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PURPOSE. To evaluate the reproducibility of
anterior chamber angle measurements
obtained by swept-source optical coherence
tomography (OCT) and to identify factors
associated with its measurement variability.

METHODS. One eye from each of 30 healthy
subjects was randomly selected for anterior
segment OCT imaging (Casia SS-1000 OCT;
Tomey, Nagoya, Japan) in three separate
visits within a week. The angle opening
distance (AOD), the trabecular iris space area
(TISA), and the trabecular-iris angle (TIA) at
the superior (90°), nasal (0°), inferior (270°),
and temporal (180°) angles were measured.
The intraobserver and interobserver
reproducibility coefficient (RC) and intraclass
correlation coefficient (ICC) were calculated.
Generalized linear latent and mixed modeling
was used to examine the association
between the variance of angle measurements
and each of the following: angle width, pupil

diameter, pupil diameter variance, iris
thickness, iris thickness variance, axial
length, anterior chamber depth, scan

location, scleral spur visibility, and age.
RESULTS. The intervisit, intraobserver RCs
ranged between 0.140 mm and 0.252 mm for
AOD, 0.050 mm?*and 0.090 mm?for TISA, and
7.7° and 9.5° for TIA, and the interobserver
RCs were between 0.103 mm and 0.187 mm,
0.049 mm® and 0.101 mm’, and 8.5° and
13.7°, respectively. The ICCs were all = 0.83.
Increased iris thickness, increased iris
thickness variance, angle measured at the
superior and inferior quadrants, increased
angle width, and long axial length were
associated with increased variance of angle
measurements.

CONCLUSIONS. Although the swept-source
OCT had high reproducibility for angle
measurement, differences in iris thickness,
angle width, measurement location, and axial
length may influence its variability. (Invest
Ophthalmol Vis Sci. 2011;52: 8598-8603)
DOI:10.1167/iovs.11-7507).
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LEJNIb. OueHnTb BO3MOXHOCTb BOCMPOU3BEAEHMUSA
N3MepeHnsa yrna nepegHen Kamepbl Mpyv  MOMOLLN
onTuyeckoro korepeHTHoro Tomorpada (OKT) u
noeHTuuumuposaTb @akTopbl, CBSA3aHHble C
N3MEHYMBOCTbIO Pe3yrbTaToB.

METO[bI. Y kaxgoro n3 30 300poBbix A40OPOBONbLLEB
BoinoniHeHa OKT nepegHero cermeHTa OAHOrO rnasa
(Casia SS-1000 OCT; Tomey, Haros, AnoHna) 3a Tpu
OTAENbHbIX BU3NTa B TEYEHNE OAHON Hegenu. amepsinu
pacctossHue yrna oTkpbiTua (AOD), nnowagb
TpabekynsapHo-paayxHoro npocTpaHcTBa (TISA),
TpabekynspHo-pagyxHbin yron (TIA) BepxHun (90°),
HocoBon (0°), HwxHUR (270°) n BUCOoYHbIN (180°).
PaccuntblBann KoadduUMEHT MEXKNAacCOBOM
koppensaumm (KMK) n koadppunumeHT BocnponsseaeHuns
(KB) pe3ynbratoB y OAHOrO M pa3HbiX nccnegoBaTtenen.
feHepanuM3oBaHHOEe faTeHTHOE JNUHEWNHOoEe U
CMelWaHHoe MoeNnMpoBaHMe ucnonb3oBanu Aans
nccrnegoBaHUs CBA3WM  MexXay [gucnepcuen yrna wu
KaXabIM M3 Criedylowmx rnokasaTtenen: WwvpuHa yrna,
AvamMeTp 3padka, Aucnepcus guvameTpa 3padka,
TONMWMHA pagyXKkn, OuCnepcust TOMLMUHBbI Pagy>KKu,
akcuanbHasi gnuHa, rmybuHa nepegHeEn Kamepbl,
nokanusauusi ckaHa, BMOAMMOCTb LUMOPbI CKNepbl U
BO3pacT.

PE3YJIbTATbI. llpn noBTOpPHbIX BU3UTaAX
MHTpanccrnegosatenockun KB BapbupoBanu B
npegenax ot 0.140 mm go 0.252 mm ans napametpa
AOD, 0.50 mm* 1 0.090 mm’ anst TISA 1 7.7° 1 9.5° ans
TIA, a KB nHtepuccnegosatensckum 6oin 0.103 mm u
0.185 mm, 0.049 mm® n 0.101 mm’, n 8.5° n 13.7°
cooTtBeTcTBEHHO. Bce KMK 6binn = 0.83. YBenuyeHHas
TOMNWMHA pagyXKkn, yBennMYeHHasa gucnepcus ToNWwmHbI
pagy>XKu, Yron, WU3MEPEHHbIN B BEPXHUX U HUKHUX
KBagpaHTax, yBennyeHHas LMpuHa yrna, n bonblas
akcmanbHaa gnuHa Obinyv CBA3aHbl C yBENUYEeHUEM
ancrepcun pesynsraToB U3MepeHus yrna.

3AKJTKOYEHUE. HecmoTps Ha TO, 4To Tomorpad OKT
MMeeT BbICOKYK CTeneHb BOCMPOU3BOAMMOCTU
pe3ynsTaToB M3MEpEeHUs yrna, pasHuua B TOMNWMHE
pagyXku, LUMPWUHE yrna, nokanu3auus U3mMepeHust un
akcuanbHasa anvMHa MoryT NoBAUsITb HAa M3MEHYMBOCTb
(Invest Ophthalmol Vis Sci. 2011;52: 8598-8603)
DOI:10.1167/iovs.11-7507).



Evaluation and measurement of the anterior
chamber angle is pertinent to risk assessment
of angle closure. Investigating quantitative
change in angle configuration after laser
peripheral iridotomy or cataract extraction
also depends on precise recording of the
angle width."" The Visante optical coherence
tomography (OCT; Carl Zeiss Meditec,
Dublin, CA) and the slit-lamp OCT (SL-OCT;
Heidelberg Engineering GmbH, Dossenheim,
Germany) are noncontact imaging devices
that have been shown to be repeatable and
reproducible for measurement of the angle.* ™
Both instruments are time-domain OCT with a
respective scan speed of 2000 A-scans and
200 A-scans per second. With a frame size of
256 A-scans and 215 A-scans, respectively, it
takes 0.125 seconds for Visante OCT and
1.075 seconds for SL-OCT to capture a single
cross-sectional image. The relatively slow
scan rate limits the sampling density for both
instruments and may increase the propensity
for motion artifact for SL-OCT.

The Casia SS-1000 OCT (Tomey, Nagoya,
Japan) is a Fourier-domain, swept-source
OCT designed specifically for imaging the
anterior segment. With a substantial
improvement in scan speed (30,000 A-scans
per second), the anterior chamber angles can
be imaged in 128 cross-sections (each with
512 A-scans) 360° around the anterior
segment in 2.4 seconds. The objectives of
this study were to examine the intervisit
reproducibility of the Casia SS-1000 OCT for
measurement of the anterior chamber angle
and identified factors accountable for its
measurement variability.

SUBJECTS AND METHODS

SUBJECTS

Thirty healthy subjects with no history of
ocular disease were consecutively invited for
anterior chamber angle imaging in three
separate visits within a week. Only one eye
from each subject was randomly selected in
the analysis. None of the subjects had
evidence of ocular disease, none had a
history of intraocular surgery or laser
procedure, and none were using topical
medication that could have affected pupil
size. One eye had a quadrant (the superior
quadrant) showing a closed angle in the OCT
image. The other quadrants were open, and
there was no evidence of glaucoma or other
ocular abnormalities. The study was

Mayuenne u usmepeHne yrna nepegHen Kamepsbl
CBA3aHO C pPWUCKOM OUEHKM 3akpbiTusa yrna.
MccnepoBaHne KONMUYECTBEHHOTO M3MEHEeHMUs
KOHbMrypaumm yrna nocne nepudepmyeckon nasepHomn
NPUOOTOMUN NN SKCTPAKL MM KaTapaKTbl TAKKe 3aBUCUT
OT TOYHOW perucTpauuu WUPUHBLI yrna.'’
BeckoHTakTHble ycTponcTBa Bu3yanusaumm Visante
onTuyeckasi korepeHTHas Tomorpadusa (OKT Carl Zeiss
Meditec, Dublin, CA) u wenesas namna OKT (SL-OCT;
Heidelberg Engineering GmbH, [JocceHxaunm,
fepmMaHMda) NpoAeMOHCTPUPOBaNM BO3MOXHOCTb
MOBTOPHOrO M BOCMPOM3BOAUMOro M3MepeHus yrna.”
O6a wuHcTpymeHTa TpebytoT Bpems agna OKT c
COOTBETCTBYHOLLIEN CKOPOCTbIO ckaHupoBaHua 2000 A-
ckaHoB 1 200 A-ckaHoB 3a cekyHay. YUTobbl 3axBaTuTb
OOHO nonepevHoe nsobpaxeHwe Npu pasmepe kagpa
256 A-ckaHoB M 512 A-ckaHOB COOTBETCTBEHHO 3TO
3aHumaet 0.125 cekyHabl ansa Visante OKT u 1.075
cekyHabl ansa Weneson namnbl OKT. OTHOCUMTENLHO
HM3Kas CKOPOCTb CKaHMpOBaHWSA oOrpaHuymBaeT
NANOTHOCTb KBAHTOBaHMS 060NX NHCTPYMEHTOB U MOXET
MOBbLICUTb CKIMOHHOCTb K ABUraTenbHbIM apTedakTam
LLleneson namnbl OKT.

Casia SS-1000 OKT (Tomey, Haroqa, AnoHus)
npeactaenset cobon nctouHmk OKT ¢ aHanmsom dypebe,
npegHasHavyeHHbIM crneumanbHO Ans  BU3yanusauun
nepegHero cermeHta. bnarogaps 3HauuMTenbHoOMy
ynyJdLleHnto ckopocTn ckaHnpoaHus (30,000 A-ckaHoB
3a CeKkyHay) yrnbl nepegHem Kamepbl MOXHO
BM3yanuanposatb nNo 128 nonepevyHbiM cpe3am
(kaxxgbin coctouT M3 512 A-ckaHoB) Ha 360° BOKpyr
nepegHero cerMeHTta Bcero 3a 2.4 cekyHabl. Liensmn
AAHHOro nccnenoBaHus 6b1nmn — n3yyeHne BO3MOXHOCTU
BocnpounaseneHus namepenuns npm nomowm OKT Casia
SS-1000 npu kaxxgom BU3UTE naumeHTa ans uaMepeHuns
yrna nepegHen Kamepbl U BbiIBUTb ()akTopbl,
OTBETCTBEHHble 3a M3MEHYMBOCTb pPe3ynbTaToB
N3MepeHns.

AOBPOBOJIbLUbI U METOAbI

OOBPOBOJIbLbI

Tpuouatbe 300pOBbLIX A0OpPOBONbLLEB, paHee He
UMEBLUMX odTanbMonornyecknx 3abonesaHun,
npurnacunu Ang BU3yanbHOMO MCCreoBaHus yrna
nepegHen KaMmepsbl rnasa B TEYEHNe OQHOW Hedenu 3a
TP OTAENbHbIX BuM3UTa. Y Kaxgoro Aobposornbua
obcnepgoBanuM TOMbKO OAWH rna3, BblOpaHHbIN
cnyyanmHo. Hukto wn3 pobpoBonbuUeB He WMEn
3aboneBaHuMn rnasa, He KMUMeNn B aHaMHe3se
WHTPAOKYNSPHbLIX Onepauuin unu nasepHbix npoueayp,
HUKTO HE NMPUMEHSAN MECTHbIe npenaparthl, BrvsoLwme
Ha pa3mep 3padka. B ogHOM rmasy kBagpaHT (BepXHui
KBa4paHT) NPOAEMOHCTPUPOBAan 3akpbITbin yron Ha OKT
n3obpaxeHun. [ipyrne kBagpaHTbl Oblfiv OTKPLITHLI, U HE
MMENocb [AoKasaTenbCTBa Hanuumsa rnaykombl Wn
Apyrmx aHomanun rnasa. ViccnegoBaHue nNpoBOANNOCH



conducted in accordance with the ethical
standards stated in the 1964 Declaration of
Helsinki and was approved by the local
clinical research ethics committee; informed
consentwas obtained from all subjects.

Anterior Segment OCT Imaging

Instead of using a spectrometer, as in
spectral-domain OCT, sweptsource OCT
uses a monochromatic, tunable, fast-
scanning laser source and a photodetector to
detect wavelength-resolved interference
signals. ' The Casia SS-1000 OCT (Tomey,
Nagoya, Japan) is a commercially available
swept-source OCT with a swept-source laser
wavelength of 1310 nm.

The anterior chamber angle scan protocol
was used to image the angle. It was
composed of 128 radial scans, each 16 mmiin
length and From the Department of
Ophthalmology and 6 mm in depth. During the
scan, the participant was asked to fixate on an
internal fixation target; the total scan duration
was 2.4 seconds. To avoid lid artifact,
participants were instructed to pull down the
lower lid against the lower orbital rim to
expose the lower limbus while the technician
elevated the upper lid against the upper
orbital rim to expose the upper limbus. All
images obtained had no lid artifacts. Each eye
was imaged in the dark (0.3 lux) in three
separate visits (a total of three image series)
within a week. The angle opening distance
(AOD), trabecular iris space area (TISA), and
trabecular-iris angle (TIA) were measured, by
a single masked observer, once for the three
image series (images of the horizontal and
vertical meridians were measured in each
image series) using the instrument software
in a random order to determine intervisit and
intraobserver variability and to identify factors
associated with the variance of angle
measurements. Another masked observer
performed angle measurements using the
image series obtained in the final visit to
determine intravisit and interobserver
variability.

B COOTBETCTBMW C 3TUYECKUMW CcTaHaapTamu,
YCTaHOBIIEHHbIMU B XernbcuHckon [eknapaunn 1964
roga, M 6bIno ogobpeHO noKanbHbIM - 3TUYECKUM
KOMUTETOM MO KIWHUYECKMM WUCCIiefOBaHUsAM,;
WHpopMmmnpoBaHHoe cornacve ObIro nonyyYyeHo oOT
Kaykgoro 4o6poBOnbLEB.

OKT Buayanusauus lNepeaHero CermeHTa

BmecTto Toro 4tobbl ncnonb3oBaTb CNEKTPOMETP, Kak B
cnektpanbHon OKT, mnctoyHnk UM OKT npumeHsieT
MOHOXPOMAaTMYECKUIA, perynmupyemMbii nasep ObiCTporo
CKaHMpoBaHWa U OTOAETEKTOP AN  perncrpauuun
NHTepdepeHLmn BorTHOBLIX curHanos 13,14. Casia SS-
1000 OKT (Tomey, Harosa, AnoHwWs) OOCTYMHbIN B
npogaxe uctoyHmk UM OKT c nasepHbIM nsnyyeHmem
AnnHon BosHbl 1310 HM.

Onsa dopmupoBaHua un3obpaxeHus yrna nepenHen
Kamepbl MCMNonb3oBanu NPOTOKOS ckaHupoBaHus. OH
ObIn cocTaBneH n3 128 pagmanbHbIX CKaHOB, Kaxabln 16
MM AfMHOMW M 6 MM rnybuHon. B npouecce
CKaHWPOBaAHNA UCMbITYyeMOro npocunn ¢UKCUpoBaTb
3peHne Ha BHYTPEHHeW Touke ukcaumm; oblias
NPOJOSPKUTENBHOCTL CKaHMpOBaHUA cocTasuna 2,4
cekyHAbl. YToObl NCKNounTb apTedakTbl OT NonagaHus
BEKa, UCMbITYEMOro NPOCUn OTTAMMBAaTb HUXKHEE BEKO,
NPYXNMasa ero K HWXHEN MOMYOKPY>XHOCTU rMasHuLb
Tak, YTobbl OblN BUAEH HWKHUA NIMMO, 0OQHOBPEMEHHO
nccregosaTenb NogHMMar BepxHee BeKOo, NpuKumas K
BEPXHEN MOMYOKPYXXHOCTN rnasHuLbl, YTOObI 6bin BUAEH
BepXHUn numb. Bce nonyvyeHHble CHUMKW He umenu
aptedakTtbl OT Beka. Kaxabln rmas wuccnegosanu B
TemHoTe (0.3 NtoKC) Npu KaXKgom BU3UTE — TpU BU3UTa B
TeyeHune Hegenu (Bcero TpuU CEPUU CHUMKOB).
PacctoaHne yrna otkpbiTna (AOD), nnowapab
TpabekynsapHoro-pagyxHoro npocTtpaHcTBa (TISA) wu
TpabekynsapHo-pagyxHein yron (TIA) wuamepsnucb
OLHVM 3acnensieHHbIM uccrnegosaTenemM O4HOKPaTHO B
TpexX cepusx CHUMKOB (CHUMKW TFOPU3OHTalbHbIX U
BEpPTUKANbHbIX MEPUAMAHOB U3MEPSSIN B KAXKA0M Cepumn
CHMMKOB) MpW MOMOLLX NporpamMmMHOro obecnedyeHus
MHCTPYMEHTa B Cly4YanHoOM nopsgke C Uenblo
onpegenutb BapunabenbHOCTb pe3ynbTaToB MeXay
BU3UTaMM W BHYTPU CaMOro wuccriegoBsatens, n ans
onpegeneHns akTopoB, CBsA3aHHbIX C KonebaHuem
pesynbratoB u3mepeHus yrna. [pyron 3acnenneHHbin
nccnegoBaTenb U3MeEPsn Yron npu nomMoLwm cepun
CHWUMKOB, MOfy4YeHHOW Ha pMHaNbLHOM BU3NUTE, C LIENbIO
onpefenutb BapumabenbHOCTb MexAay
nccnegosaTensamMm U B BHyTPU Camoro BU3nTa.



Measurement of Scleral Spur Visibility,
Anterior Chamber Angle, Pupil Diameter,
Anterior Chamber Depth, and Axial Length

The AOD, TISA, and TIA were automatically
analyzed after the scleral spur and the angle
recess were manually located (Fig. 1). The
scleral spur is a scleral protrusion at the angle
that can be identified in OCT images by
following the boundary between longitudinal
fibers of the ciliary muscle and the sclera until
it reaches the anterior chamber. Its visibility is
determined with reference to a scoring
system devised in a previous study.” A scleral
spur visibility score (SSVS) of 2 and 1
denoted a clearly and a moderately visible
scleral spur, respectively. A SSVS of 0
indicated the scleral spur was not visible.
Subjects were included in the analysis only
when all angles from all three images had a
SSVS of at least 1. Three subjects were
excluded because the scleral spur was not
detectable in at least one quadrant in any of
the three scans taken per eye. AOD was
calculated as the perpendicular distance

A

Inferior

FIGURE 1. Cc
OCT images obtained
from the Casia OCT at
the horizontal (A) and
vertical (B) meridians.
AOD (long yellow line),
TISA (blue), and TIA
(angle bounded by the
red lines) were
automatically reported
by the analysis software
after the scleral spur
(SS) and the angle

U3amepeHune Buaumoctn CknepanbHou LUnopsol,
Yrna lMepeaHen Kamepbl, [Quametpa 3pauka,
myo6uHbl NepeaHen Kamepbl, u AkcuanbHon OnuHbI

Mapametpbl AOD, TISA wn TIA aBTOMaTM4ecku
aHanuanpoBanucb nocne nokanusaunm BPYYHYHO
cKknepanbHoW wnopbl K kKapmaHa yrma (Puc. 1).
CknepanbHasi LUnopa aTo ckrneparibHoe BbiNsiunBaHme B
30He yrna, KOTopoe MOXeT OblTb MAEHTUHULMPOBAHO Ha
nsobpaxeHnn OKT, cregyto BAONb rpaHuUbl Mexay
NPOAOSIbHbIMM  BOSIOKHAMM  LUNWNAPHOM MbIWUbl ©
CKrnepon [0 [OOCTMXKEHUs nepegHen Kamepbl. Ee
BMOMMOCTb onpegerneHa Ha oOCHoBe BanbHOM CUCTEMBI,
paspaboTaHHoN B NpeablayLlem nccrnenosaHun. ' banbl
BMAMMOCTM wnopbl (SSVS) 2 n 1 ykasbIBalOT Ha YETKYHO
MW YyMEPEHHYH BUOAUMYK LWNOPY CKMAepbl,
cooTBeTCcTBEHHO. Ecnu cyetr SSVS paeeH 0, wnopa
CKnepbl He BMAHA. VIcnbITyemble BKOYanNucb B aHanuma
TONbKO TOrAa, Koraa BCe YrMbl BCeX Tpex n3obpaxeHui
nmenun GanbHbIN c4eT He meHee 1. Tpu gobposonbua
ObINM NCKIOYEHbI U3 aHanmn3a, Tak Kak Lwnopa He bbina
BM3yanu3anpoBaHa, MO KpanvHen mepe, B OLHOM
KBagpaHTe noboro n3 Tpex ckaHoB ogHoro rnasa. AOD
paccunTbiBanM Kak nepneHaukynsapHoe paccTosiHue,
namepsiemoe OT TpabekynspHon cetn Ha 500 MKm

Temporal

Superior

PUCYHOK1.

OKT wnsobpaxeHusa,
nosiy4eHHble Mpu NOMOLLYU
Casia OKT H a
ropusoHTanbHom (A),
BepTukanbHomMm (B)
mepuanaHax. AOD (anuHHas
xentas nuHug), TISA (cuHss),
n TIA (yron, OYepYeHHbI
KPpaCHBIMWU NUHUAMMN)
aBTOMaTMyeCcKkn BbIBOAATCS
nporpaMmon aHanusa rnocne
MaHyanbHOW nokanusauuu
cknepanbHon wnopbl (SS) u
kapmaHa yrna (AR).



measured from the trabecular meshwork at
500 m anterior to the scleral spur to the
anterior iris surface.” TISA was an area
bounded anteriorly by the AOD, posteriorly by
a line drawn from the scleral spur
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.” TIA was defined as an angle
measured with the apex in the iris recess and
the arms of the angle passing through a point
on the trabecular meshwork 500 m from the
scleral spur and the point on the iris
perpendicularly opposite.”® Superior (90°),
nasal (0°), inferior (270°), and temporal (180°)
angles were measured. Pupil diameter was
measured as iris tip-to-tip distance. Anterior
chamber depth (ACD) was defined as the
perpendicular distance from the corneal
endothelium at the corneal apex to the
anterior lens surface. Iris thickness was
defined as the distance between the anterior
and posterior iris surfaces at 500 m from the
scleral spur. Pupil diameter, iris thickness,
and ACD were measured from the OCT
image. The horizontal meridian of each of the
three image series of each eye was selected
for measurement of pupil diameter and ACD.
The average of three measurements was
analyzed. Axial length was measured with an
optical biometer (IOLMaster, version 3.0.1;
Carl Zeiss Meditec, Dublin, CA). Iris and
corneal boundaries were checked for all
angle, iris, and ACD measurements. There
were no segmentation errors in the analyzed
images.

Statistical Analysis

Statistical analysis was performed (Stata,
version 10.1; StataCorp, College Station,
TX). The intervisit RC and ICC were
calculated. The RC is defined as 1.962
within-subject SD." The interpretation is that
95% of the difference between
measurements obtained from two separate
occasions would be less than the RC. ICC
was interpreted as follows: 0.75 represents
poor to moderate reliability, 0.75 to 0.90
represents good reliability, and 0.90
represents excellent reliability for clinical
measures.” By setting the 95% confidence
interval as 20% on either side of the estimate
of within-subject standard deviation Sw [n=
1.96°/(2x0.2° x(m-1)],” where n is the number
of subjects and m is the number of
observations, it was estimated that a
minimum of 25 subjects was required. Angle

BNnepeaun cknepanbHOW LWNOPbl A0 MNOBEPXHOCTU
pagyxkn.” TISA nnowaab, OorpaHUYeHHas crepeau
AQOD, c3agn nuHnen, NpoBeAEHHON OT LUMNOPbI CKNepbl
nepneHauKynsapHO MNNOCKOCTU BHYTPEHHEN
CKneparnibHOM CTEHKWU K pagyXKe, CBEpPXY BHYTPEHHEMN
POroBUYHO-CKIlepanbHOMW CTEHKOW, a BHU3Y
nosepxHocTbio paayxku.” TIA onpenensanu Kak yron ¢
BEPLUMHOW B KapMaHe pagyXKku, a nreym yrna npoxogat
yepes Touky Ha TpabekynapHon cetn Ha 500 MKM OT
CKrnepanbHOW LWMNOopbl M 4Yepe3 TO4YKy Ha pagyxke
neprneHankynapHo Hanpotvs.” Mamepsinu BepxHui
(90°), HaszanbHbin (0°), HwkHun (270°) n BucouHbin
(180°) yrnbl. [OuameTp 3payka MU3Mepsann Kak
paccTosiHWE OT KOHYMKA 0 KOHYMKa pagyXku. [Mny6ouHy
nepegHen kamepbl (ACD) onpependanu kak
nepneHanKynsipHoe paccTosiHMe OoT 3JHAoTenus
pPOroBULbI B BEPXyLIKE [0 NepeaHen MNOBEPXHOCTU
XpycTtanuka. TonwmHy poroBuubl OnNpeaensann Kak
paccTosiHne Mmexay nepeaHen n sagHen NoBepPXHOCTbIO
poroBuubl Ha 500 MKM OT cKnepanbHOW LUMOPbI.
HdunameTp 3payka, TonuwmHa porosuubl 1 ACD namepsan
no OKT cHMMKyY. [Opun30oHTanNbHbIN MepuanaH Kaxxaom ns
Tpex cepun CHUMKOB Kaxaoro rrnasa obin BblbpaH ans
namepeHuna gnametpa 3padka u ACD. AHanusmnposanu
cpegHee Tpex u3MepeHun. AKcuanbHaa AgnuHa
n3mepsanacb nNpu MNOMOLM onTMYeckoro BuomeTpa
(IOLMaster, version 3.0.1; Carl Zeiss Meditec, Dublin,
CA). MpaHuLbl pagy>}Kn 1 poroBuLbl 661NV NPOBEPEHDI
ANA BCEX pes3ynbraToB M3MEPEeHUs yrna, pagyXkm u
ACD. B aHanuanpyembIx n3obpaxeHnax He BbIsIBIIEHO
ownbok cermeHTaLumn.

CTtaTucTuyeckuim aHanums

Bbin npoBegeH cratnctudeckni aHanus (Stata, version
10.1; StataCorp, College Station, TX). PaccunTtbiBanu
KoacpdbuuneHt BocnpoussegenHunsa (KB) mexpy
Busntamm u KoadpdbuuymeHt MexknaccoBon
Koppensuun (KMK). KB onpeaensanu kak 1.96 x+/2x SD
y ofHoro aobposonbua.’” NHTepnpetaums Takasi, 4to
95% pasHuubl Mexay pesynbTatTaMn U3MepeHus,
nony4YeHHbIMM B [OBYX OTAENbHbIX cnyyasax, Oyaer
MeHble, yem KB. KMK nHtepnpetupoBanu tak: < 0.75
AEMOHCTpUpyeT LOCTOBEPHOCTb OT HU3KOW [0
ymepeHHon, 0.75 po 0.90 npeacrtaBngeT XOpoOLUyHo
AoctoBepHoCcTb, U > 0.90 npeBOCXOAHYH
noctoBepHocTb.” MpuHumas 95% [noBepUTEnbHbIN
nHtepsan kak 20% no obe CTOPOHbI OT OUEHKM B
npegenax crtaHAapTHOro OTKNOHeHUsa (Sw)
pobposonbua  [n = 1.96%(2x0.2°x(m-1),*° roe n
Konnyectso pfobpoBonbueB, a M KOMMYECTBO
nccnegoBaHun, 6bino onpegeneHo, YTo TpebyeTcsa Kak
MUHUMYM 25 nobpoBorbLeB. Pesynsratbl namepeHus



measurements at different quadrants were
compared with Wilcoxon signed-rank tests at
the 5% level of significance with Bonferroni
adjustment. Generalized linear latent and
mixed modeling was used to evaluate the
effects of mean angle width, mean pupil
diameter, variance of pupil diameter, iris
thickness, variance of iris thickness, axial
length, anterior chamber depth, SSVS, age,
and scan location on the variances of AOD,
TISA, and TIA. In brief, the angle variance
(varANGLE) was regressed on the mean
angle (ANGLE), mean pupil diameter (PD),
variance of pupil diameter (varPD), mean iris
thickness (/T), variance of iris thickness
(varlT), axial length (AL), anterior chamber
depth (ACD), SSVS, age (AGE), and the scan
location (TEMPORAL, SUPERIOR, and
INFERIOR), with random subject effect as the
random intercept using uniform link function:

yrna B pasnuyHbiX KBagpaHTax cpaBHMBanNuM npu
NOMOLLM PaHroBOro Tecta YUrKokcoHa Ha 5% ypoBHe
3Ha4YyuMocCcTuM Cc nonpaBkon bBboHdeppoHMU.
leHepanuM3oBaHHOE JIMHEWNHOE JNAaTEHTHOEe ¢
CMEeLLlaHHOe MoAenMpoBaHue uCnonb3oBanu Ans
OLIEHKN BIIUSHUA CpefHEWN LUMPWHbI Yyrna, cpenHero
AnameTpa 3payka, Aucnepcuu puameTpa 3padka,
TONLWWUHBI POroBULbI, ANCNEPCUM TOMLLMHbI POroBULIbI,
akcuanbHOW [OfWHbI, [NyOuHbI NepefHen Kamepsbl,
SSVS, BospacTa 1 nokanusauum ckaHa Ha AUcrnepcuto
ADO, TISA wn TIA. BkpaTue, aucnepcusa yrna
(varANGLE) sBnanocb perpeccuen cpegHero yrna
(ANGLE), cpegHero anameTtpa 3padka (PD), aucnepcun
AnameTtpa 3padka (varPD), cpegHen TONWHbI pagyXku
(IT), ancnepcun cpegHen ToOMWMHLI pagyxku (varlT),
akcuarnbHon anuHel (AL), rmybuHbl nepegHen Kamepbl
(ACD), SSVS, Bospacta (AGE) n nonoxeHus
ckaHupoBaHus (eucoyHoe TEMPORAL, eepxHee
SUPERIOR, n HuxHee INFERIOR), co cny4ainHbiMm
BNUAHMEM [JoOpoBonbLa B KayecTBe CryyYanHoOro
nepecevyeHnss C WCMonb3oBaHMEM eaUVHON JOYHKUUU
CBSI3U:

varANGLE =3, + B, xANGLE + B, x PD + 3, x varPD
+B, xIT+B, xvarlT +3, xAL+ 3, xACD
+ B, X AGE + 3, x SSVS + B,, Xx TEMPORAL
+ B,, X SUPERIOR + 3,, X INFERIOR + n, + ¢

where 3, — B, represent the fixed effects
associated with the intercept, mean value of
the angle measurement, pupil diameter,
variance of pupil diameter, iris thickness,
variance of iris thickness, axial length,
anterior chamber depth, subject age, and
scleral spur visibility score, respectively; 3,, —
B,, represents the fixed effects associated
with the scan location (Three
variables—TEMPORAL, SUPERIOR,
INFERIOR—were used to denote the four
scan locations. For example, temporal
measurement was coded as TEMPORAL=1,
SUPERIOR=0, INFERIOR=0. Nasal
measurement was coded as TEMPORAL=0,
SUPERIOR=0, INFERIOR=0. The nasal
guadrant was set as a reference location for
comparison with other quadrants.); n,
represents the random subject effects
associated with the intercept; and ¢
representsthe residual. Insignificant factors
were removed by backward selection after
performing likelihood-ratio test at the 5%
significance level. Comparisons of estimates
among the quadrants were performed with
the Wald test. P < 0.05 was considered
statistically significant.

rae B, — B, NpeacTasnsoT PUKCUPOBAHHbIE BANAHUSA,
CBSA3AHHbLIE C MNEepeceyYeHneM, CPEAHUM 3HAYEHUEM
pesynbtata M3MepeHusa yrna, AuMameTpoM 3padka,
aucnepcuen guameTtpa 3padka, TOMNWMHOW panyKKu,
aucnepcuen TomnwmMHbl POroBuLbl, akcuanbHast AfivHa,
rnybuHon nepegHen KaMmepsbl, BO3pactom 4o6poBobLa,
GanbHbIM CYETOM BMOUMOCTM CKNepanbHOM LUMNopbI,
COOTBETCTBEHHO; f,, B,, npegcTtaBnsatT
douKCMpoBaHHbIE BIUSIHUSA, CBA3AHHbIE C MONOXEHMEM
ckaHupoBaHus (Tpu nepemeHHble TEMPORAL,
SUPERIOR, INFERIOR - wucnonb3oBanucb Ans
OTMETKM YeTblpex Jokanusaunmh CKaHUPOBaHMUA).
Hanpvmep, BWCOYHOE M3MepeHue KOAMPOBanocChb Kak
TEMPORAL = 1, SUPERIOR = 0, INFERIOIR = 0.
HasanbHoe namepenune kogmposanock kak TEMPORAL
= 0, SUPERIOR = 0, INFERIOIR = 0. Ha3sanbHblI
KBagpaHT Obln 3aaH Kak KOHTpOrbHas fnokauus ans
CpaBHEHUS C APYrMM KBagpaHTamu); n, npeacrasnsieT
cnyyarviHble BNuaHMS O00poBOMbLA, CBA3AHHbLIE C
nepeceyeHnem; a € 3To octatodHoe. HesHaunTenbHble
drakTopbl OblNM yganeHbl NowaroBbiM WUCKIHOYEHUEM
nocre BbIMOMHEHNA TeCTa OTHOLWEHUS npaegonogobus
Ha ypoBHe 3Ha4yMmocTn 5%. CpaBHeHUs OLEHOK cpeamn
KBagpaHTOB BbIMNONHANN Npy NoMoLWM TecTa Banbaa.
3HayeHne P < 0.05 cumtanocb CTaTUCTUYECKMN
3HaYNMbIM.



TABLE 1. Average of Three Scans for Each Eye TABJIMLIA 1. nAa pacyeToB MUCMNOJb30Banochb cpeaHee Tpex
Was Used for Calculations

CKaHOB KaXxgoro rnasa

P of Pairwise Comparison*

Mean *= SD S N I T
AOD 500, mm
S 0.319 * 0.212 — 0.000t 0.000% 0.000%
N 0.454 *+ 0.230 0.000t — 0.043 0.003
I 0.491 = 0.277 0.000t 0.043 — 0.319
T 0.507 * 0.272 0.000% 0.0031 0.319 —
TISA 500, mm?
S 0.100 * 0.088 — 0.000t 0.000%t 0.000t
N 0.155 * 0.084 0.000% — 0.734 0.280
I 0.153 * 0.098 0.000% 0.734 — 0.382
T 0.160 * 0.095 0.000% 0.280 0.382 —
TIA, deg
S 253 + 11.7 _ 0.000t 0.001t 0.0001
N 329+ 11.1 0.000%1 — 0.104 0.079
I 31.1 = 10.9 0.001t 0.104 — 0.003¢
T 348 +11.0 0.000% 0.079 0.003% —
IT 500, mm
S 0.354 * 0.055 — 0.086 0.047 0.0021
N 0.335 * 0.051 0.086 — 0.001% 0.280
I 0.371 * 0.075 0.047 0.001% - 0.000t
T 0.323 =+ 0.060 0.002% 0.280 0.0001 —
SSVS
S 1.51 + 0.45 — 0.0007 0.959 0.001%
N 1.96 = 0.19 0.000% — 0.000t 1.000
| 1.52 = 0.45 0.959 0.000t — 0.0001
T 1.94 + 0.22 0.001% 1.000 0.000% —

S, superior; N, nasal; |, inferior; T, temporal. S —BepxHui, N —HaszanbHbIN, | — HWKHWUIA, T — BUCOYHbIN.

* Measurements at different quadrants were compared *PesynbraThl usmepeHus pasnunyHbiX KBagpaHTOB CpaBHUBaNy npu
with  Wilcoxon signed-rank test at 5% level of nomMoLwwm paHroBoro Tecta YUnkokcoHa npu ypoBHe 4OCTOBEPHOCTH
significance with Bonferroni adjustment. 5% c nonpaskow BoHdeppoHu.

1P <0.008 was considered statistically significant. T P <0.008 npuHAT cTaTUCTUYECKM LOCTOBEPHBLIM

TABLE 2. Intervisit/Intraobserver and
Intravisit/Interobserver RC and ICC of Anterior
Chamber Angle Measurements in All Quadrants

TABJITMUA 2. MexsusntHbin / BHyTpumnccrnegoBaTenbCkui wu
BHyTpuBu3nTHLIN /| MexnccnegoBaTenbCKun KB n KMK
PesynbratoB u3mMepeHusa yrna nepegHen Kamepbl BO BCeX

KBagpaHTax.
RC (95% CI) ICC (95% CI)
Intraobserver Interobserver Intraobserver Interobserver
AOD 500, mm
S ' 0.140 (0.115-0.165)  0.158 (0.118-0.198)  0.94 (0.90-0.97) 0.93 (0.85-0.97)
N 0.141 (0.116-0.166)  0.116 (0.087-0.145)  0.95 (0.91-0.98) 0.97 (0.94-0.99)
I 0.252 (0.207-0.297)  0.187 (0.140-0.235)  0.90 (0.83-0.95) 0.94 (0.88-0.97)
T 0.224 (0.184-0.265)  0.103 (0.077-0.129)  0.91 (0.85-0.96) 0.98 (0.96-0.99)

TISA 500, mm?

S 0.074 (0.061-0.087)  0.083 (0.062-0.103)  0.91 (0.84-0.95) 0.90 (0.81-0.95)
N 0.050 (0.041-0.059)  0.049 (0.037-0.062)  0.95 (0.92-0.98) 0.96 (0.91-0.98)
I 0.090 (0.074-0.106)  0.101 (0.075-0.126)  0.90 (0.83-0.95) 0.86 (0.74-0.93)
T 0.086 (0.071-0.101)  0.051 (0.038-0.064)  0.90 (0.83-0.95) 0.96 (0.93-0.98)
TIA 500, deg
S 7.7 (6.4-9.1) 13.3 (9.9-16.6) 0.94 (0.90-0.97) 0.88 (0.77-0.949)
N 8.9 (7.3-10.5) 13.7 (10.2-17.2) 0.92 (0.86-0.96) 0.83 (0.68-0.92)
I 9.5(7.8-11.2) 13.4 (10.0-16.8) 0.91 (0.83-0.95) 0.87 (0.74-0.94)
T 8.2(6.8-9.8) 8.5 (6.4-10.7) 0.93 (0.87-0.96) 0.94 (0.87-0.97)




RESULTS

Mean age, axial length, pupil diameter, and
anterior chamber depth were 39.5£13.1 (range,
24.0-69.0) years, 24.3+1.7 (range, 22.0-30.6)
mm, 4.77+0.88 (range, 2.94-6.19) mm, and
2.910.4 (range, 2.4-3.7) mm, respectively. AOD,
TISA, TIA, iris thickness (IT), and SSVS
measurements in the superior, nasal, inferior,
and temporal quadrants are shown in Table 1.
AOD, TISA, and TIA ranged from 0.000 mm to
1.461 mm, 0.000 mm?to 0.497 mm?’, and 0.0° to
61.9°, respectively. Angle measurements of the
superior quadrant were significantly smaller than
those measured in the other quadrants
(P<0.001). The iris was thicker in the superior
and inferior quadrants, whereas the SSVS was
greater in the nasal and temporal quadrants
(Table 1).

Intervisit, intraobserver RCs ranged between
0.140 mm and 0.252 mm for AOD, 0.050 mm’
and 0.090 mm’ for TISA, and 7.7° and 9.5° for
TIA. Interobserver RCs ranged between 0.103
mm and 0.187 mm, 0.049 mm* and 0.101 mm?’,
and 8.5° and 13.7°, respectively (Table 2). In
general, the RC was greatest (i.e., the highest
measurement variability) at the inferior quadrant.
The ICC for all parameters was =0.83.
Generalized linear latent and mixed modeling
was performed to identify factors (mean angle
width, mean pupil diameter, variance of pupil
diameter, mean iris thickness, variance of iris
thickness, axial length, anterior chamber depth,
SSVS, age, and scan location) responsible for
the measurement variability of AOD, TISA, and
TIA (Tables 3-5). Measurements obtained from
the superior and inferior quadrants (P< 0.009)
were associated with increased variability of
TISA. Greater mean angle width was associated
with increased variability of AOD and TISA (P<
0.001). TIA variance, in contrast, was not related
to the mean angle width or the location of
measurement. The only significant factor
associated with the variance of TIA was the axial
length (P<0.001), which was also significantly
associated with the variance of AOD (P=0.009).
Mean and variance of iris thickness were
associated with the variance of AOD (P=0.027
and P=0.005, respectively). Age, anterior
chamber depth, pupil diameter, variance of pupil
diameter, and scleral spur visibility were not
related to the variance of angle measurements.
Except for iris thickness in the model of AOD
(power =60%) and the temporal quadrant in the
model of TISA (power =14%), the statistical
power of all the GLLAM models ranged between
74% and 100%, with an alpha =5% (Tables
3-5).

PE3YJIbTATbI

CpenHuin Bo3pacT, akcnanbHas anvHa, AMamMeTp 3padka un
rnybvHa nepeaHen kamepbl 6binn 39.5+13.1 (B npegenax,
24.0-69.0) net, 24.3+1.7 (B npegenax, 22.0 —30.6) mm,
4.77+0.88 (B npegenax, 2.94-6.19) mm, n 2.9+04 (B
npegenax, 2.4-3.7) MM, COOTBETCTBEHHO. Pesynbrarhbl
nameperHna AOD, TISA, TIA, TonwwuHa pagyxku (IT) n
SSVS B BepxHeM, HazanbHOM, HWKHEM W BUCOYHOM
KBagpaHTax npeactaeneHsl B Tabnuue 1. AOD, TISA n
TIA konebanuck B npeagenax ot 0.000 mm oo 1.461 mm,
0.000 mm* go 0.497 wmm’, m ot 0.0° go 61.9°
COOTBETCTBEHHO. Pe3ynbrar namepeHust yrna B BEpXHEM
KBagpaHTe OblIN 3HAYMTENBHO MEHbLLE PE3yNnbTaToB,
N3MepEHHbIX B Apyrux kBagpaHTtax (P<0.001). Pagyxka
Oblna Tonue B BEPXHEM U HXXHEM KBagpaTax, B TO BpeMsi
kak SSVS Obin 6onblue B HasanbHOM W BUCOYHOM
kBagpaHTax (Tabrvua 1).

KoadhdpunumeHTbl BOCNPOU3BEOEHUA — MEXBU3UTHBIA U
BHyTpUu1ccriegoBaTenbCckun BapbupoBanu mexay 0.140
MM 1 0.252 mm gns AOD, 0.050 mm* go 0.090 mm® ans
TISA, n 7.7° gpo 9.5° gna yrna TIA.
Mexwccnenosatensckuin KB BapbupoBan 0.103 mm wn
0.187 mm, 0.049 mm2 go 0.101 mm2 mn 8.5° no 13.7°.
cootBeTcTBEHHO (Tabnuua 2). B uenom KB 6bin
HamBbICLWUMM (TO €CTb MakcumarnbHoe konebaHue
pesynsratoB) B HwkHeM kBagpaHTe. KMK pgns Bcex
napametpos 6bin = 0.83.

[eHepann3oBaHHOE NMMHENHOE NATEHTHOE U CMeLLaHHOe
MogenupoBaHMe MNPOBOAWMNOCL C Lenblo
naeHTudnumMpoBaTh (GakTopbl (CpegHsast WwupuHa yrna,
cpeaHuin guameTp 3padka, gucrnepcus avameTtpa 3padka,
CpeaHsast TonwMHa pagyXku, gucnepcus cpepHen
TONWMHbBI  pagyXkn, akcuanbHas AnuHa, rnybuHa
nepegHen kamepbl, SSVS, Bo3pacTt ¥ nokanusauus
CKaHa), OTBETCTBEHHbIE 3a M3MEHYMBOCTb Pe3yrbTaToB
namepenna AOD, TISA n TIA (Tabnuup! 3-5). Pesynbratbl
N3MEPEHNA BEPXHUX N HWKHUX kBagpaHToB (P< 0.009),
cBsi3aHbl C MOBbILWEHHOW BapuabenbHocTblo TISA.
Bornblwas cpegHas wupuHa yrma Obina cBsidaHa C
BbICOKON n3meHuymBocTblo AOD un TISA (P< 0.001). B
oTnnymMe OT HuX, konebaHua TIA He Gbinn cBA3aHbl CO
cpegHen LWWUPUHOW Yyrna wunm nokanusayus
nccnenoBaHnsa. EOWMHCTBEHHBLIM  3HaAYUMMbIA - dbaKTop,
CBsi3aHHbIN ¢ konebaHvem TIA — akcnanbHas anvHa (P <
0.001), koTopas Takke Oblria AOCTOBEPHO CBf3aHa C
konebaHnem AOD (P=0.009). CpeoHsa BenuuuHa W
aucnepcus TONWMHBI  pagyXku Obinn cBsi3aHa C
konebaHnem AOD (P=0027 n P = 0.005, COOTBETCTBEHHO).
BospacT, rmybuHa nepegHen kamepbl, AMaMeTp 3padka,
konebaHve anameTpa 3padka, 1 BAAMMOCTb CKIleparbHON
Lnopbl He ObiINM CBsi3aHbl C OUCNEPCUEN Pe3ynbTaToB
n3MepeHus yrna. 3a UCKNYEeHNEM TOMLMHBI Pady>XKu B
mogenn AOD (cuna = 60%) 1 BUCOYHOMO KBagpaHTa B
mogenn TISA (cuna = 14%) ctatucTnyeckas cuna Bcex
mogenen GLLAM BapbupoBana ot 74% po 100%, c
anba = 5% (Tabnmua 3-5).



DISCUSSION

The swept-source OCT demonstrated low
variability for measurement of the anterior
chamber angle. The ICC of all angle parameters
measured at different quadrants was = 0.83. Iris
thickness, scan location, angle dimension, and

TABLE 3. Factors Associated with the Variance of AOD
Analyzed by a Generalized Linear Latent and Mixed
Model

OBCYXOEHUE

O6opynoBaHne OKT npogemMoHCTPUPOBANoO HU3KYH
ANCNEepPCUI0  pe3ynsTaToB U3MEpeHust yrma nepegHen
kamepbl. KMK Bcex napameTpoB yrna, U3MepeHHbIX B
pasnuyHbIX KBagpaHTtax, 6bin = 0.83. TonwuHa pagyxku,
riokanuaaumsi ckaHa, pa3mep yrna, u akcuaneHas anvHa

TABJMULIA 3. ®akTtopbl, cBs3aHHble ¢ [Oucnepcmen AOD,
aHanuanpoBaHbl Ha [eHepanu3oBaHHOM JlMHenHoOW JlaTeHTHOW K

CwmeLuaHHom mogenu.

95% CI P

Power (%)*

Coefficient Estimate
Mean AOD B, 1.04 X 1072
Mean IT By 9.77 X 1073
IT variance Bs 9.24 X 1071
Axial length Bs 629 X 1074
Intercept Bo -1.98 X 1072

0.51 X 107%t0 1.56 X 1072 0.000
1.13 X 1073 to 1841 X 107>  0.027
273X 107't015.76 X 10" 0.005
157 X 107%t0 11.02 X 10°%  0.009
—3.04 X 107%to —0.91 X 1072  0.000

97
60
79
74

Pupil diameter, variance of pupil diameter, ACD, SSVS,
age, and locations were removed by backward selection
after performing likelihood-ratio test at 5% significance
level.

* Power calculation was performed based on a z-test.

TABLE 4. Factors Associated with the Variance of TISA
Analyzed by a Generalized Linear Latent and Mixed
Model.

HOnameTtp 3padka, gucnepcus guametpa 3padka, ACD , SSVS,
BO3pacT W NTOKanu3auusi yaarneHbl NoLaroBbiM UCKITFOYEHNEM Mocre
NMpoBeOEHNs1 TecTa OTHOLUEHMSI MpaBgonofobus Ha ypoBHe 5%

3HAa4YMMOCTW.
* Pac4yeT cunbl BbINOMIHEH HA OCHOBE Z-TecTa.

TABJITULA 4. dakTopbl, cBA3aHHble ¢ [ducnepcuen TISA,
aHanuanpoBaHbl Ha [eHepanu3oBaHHOW JIMHenHoOW JlaTeHTHOW K

CwmelLaHHOW Moaenu.

Coefficient Estimate 95% CI P Power (%)*
Mean TISA B, 481 X 1073 274 X 1073t06.87 X 1073 0.000 100
Superiort Bi1 415 X 10~* 1.02 X 10 *t07.29 X 10™# 0.009 74
Inferiort Bi2 4.65 X 107* 132X 107 %t07.97 X 1074 0.006 78
Temporal B 1.49 X 107* —1.91 X 107 *t0 4.89 X 1074 0.390 14
Intercept Bo —7.7X107% —143.12X 107%t0127.73 X 1072 0911 —

Pupil diameter, variance of pupil diameter, IT, variance of [Quametp 3payka, gucnepcusi guamertpa 3padka, IT , gucnepcusa IT,
ancnepcms akemanbHou anvHel, ACD, SSVS, BospacT u nokanmsauus
yOaneHbl MOLWAroBbIM MWCKIKOYEHNEM TMOCHEe MpOBedeHns TecTa
OTHOLLIEHMS NpaBaonoaobust Ha ypoBHe 5% 3HaYMMOCTW.

IT, axial length variance, ACD, SSVS, and age were
removed by backward selection after performing
likelihood-ratio test at 5% significance level.

* Power calculation was performed based on a z-test.

T The nasal quadrant was set as a reference location for
comparison with other quadrants. Significant differences
were also observed between the nasal and superior and
the nasal and inferior quadrants (Wald test, P 0.009 and P
0.006, respectively).

* PacyeT cunbl BbIMNOSTHEH HA OCHOBE Z-TecTa.

THasanbHbI KBagpaHT Obin BbIGpaH B Ka4eCTBE KOHTPOMbLHOMO ANs
CpaBHeHUA C Jpyrumm kBagpaHTamu. [locToBepHble pasnuyung
Habnoganuce Mexay HasanbHblM M BEPXHMM, W Ha3arbHbIM U
HkHUM (TecT Banbga P =0.009 n P = 0.006, COOTBETCTBEHHO)

axial length were accountable to variance of cooTBeTCTBOBanM Aucnepcun pesynsTatoB U3MepPeHUst
yrna. BblCOKOCKOPOCTHOE (hopMupoBaHue n3obparkeHnst
nepeaHero cermeHTa npv nomowm nctovHmnka OKT Byaet
HaeXHbIM MOAXOLOM B OLUEHKE WU B U3MEpPeHUn yrna

angle measurements. Highspeed imaging of the
anterior segment with the swept-source OCT
would be a reliable approach for the evaluation
and measurement of the anterior chamber
angle.

The reliability of angle measurements obtained
with timedomain OCT has been previously

nepeaHen kKamepbl.

[locTOBEPHOCTb pe3ynbTaToB M3MepeHud yrna,
nonyveHHbIX npu BpemeHHon OKT wuccnegoBanach



investigated. In the study by Tan et al.," the
interobserver ICCs of AOD500, AOD750,
TISA500, and TISA750 measured by the
Visante OCT (Carl Zeiss Meditec) ranged
between 0.978 and 0.988. Using the SL-OCT
(Heidelberg Engineering), Muller et al.” reported
that the interobserver ICC of the anterior
chamber angle was 0.96. Although the ICCs
reported by Radhakrishnan et al.” were
generally smaller (0.31— 0.73 for the inferior
quadrant; 0.56-0.93 for the nasal and temporal
quadrants), it is notable that they used a
prototype device. The disparities in ICCs would
be related to the differences in study
populations, study design, instruments, and
quadrants of assessment. We showed in a
previous study that the intervisit RCs for AOD
and TIA measured at the nasal angle in the dark
by the Visante OCT were 0.177 mm and 9.4°,
respectively (we analyzed only the nasal angle
and measured AOD and TIA in this study).8
These values closely resemble those reported in
the present study using the Casia SS-1000 OCT
(0.141 mm for AOD, 8.9° for TIA at the nasal
angle).

AOD, TISA, and TIA are parameters measured
with reference to the scleral spur.”®"” They have
different units (um, um?® and degree,
respectively) and represent different dimensions
(length, area, and angle) of the angle. For this
reason, it is not surprising to find disparities in the
comparisons of angle width (Table 1) and
different factors accounting for measurement
variability of AOD, TISA, and TIA (Tables 3-5).
The most consistent observation in the
comparison of angle width in different quadrants
is that the superior angle was the smallest.

This concurs with the earlier studies performed
with gonioscopy and ultrasound biomicroscopy
showing that the angle is narrower in the
superior quadrant.”"* Although there were also
significant differences between the temporal and
inferior angles for TIA (P =0.003) and between
the nasal and temporal angles for AOD
(P=0.003), the differences were fairly small (3.7°
and 0.053 mm, respectively).

Given that the AOD is measured in distance, it is
not surprising to find an association between the
variance of iris thickness and the variance of
AOD (Table 3). Although iris thickness
measurements had no influence on the
variances of TISAand TIA (Tables 4, 5), variation
in anterior iris surface contour could influence
the variability of TISA as one of the
measurement boundaries of TISA is the anterior
iris surface. In this study, angles measured at the
superior and inferior quadrants were associated
with increased TISA variance. Although this

npexae. B unccneposaHum Tan et al.,”
BHyTpunccneposatenockum KMK ana napametpos
AODS500, AOD 759, TISA n TISA 750, namepeHHbIX npu
nomolum Visante OKT (Carl Zeiss Meditec) BapbupoBarn B
npegenax ot 0.978 po 0.988. Wcnonb3dys SL-OCT
(Heidelberg Engineering), Muller et al.”” coobuwn, yTto
BHyTpunccnegosatenbckun KMK yrna nepegHen kamepsbl
6bin 0.96. Xota KMK, nonoxeHHble Radhakrishnan et al.”
Obinu 3HaunTenbHO MeHblwe (0.31 — 0.73 Ana HWXKHUX
kBagpaHToB; 0.56 — 0.93 anga HasanbHOro U BUCOYHOMO
KBaApaHTOB), CTOUT OTMETUTb, YTO OHWM MCMOMb30Bann
npototun obopynoBaHus. PacxoxaeHns KMK cBsizaHbl C
pasHuUen B MOnNynsauMm uUccnenoBaHus, OUM3aiHOM
NccneaoBaHnsi, UHCTPYMEHTaMU M OLIEHKOW KBaZpaHTOB.
B npegplgywem wuccrnegoBaHMM Mbl  MOKasanu, YTo
mMexBu3nTHbin KB ana napametpos AOD u TIA,
N3MEpPEHHbIX Ha Ha3arbHbIM Yrie B 3aTEHEHHbIX YCITOBUSAX
npu nomoLum obopynosaHus Visante OKT 6binm 0.177 mm
n 9.4° COOTBETCTBEHHO (B AAHHOM WUCCreaoBaHUN Mbl
aHanM3npoBanu TOMbKO HasarnbHbIA Yron 1 pesynbsraTbl
AOD wn TIA)8. 3T 3Ha4YeHUs OYeHb HaMOMWHAKT Te,
KOTOpble MOrMy4YeHbl B HACTOSALEM WUCCredoBaHUs npu
ncnonb3oBaHuun Casia SS-1000 OKT (0.141 mm ana AOD,
8.9° ans TIA HasanbHbIN yron).

AOD, TISA un TIA 910 napameTpbl, WU3MEPEHHblE
OTHOCUTENbHO CcKrepanbHon wnopbl.” OHWM  umetoT
pasHee euHULbI (MKM, MKM®, U rpayc, COOTBETCTBEHHO)
M NpeacTaBnslOT pasnuyHble M3MmepeHus (AnuHa,
nnowaab, v yron). Mostomy HeyanBuTENbHO OBHaPYXUTb
HECOOTBETCTBUS B pesyrnbratax CpaBHEHMWS LUMPWHbI yrra
(Tabnmua 1) n pasnuuHbIX d)akTopax, OTHOCALLMXCA K
namepenuto aucnepcmm AOD, TISA n TIA (Tabnuupl 3-5).
Hanbonee noctosiHHOe HabnogeHne npu CpaBHEHUU
LUMPVHBI YA B pas3nmyHbIX KBagpaHTax 3T0 HAaUMEHbLLWIA
yron B BepxXHeM KBagpaHTe. JTO cornacyercs ¢ bonee
paHHUMW UCCNefOBaHUSMU, BbINOSTHEHHLIMU MpPWU
NMOMOLWMWN TFTOHUOCKONMU WU YyNbTPa3BYKOBOWN
BGUOMMKPOCKOMUM, MOKa3aBLUMX, YTO Yrof yXXe B BEPXHUX
kBagpaHTax.”'” XoTa Takke MMEnocb [10CTOBEpHOe
pasnuune Mexagy BWUCOYHbIM M HWKHUM Yyriamu Mo
nokasarento TIA (P = 0.003) n mexagy HasanbHbIM U
BMCOYHBIM yrriamum no nokazatento AOD (P = 0.003) aTo
pasnuune 6bino HesHauutenoHoe (3.7° u 0.053 mwm,
COOTBETCTBEHHO).

YuntbiBad, 4to AOD wu3MepsaeTcs Ha pacCTOsIHUWN, He
YOVBUTENBHO OOHApPYXWTb CBA3b MeEXay Aucnepcuen
TONLWMHbI pagyxku n aucnepcmen AOD (Tabnuua 3). XoTs
n3MepeHne TOMNLWMHBI PayXXKN HE OKa3blBaEeT BINSHWUS Ha
ancnepcumn TISA u TIA (Tabnuupl 4, 5), U3MEHYNBOCTL
KOHTYpa nepegHen MNOBEPXHOCTU padyXKn MOXeT
noeBnuaATb Ha konebanme TISA, Tak kak ogHoM u3
namepsiembix rpaHuy TISA aBnsieTca nepegHAsi CTeHka
pagyxku. B HacToswem wuccnegoBaHUM yrobl,
N3MepPEHHbIE B BEPXHEM U HWKHEM KBagpaHTax, Oblin
cBs3aHbl ¢ poctom aucnepcun TISA. XoTta gaHHas CcBsA3b
MOXeT ObITb CBfidaHa C TeM (paKkToM, YTO CKreparbHas



association might be related to the fact that the
scleral spur tends to be less distinct at the
superior and inferior quadrants (Table 1),"** we
did not find an association between scleral spur
visibility score and any of the angle
measurement variances. Without a validated
approach to quantify the configuration of the
anterior iris surface, it is uncertain whether there
are greater variations in iris surface contour in
the superior and inferior quadrants and whether
such variations, if they exist, contribute to the
increased variability of TISA.

Mean angle width was significantly associated
with the variances of AOD and TISA, but not with
the variance of TIA. Although a small shift in the
identified scleral spur location may induce a
substantive change in AOD and TISA, TIA
measurement, by contrast, could be more
accommodating (Fig. 2). Variations in AOD and
TISA as a result of a shift in the identified scleral
spur location would be greater in a wide-open
angle than in a narrow angle.

Because ACD and axial length are highly
correlated variables, it was likely that one of
them would be removed after model fitting. In
the GLLAM models, ACD was removed by
backward selection, and axial length was found
to be significantly associated with AOD and TIA
variances. It is unclear why a longer axial length
was associated with an increased variance of
AOD and TIA. It has been shown that eyes with
a longer axial length had greater ciliary body and
ciliary muscle thicknesses.”* The ciliary body is
a dynamic structure, and the increase in ciliary

TABLE 5. Factors Associated with the Variance of TIA
Analyzed by a Generalized Linear Latent and Mixed
Model

LLNOpa MeHee YETKO onpeaenseTcsi B BEPXHEM U HKHEM
kBagpaHTax (Tabnmua 1), Mbl He OBHAPYXXMIN CBA3N
mMexay GanbHon BU3yanusaumnen ckrnepasibHON LNnopbl 1
aucnepcusiMm - pesynstatoB  MamMepeHusa ynos. bes
OOMMKHOro rnogxoga K ONpedeneHuio  KoHdurypaumm
nepegHen NoBEPXHOCTU PadyXKu, He SICHO, NMEIKTCS N
BblpaXXeHHblE N3MEHEHMWSI KOHTYPa NOBEPXHOCTU pagyKKu
B BEPXHEM W HWXKHEM KBagpaHTaxX, U MOryT Nnu Takue
N3MEHEHUS!, €CNM OHW CYLECTBYIOT, MNOBNUATL Ha
yBenmyeHue konedanusi napametpa TISA.

CpegHsia wuprHa yrna 6bina cunbHO accoumMmpoBaHa C
ancnepcuamu AOD un TISA, Ho He ¢ aucnepcunent TIA. XoTa
Manbli CcABUI B uMAEHTUUKaALUMK nokanusauum
CKriepanbHOWN LUNOPbl MOXET 3HAYUTENBHO MOBMNATL Ha
AOD un TISA, 3HauyeHue TIA ocTtaetca bonee cTabunbHbIM
(PvcyHok 2). Konebannss AOD un TISA, kKak pesynbrart
cOoBura nokanusaumm  ckrepanbHOW wnopbl, byaete
Bonee BblpaXXeHHbIMW MPU LUMPOKOM Yriie, YEM NpU Y3KOM.

Tak kak ACD n akcuanbHasi anvHa sBRSAOTCSA CUIbHO
KOppenpyoLwuMmn nepemMeHHbIMK, BrOSTHE BEPOSITHO, YTO
odHa un3 HMX ByaeT yganeHa nocrne NoaroHkn mogenu. B
mogensax GLLAM, ACD O6bina yganeHa MeToAoM
NMoLIaroBOro WCKIOYEHUSs, a akcuanbHas AnvHa
OKasanacb 3HauuTenbHO cBsidaHa ¢ aucnepcuen AOD un
TIA. He aicHo, nodyemy 6onbLuasn akcuansHasa anvHa éeina
cBsA3aHa ¢ yBenudeHHon amncnepcuen AOD n TIA. Beino
NPOAEMOHCTPUPOBAHO, YTO MasHble 6ok ¢ BOnbLLIOK
aKkcuManbHOW [ONMHOW MMeKT OOonbluyk  TOMWMUHY
LMMUapHOro Tena u uunuapHon Mol LiunnapHoe
TEeno sSIBNAETCA ANHAMUYECKON CTPYKTYPOW, 1 yBENUYEHNE

TABJIMLIA 5. dakTtopbl, cBsA3aHHble c [ucnepcuen TIA,
aHanuanpoBaHbl Ha [eHepanui3oBaHHOW JlMHenHon JlaTeHTHOM Wu
CwmeLuaHHoM Mogenu.

Coefficient Estimate 95% CI P Power (%)*
Axial length Bs 3.11 2.09to 4.13 0.000 100
Intercept Bo —-6.62 X 10 ~9.07 X 10to —4.17 X 10 0.000 —

Trabecular iris angle width, pupil diameter, variance of
pupil diameter, IT, variance of IT, ACD, SSVS, age, and
locations were removed by backward selection after
performing likelihood-ratio test at 5% significance level.

* Power calculation was performed based on a z-test.

body and ciliary muscle thicknesses might
impose additional variations in measurement of
the angle. Limited by scleral scattering, it is not
feasible to visualize the ciliary body in full with
the swept-source OCT, and its dimensions were
not measured in this study.

LnprHa TpabeKkynapHO-poOroBMYHOMO Yyrra, AuaMeTp 3pauyka,
aucnepensa gnametpa 3padka, I T, aucnepems IT, ACD, SSVS, BospacT
N nokanusauus ydaneHbl MOoLaroBbiM WCKIOYEHMEM Mocre
npoBedeHUsi TeCcTa OTHOLWIEeHWs1 npaBgonodobuss Ha ypoBHe 5%
3Ha4YMMOCTW.

* Pacyet cunbl BbINOSHEH HA OCHOBE Z-TeCTa.

€ro TOMWMWHbI U TOMLMHBI LMAMAPHON MbILLbI MOTyT
BHECTM [OMNOMHUTENbHbIE W3MEHEHUs B pesynbraThbl
n3mepeHus yrna. byayym orpaHMyYeHHbIMKU paccenBaHNeEM
CKNnepbl HEBO3MOXHO MOMIHOCTbIO BU3yanuanposaTtb
unnuapHoe Teno npu nomowm OKT, 1 ero pasmepbl He
N3MepSANUCHL B IaHHOM UCCregoBaHNUN.



FIGURE 2.

Schematics demonstrating
how a shift in locating the
scleral spur (blue dot to red
dot) changes the
measurement of AOD (line A
to line B) and TISA (area
bounded by line A'and line Ato
area bounded by line B' and
line B). The angle
measurement (TIA, angle C),
by contrast, is not affected.
The differences in AOD (line B
- line A) and TISA (area B'B -

PUCYHOK 2.

CxemMaTtTunyeckas
OEMOHCTpaLusi TOro Kak CaABUM
nokanusauum ckrnepanbHOn
LINopbl (OT CUMHEW K KpacHON
TOYKE) MeHsieT Un3MepeHus
AOD (nuHusa A go B) n TISA
(obnacTb oOrpaHuyeHHas
nvHuen A' n nuHmen A o
obnactm orpaHu4YeHHOM
nuHuen B' u nuHuen B).
Namepenne yrna (TIA, yron
C), B oTnnume, He 3aTpPOHYT.

area A'A) as a result of a
change in the location of
scleral spur are greater in a
wide-open angle (A) thanin a
narrow angle (B).

Pasnunuua 8 AOD (nunns B —
nvHna A) n B TISA (obnacTb
B'B - obnacte A'A) B
pe3ynbrate MW3MeHeHMUs
nokanusauun ckrepanbHOn
wnopbl 6ornee BbipaxeHbl
napu wmnpokom yrrie (A) yem

C X

To our knowledge, this is the first study showing
that the new swept-source OCT provides
reproducible measurement of AOD, TISA, and
TIA at different meridians, suggesting that it is
useful for measuring the angle for risk
assessment of angle closure and for evaluating
longitudinal changes before and after
therapeutic intervention in patients with angle
closure. ldentifying factors responsible for angle
measurement variability would be important for
interpreting the reproducibility of various angle
parameters. The finding of an association
between the angle width and the variances of
AOD and TISA, but not the variance of TIA,
might indicate that TIA could be a more reliable
indicator to follow the longitudinal changes of the
angle. Prospective analysis would be needed to
validate this hypothesis.
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