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Abstract Primary angle closure glaucoma (PACG) is a

major form of glaucoma. Early detection and proper

management of PACG to reduce visual loss are intricately

related to correctly assessing the anterior chamber angle

(ACA). This review describes clinical assessment of the

ACA by gonioscopy, as well as novel ACA imaging

devices and discusses their advantages and limitations.

Specifically, we review ultrasound biomicroscopy, anterior

segment optical coherence tomography, and a method

similar to goniophotography using the EyeCamTM, all of

which are used to assess the ACA directly. In addition, we

discuss surrogate approaches to measuring angle configu-

ration by Scheimpflug photography and the SPAC scanning

peripheral anterior chamber depth analyzer.

Keywords Anterior chamber angle imaging � Anterior

segment optical coherence tomography � EyeCam �
Gonioscopy � Ultrasound biomicroscopy

Introduction

Primary angle closure glaucoma (PACG) is one of the

leading causes of blindness worldwide [1–3]. The primary

risk factor is iridotrabecular contact that may impair

aqueous humor drainage from the anterior chamber caused

by the mechanical obstruction of the functional trabecular

meshwork (TM) by the peripheral iris and/or by abnor-

malities at the ultrastructural level of the TM caused by the

prolonged friction/apposition of the iris against the angle

wall [4]. Detection of appositional (nonpermanent) angle

closure is an essential step in PACG blindness prevention

as interventions such as laser peripheral iridotomy (LPI)

may halt the angle closure process, preventing the devel-

opment of glaucomatous optic neuropathy.

Gonioscopy

Dynamic dark room indentation indirect gonioscopy is the

current gold standard for assessing the ocular anterior

chamber angle (ACA) structures. Gonioscopy does not

require expensive or sophisticated equipment beyond a

gonioscopy lens and slit lamp. Aside from clinically dif-

ferentiating between open and closed angles, indentation

gonioscopy permits differentiation between appositional

and synechial (permanent) closure. Gonioscopy, however,

requires a fair amount of examiner skill, and the findings

are subjective and more qualitative than quantitative.

Gonioscopy findings can be affected by room lighting,

globe pressure, and gaze direction, and the examiner is

unable to visualize the structures posterior to the iris, such

as the ciliary body and ciliary processes. Performing a

quick, reliable, and reproducible gonioscopic assessment of

the ACA may represent a major challenge in daily clinical

practice.

Various angle imaging devices have been developed to

aid in the objective and reproducible assessment of the

ACA. Ultrasound biomicroscopy (UBM), VisanteTM ante-

rior segment optical coherence tomography (AS-OCT)

(Carl-Zeiss Meditec, Dublin, CA, USA), spectral-domain
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optical coherence tomography (SD-OCT) [RTVue� (Op-

tovue, Fremont, CA, USA), CirrusTM high-definition

optical coherence tomography (HD-OCT) 4.0 (Carl Zeiss

Meditec, Dublin, CA, USA), Spectralis� anterior segment

module (Heidelberg Engineering, Dossenheim, Germany)],

swept-source optical coherence tomography (CASIATM

SS-1000; Tomey, Nagoya, Japan), EyeCamTM (Clarity

Medical Systems, Pleasanton, CA, USA), Scheimpflug

photography (Pentacam�; Oculus Optikgeräte, Wetzlar,

Germany), and the SPAC scanning peripheral anterior

chamber depth analyzer (Takagi Seiko, Nagano-ken,

Japan) all provide insight into the configuration of the

ACA. These devices provide more objective measures of

the ACA, which may allow more accurate determination of

risk related to angle closure glaucoma.

This is a review of these devices concentrating on their

utility for ACA assessment. The underlying principle,

image acquisition technique, comparison with the reference

standard, angle parameters measured, how they compare

with each other, and strengths and limitations of each of

them will be detailed.

Ultrasound Biomicroscopy

UBM is a technique developed in the 1990s that uses

electric signals converted to high-frequency (35–100-MHz)

sound waves (by a radiofrequency signal generator coupled

to a piezoelectric transducer) that are transmitted to the eye

via a coupling solution held in a cup reservoir or within the

end of a probe on which the transducer is mounted. These

sound waves travel at differing velocities through the eye

as they encounter tissues of different acoustic impedance

and are reflected at differing time intervals. UBM scans at a

rate of eight frames per second and produces a

5 mm 9 5 mm field with 256 image lines. It provides an

axial and lateral resolution of 25 and 50 lm, respectively,

and a tissue depth penetration of 5–7 mm. A computer

system collates and magnifies these reflected sound waves,

providing high-resolution real-time or static in vivo cross-

sectional B-scan images.

For proper ACA evaluation, UBM images must be

acquired perpendicular to the structures of interest. The

double arc on the cornea is one of the findings correlated

with a properly acquired image. The scleral spur (SS) is the

constant identifiable landmark and is the key to analyzing

angle disease [5]. It can be identified in the area where the

radiopaque scleral shadow merges with the relatively

radiolucent shadow of the cornea.

UBM can show the extent of closure and the depth of the

anterior and posterior chambers, and can be used to

investigate other mechanisms behind angle closure, which

may include lenticular causes, anterior rotation of the

ciliary body in plateau iris, iridociliary masses, and cho-

roidal effusions [6–8].

The following are some of the important ACA param-

eters that can be evaluated by UBM (Fig. 1):

1. Trabecular–iris angle (TIA) The angle measured with

the apex in the iris recess and the arms of the angle

passing through a point on the TM 500 lm from the

SS and the point on the iris perpendicularly opposite.

2. Angle opening distance (AOD) AOD 250/500 is

calculated from the corneal endothelium to the

anterior iris and is measured at 250 lm (at the level

of the posterior TM, AOD 250) or 500 lm (at the

level of the anterior Schwalbe’s line, AOD 500) from

the SS.

3. Angle recess area (ARA) The area bordered by the

anterior iris surface, corneal endothelium, and a line

perpendicular to the corneal endothelium drawn to the

iris surface from a point 500 or 750 lm anterior to the

SS. Instead of the iris being treated like a straight line

as for the AOD, for the ARA irregularities of the iris

contour are taken into account [9].

4. Trabecular–iris space area (TISA) The TISA at 500

or 750 lm is a trapezoidal area limited anteriorly by

AOD 500 or AOD 750, respectively, posteriorly by a

line drawn from the SS perpendicular to the plane of

the inner scleral wall to the opposing iris, superiorly

by the inner corneoscleral wall, and inferiorly by the

iris surface. Radhakrishnan et al. [10] first described

the TISA to better define the filtering area compared

with the ARA, excluding the nonfiltering region

behind the SS.

A study of several UBM parameters [11] found high

intraobserver reproducibility, but interobserver reproduc-

ibility differed considerably, and was affected by sub-

jective interpretation of visualized anatomic landmarks

(e.g., SS). UBM studies compared with gonioscopy have

found a high agreement when both are performed in a

completely dark room [12, 13]. Gonioscopy occasionally

resulted in an overestimation of the angle width as com-

pared with UBM measurements in eyes with occludable

angles [13], but angle dimensions measured by UBM

correlated significantly with those measured by gonioscopy

in general (even though the UBM results were more

reproducible) [14].

The eye cup, commonly used in UBM imaging, intro-

duces discomfort, the need for a supine position, risk of

mechanical corneal abrasion and infection, and the possi-

bility of angle distortion caused by inadvertent indentation

[5]. However, recent UBM models with an eye cup inte-

grated in the probe allow a sitting position. Earlier models

are limited in their ability to provide images in only one

eye quadrant at a time, but newer models acquire images of
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180� of the angle in a single frame. Optimal UBM imaging

requires a skilled operator and a cooperative subject.

Advantages of UBM include detailed imaging beyond the

iris as deep as the pars plana, ciliary body, lens zonules,

and anterior choroid. UBM can penetrate through poor

ocular media (e.g., corneal edema) unlike light-based ACA

imaging devices.

Anterior Segment Optical Coherence Tomography

AS-OCT uses low-coherence interferometry of light with a

wavelength of 1,310 nm (vs 800 nm for posterior segment

imaging) to provide increased penetration through light-

scattering ocular structures, such as the sclera and iris, and

thus improves visualization of anterior segment structures.

AS-OCT produces noncontact in vivo cross-sectional

images of tissues to obtain the reflectivity profile of the

structures and allows their objective and quantitative

evaluation. The light used by AS-OCT systems cannot

image the anterior segment through the eyelids so the

superior and inferior eyelids must be gently moved out of

the way before scans of the superior and inferior ACA,

respectively, are obtained.

The patient sits upright and image acquisition is faster

than in UBM, which reduces motion artifacts and the

examination time. After acquisition, scanned images are

processed (dewarped) by custom software which compen-

sates for the index of refraction transition of the air–tear

interface and the different group indices in air, cornea, and

aqueous humor to correct the physical dimensions of ocular

images [15].

ACA images can be evaluated qualitatively by subjec-

tively determining the open or closed angle status and

quantitatively by objectively measuring ACA parameters.

Both analyses are dependent on the recognition of

cross-sectional anatomical landmarks since the TM, the

anatomical site of aqueous drainage, cannot be visualized

directly. A commonly used anatomical landmark is the SS,

which is usually located on the widest part of the cross

section of the sclera, appearing as an inward protrusion

where some of the fibers of the longitudinal bundle of the

ciliary muscle attach. It is an anatomical landmark that

reveals the relative location of the TM, which is located

approximately 250–500 lm anterior to the SS along the

angle wall [16].

In qualitative analysis, a closed ACA is defined as the

presence of contact between the iris and angle wall anterior

to the level of the SS (Figs. 2, 3). In quantitative analysis,

AS-OCT with the help of customized software is capable

of measuring novel angle parameters, some of which are

similar to the UBM parameters already described. Again

just like UBM, the precise identification of the SS is critical

in the proper measurement of some of these parameters

[16], which include the AOD (either 500 or 750 lm),

ARA, and TISA.

Sakata et al. [17, 18] observed that the SS could not be

identified in almost 30 % of VisanteTM (model 1000,

software version 1.0) AS-OCT images and that it was more

difficult to identify the SS in eyes with narrow angles and

in images obtained in the superior and inferior quadrants

(which usually had narrower angles). Despite this, almost

90 % of the AS-OCT images could still be qualitatively

graded by glaucoma specialists as having either an open or

a closed ACA [19, 20]. This was possible by relying on

other morphological landmarks, such as iris insertion and

the peripheral iris profile. The difficulty in determining the

location of the SS may hinder quantitative analysis of ACA

parameters in a substantial proportion of subjects [18],

thereby influencing the utility of novel anterior segment

parameters that seem to improve the diagnostic perfor-

mance of ACA imaging devices in detecting eyes at risk of

angle closure. As technology advances, updates to current

software and hardware may improve image resolution,

Fig. 1 Trabecular–iris angle

(TIA) [yellow angle], angle

opening distance (AOD), angle

recess area (ARA) [yellow
border], trabecular–iris space

area (TISA) [red cross-hatching],

SS-scleral spur, CB-ciliary body

(Color figure online)
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enhancing SS detection and possibly new anatomical ref-

erence points.

Console et al. [19] evaluated the reproducibility of the

VisanteTM in eyes with open or narrow ACAs using cus-

tomized software (Zhongshan Angle Assessment Program;

Zhongshan Ophthalmic Center, Guangzhou, China). They

observed that reproducibility was worse in eyes with a nar-

row ACA and that determination of the location of the SS by

different examiners was an important source of variability.

Studies comparing AS-OCT and gonioscopy found the

VisanteTM detected more closed angles than gonioscopy,

particularly in the superior and inferior angle quadrants

[17, 20]. With use of the definition of one or more quad-

rants of TM nonvisibility as determined by gonioscopy, the

sensitivity and specificity of the VisanteTM to identify

angle closure were 98 and 55.4 %, respectively [20]. This

could be due to inadvertent pressure on the globe and too

much light exposure during gonioscopy, which may widen

the angle. Another reason could be different definitions of a

closed angle. For gonioscopy, angle closure was defined as

apposition between the iris and the posterior TM, whereas

for the VisanteTM it was any contact between the iris and

the angle structures anterior to the SS.

Dada et al. [21] evaluated 63 subjects with normal eyes

(open angles), and observed good correlation between

AS-OCT and UBM measurements obtained in the nasal

and temporal quadrants. However, comparison between

these methods in eyes with narrow angles remains to be

evaluated. Radhakrishnan et al. [10] compared the quanti-

tative measurements provided by a UBM system and a

VisanteTM prototype in a small sample of 17 normal sub-

jects and seven narrow ACA subjects as determined by

gonioscopy. They observed that both methods had similar

discriminatory power to detect eyes with narrow ACA.

They also observed that there were significant differences

between some ACA parameters (ARA 500 and 750 lm,

TISA 750 lm) measured by the two devices, as UBM

tended to show smaller measurements. There are only a

few studies comparing UBM and AS-OCT, and they have a

small sample size, selective inclusion/exclusion criteria,

and/or only evaluate eyes with open ACA.

The advantages of AS-OCT include ease of operation,

rapid image acquisition, and absence of contact with the

eye, which eliminates discomfort and inadvertent globe

compression. This is especially useful in trauma and

postoperative eyes. The incorporation of automated anal-

ysis software allows rapid measurements of the various

novel anterior segment parameters as previously men-

tioned, including corneal thickness and anterior chamber

depth. The disadvantages include the inability to distinctly

Fig. 2 Anterior segment optical

coherence tomography image of

open angles. The arrows point

to the location of the scleral

spur

Fig. 3 Anterior segment optical

coherence tomography image of

closed angles. The arrows point

to the location of the scleral

spur
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detect and measure structures posterior to the iris as well as

peripheral anterior synechiae. Software analysis programs

require manual SS localization, which may require obser-

ver skill, especially in closed angles or where there is a

smooth transition from cornea to sclera. Although gonios-

copy allows indentation and dynamic visualization of the

entire angle quadrant, AS-OCT images should only be

interpreted for specific cross sections of the ACAs scanned.

The high cost of the devices used may be a limiting factor

for their use in routine clinical setup or for screening

purposes.

Spectral-Domain Optical Coherence Tomography

The software of three commercial posterior segment

SD-OCT devices—RTVue� (Optovue, Fremont, CA,

USA), CirrusTM HD-OCT 4.0 (Carl Zeiss Meditec, Dublin,

CA, USA), and Spectralis� (Heidelberg Engineering,

Dossenheim, Germany)—was recently upgraded to include

ACA imaging. The devices differ from those used in time-

domain optical coherence tomography (TD-OCT) by using

shorter wavelengths (830 nm), have fixed reference mir-

rors, allowing higher scanning speed (26,000 A-scans per

second), take more images in a single pass, [22], and have

higher axial (5 lm) and transverse (15 lm) resolution.

In a study [23] comparing the CirrusTM and the RTVue�

SD-OCT devices, it was more difficult to determine angle

closure status with the CirrusTM device than with RTVue�

device (angle closure status was indeterminable in 14.5 and

50.7 % of scans, respectively); however, there was fair

agreement between both devices. Wylegala et al. [24] com-

pared the RTVue� and VisanteTM devices for measurement of

TIA and AOD in 30 normal subjects, and did not find any

significant differences between the instruments. Compared

with the TD-OCT device, the SD-OCT device produces more

detailed cross-sectional images of important structures

(e.g.,TM and Schlemm’s canal) [24, 25] (Figs. 4, 5).

A disadvantage of SD-OCT is that current software does

not adjust for refraction at the air–cornea and cornea–

aqueous humor interfaces (dewarping). Imaging should be

performed in a direction perpendicular to the limbus to

minimize the effect of image distortion. The shorter

wavelength of SD-OCT reduces the depth of penetration,

making it less useful for the iris and more posterior areas,

and in its current format, there are no wide-field optics for

SD-OCT that allow the viewing of the entire anterior

chamber in a single image as with TD-OCT [25].

Swept-Source Optical Coherence Tomography

(CASIATM)

SS-OCT (CASIATM; Tomey, Nagoya, Japan) is a form of

SD-OCT but instead of using a spectrometer (as used in

other SD-OCT devices), it uses a monochromatic tunable

fast scanning laser source and a photodetector to detect

wavelength-resolved interference signal [26, 27]. The

wavelength of the swept-source laser is 1,310 nm and the

scan dimensions (low resolution) are 16 mm

(width) 9 16 mm (length) 9 8 mm (depth). With a scan

speed of 30,000 A-scans per second, the low-resolution

mode can collect 128 B-scans in 2.4 s, and 64 B-scans can

be collected in 1.2 s with the high-resolution mode across

the entire anterior chamber. A three-dimensional 360�
photograph-like view of the iris and the ACA can be

reconstructed from individual image frames in the low-

resolution mode, and the SS and Schwalbe’s line can be

visualized in the high-resolution mode (Fig. 6).

SS-OCT provides reproducible measurements of AOD,

TISA, and TIA in different quadrants, suggesting that it is

useful for measuring the angle for risk assessment of angle

closure and for evaluating longitudinal changes before and

after therapeutic interventions in patients with angle clo-

sure [28]. In addition, the interobserver and intraobserver

agreement of the iridotrabecular contact index, a measure

of the extent of angle closure using SS-OCT, is good [29•].

Another advantage is the three-dimensional view of the

angle that may enable patients to better understand their

condition prior to intervention (e.g., LPI).

EyeCamTM

The EyeCamTM (Clarity Medical Systems, Pleasanton, CA,

USA) is a new imaging device derived from the

RetCamTM, which was originally designed to photograph

the pediatric fundus [30]. With modifications in optical

techniques and the inclusion of a wide-field lens, the device

can visualize angle structures in a manner similar to direct

gonioscopy, but the goniograph produced has a wider view,

higher quality, and is less prone to distortions than that

produced by traditional goniophotography (Fig. 7).

When EyeCamTM imaging is performed, the patient is in

a supine position in a darkened room and the lens probe is

placed on the patient’s eye with a coupling solution without

direct corneal contact. This minimizes alteration of the

angle configuration due to indentation and causes less

discomfort than gonioscopy. To better image a particular

angle quadrant, the patient is instructed to look in the

direction of that angle. The probe is positioned at the

limbus opposite the angle being photographed and light

from the fiber-optic probe is directed toward the angle of

interest and then tilted downward to avoid light affecting

the pupil size.

A study compared EyeCamTM imaging with conven-

tional gonioscopy in 60 eyes with angles ranging

from Shaffer grade 0 to 4 on clinical gonioscopy, and
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demonstrated that the results from EyeCamTM imaging are

accurate and reliable [31]. Perera et al. [32] found that the

agreement between EyeCamTM imaging and gonioscopy in

detecting closed quadrants was good. Baskaran et al. [33]

found that the area under the receiver operating charac-

teristic curve (AUC) for detecting eyes with gonioscopic

angle closure was similar for goniophotography and

EyeCamTM imaging (AUC 0.93, sensitivity 94.7 %, spec-

ificity 91.5 %; P [ 0.95). The diagnostic performance of

EyeCamTM imaging was better than that of AS-OCT in

detecting angle closure when gonioscopic grading was used

as the reference standard, and agreement between the two

imaging modalities was moderate [34].

This device allows objective comparisons of angle

configuration through time, and photographs can be used

for patient education. Although the EyeCamTM is unable to

provide quantitative ACA measurements unlike AS-OCT

or UBM, it provides a 360� view of the entire ACA, most

similar to gonioscopy itself, which is not possible with

other meridional scanners (Fig. 5).

The device has some limitations: ACA imaging takes

longer (about 5–10 min per eye) and is more expensive

compared with gonioscopy, and more office space is

required for supine examination. It is not known if supine

positioning widens the angle because of the effect of

Fig. 4 CirrusTM spectral-

domain optical coherence

tomography image of open

angles. SC Schlemm’s canal, SL
Schwalbe’s line, TM trabecular

meshwork, SS scleral spur

Fig. 5 RTVue� spectral-

domain optical coherence

tomography image of open

angles. SC Schlemm’s canal, SL
Schwalbe’s line, TM trabecular

meshwork, SS scleral spur

Fig. 6 CASIATM swept-source optical coherence tomography scan

can rotate 360� to produce a three-dimensional reconstruction of an

eye with a narrow angle
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gravity on the lens–iris diaphragm. The device light source

delivered via a fiber-optic cable may cause pupil con-

striction if it is not used properly, artificially widening the

ACA. Unlike with dynamic gonioscopy, it is difficult to

discern the presence of peripheral anterior synechiae owing

to the inability to widen the angle through corneal inden-

tation. Reproducibility may be compromised with further

imaging, as each photograph may not be obtained in the

exact same location.

Scheimpflug Photography (Pentacam�)

The Pentacam� (Oculus Optikgeräte, Wetzlar, Germany) is

a noncontact slit image photographic device that allows

assessment of the anterior segment, from the cornea to the

posterior lens. The Pentacam� uses the Scheimpflug prin-

ciple, which describes the optical properties involved in the

photography of objects when their plane is not parallel to

the film of the camera. It requires that the plane containing

the slit beam and the image plane intersect at one point;

with the corresponding angles being equal [35]. The Pen-

tacam� has a rotating Scheimpflug camera that takes up to

50 slit images of the anterior segment in less than 2 s, and

software is then used to construct a three-dimensional

image. It measures the anterior chamber depth, volume,

and angle width in degrees.

With Scheimpflug systems the ACA cannot be directly

visualized because the light is unable to penetrate the angle

recess and the resolution is insufficient for detailed angle

assessment because of light scattering. Therefore, it has

limited application in documenting angle closure.

SPAC Scanning Peripheral Anterior Chamber Depth

Analyzer

The SPAC scanning peripheral anterior chamber depth

analyzer (Takagi Seiko, Nagano-ken, Japan) is a noncon-

tact optical device that indirectly images the angle and does

not give detailed information on angle anatomy. Images are

then captured by a camera and automatically analyzed by

computer. In the slit-lamp-based photographic technique

used (60� offset—similar to the van Herick angle assess-

ment technique), scanning starts at the optical axis toward

the periphery and to 21 measurements of anterior chamber

depth are obtained. The SPAC scanning peripheral anterior

chamber depth analyzer also measures corneal thickness

and the radius of corneal curvature in order to derive a

more accurate assessment of the anterior chamber depth at

various points. The SPAC scan takes 0.67 s to obtain

images captured at 0.4-mm intervals; these are then con-

verted into numerical and categorical grades by compari-

son with a normative database obtained from a sample of

Japanese subjects.

Kashiwagi et al. [36] compared the SPAC scanning

peripheral anterior chamber depth analyzer, UBM, and

A-scan ultrasonography in detecting changes in the anterior

segment of pre-LPI and post-LPI eyes and detected

increased peripheral anterior chamber depth after LPI. An

increase in angle depth was seen when UBM was used in

this population, supporting the SPAC findings. The central

anterior chamber depth and axial length did not change

when A-scan ultrasonography was used, as has been

reported previously.

Several studies indicate that the SPAC findings correlate

with angle findings to some extent, but it is unclear if the

degree of correlation is high enough for the device to be

used effectively for screening for angle closure. More

research will be needed to clarify the role that the SPAC

scanning peripheral anterior chamber depth analyzer may

play in angle assessment [37].

Conclusions

Dynamic indentation gonioscopy, the present gold standard

for angle assessment, is beset by several shortcomings,

such as its lack of reproducibility, subjectivity, and oper-

ator skill dependence. New methods of angle imaging offer

more objectivity, reproducibility, measurement precision,

and convenience for both the patient and the observer.

Although none of these new methods can replace gonios-

copy, the information they provide complements the

information obtained from this current reference standard

in assessing the ACA. Although these methods have made

inroads in attempting to address gonioscopy’s drawbacks,

Fig. 7 EyeCamTM image of open angles. SL Schwalbe’s line, ATM
anterior trabecular meshwork, PTM posterior trabecular meshwork,

SS scleral spur, CB ciliary body
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they are not without their own limitations. With technology

rapidly increasing imaging speed and enhancing resolution,

especially among AS-OCT ACA devices, it is certain that

in the future science will offer more insights into the

pathophysiology of angle closure. From this, patients may

benefit from improvements in early detection and by way

of interventions for angle closure glaucoma.
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