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Anterior segment imaging for anterior chamber angle assessment
Técnicas de imagem do segmento anterior na avaliacao do angulo da camara anterior
Examen de imagen del segmento anterior para el analisis del angulo de la camara

anterior

Lisandro Massanori Sakata. Universidade Federal do Parana - UFPR, Curitiba, PR - Brasil. zmsakata@yahoo.com.br

ABSTRACT

Objective: To review and update the available methods for evaluating the anterior chamber angle (ACA). Methods: We
analyzed and discussed the main findings of selected published articles on ACA assessment and performed a critical
review of each method. Results: Gonioscopy is the reference standard examination for evaluation of ACA. Because no
other examination technique permits appropriate differentiation between apposition and synechial angle closure,
indentation gonioscopy is essential to determine proper clinical management decisions. Imaging techniques such as
ultrasound biomicroscopy and anterior segment-optical coherence tomography are useful and promising modalities for
ACA assessment; however, ophthalmologists need to look for good-quality images and understand the particularities and
inherent limitations of these techniques for proper interpretation of the results. Conclusion: Imaging technologies may
represent an important adjunct for the clinical assessment of ACA; however, longitudinal studies should be performed to
determine the relative values of their findings in the management of patients with angle closure. Until then, none of these
imaging techniques can replace gonioscopy as the reference standard examination.

RESUMO

Objetivo: Rever e atualizar os métodos disponiveis para a avaliagdo do angulo da camara anterior (ACA). Métodos:
Analisamos e discutimos os achados mais significativos encontrados em uma selegéo de artigos publicados sobre ACA
e fizemos uma analise critica de cada método. Resultados: A gonioscopia € o exame-padrao de referéncia mundial para
ACA. Pelo fato de nenhuma outra técnica de exame permitir a diferenciacdo adequada entre fechamento de angulo
aposicional e fechamento de angulo sinequial, a gonioscopia de indentagao é essencial para decidir o manejo clinico mais
adequado. Técnicas de imagem, como a biomicroscopia ultrassonica e a tomografia de coeréncia ética do segmento
anterior sdo modalidades Uteis e promissoras para a avaliagado de ACA; no entanto, os oftalmologistas necessitam de
imagens de boa qualidade e compreensao das particularidades e limitagdes inerentes a estas técnicas para que possam
interpretar corretamente os resultados. Conclusdo: As tecnologias de imagem podem contribuir significativamente para
a avaliagao clinica do ACA; no entanto, estudos longitudinais devem ser realizados para determinar os valores relativos
dos achados no manejo de pacientes com fechamento do angulo. Até que isso seja feito, nenhuma destas técnicas de
imagem podera substituir a gonioscopia como exame-padréo de referéncia.

RESUMEN

Objetivo: revisar y proveer informacion actualizada de los métodos disponibles para el andlisis del angulo de la cdmara
anterior (ACA). Métodos: se han analizado y debatido los principales hallazgos de articulos seleccionados acerca de la
evaluacion del ACA 'y se ha hecho una revision critica de cada método. Resultados: la gonioscopia es el examen estandar
de referencia mundial para la evaluacion del ACA. Si se considera que no hay otra técnica de examinacion que permita la
distincién adecuada entre el cierre aposicional y el sinequial, se concluye que la gonioscopia de indentacion es esencial
para determinar las decisiones de control clinico adecuadas. Técnicas de imagen, tales como la ultrasonografia
biomicroscopica y la tomografia de coherencia optica del segmento anterior son métodos Utiles y proficuos para una
evaluacion del ACA. Sin embargo, los oftalmélogos deben de buscar imagenes de buena calidad, ademas de comprender
los detalles y limitaciones propias de esas técnicas para que puedan interpretar los resultados de modo conveniente.
Conclusién: las tecnologias de imagen pueden representar un auxilio de relieve para la actualizacion clinica del ACA. Sin
embargo, estudios longitudinales deben de realizarse para que se determinen los valores relativos de los hallazgos en el
control de pacientes con cierre angular. Hasta ese entonces, ninguna de esas técnicas de imagen puede sustituir la
gonioscopia en su rol de examen estandar de referencia.
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Anterior segment imaging for anterior chamber angle assessment

INTRODUCTION

Primary angle-closure glaucoma (ACG) is a visually impairing type of glaucoma that accounts for approximately half of the blindness
caused by this disease worldwide.2245 The closure of the anterior chamber angle (ACA) seems to be the primary abnormality leading to
intraocular pressure (IOP) elevation and glaucomatous optic neuropathy.® The contact between the peripheral iris and the trabecular
meshwork may impair aqueous humor drainage from the anterior chamber by pre-trabecular mechanisms due to the mechanical
obstruction of the functional trabecular meshwork by the peripheral iris and/or by abnormalities at the ultrastructural level of the trabecular
meshwork due to the prolonged friction/apposition of the iris against the angle wall.Z

Thus, it is likely that iris—trabecular contact is an important risk factor in the development of this disease. Detection of appositional
angle closure (temporary) is an essential step in the prevention of blindness due to ACG, as interventions such as iridotomy may halt the
angle-closure process in most cases, preventing the development of glaucomatous optic neuropathy.

With this information, it is clear that a quick, reliable, and reproducible assessment of ACA is important. However, performing this
evaluation may represent a major challenge in daily clinical practice. The aim of this paper was to review and update the available methods

for ACA evaluation.

Current Reference Standard Examination: Gonioscopy

The current reference standard examination for evaluating ACA configuration is indirect gonioscopy, and it can be easily and quickly
performed by adequately trained ophthalmologists. Gonioscopy is a non-expensive examination as it does not require sophisticated
equipment. It enables a direct view of a broad part of the angle as well as identification of anatomical reference points (such as Schwalbe’s
line, pigmented posterior trabecular meshwork, and scleral spur), which permit a proper interpretation of the status of ACA opening.

More importantly, the dynamic part of this examination enables differentiation between appositional (temporary) and synechial
(permanent) angle closure. This differentiation is essential to determine proper clinical management, and to date, no other technology is
able to discern apposition from synechial angle closure other than indentation gonioscopy.

However, gonioscopy has many limitations. It requires considerable skill and experience, and the ACA assessment may be affected
by many variables. Pressure of the gonio lens on the globe (inadvertent indentation) and light exposure to the pupils during the examination
(miosis) may lead to an overestimation of the angle opening, resulting in underdetection of the eyes at the risk of angle closure. The ACA
opening evaluation is subjective, and documentation of the findings may be difficult. Studies have shown that even experienced examiners
demonstrated only moderate agreement in determining the angle width.2¢ Furthermore, gonioscopy is not performed or not properly
performed by many ophthalmologists in routine clinical practice.

Because of the difficulties and limitations of the reference standard, other methods have been developed in an attempt to obtain more
objective measures of ACA. Ultrasound biomicroscopy (UBM), the Scheimpflug imaging system, and anterior segment-optical coherence
tomography (AS-OCT) are capable of high-resolution imaging of the anterior segment and have the potential to be used for evaluation of
the cornea morphology,'®! to plan the sizing of the phakic intraocular lenses, 212 and to assess the morphology of trabeculectomy
blebs.#1516 Moreover, these devices are able to perform objective measures of ACA and provide a straightforward way to document the

ACA configuration. This manuscript will provide a brief description of these techniques and review their roles in the evaluation of ACA.

Scheimpflug Imaging System

Scheimpflug systems such as Pentacam (Oculus, Lynwood, WA, USA) and Galilei (Ziemer, Wood River, IL, USA) enable anterior
segment imaging using a camera perpendicular to the slit beam, which permits quick imaging of the anterior segment of the eye. This
technique is very useful for ophthalmological care, particularly for cornea assessment. Further, as an adjunct function, Scheimpflug
systems are able to obtain general anterior chamber measurements (central anterior chamber depth, anterior chamber area, and anterior

chamber volume), which have a reasonable diagnostic value in identifying eyes at risk of angle closure. Of note, anterior chamber depth
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measurements can be obtained using simpler devices, and all eyes at risk of angle closure identified by this method must be evaluated
by proper gonioscopy.

Nevertheless, Scheimpflug imaging systems are very limited for ACA evaluation. These systems use visible light during the imaging
process (miosis), which may lead to overestimation of the angle width. However, the main drawback is that the characteristics of the
images obtained at the region of the angle do not permit the identification of anatomical landmarks (i.e., scleral spur), and therefore, the
interpretation of the angle opening status simply cannot be determined properly in many eyes with narrow or closed angles. Thus,

Scheimpflug imaging systems are not suitable for proper ACA assessment.

Ultrasound Biomicroscopy

The UBM examination was presented by Pavlin et al. in 1991; and represents a non-invasive method for obtaining high-resolution
images of the anterior segment of the eye. Generally, UBMs have a linear high-frequency ultrasonic transducer (50 MHz) that emits sound
waves through ocular tissues, with a penetration depth of 5.5 mm, and detects their reflection from tissue interfaces.* Thus, UBM is

capable of obtaining in vivo cross-sectional images of the anterior segment structures of the eye with axial and transverse resolutions of
approximately 25 pm and 50 pm, respectively. 182

The UBM evaluation requires immersion techniques. The device probe must be immersed in a saline solution, which is usually kept
in a small, transparent acrylic eyecup positioned between the eyelids. The examination is usually performed in the supine position, but
recent versions of this technology allow the examination to be performed at the sitting position. Moreover, newer versions are able to
acquire limbus-to-limbus images. Nevertheless, the UBM examination is a relatively time-consuming and unpleasant method for the
patient compared with non-contact imaging methods.

Compared with AS-OCT, UBM images quality may be considered more dependent on the examiner’s skills. For a proper ACA
morphological evaluation, UBM images must be acquired perpendicularly to the structures of interest. A double arc on the cornea is one
of the findings correlated with a properly acquired image (Figure 1). Regarding angle assessment, the frozen radial section of the drainage

angle should aim to include a well-defined scleral spur, which is important for the proper interpretation of the ACA opening.

FIGURE 1. Ultrasound biomicroscopy image of the anterior chamber angle
In Figure A, the double arc on the cornea indicates that the image was acquired perpendicularly to the structures of interest,
and the arrow points out the location of the scleral spur. In Figure B, there is no double arc on the cornea, and the image may not represent
the actual anterior chamber angle morphology.

Nevertheless, when properly acquired, UBM images can provide high-quality information about the ACA opening. Furthermore, UBM
is currently the only technique that is capable of imaging the structures behind the iris (i.e., the ciliary processes and iris cysts), whereas

the light waves used in AS-OCT are blocked by the sclera and pigment epithelium of the iris.
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Anterior Segment-Optical Coherence Tomography

OCT was first reported in 1991,2° and it was first used in ophthalmology for imaging of the posterior segment of the eye. Analogous
to ultrasound, this technology obtains in vivo cross-sectional images of tissues, but uses light waves to obtain the reflectivity profile of the
structure under investigation. AS-OCT is a rapid, non-contact method for obtaining real-time images of ACA.

Posterior segment-OCT uses a 830-nm superluminescent diode as the light-emitting source, and no contact medium is required for
obtaining the images.?'22 The wavelength of light used in AS-OCT was changed to 1310 nm as it allows increased penetration through
scattering ocular structures, such as the sclera and iris, resulting in a more detailed visualization of the ACA morphology.2%:2425

Notably, light used by AS-OCT systems cannot image the anterior segment through the eyelids. Thus, the superior and inferior eyelids
must be gently moved out of the way before obtaining AS-OCT scans of the superior and inferior ACA, respectively.

After acquisition, the scanned images of both devices have to be processed using a custom software. This image-processing software
(“dewarping” software) compensates for the index of refraction transition at the air-tear interface and for the different group indices in the
air, cornea, and aqueous humor to correct the physical dimensions of the images.*2

Different OCT techniques for anterior segment imaging are currently available:

- Time-domain (TD)-OCT: Visante OCT (Carl-Zeiss Meditec, Dublin, CA, USA); slit-lamp (SL)-OCT (Heidelberg Engineering,
Heidelberg, Germany)

- Fourier-domain (FD)-OCT: Cirrus (Carl-Zeiss Meditec); Spectralis (Heidelberg Engineering); RTvue OCT (Oculus Technology,
Wynwood, WA, USA)

- Swept-source (SS)-OCT: Casia SS-1000 OCT (Tomey, Nagoya, Japan); Topcon DRI (Topcon Corp, Tokyo, Japan)

The TD AS-OCT technique obtains 2000 A-scans per second, with a maximum resolution of 60-75 Mn and an axial resolution of 10—
25 M, and it is able to provide limbus-to-limbus images of the anterior chamber. One drawback is that these devices were developed to
provide anterior segment imaging only, and not posterior segment OCT imaging.

The FD-OCT devices are widely available in Brazil, and it is capable imaging of both the posterior and anterior segments of the eye.
The scan speed varies depending on the device type: 26,000 A-scans per second for Optovue; 27,000 A-scans per second for Cirrus;
and 40,000 A-scans per second for Spectralis. These devices are able to provide normal-resolution limbus-to-limbus imaging of ACA as
well as high-resolution imaging of a single quadrant of ACA (Figures 2—4). However, to the best of our knowledge, to date, none of these
three devices have incorporated the dewarping software for high-resolution OCT imaging of ACA. Thus, patients have to shift their eye

position in order to keep the OCT beam perpendicular to the area of interest, so that ACA is centered on the image printout.
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FIGURE 2. A cross-sectional high-definition Optovue Fourier-domain-optical coherence tomography image of an open angle

(Courtesy of Dr. Tin Aung, Singapore Eye Research Institute).

FIGURE 3. A cross-sectional limbus-to-limbus (top) and high-definition (bottom) Spectralis Fourier-domain-optical coherence

tomography image of an open angle (Courtesy of Dr. Tin Aung, Singapore Eye Research Institute).

5 e-Oftaimo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2016; 2 (2) CreativeCommons Atribuicao-NaoComercial 4.0 Internacional



http://creativecommons.org/licenses/by-nc/4.0/
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FIGURE 4. A cross-sectional limbus-to-limbus (top) and high-definition (bottom) Cirrus Fourier-domain-optical coherence tomography image of a closed

angle (Courtesy of Dr. Tin Aung, Singapore Eye Research Institute).

The most recent AS-OCT available is SS-OCT; whereas Casia was designed for anterior segment imaging only, the Topcon DRI is
able to image both the anterior and posterior segments. The image resolution of the Casia OCT can reach 10 micra (axial) and 30 micra
(transversal), with a scanning speed of 100,000-450,000 A-scans per second. It can scan the entire 360° of ACA in just a few seconds
and is able to provide limbus-to-limbus images, high-resolution ACA images, and three-dimensional (3D) reconstruction of ACA (Figure
5).
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FIGURE 5. A three-dimensional reconstruction of the anterior chamber from an optical coherence tomography (OCT) image obtained using the Cassia

swept-source-OCT (Courtesy of Dr. Tin Aung, Singapore Eye Research Institute)

Interpretation of Images and Anatomical Reference Points

ACA on AS-OCT images can be evaluated qualitatively by subjectively determining the open or closed status of ACA, and can be
evaluated quantitatively by objectively measuring the ACA parameters.

Similar to UBM imaging analysis, interpretation of the ACA configuration in AS-OCT imaging (qualitative and quantitative) depends on
determining the scleral spur location. The scleral spur is usually located on the widest part of the sclera,’® appearing as an inward scleral
protrusion where some of the fibers of the longitudinal bundle of the ciliary muscle are attached. It is an anatomical landmark that reveals
the relative location of the trabecular meshwork, which is located approximately 250-500 pm above the scleral spur along the angle
wall. 12

Quantitative analysis is performed using specific software such as UBM Pro2000 or Zhongshan Angle Assessment Program software
for Visante OCT.2¢ During semi-automated quantitative analysis, the examiner needs to point out the exact location of the scleral spur,
and the software automatically provides several ACA measurements (Figure 6). Commonly used parameters include the angle opening
distance (AOD), which is the distance between the angle wall and iris along a line perpendicular to the trabecular meshwork and cornea,

and the angle recess area (ARA), which is area of space between the line taken from AOD and the angle recess.!®
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FIGURE 6. Cross-sectional anterior segment-optical coherence tomography (OCT) image of the entire anterior segment of the eye; the top image was
obtained using Visante OCT and the bottom image was obtained using slit-lamp (SL)-OCT. The colored lines represent the anterior chamber
measurements evaluated with the semi-automated method using the Zhongshan Angle Assessment Program and SL-OCT custom software.

AS-OCT and some new UBM devices are able to image the entire cross section of the anterior segment in one image frame, which
represents an interesting method for assessing and documenting the profile of the iris and its relationship to the other anatomical
parameters of the eye. Another interesting parameter is the lens vault or lens rise, which is a measure of how anteriorly the anterior surface
of the lens is located relative to a line joining scleral spur to scleral spur. Studies have reported that both the lens vault and iris curvature
were independently associated with angle closure, as defined on gonioscopy examination. However, it is important to note that neither
of these parameters alone should determine the clinical management decisions, as angle closure results from a combination of several
anatomical features in each eye.

While the interpretation of ACA images obtained using UBM also depends on the identification of the scleral spur, no study has directly
addressed this issue. In a previous study that compared UBM with a prototypical version of TD AS-OCT, the authors stated that scleral
spurs were more distinct in AS-OCT images, although no further information was provided.2®> However, the ability to identify the scleral
spur in UBM images is highly dependent on the examiner’s expertise, and when properly acquired, this structure may be better identified
in a greater number of subjects in UBM images if compared to TD AS-OCT images.

Sakata et al.” observed that the scleral spur location could not be identified in aimost 30% of the AS-OCT images obtained using
Visante OCT (TD). This difficulty was worse in eyes with narrow angles and in the superior and inferior quadrant images. Notably, almost
90% of the images could still be graded qualitatively by glaucoma specialists as having either an open or closed ACAs. Nevertheless, this
problem of determining the scleral spur location may hamper quantitative analysis of ACA parameters in a substantial proportion of
subjects. 2

As technology evolves, high-resolution images obtained using FD-OCT have greatly improved image resolution and enable the
identification of a new anatomical landmark —Schwalbe’s line (Figure 7). This structure can be observed in more than 90% of the images.*

This represents a relevant improvement as we can now identify the anterior and posterior boundaries of the trabecular meshwork in many
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eyes. The interpretation of qualitative and quantitative analyses is possible in most eyes because we can use one or both anatomical
landmarks—the scleral spur and/or Schwalbe’s line.

As previously mentioned, all AS-OCT scanned images have to be corrected for the deviation of the scanning light crossing air, cornea,

and aqueous humor because each medium has a different refractive index (“dewarping” process).

FIGURE 7. A cross-sectional, high-definition optical coherence tomography image of the angle, probably imaging the termination of the Descemet’s

membrane (Schwalbe’s line—white arrow) and also the Schlemm’s canal (Courtesy of Dr. Tin Aung, Singapore Eye Research Institute).

As previously mentioned, all AS-OCT scanned images have to be corrected for the deviation of the scanning light crossing air, cornea,
and agueous humor because each medium has a different refractive index (“dewarping” process).'2 Notably, limbus-to-limbus AS images
are corrected for these distortions; however, high-resolution images obtained using all FD-OCT devices are not. That is the reason why
patients have to move their gaze in order to obtain angle images, so the light will scan the angle mostly in perpendicular way, minimizing
distortions (Figure 2). As a simple quality-control parameter, the angle region must be centered on the printout of the high-resolution FD-
OCT images. Images obtained using the Casia SS-OCT are dewarped, but to the best of our knowledge to date, only for the distortion
arising from the air-cornea interface and not for the cornea—agueous humor interface.

Another important point is that because both UBM and AS-OCT acquire cross-sectional images of ACA, some peculiarities in
interpreting their results should be noted. As these images represent frozen radial sections of the drainage angle, they only reflect the
ACA morphology of the scanned region of the angle, and, in some cases, this region may not be representative of the ACA morphology
of the remaining portions of ACA. From this perspective, gonioscopy is superior to these technologies as the examiner has a broader
view of the angle (whole quadrant).

The morphology and position of the ciliary processes observed on UBM images may vary in different radial scans (through a typical
ciliary process or the valley between the ciliary processes).2¢ Slight differences in the acquisition location of the radial scans may influence
the interpretation of the results, and perhaps, it should be recommended that examiners obtain radial sections passing through a typical
ciliary process (probably better than obtaining scans randomly). Sakata and Malta2® showed that the image acquisition technique may
affect the diagnosis of plateau iris mechanism. Using the same rationale, eyes with isolated peripheral anterior synechiae may have a
similar confounding effect for both UBM and AS-OCT. A radial scan through a peripheral anterior synechia would show a closed angle,

whereas that obtained immediately next to it (with no peripheral anterior synechia) could show a wider angle. Thus, for proper
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interpretation of the ACA configuration, these inherent limitations should be taken into consideration, and imaging results must be
correlated with the gonioscopy findings.

The new SS AS-OCT enables a quite faster image acquisition when compared to previous technologies, minimizing motion artifacts.
The Casia AS-OCT can scan the entire 360° of ACA in under 3 seconds. This device’s software is even able to build a 3D reconstruction
of the anterior chamber. Other softwares are being developed to evaluate angle opening throughout 360°, and provide an overall view of
the extent of the closed angle. This quick and more comprehensive information of the ACA provided by this new technology is promising,

and future studies should assess its utility in routine clinical practice.

Literature Review

Reproducibility

Previous studies have evaluated the reproducibility of ACA measurements in the UBM and TD AS-OCT images. Measurement
variability can be influenced by variability in image acquisition and also by image analysis due to the variability in subjectively determining
anatomical landmarks, such as the location of the scleral spur. Thus, measurement variability represents an important step in the validation
process of a new technology.

There are only a few studies that have evaluated the reproducibility in measuring ACA parameters using UBM.2%21 Both studies
reported good reproducibility of anterior segment measurements obtained using UBM images; however, both evaluated eyes with open
ACA only. The reproducibility of angle measurements in eyes with narrow angle was not assessed and this may not be as good as in
open angles. As the location the location of the scleral spur is less detectable in narrow-angle eyes,?222 the variability of these angle
measurements is also likely to be higher in such eyes.

Regarding the reproducibility of ACA parameter measurements using TD AS-OCT, some papers have evaluated prototype versions
of these devices.®>%* More recently, Leung et al.®> evaluated the agreement and inter-observer reproducibility of angle measurements
obtained using Visante and SL-OCT. Images of the nasal and temporal angles were obtained in 49 eyes of healthy, normal subjects. The
pupil diameter, AOD, trabecular—iris space area, and trabecular-iris angle parameters were measured by two experienced observers
using semi-automated analysis software, unique for each instrument. These comprised a computer program developed by the author for
Visante OCT images and the SL-OCT built-in analysis software. The study observed that both AS-OCT devices demonstrated good inter-

observer reproducibility for angle measurements. However, most participants included in their study had open angles, as assessed using
gonioscopy, with a mean Shaffer grading of 3.71 & 0.46 for the nasal angle and 3.46 £ 0.54 for the temporal angle. As mentioned

previously, the reproducibility of angle measurements in narrow-angle eyes may not be as good as in open-angle eyes. Interestingly,
when the authors compared the anterior segment parameters measured using Visante OCT and SL-OCT, they found poor agreement
between the two devices. Differences in image acquisition (state of accommodation, exact scan location, and scanning speed) and image
processing (algorithms for image dewarping and resolution of the scans) between Visante OCT and SL-OCT may help to explain this
finding. Therefore, clinicians should be aware of the potential differences in angle measurements obtained with these devices.
Console et al.28 gvaluated the reproducibility of the commercially available Visante OCT in eyes with open and narrow ACAs. The
authors observed that the reproducibility was worse in eyes with narrow ACA, and the determination of the scleral spur location by

different examiners was an important source of variability.2°

Comparison with gonioscopy

Barkana et al.®® compared the agreement between gonioscopy and UBM imaging in detecting appositional angle closure in 17 eyes
with narrow ACA. The authors concluded that there was a high level of agreement between the two methods; furthermore, they found
that performing gonioscopy in a completely dark room is important to avoid misdiagnosis of eyes at risk of angle closure. Notably, the
study sample was rather small and included highly selected patients with narrow ACA only. It is possible that the good level of agreement
between the methods may not be observed in a less biased population, such as in community-based or population-based studies.
Indeed, even hospital-based studies, such as the one performed by Spaeth et al. in 22 patients with varied angle width, showed some

discrepancies in appositional angle closure detected using gonioscopy and UBM. 2.
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Nolan et al.*®¢ compared the performance of the prototype version of the Visante OCT with that of gonioscopy in detecting angle
closure. The authors observed that time-domain AS-OCT imaging was detecting more closed ACA than gonioscopy. In this study, an
ACA was classified as closed on gonioscopy if the posterior trabecular meshwork could not be seen. A closed ACA on AS-OCT imaging
was defined as the presence of any contact anterior to the scleral spur between the iris and angle wall. Thus, Nolan et al. 28 hypothesized
that the disagreement between these two techniques is partially explained by the fact that while AS-OCT uses infrared light and does not
require contact with the eye, inadvertent indentation and excessive light during gonioscopy may artificially open ACA. The authors stated
that despite efforts to use as little light as possible and to minimize the length of the slit beam during gonioscopy, the anterior segment
and pupil are still exposed to some light during the examination. This small amount of light may be sufficient to open up an angle that
would be closed in the dark. In addition, Nolan et al. % also hypothesized that the anatomical landmarks considered in the two techniques
are not the same. The authors stated that whereas it is possible to visualize landmarks such as Schwalbe’s line and the posterior area of
the trabecular meshwork using gonioscopy, the anterior boundaries of the trabecular meshwork are more difficult to identify using AS-
OCT. Because the position of the scleral spur is easier to determine and the trabecular meshwork lies anterior to this structure, angle
closure on AS-OCT was defined as the presence of any contact between the iris and angle structures anterior to the scleral spur. In
gonioscopy, angle closure requires apposition between the iris and entire extent of the posterior trabecular meshwork. Thus, even if there
is only a small area of contact between the iris and angle wall, these cases are defined as having closed angles on imaging.s228:32

Sakata et al. 22 confirmed Nolan et al.’s % findings using the commercially available Visante OCT in a different study sample with
different gonioscopy and AS-OCT image examiners. The authors also observed that higher number of cases of closed ACA was detected
using AS-OCT than using gonioscopy mainly in the superior and inferior quadrants.

Further, even high-resolution images obtained using FD-OCT showed the same trend of higher number cases of closed angle
detected on OCT than on gonioscopy, as observed in studies with relatively small sample size.**

Thus, it seems that the particularities in the methods of assessing and interpreting the ACA configuration of each technique may
account for some of the discrepancies between gonioscopy and AS-OCT. It is unclear whether AS-OCT is overdetecting angle closure,
or it is actually detecting eyes missed by gonioscopy. Notably, the rates of angle closure detected using AS-OCT are far greater than the
actual prevalence of primary angle closure or primary ACG, even in Asians. Nevertheless, before becoming widely accepted in clinical
practice, new technologies need to be validated against the existing standard. However, the potential limitations of the reference standard
technique may affect the evaluation of the new techniques. Longitudinal studies are required not only to determine whether eyes classified
as closed using AS-OCT only are indeed at the risk of developing ACG but also whether those classified as closed using AS-OCT will

actually develop the disease.

Comparison with UBM

Radhakrishnan et al.2® compared the agreement in identifying narrow ACA using quantitative imaging by UBM and a prototype version
of Visante OCT. This study evaluated a small sample of 17 normal subjects and 7 subjects with a narrow ACA as determined by
gonioscopy. The assessment of the ACA in images obtained in the nasal and temporal quadrants was performed quantitatively by
measuring several ACA parameters (angle opening distance, angle recess area, trabecular-iris space area, trabecular-iris contact length).
The authors observed that both methods had similar discriminatory power to detect eyes with narrow ACA. Both devices provided similar
mean values for the various ACA parameters, and when a significant difference was present (ARA at 500 um and 750 pym; trabecular—iris
space area at 750 um), UBM tended to give smaller measurements.

Dada et al.“° evaluated 63 subjects with normal eyes and observed a good correlation between TD AS-OCT and UBM measurements
obtained in the nasal and temporal quadrants. However, the authors did not provide the gonioscopy data for the study sample, and the
comparison between the devices in eyes with narrow ACA remains to be evaluated.

Therefore, only a few studies have compared UBM and AS-OCT, with the limitations of small sample size and/or highly selective
inclusion/exclusion criteria and/or evaluation of eyes with open ACA only. Further studies comparing these methods are needed to assess

whether the results are interchangeable.
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CONCLUSIONS

In summary, ACA evaluation is essential for the proper management of patients at risk of angle closure and for the prevention of
blindness caused by ACG. Unfortunately, this assessment is not performed or is poorly performed by many clinicians. Gonioscopy is the
reference standard examination for evaluating the angle opening. Moreover, its ability to differentiate appositional from synechial closure
is essential to determine the proper clinical management. No other technology is able to adequately provide this information. Thus,
improve gonioscopy training worldwide is the best and right option, however, this process will take a considerable deal of time and efforts.

Nevertheless, a report from the American Academy of Ophthalmology in 2013 concluded that although these imaging technologies
provide useful information in the evaluation of the angle, none of them provide sufficient information about the ACA anatomy to be
considered a substitute for gonioscopy.#? Longitudinal prospective studies are required to determine the relative value of AS-OCT findings
in the management of patients with angle closure. In the future, these devices may prove to be useful for detecting eyes at risk for angle
closure, and perhaps, they may permit discriminatory analysis to identify not only eyes at risk, but who indeed have a high chance for
developing angle closure disease and ACG. Until then, it is important to emphasize that gonioscopy is a required feature of an eye

examination, and glaucoma cannot be evaluated or patient treated properly without it being performed.
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