both the
pooled study and the single-center study, gonioscopy and AS-OCT assessments were performed with the lights off.

All investigators who performed gonioscopy were masked to the AS-OCT evaluations and the technicians who
performed the AS-OCT evaluations were masked to the results from the gonioscopy assessment. Gonioscopy was
performed by the same investigator(s) at each site. Bilateral measurements were taken, and the right eye was selected
as the study eye for all the analyses.

The purpose of the pooled study was to evaluate the AS-OCT method for determining the space in the anterior
chamber and evaluate the relationship with gonioscopy grading. Distribution characteristics, sensitivity, positive pre-
dictive value (PPV), and negative predictive value (NPV) of Shaffer grading were evaluated using AS-OCT as the
reference. The equations used to determine sensitivity, PPV, and NPV are in Table 2. An example of a 2×2 table used to
determine the true positive (TP), true negative (TN), false positive (FP), and false negative (FN) values based on
a Shaffer grade cut off value and angle width threshold, is shown in Table 3. In this paper, Shaffer grade 3 was used as
the cut off value, as Shaffer grade ≥3 is the value that is considered an open iridocorneal angle not in danger of angle
closure.9 Currently, most anterior chamber devices for glaucoma treatment, such as stents, are approved only for open

Figure 1 (A) An AS-OCT image of the iridocorneal angle measured using AOD-SL, which can vary depending on the visibility of the image, identification of multiple
landmarks, and slope of the curvature post Schwalbe’s line, (B) and the AS-OCT angle width measurement, the diameter of the largest circle that would fit between
Schwalbe’s line and iris.
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angles.34–37 Sensitivity and PPV were calculated to determine the ability of the AS-OCT method to correctly identify the
range of patients’ angle width based on Shaffer grades.

In the second part of the analysis, data from the single-center study were analyzed separately. The single-center study
collected additional data on narrow angles and provided support to further verify the results of the pooled study. It also
collected angle data from all four quadrants to investigate within eye variabilities and determine if the relationship between
gonioscopy and the AS-OCT method is consistent between quadrants. Patients diagnosed with open-angle glaucoma were
included, and patients with complete angle-closure were excluded due to AS-OCT imaging limitations. The iridocorneal
angles were measured from images obtained from the GS-1, Nidek gonioscope (Nidek Co. LTD; Hiroishi-cho, Gamagori,
Aichi, Japan) to determine Shaffer grades. The Nidek gonioscope is semi-automated, using controlled lighting and producing
images that can be used for masked grading. It was chosen for the single-center study in hopes of providing more objective
grading when compared to a standard mirrored gonioscopy. Images included 360-degrees of the iridocorneal angle and were
assessed by a trained clinician masked to the AS-OCT results. For each eye, four Shaffer grades were provided based on four
quadrants: Superior (12 o’clock), Inferior (6 o’clock), Nasal (3 o’clock), and Temporal (9 o’clock). AS-OCT images from both
eyes were also taken with the Zeiss Cirrus OCT. The right eye was selected as the study eye for all the analyses. At least one
5-line raster image set was taken at each of the four quadrants (3, 6, 9, and 12 o’clock). The AS-OCT angle width was
determined from the images using the method mentioned above by a masked grader.

Results
For the pooled study, a total of 304 patients enrolled in the two multicenter studies (NCT01781962, NCT01540370). Of
those, 239 patients had both gonioscopy measurements and gradable AS-OCT images and were included in this analysis
(Table 4). Of the 239 study eyes, 6 (2.5%), 37 (15.5%), and 196 (82.0%) patients had Shaffer grade 2, grade 3, and grade
4, respectively. The mean (SD) AS-OCT angle width for all graded study eyes was 598.3 (250.8) μm, the range was 73–
1321 μm, and the median was 586.7 μm. Of note, the mean (SD) AS-OCT angle width was 647.8 (270.0) μm, and the
median was 649.1 μm for all graded study eyes from the study conducted in China. Table 5 shows the range (min, max),
median, and mean (SD) AS-OCT measurements within each Shaffer grade, and Figure 2 shows the distribution of AS-
OCT measurements in each Shaffer grade. A trend of increasing AS-OCT measurements as Shaffer grade increases was
observed. AS-OCT thresholds were selected to cover the range of the mean AS-OCT angle widths from Table 5 and for
best correlation to Shaffer grade ≥3. Sensitivity values of the various AS-OCT thresholds are shown in Table 6, along
with the positive and negative predictive values for each. As shown in Table 6, Shaffer grade ≥3 had high sensitivity
(97.6%) with 88.0% PPV when predicting AS-OCT angle width ≥300 µm vs <300 µm. In addition, as AS-OCT angle
width decreases, both TP and FN rates increase, and the FP rate decreases (Figure 2).

In the single-center study, there was a total of 28 patients with 21, 25, 17, and 26 measurements from the inferior,
nasal, superior, and temporal quadrant, respectively. There was a total of 12, 8, and 69 measurements in Shaffer grade 2,
3, and 4, respectively. Most of the measurements, 65–88% from each quadrant, were Shaffer grade 4 and approximately

Table 2 Equations Used to Determine Sensitivity, PPV, and NPV

Sensitivity True positive/(true positive + false negative)

Positive predictive value (PPV) True positive/(true positive + false positive)

Negative predictive value (NPV) True negative/(true negative + false negative)

Table 3 Example of the 2×2 Table

Shaffer Grade <3 Shaffer Grade ≥3

Angle Width ≥ Threshold False Negative (FN) True Positive (TP)

Angle Width < Threshold True Negative (TN) False Positive (FP)
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10–19% were Shaffer grade 2. Table 7 shows the distribution of Shaffer grades by quadrant and Figure 3 shows
a visualization of the distribution of the AS-OCT angle width measurements in each Shaffer grade. Similar to the pooled
study results, a trend of increasing AS-OCT measurements as Shaffer grade increases was observed. Any Shaffer grade
<3, in any quadrant, had an AS-OCT angle width <300 µm ranging from 100.1 to 220.3 µm. The median and mean angle
width was >300 µm for Shaffer grade ≥3 in all quadrants except for the nasal quadrant. The median and mean (SD) µm
AS-OCT angle width for each Shaffer grade in each quadrant is provided in Table 8.

Discussion
Gonioscopy has been the standard for assessing iridocorneal angles. It provides a 360-degree view of the angle structures
allowing clinicians to assess the angle opening grossly. AS-OCT provides an image of the iridocorneal angle with fine
structural details at a specific location, which may be used to quantitatively assess the iridocorneal angle at the location of

Table 4 Patient Characteristics of the Pooled Study Population
with at Least 1 Goniometric Measurement and Anterior
Segment Optical Coherence Tomography

Characteristic Study Population (N = 239)

Age (years)

Mean (SD) 52.2 (16.6)

Range 20–92

Male, n (%) 127 (53.1%)

Race, n (%)

Asian 161 (67.4)

White 65 (27.2)

Black 13 (5.4)

Ocular diagnosis, n (%)

Open-angle glaucoma 190 (80.5)

Ocular hypertension 46 (19.5)

Unknowna 3 (1.0)

Pseudophakic, n (%)

Yes 20 (8.4)

Note: aDiagnosis not recorded on the clinical report form.

Table 5 The Range (Min, Max), Median, Mean (SD), and Number of AS-OCTAngle Width Measurements in Each Shaffer Grade from
the Pooled Study

Shaffer Grade AS-OCTAngle Width (μm) Number of OCT Measurements in Each Shaffer Grade

Min, Max Median Mean (SD)

2 175.82, 500.47 336.18 357 (117) 6

3 152.51, 1221.89 347.92 427 (215) 37

4 73.11, 1321.47 619.80 636 (245) 196

Abbreviation: AS-OCT, anterior segment optical coherence tomography.
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interest. Here, the AS-OCT method for quantitatively assessing the iridocorneal angle was described and found that it
could be used to determine the space in the anterior chamber. The correlation of AS-OCT angle width measurements and
what is commonly considered as an open iridocorneal angle using gonioscopy (Shaffer grade ≥3)9 indicates that the AS-

Figure 2 AS-OCT angle width measurements (µm) vs Shaffer Grade (2x2 table). Visualization of TP, TN, FP, and FN when the AS-OCT angle width measurement 300 µm
corresponds to Shaffer Grade ≥3. Table overlayed on a visualization of the distribution of the AS-OCT angle width measurements in each Shaffer grade in the pooled study.
Abbreviations: AS-OCT, anterior segment optical coherence tomography; FN, False Negative; FP, False Positive; TN, True Negative; TP, True Positive.

Table 6 The Sensitivity, PPV, and NPV at Different AS-OCT Angle Width Measurements (µm)
Corresponding to Shaffer Grade ≥3

OCTAngle Width
(µm)

≤300 ≤400 ≤500 ≤650

Sensitivity (%) 97.6 98.9 99.3 100.0

PPV (%) 88.0 75.1 63.1 41.6

NPV (%) 16.7 66.7 83.3 100.0

Abbreviation: AS-OCT, anterior segment optical coherence tomography.

Table 7 Distribution (Percentage) of Shaffer Grade by Quadrant in the Single-Center Study

Quadrant Shaffer Grade Total

2 3 4

Inferior 2 (9.5%) 2 (9.5%) 17 (81.0%) 21

Nasal 3 (12.0%) 2 (8.0%) 20 (80.0%) 25

Superior 2 (11.8%) 0 (0.0%) 15 (88.0%) 17

Temporal 5 (19.2%) 4 (15.4%) 17 (65.4%) 26
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OCT method has the potential to identify angles that are appropriate for certain glaucoma devices. Although previous
studies have compared gonioscopy and AS-OCT to determine if each could distinguish between an open or closed
angle,11,16,38–40 this paper used a quantitative approach to determine how standard gonioscopy grading scale measure-
ments, Shaffer grade, correspond to AS-OCT angle width measurements. Overall, a trend of increasing AS-OCT angle
width was observed as Shaffer grade measurements increases. To determine clinically relevant AS-OCT values, Shaffer
grade 3 was used as the cut-off value for the analysis as it is the value that has been widely adopted for considering an
iridocorneal angle as open.41 High sensitivity and PPV results, as well as acceptable TP and FP rates, indicated that with
the AS-OCT method an angle width of ≥300 µm correlates well to an open angle. In addition, the results showed that it is
complementary to gonioscopy, and the two methods can be used together to provide supplemental assessments for
clinicians.

AS-OCT can provide finer detail and quantitative assessment if there is a specific area of interest, giving a better
overall picture of the location when compared to gonioscopy. One limitation of the conventional AS-OCT angle
quantification methods is the need to identify multiple morphological landmarks.23–28 Previous studies have shown
that in about 20–25% of AS-OCT images, the scleral spur cannot be identified.24,25 In contrast, the method described in
this study allows for angle approximation using the diameter of the largest circle that can fit between the point of contact
at Schwalbe’s line and the iris, without the need to identify the scleral spur. This can potentially reduce measurement
variability with a simple, easy approximation of the iridocorneal angle. Since most devices do not offer automatic angle
measurements, this methodology overcomes one of the most common challenges for a clinician in using AS-OCT when
measuring the iridocorneal angle. Placing a simple reticle overlay with a specific ACAwidth over the angle recess image
could allow for very quick quantification of angle measurements. Quantification of the anterior chamber angle parameters
has been shown to have high repeatability and reproducibility with OCT devices,19,20,22,42 and the AS-OCT method could

Figure 3 A visualization of the distribution of the AS-OCT angle width measurements in each Shaffer grade in the single-center study.
Abbreviation: AS-OCT, anterior segment optical coherence tomography.
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provide a more simple, reliable, and precise way of measuring the ACA when compared to the categorical gonioscopy
grades. In the future, it may be possible to use this AS-OCT method to determine the range of ACA widths that are
suitable for specific anterior chamber devices. This information could better inform clinicians on the ACA when
determining which patients should receive specific anterior chamber devices.

Previous work has shown that certain quadrants tend to have narrower angles than others, and the proportion of angles
considered to be closed by gonioscopy differed by quadrant.38,43,44 Together gonioscopy and AS-OCT may provide
insight into how variability within the eye affects angle measurements from different quadrants of the eye (inferior,
superior, nasal, and temporal). To validate the pooled study results and to assess whether variability within the eye would
affect the angle assessments, the single-center study was conducted. Results from the single-center study supported the
pooled study findings regarding the relationship between gonioscopy and AS-OCT measurements. All measurements
with Shaffer grade ≤2 had AS-OCT angle width <300 µm in all four quadrants. All quadrants followed the same trend
seen in the pooled study; an increasing AS-OCT angle width was observed as Shaffer grade measurements increased. In
general, results indicate that the relationship between gonioscopy and the AS-OCT method is similar in different
quadrants, with the exception of the nasal quadrant where the median and mean AS-OCT angle width measurements
were <300 µm in Shaffer grade 3. A limited number of patients were included in the single-center study, and additional
studies that include narrow angles and investigate all quadrants should be conducted with a larger number of patients to
confirm our results. Although previous studies have shown that the Chinese population has a larger percentage of
narrower angles,29–31,45 the mean AS-OCT angle width from the study conducted in China was similar to the overall
mean AS-OCT angle width of the US population. This is likely due to the inclusion criteria that patients were expected to
have open angles. In addition, there have been growing rates of myopia incidence reported in the Chinese population
from recent epidemiological studies.46,47 Therefore, our observation is consistent with larger angles observed in Chinese
subjects, and our results are applicable for both American and Chinese populace.

There are several strengths to this study. One strength is that the data were pooled from studies with similar designs
that were conducted at six sites in the US and China. Another is that all AS-OCT images were sent to an internal Image
Review Committee (IRC) where two graders, masked to each other and to the gonioscopy results, graded the AS-OCT
angle widths. Additionally, there was a wide distribution of AS-OCT angle width measurements, ranging from 73 μm to
1321 μm, showing that there was a diversity in angle size included in this study.

There are some limitations to this study, including the small sample from the single-center study and the small
number of patients with Shaffer grade <3. Follow-up studies are needed to confirm our findings. Although the use of the
Nidek gonioscope in the single-center study indicates that the relationship between gonioscopy and the AS-OCT method
is consistent between different gonioscopy devices, the fact that two different gonioscopy devices were used could also

Table 8 The Median, and Mean (SD) AS-OCTAngle Width Measurements for Each Shaffer Grade by Each Quadrant
in the Single-Center Study

Inferior Nasal Superior Temporal

Shaffer Grade 2
Median µm 122.7 110.3 143.4 212.2

Mean (SD) µm 122.7 (4.5) 109.3 (2.0) 143.4 (19.5) 189.7 (50.6)

Shaffer Grade 3
Median µm 485.3 252.3 – 303.3
Mean (SD) µm 485.3 (319.2) 252.4 (11.9) 315.4 (84.4)

Shaffer Grade 4
Median µm 679.5 517.0 625.7 613.8

Mean (SD) µm 686.9 (296.6) 587.6 (241.4) 667.1 (280.4) 673.4 (298.1)

Abbreviation: AS-OCT, anterior segment optical coherence tomography.
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be seen as a limitation. The Nidek is a semi-automated gonioscope, while a conventional mirrored gonioscopy was used
in the pooled study. Both gonioscopy assessments utilize the same type of gonio lens. The semi-automated gonioscope
has been suggested to have the potential to reduce interobserver and/or technique variability.48 However, how these two
gonioscopy assessments compare to one another has not been fully determined. It should also be noted that glaucoma
devices can be placed in the superior angle as well as the inferior angle, and that the presence of adequate space in the
inferior angle does not indicate adequate space in the other angles. This should be borne in mind by clinicians wishing to
use this method.

Conclusion
Although gonioscopy is the current standard method to assess angle width in clinical practice, AS-OCT is becoming
more widely used. AS-OCT allows non-contact imaging of the angle and provides enhanced visualization of the angle for
quantitative assessment. Information gathered from AS-OCT can be used to provide a comprehensive and quantitative
assessment of the angle and can also be used to supplement gonioscopy assessment of the iridocorneal angle and thus
help decision making regarding treatment. Overall, this study showed that this simple AS-OCT method could determine
the space in the anterior chamber. Results also showed that an angle width of ≥300 µm measured with the AS-OCT
method corresponds well to open iridocorneal angles (Shaffer grade ≥3), indicating that it has the potential to identify
angles that are appropriate for certain glaucoma devices. This opens the possibility of using the AS-OCT angle width
measurements to determine if the angle is suitable for a specific anterior chamber device. In the future, this method could
provide a more simple and objective way of measuring the ACA and can complement gonioscopy assessment.

Abbreviations
ACA, anterior chamber angle; AS-OCT, anterior segment optical coherence tomography; ACG, angle-closure glaucoma;
AOD-SL, Angle opening distance at Schwalbe’s line; IRC, Image Review Committee; FN, false negative; FP, false
positive; OAG, open-angle glaucoma; OHT, ocular hypertension; NPV, negative predictive value; PPV, positive pre-
dictive value; SLT, selective laser trabeculoplasty; TN, true negative; TP, true positive; UBM, ultrasound biomicroscopy.
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