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Purpose of review

To highlight emerging applications of anterior segment optical coherence tomography (AS-OCT) in the
diagnosis, risk stratification, and management of angle closure glaucoma, with particular emphasis on the
integration of artificial intelligence.

Recent findings

AS-OCT enables objective and reproducible quantification of anterior chamber angle parameters,
overcoming the subjective and qualitative nature of traditional gonioscopy. Recent studies also suggest that
AS-OCT can better predict angle closure disease and treatment outcomes than gonioscopy. Furthermore,
advances in artificial intelligence-based image analysis have achieved expert-level accuracy in detecting
angle closure and related anatomical features, facilitating personalized risk stratification and treatment
planning. Overall, these advancements show strong potential for broad adoption to enhance clinical care
and workflows.

Summary

High-resolution AS-OCT imaging combined with artificial intelligence-driven analytics is transforming the
evaluation and management of angle closure disease. This noninvasive, objective approach has the
potential to augment traditional methods, paving the way for more precise, personalized, and evidence-
based care. Broad clinical adoption requires further rigorous prospective validation across large and
diverse patient populations.
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INTRODUCTION
Primary angle-closure glaucoma (PACG) is a leading
cause of irreversible blindness worldwide, affecting
an estimated 25 million people [1,2]. The risk of
blindness conferred by PACG is roughly twice that
of primary open-angle glaucoma (POAG), indicating
a significant public health concern [3&&,4&]. There-
fore, identifying and treating high-risk eyes on the
spectrum of primary angle closure (sPAC) before the
onset of PACG and PACG-related blindness is critical.
Longitudinalmonitoring of eyes at the primary angle
closure suspect (PACS) stage [5&&] enables timely
interventions that may mitigate irreversible optic
nerve damage. However, large-scale studies such as
the Zhongshan Angle Closure Prevention (ZAP) trial
and the Singapore Asymptomatic Narrow Angles
Laser Iridotomy Study (ANA-LIS) have raised doubts
about routine prophylactic treatment of most PACS
eyes, given the relatively low progression rate to

primary angle closure (PAC) [5&&]. These findings
underscore the need for a more individualized, evi-
dence-based strategy, consistent with the principles
of precision medicine.

Anterior segment optical coherence tomography
(AS-OCT) offers a noninvasive, high-resolution
imaging modality well suited for risk assessment in
angle closure. In a prospective analysis of 643
untreated PACS eyes from the ZAP Trial, narrower
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horizontal AOD500 and flatter iris curvature meas-
ured by AS-OCT were identified as independent risk
factors for progression to PAC, whereas cumulative
gonioscopy score showed no association [6]. These
findings underscore the advantages of quantitative
AS-OCT metrics over traditional qualitative gonio-
scopic assessment for early risk stratification. If bio-
metric parameters derived from AS-OCT reliably
predict long-term progression risk, clinicians could
identify high-risk patients for targeted intervention
[5&&,7&].

In parallel, artificial intelligence has emerged as a
scalable and reproducible tool for ophthalmic screen-
ing. For example, deep learning, a subfield of artifi-
cial intelligence, can be applied to fundus
photographs to detect referable glaucoma at special-
ist-level performance [8&], illustrating the potential of
artificial intelligence to enhance the detection of
other at-risk populations. Therefore, the integration
of AS-OCT-derived risk modeling with artificial intel-
ligence-driven analysis could enable earlier identifi-
cation of high-risk patients, improve diagnostic
precision, and guide targeted interventions to pre-
vent blindness from PACG.

RECENT ADVANCES IN OPTICAL
COHERENCE TOMOGRAPHY
TECHNOLOGY FOR ANTERIOR SEGMENT
IMAGING
Recent advancements in AS-OCT technology,
exemplified by modern swept-source OCT (SS-
OCT) systems such as the ANTERION (Heidelberg
Engineering, Heidelberg, Germany) and CASIA2

(Tomey Corporation, Nagoya, Japan), have redefined
quantitative anterior segment assessment. SS-OCT
enables rapid, high-resolution imaging (~50000A-
scans/s; ~10μm axial resolution) of critical structures,
including the scleral spur and ciliary body [9&,10&].
Compared with ultrasound biomicroscopy (UBM),
AS-OCT is non-contact, faster, and generally better
tolerated, while providing superior image quality
[10&,11].

Anterior segment OCT has evolved from early
time-domain (TD-OCT) to modern spectral-domain
(SD-OCT) and SS-OCT systems, with major gains in
resolution, imaging depth, and reproducibility.
Although pivotal in establishing the technique, TD-
OCT was limited by relatively low resolution and
shallow penetration, restricting consistent visualiza-
tion of the scleral spur and reducing the reproduci-
bility of biometric measurements [12]. Modern SD-
and SS-OCT systems overcome these barriers, ena-
bling highly reproducible detection of the scleral spur
and measurement of biometric parameters such as
angle opening distance (AOD), trabecular–iris space
area (TISA), and lens vault [13,14]. Intra-device repeat-
ability studies consistently report intraclass correla-
tion coefficients above 0.90 for most biometric
parameters acrossmultiple commercial systems.Mod-
ern SS-OCT systems also demonstrate improved inter-
device agreement, compared with earlier TD-OCT
systems [14–16].

SS-OCT technology provides greater tissue pene-
tration, especially when paired with image averaging,
allowing more comprehensive and reproducible
assessment of the lens and ciliary body, two structures
central to the pathogenesis of primary angle closure
disease (PACD) [16]. Notably, this includes improved
visualization of the ciliary body and muscle, which
play important roles in angle closure pathogenesis
and accommodation, respectively [17,18]. However,
the interpretation of AS-OCT images for mechanism
classification has limitations [19–21]. For example,
manual plateau iris detection using qualitative AS-
OCT grading demonstrated only moderate sensitivity
(56–78%) and specificity (49–64%) when bench-
marked against UBM, with fair agreement between
modalities (κ=0.31–0.35) [22]. These findings high-
light that while modern AS-OCT improves visualiza-
tion of deeper structures, automated or artificial
intelligence-assisted interpretation may be required
to fully realize its diagnostic potential [23].

Due to their enhanced imaging speeds, modern
SS-OCT systems can acquire over 100 cross-sectional
images within seconds, a leap from earlier TD-OCT
systems that typically captured only one or two
meridional scans, limiting assessment to selected
quadrants. SS-OCT systems provide nearly com-
plete circumferential coverage, enabling detailed

KEY POINTS

� AS-OCT provides reproducible, non-contact
measurements of anterior chamber angle anatomy,
improving upon subjective gonioscopy.

� Modern SS-OCT enables comprehensive circumferential
imaging, enhancing detection of sectoral angle
variation and disease severity.

� AS-OCT enables mechanism-specific treatment planning
and longitudinal monitoring of disease progression and
intervention outcomes, supporting personalized care.

� Integration of artificial intelligence, including deep
learning, enhances landmark detection, diagnostic
accuracy, and scalability of AS-OCT analysis.

� Combining AS-OCT with artificial intelligence offers a
precision-guided framework for early detection,
monitoring, and tailored intervention in angle closure.
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characterization of anatomical variation across the
entire angle [24,25]. This dense sampling allows
precise quantification of the extent of angle closure
and reveals sectoral differences in angle configura-
tion, which are strongly associated with IOP and
angle closure severity [26–31].

Together, these advances minimize variability
associatedwithmanual spur localization and provide
researchers and clinicianswith standardized access to
comprehensive anterior segment biometrics. By
enhancing image quality, reproducibility, and cover-
age, modern AS-OCT has transformed the ability to
characterize angle-closure related anatomical struc-
tures and stratify PACG risk in both research and
clinical care [9&,10&,32].

ANGLE CLOSURE: DEFINITIONS,
EVALUATION, AND RISK-STRATIFICATION
USING ANTERIOR SEGMENT-OPTICAL
COHERENCE TOMOGRAPHY
Accurate evaluation of the anterior chamber angle
(ACA) is central to identifying eyes at risk for PACG
and enabling precise risk stratification. Traditionally,
sPAC has been defined based on gonioscopic criteria:
PACS is characterized by at least 180° of nonvisible
pigmented trabecular meshwork without peripheral

anterior synechiae (PAS), PAC is PACS with PAS and/
or elevated intraocular pressure (IOP), and PACG is
PACS/PAC with glaucomatous optic neuropathy.
Although gonioscopy remains the clinical reference,
it is inherently subjective and may alter angle anat-
omy during examination, which contributes to its
underutilization in practice and highlights the value
of complementary non-contact imaging modalities
[10&,33&&,34].

AS-OCT provides an objective,multidimensional
alternative to gonioscopy. Iridotrabecular contact
(ITC) on AS-OCT, defined as appositional contact
between the peripheral iris and the trabecular mesh-
work anterior to the scleral spur, can be assessed
qualitatively or quantitatively (Fig. 1). Greater ITC
extent has functional significance, being associated
with reduced Schlemm's canal dimensions, higher
IOP, and more severe stages of PACD [26,31,35,36].
The ITC index, defined as the proportion of the angle
circumference with ITC, enables objective risk assess-
ment. Threshold analyses suggest values exceeding
50% may identify eyes at heightened risk [37,38],
while full 360°mapping refines prediction by captur-
ing circumferential burden [31].

Beyond ITC, AS-OCT quantifies angle width
using standardized parameters such as AOD and
TIS, measured at 500μm (AOD500, TISA500) or

FIGURE 1. Cross-sectional anterior segment optical coherence tomography image of an eye with angle closure. The scleral
spur (SS, red dot) and the iridotrabecular contact end point (EP, green dot) are marked, demonstrating iridotrabecular contact
(ITC).
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750μm (AOD750, TISA750) from the scleral spur,
distances that approximate the average trabecular
meshwork height of approximately 840μm [39]. In
untreated and treated ZAP Trial eyes, a smaller hor-
izontal AOD500 was significantly associated with
progression to PAC, whereas gonioscopic grading
was weakly or not predictive [6,40&]. Other studies
show that AOD750 offers the highest diagnostic
accuracy for gonioscopic closure, while TISA750 cor-
relates most strongly with IOP [41,42]. Together,
these findings suggest that while AOD500 is themost
robust predictor of progression, supplemental
parameters, such as TISA500, AOD750, and TISA750,
provide additional diagnostic and physiological
insights.

AS-OCT also quantifies lens- and iris-derived
metrics such as lens vault and iris curvature. Greater
lens vault and IC are consistently associated with
narrow anglewidth and higher risk of PAC and PACG
[43]. Biometric patterns derived from the AS-OCT
cluster according to known mechanisms of angle
closure, including pupillary block, plateau iris con-
figuration, and high lens vault. Cluster analyses of
PACS, PAC, PACG, and APAC eyes have revealed
subgroups characterized by exaggerated lens vault,
increased iris curvature, or larger iris area, each cor-
responding to a recognized anatomical mechanism
[20,44].

Comprehensive risk stratification also requires
dynamic and longitudinal assessment. Dynamic
imaging, such as light-to-dark testing, captures
physiologic variability and highlights differences
in angle behavior between normal and sPAC eyes.
For example, sPAC eyes showed attenuated
decreases in iris area and iris volume, changes that
correlate with disease severity and progression risk
[40&,45–47]. In addition, static parameters meas-
ured in the light, particularly TISA500, may be
equally or more predictive of progression than
dark-only metrics [45]. The ZAP Trial showed that
higher baseline IOP, shallower ACD, and narrower
angles predict progression from PACS to PAC,
although absolute risk increments per mmHg IOP
were modest [5&&]. Longitudinal studies indicate
that residual ITC often persists after interventions;
for example, persistent ITC following laser periph-
eral iridotomy (LPI) correlated with a greater need
for pharmacologic therapy [48]. ZAP Trial data also
indicate that short-term anatomical changes may
carry predictive value; an 18-month increase in lens
vault and reduction in TISA750 predicted progres-
sion over years 3-–6 [49&&]. Age-related lens thicken-
ing and anterior displacement further contribute to
angle narrowing, whereas relatively stable parame-
ters such as lens vault retain value for selective long-
term monitoring [50].

In summary, AS-OCT-derived ITC, AOD, TISA,
and lens-iris metrics provide a reproducible frame-
work for classification and risk stratification in sPAC.
By integrating static, dynamic, and longitudinal
data, AS-OCT offers a comprehensive complement
to gonioscopy and may improve early identification
of high-risk eyes. This data-driven approach has the
potential to guide targeted interventions and reduce
PACG-related visual morbidity, though further vali-
dation is needed.

REFINING ANGLE CLOSURE TREATMENT
WITH LASER PERIPHERAL IRIDOTOMY
AND LENS EXTRACTION
Timely treatment of PAC and PACG is essential for
preserving visual function and preventing irreversi-
ble optic nerve damage. AS-OCT provides a powerful,
high-resolution, non-contact adjunct to gonioscopy,
allowing detailed visualization and quantitative
assessment of anterior chamber structures. These
measurements establish a reproducible framework
for risk stratification and therapeutic planning, com-
plementing gonioscopy by reducing observer varia-
bility and eliminating mechanical distortion of the
angle. Importantly, the integration of these quanti-
tative metrics enables mechanism-specific treatment
planning, guiding interventions tailored to each
eye's underlying anatomic profile [51].

LPI remains the intervention of choice for eyes
with predominantly pupillary block. AS-OCT allows
detailed characterization of iris curvature, ACD, and
ITC, helping predict LPI efficacy [51,52&]. In addi-
tion, AS-OCT can document the anatomical effects of
LPI, including relief of pupillary block and flattening
of iris curvature, changes that correspond with
improved aqueous dynamics and reduced ITC
[51,52&]. Eyes with extensive ITC or markedly shal-
low ACD are recognized as higher risk for progression
from PACS to PAC. Nonetheless, longitudinal stud-
ies, including the ZAP Trial, indicate that only a
subset (~25%) of PACS eyes progress to PAC over
14years, underscoring the need for selective, risk-
based application rather than routine prophylaxis
[45,53]. When combined with gonioscopic assess-
ment and IOP evaluation, AS-OCT findings provide
a robust, evidence-based foundation for targeted
monitoring and timely intervention.

Lens extraction is a key intervention when lens-
related crowding drives angle closure or when LPI
fails to provide adequate opening [52&]. AS-OCT
enables quantitative assessment of its anatomical
effects, including deepening of the anterior chamber,
widening of the angle recess, and reduction of ITC,
confirming the mechanism-specific benefits of sur-
gery [54,55]. Beyond documenting these changes,
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AS-OCT also quantifies parameters such as lens vault,
ACD, and lens position which inform surgical plan-
ning and correlate with intraoperative considera-
tions, including zonular stability [56,57].

Clinical studies consistently show that lens
extraction achieves greater and more durable angle
widening than LPI, particularly in eyes with exag-
gerated lens vault and anterior lens positioning
[52&,58]. Yet, postoperative response is heterogene-
ous. Eyes with flat iris curvature or plateau iris con-
figuration tend to demonstrate limited widening,
underscoring the contribution of non-lens mecha-
nisms [54]. Conversely, eyes with large lens vault and
shallow ACD typically derive the greatest benefit,
though these gains may come with greater surgical
complexity and heightened zonular risk [57].

Collectively, these findings underscore the dual
role of AS-OCT: it provides objective quantification
of the anatomical effects of LPI and lens extraction
and helps identify predictors of poor or limited
response. By incorporating these biometric insights
into preoperative evaluation, clinicians can target
surgery to eyes most likely to achieve durable ana-
tomic relief and long-term IOP control.

POSTOPERATIVE ASSESSMENT AND
LONGITUDINAL MONITORING
Postoperative AS-OCT provides objective and repro-
ducible visualization of anatomic changes following
intervention, including ACD, anterior chamber vol-
ume, angle width, and the ITC index. These param-
eters capture the mechanism-specific effects of
procedures such as lens extraction, demonstrating
angle widening and reduction of ITC, thereby sup-
porting longitudinal assessment of surgical efficacy
and individualized postoperative care.

In addition, AS-OCT provides important insights
into glaucoma surgeries beyond lens extraction. SS-
OCT has demonstrated expansion of Schlemm's
canal after phaco-goniosynechialysis, correlating
with improved IOP control [59]. In minimally inva-
sive glaucoma surgery (MIGS), AS-OCT enables early
detection of trabecularmeshwork fibrosis, a predictor
of suboptimal long-term outcomes [60]. Taken
together, these applications highlight the broader
potential of AS-OCT in postoperative monitoring,
allowing clinicians to anticipate long-term treatment
response across diverse surgical modalities.

ROLE OF ARTIFICIAL INTELLIGENCE IN
OPTICAL COHERENCE TOMOGRAPHY
BASED ANGLE CLOSURE CARE
AS-OCT generates rich, quantitative datasets that
enable mechanism-specific risk stratification and

longitudinal monitoring. The integration of artificial
intelligence, particularly deep learning, into AS-OCT
analysis addresses major limitations of manual inter-
pretation by reducing grader dependence, improving
reproducibility, and standardizing landmark detec-
tion. Artificial intelligence can also identify subtle
anatomical features that are difficult for human
observers to quantify, supporting earlier recognition
of high-risk eyes and more consistent therapeutic
planning.

Integration of artificial intelligence and deep
learning into AS-OCT analysis substantially enhan-
ces diagnostic accuracy, workflow efficiency, and
scalability [61&&,62]. Deep learning algorithms can
automatically detect gonioscopic angle closure and
ITC, demonstrating robust performance across
diverse patient populations and clinical settings
[34,63–65]. A recent meta-analysis reported a pooled
sensitivity of 94% and specificity of 93.6% for OCT-
based detection of angle closure, highlighting the
potential of artificial intelligence-assisted AS-OCT for
consistent, high-throughput assessment [66]. Artifi-
cial intelligence can also distinguish appositional
from synechial closure by analyzing paired images
obtained under varying physiologic conditions, pro-
viding anatomical insights that support individual-
ized intervention strategies [51].

Automated detection of the scleral spur, the key
anatomical structure for quantitative AS-OCT anal-
ysis, has enabled expert-level biometric measure-
ments [67&&,68,69]. Deep learning models provide
expert-level scleral spur detection across multiple
SS-OCT systems, improving reproducibility and sup-
porting efficient analysis in both clinical and
research settings [62,67&&,70]. In addition, biometric
measurements derived from these automatically
detected scleral spur locations are highly reproduci-
ble, even across diverse populations. These algo-
rithms are now integrated into commercially
available AS-OCT systems, facilitating broader clin-
ical adoption [67&&,68].

The combination of AS-OCT imaging and artifi-
cial intelligence-driven analysis provides a scalable,
reproducible, and precision-guided platformwith the
potential to transform care for angle closure patients.
Advanced deep learning architectures enable classifi-
cation of underlying mechanisms of angle closure
directly from volumetric AS-OCT data, bypassing
manual localization and supporting mechanism-spe-
cific therapeutic planning [71,72]. Furthermore, as
larger and more diverse datasets with long-term clin-
ical outcomes become available, artificial intelligence
may discover subtle anatomical patterns and novel
imaging biomarkers that address the performance gap
in current predictive models. However, clinical trans-
lation of artificial intelligence-assisted AS-OCT will
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depend on large-scale validation, workflow integra-
tion, and improved interpretability, considerations
that remain essential for its adoption in routine care
[62].

FUTURE DIRECTIONS
Although significant advances have been made in
the past decade, further work is needed to enable
widespread adoption of AS-OCT imaging for angle
closure diagnosis and care. While studies such as the
ZAP Trial have hinted at the prognostic value of AS-
OCT measurements, broader adoption will require
consensus on OCT-based definitions and clinically
meaningful thresholds to guide intervention [73&&].
Longitudinal studies must clarify how changes in
biometric parameters correlate with disease progres-
sion and treatment response, and help establish
evidence-based guidelines for incorporating AS-
OCT into routine risk stratification and manage-
ment. Furthermore, combining AS-OCT with com-
plementary imaging modalities, such as ultrasound
biomicroscopy, could enhance mechanistic insights
and support multimodal risk modeling [74].

The integration of artificial intelligence into AS-
OCT workflows represents a critical next step toward
scalable precision care. Future artificial intelligence
models should move beyond simple classification to
provide clinically interpretable predictions of progres-
sion risk, treatment response, and long-termoutcomes.
Algorithms for automated landmark detection, 360°
biometric quantification, and mechanism classifica-
tion could improve reproducibility while reducing
observer variability and clinicianworkload. To achieve
real-world impact, these systems require rigorous val-
idation across diverse cohorts and care settings. Ulti-
mately, coupling artificial intelligence-driven AS-OCT
analysis with patient-specific data – such as demo-
graphics, genetics, and systemic health factors – could
enable comprehensive predictive models that inform
individualized, mechanism-specific intervention strat-
egies.

Despite these opportunities, important techno-
logical and implementation barriers remain. A lack of
standardized imaging protocols and cross-platform
calibration currently limits interoperability, hinder-
ing both clinical integration and the generalizability
of study findings [73&&]. Device costs also pose a
barrier, particularly in resource-limited regions
where PACG prevalence is highest. Encouragingly,
the incorporation of AS-OCT into modern optical
biometers for cataract surgery suggests that broader
access could be achievable through existing clinical
infrastructure. Efforts to reduce costs, develop port-
able or simplified devices, and harmonize imaging
protocols are essential to ensure equitable adoption

across diverse healthcare systems. Addressing these
challenges will be key to determining if AS-OCT and
artificial intelligence can be fully realized as acces-
sible, scalable tools for global PACG prevention and
management.

CONCLUSION
AS-OCT has transformed the evaluation of angle
closure by providing reproducible, quantitative
imaging that surpasses traditional gonioscopy in risk
stratification and mechanism-specific assessment.
The integration of artificial intelligence enhances
its scalability, accuracy, and clinical utility, offering
the potential for automated, high-throughput, and
personalized management. Together, AS-OCT and
artificial intelligence represent a paradigm shift
toward precision, data-driven care with the potential
to significantly reduce the global burden of PACG-
related blindness.
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