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Abstract

Purpose To study quantitative changes in anterior
chamber angle (ACA) after laser peripheral iridotomy
(LPI) in narrow-angle eyes using anterior segment optical
coherence tomography (AS-OCT).

Methods Eighteen subjects with narrow angles were
imaged with AS-OCT for determining test-retest variabil-
ity. Forty-six participants with narrow angles were scanned
with AS-OCT before LPI and 4 weeks after LPI. The
presence of ACA closure by both AS-OCT imaging and
gonioscopy was compared before and after LPI. Three
ACA parameters by AS-OCT, angle opening distance at
500 pm (AODsg), trabecular-ris space area at 500 pm
(TISAs5qpp) and angle recess area at 500 pm (ARAsq), at
both nasal and temporal quadrants were incorporated for
analysis. The increment of ACA parameters defined as
exceeding the 95% confidence interval of test-retest vari-
ability was assessed after LPI.

Results All 3 parameters obtained from the 18 eyes
showed good measurement reproducibility (intraclass cor-
relation coefficient 0.850-0.979). Persistent angle closure
was detected in 23.9% of eyes by gonioscopy, and in
34.8% of eyes by AS-OCT images at temporal quadrant
after LPI. When assessed by measurement variability cri-
teria, the percentage of eyes that showed no significant
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change in ACA parameters ranged from 23.9% to 45.7%
after LPL

Conclusions Overall, ACA parameters changed signifi-
cantly after LPI; however, when assessed by AS-OCT,
ACA remained unchanged in some narrow-angle eyes
despite LPI. Our findings suggest that multiple causes other
than pupillary block may contribute to narrow-angle clo-
sure following LPI.

Keywords Anterior segment OCT - Anterior chamber
angle - Laser peripheral iridotomy

Introduction

Traditional methods such as gonioscopy are used in the
visualization of anterior chamber angle (ACA); however,
gonioscopy has certain limitations such as high interob-
server variability and difficulty in quantification of ACA
[1, 2]. An ultrasound biomicroscope (UBM) is another
imaging device used for ACA assessment; however, cur-
rently available UBM devices usually need ocular contact
with the probe and patients should be tested in the supine
position. The newly developed anterior segment optical
coherence tomography (AS-OCT) has advantages over
both gonioscopy and UBM since image acquisition and
subsequent measurements can be performed objectively
under controlled lighting conditions; it is a non-contact
method performed in the sitting position and provides
quantitative assessment of the ACA structure.

Primary angle closure (PAC) and subsequent angle-
closure glaucoma is a leading cause of irreversible blind-
ness [3].The main underlying mechanism of PAC is
pupillary block and laser peripheral iridotomy (LPI) is
considered the standard treatment for eliminating pupillary
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block [3]; however, a substantial portion of PAC eyes was
reported to develop peripheral anterior synechiae (PAS)
and/or an intraocular pressure (IOP) rise after LPI [4, 5]. A
few studies report that LPI might not open all narrow
angles [6, 7]. He et al. [7] showed that 20% of narrow-
angle suspects remained closed despite LPI based on sub-
jective gonioscopy. Therefore, incomplete or no angle
change after LPI could explain progressive PAS despite
patent LPI.

Although previous studies investigated ACA changes
quantitatively both before and after LPI using AS-OCT
[8-11], these changes were based on overall mean values
of various parameters following LPI. In addition, these
changes might have been affected by operator variability
since image processing required the operator to define the
scleral spur position on the image. The purpose of our
study was to compare ACA changes both before and after
LPI using the AS-OCT both quantitatively and qualita-
tively. In doing so, we tested the amount of operator-
induced variability in various parameters among eyes with
a narrow ACA. Based on our own variability data and
arbitrary cut-off value, we attempted to evaluate the fre-
quency of remained angle closure following LPI using
AS-OCT.

Patients and methods
Subjects

PAC and PAC suspect (PACS) subjects were consecutively
recruited at the glaucoma clinic of the Asan Medical
Center, Seoul, Korea from March to October 2009. All
subjects underwent a complete ophthalmic examination,
including best-corrected visual acuity (BCVA) testing, slit-
lamp examination, Goldmann applanation tonometry,
gonioscopy and fundoscopy.

Informed consent was obtained from all participants.
The study was approved by the Institutional Review Board
of the Asan Medical Center, and we followed the tenets of
the Declaration of Helsinki. PAC and PACS were diag-
nosed by gonioscopic examination. Subjects with apposi-
tional contact between the peripheral iris and the posterior
trabecular meshwork of >270° were included in the PACS
group [12]. Eyes with occludable angles and features
indicating that trabecular obstruction by the peripheral iris
has occurred, such as elevated IOP, iris whorling (distor-
tion of the radially orientated iris fibers), ‘glaucomflecken’
lens opacities or excessive pigment deposition on the tra-
becular surface were defined as PAC. Since this study was
meant to evaluate ACA changes after LPI, eyes with any
PAS in their angle were excluded. We excluded from the
study subjects with any history or current use of topical or
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systemic medication that could affect the angle or pupillary
reflex, history of any previous intraocular surgery, laser
trabeculoplasty, laser iridoplasty or laser iridotomy and
inability to fixate for AS-OCT examination. If both eyes
were qualified for inclusion criteria, one eye was randomly
selected for analysis.

Slit-lamp examination and gonioscopy

Subjects underwent slit-lamp examination and gonioscopy
by an independent observer (MSK) with extensive expe-
rience in performing gonioscopy prior to AS-OCT imag-
ing. All subjects were examined with a Sussman lens in a
controlled darkened room (0.5 cd/m?). A 1-mm light beam
was reduced to a narrow slit. The vertical beam was offset
horizontally for assessing superior and inferior angles and
horizontal beam offset vertically for nasal and temporal
angles. Both static and dynamic gonioscopy were per-
formed using a Sussman lens, with the eye in the primary
position of gaze. Indentation gonioscopy was performed to
determine if angle closure was due to apposition or PAS.
Care was taken to avoid light falling on the pupil. All four
quadrants were assessed although nasal and temporal data
were entered in the analysis. The ACA in each quadrant
was graded using the Scheie [13] grading system according
to the anatomic structures observed during gonioscopy. A
grade I'V angle > 70° at each quadrant was considered to be
closed. Following LPI, gonioscopy was performed by the
same glaucoma specialist (MSK).

AS-OCT imaging

All participants were imaged for nasal and temporal ACA
with AS-OCT (Visante OCT, version 2.0; Carl Zeiss
Meditec, Dublin, CA, USA) under controlled room lighting
conditions (0.5 cd/m?) by a single well-trained operator
(DYK). Two subject groups that met defined eligibility
requirements were used in the current study. First, vari-
ability of ACA parameters by AS-OCT imaging was tested.
We acquired 3 sets of images from the first 18 eyes of 18
consecutive subjects (PAC 8; PACS 10) with identifiable
scleral spur on three different occasions and those data sets
were analyzed by a single examiner (SYK). We obtained
data on intraclass correlation coefficients (ICCs) and inter-
session test-retest variability for the various ACA param-
eters [14].

The next group of consecutive subjects was with narrow
angles. AS-OCT imaging and assessment of ACA param-
eters were performed both before and after LPI. Post-LPI
imaging was performed at 4 weeks post-lasers. All LPI
procedures were performed by an independent ophthal-
mologist (KSL) using sequential Argon and YAG laser in
the superotemporal quadrant in all participants. Perforation
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of the iris and patency were confirmed by retroillumination
during LPI and post-LPI AS-OCT measurement. ACA was
evaluated in two ways based on AS-OCT imaging. An
independent examiner (SYK) masked to the other test
results and clinical information of participants and to
whether the images were taken before or after LPI analyzed
all images. First, the presence of angle closure defined as
the contact between peripheral iris and angle wall anterior
to scleral spur was evaluated. For the purpose of masking
the status of LPI to the examiner, only the temporal and
nasal angles were analyzed.

SYK used calipers to measure pupil size and anterior
chamber depth (ACD; distance between corneal endothe-
lium to anterior surface of lens capsule) and then assigned
the scleral spur, which was defined as the point showing a
change in curvature of the inner surface of the angle wall,
often appearing as an inward protrusion of the sclera [15].
The AS-OCT software then automatically calculated angle
opening distance at 500 pm (AODsq), angle recess area at
500 pm (ARAspg), and trabecular—iris space area at
500 pum (TISAsqg). The AODsqy was defined as the linear
distance between the point of the inner corneoscleral wall
(500 um anterior to the scleral spur) and the iris. The
ARA5qy was defined as the triangular area formed by the
AODsq. The corners of the triangle were the angle recess
(the apex), the iris surface and the inner corneoscleral wall.
The TISAsy, was defined as the trapezoidal area with the
following boundaries: anteriorly, the AODsqq; posteriorly,
a line drawn from the scleral spur perpendicular to the
plane of the inner scleral wall to the opposing iris; supe-
riorly, the inner corneoscleral wall; and inferiorly, the iris
surface (Fig. 1). These 3 ACA parameters were assessed
both before and after LPI. If the scleral spur visibility could
not be confirmed in a given image, the eye was excluded
from analysis. Thus 18 subjects, tested for measurement
variability assessment, were excluded for main analysis.

Analysis

Parametric and non-parametric tests were used to compare
variables according to data distribution (Gaussian vs. non-
Gaussian). The presence of angle closure by AS-OCT and
gonioscopic examination at each nasal and temporal
quadrant both before and after LPI was determined and
compared using chi-squared test. The ACA parameters
were compared both before and after LPI using the
Wilcoxon signed rank test. With the reproducibility data
derived from 18 eyes, ICC and inter-session test—retest
variability were calculated for ACA parameters. In our
study, test—retest variability was defined at the 95% con-
fidence interval (CI), determined as 1.96-times greater than
the inter-session standard deviation (SD) for the 95%
level. The increment of ACA parameters (AODsqo,
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Fig. 1 Anterior chamber angle parameters of anterior segment
optical coherence tomography. The AODs is defined as the linear
distance between the point of the inner corneoscleral wall (which was
500 pm anterior to the scleral spur) and the iris. The ARAsq is
defined as the triangular area formed by the AODsqo. The TISAsq is
defined as the trapezoidal area with the following boundaries:
anteriorly, the AODs; posteriorly, a line drawn from the scleral spur
perpendicular to the plane of the inner scleral wall to the opposing
iris; superiorly, the inner corneoscleral wall; and, inferiorly, the iris
surface

ARA 5o, TISAsqg) after LPT which exceeds the 95% CI of
test-retest variability derived from the variability study
group was classified as a significant angle change. Statis-
tical analyses were performed using SPSS version 15.0
(SPSS Inc., Chicago, IL, USA).

Results

Eighty eyes of 80 PACS and PAC subjects were enrolled
initially in the present study (PAC 48, PACS 32 eyes).
Among the 80 initially enrolled subjects, 22 subjects were
scanned in three different sessions for measurement
reproducibility assessment. The remaining 58 subjects
were scanned both before and after LPI. Four of the 22
subjects and 12 of the 58 subjects were excluded due to
poor quality of AS-OCT image and thus difficult assign-
ment of scleral spur. Therefore, the remaining 64 subjects
were finally enrolled in both the variability (18 subjects)
and change analysis (46 subjects) studies. Among the 18
eyes of 18 subjects analyzed for variability assessment, 4
eyes were treated by LPI after acute attack, 10 eyes were
the contralateral eyes of acute attacks and 4 eyes were
asymptomatic narrow angles. Among the 46 eyes of 46
subjects, 12 eyes were treated by LPI after acute attack, 24
eyes were the contralateral eyes of acute attacks, 10 eyes
were asymptomatic narrow angles. Primary angle closure
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glaucoma patients were excluded and only PAC and PACS
patients were included. Accordingly, none of the partici-
pants had any optic disc damage. There was no difference
between participants and excluded subjects in terms of age,
gender, baseline IOP and ACD based on AS-OCT.

Variability measurement

ACA parameters obtained from the 18 subjects showed
good measurement reproducibility. ICC ranged from 0.850
to 0.992. Among the 4 parameters, ACD showed the
highest ICC. Test-retest measurement variability of the
three parameters as defined at the 95% CI was assessed in
nasal and temporal quadrants for determination of signifi-
cant angle change (Table 1).

Change analysis

The mean (£SD) age of the 46 participants was
63.4 + 7.0 years (6 men, 40 women, all Asian). Since IOP
and ACA data could not be described by Gaussian statis-
tics, median value and range of data are summarized
below. IOP was significantly reduced after LPI (median
(range minimum, maximum), pre-LPI: 17.0 (12, 31)
mmHg, post-LPI: 15 (10, 23) mmHg, p = 0.007). ACD
was not significantly different between pre- and post-LPI

Table 1 Reproducibility of ACA parameters determined by AS-OCT
(18 eyes)

Parameter ICC (95% CI) Test-retest
variability
ACD 0.992 (0.974-0.999) 0.074 mm
Temporal AODsq 0.979 (0.955-0.991) 0.022 mm
Quadrant ARA5q 0.941 (0.876-0.975) 0.021 mm?
TISAs00 0.935 (0.864-0.973) 0.018 mm?
Nasal AODs 0.948 (0.890-0.979) 0.024 mm
Quadrant ARA5q 0.868 (0.737-0.944) 0.023 mm?
TISAs00 0.850 (0.705-0.935) 0.017 mm?

ACA anterior chamber angle, AS-OCT anterior segment optical
coherence tomography, ICC intraclass correlation coefficient,
CI confidence interval, AODsg, angle opening distance at 500 pm,
TISAsgo trabecular—iris space area at 500 pm, ARAsgy angle recess
area at 500 um, ACD anterior chamber depth

[pre-LPI: 2.01 (1.47, 2.83) mm, post-LPI: 2.07 (1.50-2.84)
mm, p = 0.165]. The other three parameters were signifi-
cantly increased after LPI (Table 2).

By subjective assessment using gonioscopy, residual
appositional angle closure was detected in 9 (19.6%) eyes
at the nasal and in 11 (23.9%) eyes at the temporal quad-
rant after LPI while all eyes showed angle closure in both
the nasal and temporal quadrants before LPI by gonios-
copy. The frequency of angle closure by gonioscopic
examination at each nasal and temporal quadrant before
and after LPI was significantly different (p < 0.0001,
0.0001). AS-OCT angle images detected angle closure in
38 (82.6%) eyes at the nasal quadrant and in 35 (76.0%)
eyes at the temporal quadrant before LPI. After LPI, from a
total of 46 eyes, angle closure was detected in 22 (47.8%)
eyes at the nasal quadrant and in 16 (34.8%) eyes at the
temporal quadrant. The frequency of angle closure by
AS-OCT at each nasal and temporal quadrant was also
significantly different before and after LPI (p = 0.001,
0.0002).

By measurement variability criteria, the percentage of
eyes which remained unchanged after LPI ranged from
26.1% to 43.5% in the nasal and 23.9% to 45.7% in the
temporal quadrant (Table 3). Among 46 eyes, 38 eyes
(82.6%) did not show significant change by measurement
variability criteria. Figure 2 shows AS-OCT images of a
narrow-angle eye in which no significant change of ACA
parameters before LPI (a) and after LPI (b) can be seen.

Discussion

Our variability study group showed good measurement
reproducibility of ACA parameters (Table 1). From this
dataset, test-retest variability was calculated and cut-off
criteria for defining a significant angle change was arbi-
trarily determined. All diagnostic devices have inherent
measurement variability. Therefore, we assumed that the
change beyond test—retest variability could be regarded as a
reasonable cut-off value for defining ‘true change’. This
strategy for defining ‘true change’ as the ‘change beyond
test—retest variability” was implemented in numerous
publications [16-18]. Furthermore, test-retest measure-
ment variability derived from our own patient group would
be a more objective way of setting cut-off criteria.

Table 2 Anterior chamber

. Nasal
angle parameter [median

Temporal

(range)] changes before and Pre-LPI

Post-LPI

p value Pre-LPI Post-LPI p value

after laser peripheral iridotomy

(LPI) assessed by AS-OCT AODsg (mm)

0.102 (0, 0.366) 0.196 (0, 0.441) <0.001 0.119 (0, 0.357) 0.208 (0, 0.560) <0.001
ARAsgp (mm?)  0.068 (0, 0.166) 0.111 (0, 0.196) <0.001 0.099 (0, 0.285) 0.122 (0, 0.264)
TISAsgy (mm?) 0.048 (0, 0.173) 0.081 (0, 0.056) <0.001

0.001
0.056 (0, 0.159) 0.088 (0, 0.297) <0.001
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Overall, LPI significantly widened the ACA, and
AS-OCT was capable of quantifying this change as shown
in Table 2. We were able to confirm previous findings that
LPI increased ACA parameters quantitatively after LPI
using AS-OCT [8-11]; however, these changes were based
on overall mean values of various parameters following
LPI. These publications show overall changes in AS-OCT
parameters both before and after LPI. However, in the
current study, we specifically looked at each case and
obtained the percentage of eyes which showed the changes
in ACA by applying the cut-off criteria derived from our
own reproducibility data. Among the parameters, AODsg,
showed a higher percentage of angle change after LPI than
the area-related parameters such as ARAsyo or TISAsgo. In
other words, more eyes showed significant quantitative

Table 3 Percentage (%) of eyes which remained unchanged in ACA
parameters after LPI based on the 95% confidence interval of test—
retest measurement variability assessed by AS-OCT

AODS()() ARAS()() TISAS()()
Nasal quadrant 26.1 41.3 43.5
Temporal quadrant 239 43.5 45.7

Fig. 2 Anterior segment optical
coherence tomography images
of narrow angle eye. a Anterior
chamber angle parameters
before laser peripheral
iridotomy. b Anterior chamber
angle parameters after laser
peripheral iridotomy. There was
no significant change of anterior
chamber angle parameters
before and after laser peripheral
iridotomy

changes of AODsqo than ARA5q or TISA5qo following LPI
based on our change criterion. The explanation for this
finding remains unclear.

Before LPI, there were also differences in angle closure
detection between AS-OCT and gonioscopy. Of the 46
eyes with a closed ACA on gonioscopy, AS-OCT detected
closed ACA in 76.0% in the temporal and 82.6% in the
nasal quadrant. This discrepancy in findings between
gonioscopy and AS-OCT was also noted in the study by
Wong et al. [20]. The explanation for this finding might
include differences in the methods of assessing and inter-
preting the ACA configuration with different techniques.

Previous studies [21, 22] found that the prevalence of
angle closure by qualitative AS-OCT analysis were higher
than those by gonioscopy after LPI as we also noticed in
our series following LPI. The possible explanation for this
discrepancy is that inadvertent pressure during gonioscopic
examination may artificially open the appositional angle.
Nolan et al. suggested the possible causes for discrepancy
between gonioscopy and AS-OCT were different lighting
conditions and distortion of the anterior segment by goni-
oscopy. They also pointed out different landmarks to define
angle closure using the 2 methods [20]. Sakata et al. also
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reported that steep iris profile or short irido-angle contact
may explain the different percentage of angle closure
between AS OCT and gonioscopy [22].

In an effort to overcome the aforementioned shortcom-
ings associated with subjective assessment of ACA based
on both gonioscopy and AS-OCT, quantitative analysis
based on reproducibility of the single examiner (SYK) was
performed. By using our own reproducibility data, the
prevalence of eyes which did not show angle changes
beyond the test retest variability was noted to be
23.9-45.8% depending on the location and ACA parame-
ters (Table 3). Therefore, based on our AS-OCT study
results, the significant percentage of ACA parameters were
unchanged after LPIL

A few study results regarding the remained closure of
ACA after LPI assessed by other techniques have been
reported. He et al. [7] demonstrate that, although LPI
induced a significant increase in the angle width in Chi-
nese people with narrow angles, 19.4% of eyes still had 3
or more quadrants in which the posterior trabecular
meshwork could not be seen after LPI when assessed by
gonioscopy. Their incidence was similar to our findings
of 19.6-23% when assessed by gonioscopy. However,
Yeung et al. [19] reported that 42.9% of eyes had appo-
sitional angle closure after LPI assessed by gonioscopy,
which was higher than our results and those by He et al. A
different incidence of angle closure after LPI among
different studies may reflect the inherent diagnostic var-
iability of gonioscopy between observers and examina-
tion conditions. Yao et al. [23] used UBM for assessing
ACA features qualitatively after LPI and reported that
appositional angle closure was observed in at least 1
quadrant in 38.2% of the fellow narrow-angle eyes of
acute PAC patients after LPI. Considering our results that
angle closure was detected in 34.8-47.8% of eyes after
LPI, the prevalence of angle closure assessed by AS-OCT
and UBM was revealed to be similar, although it is
problematic to compare different studies with different
study designs and definition of angle closure.

Our study has certain limitations. One was the exclusion
of superior and inferior quadrants for analysis. AS-OCT
has difficulty in visualizing the superior quadrant due to the
eye lid. Image quality of the inferior quadrant has been
reported to be poor [15], which often leads to difficulties in
assigning sclera spur and subsequent ACA parameter
measurement. Another limitation was that the same
examiner (MSK) performed the gonioscopy both before
and after LPI. This might have introduced a certain
examiner bias in the identification of residual angle closure
following LPI based on gonioscopy; however, it is
impossible to mask the examiner to the status of LPI during
gonioscopy. For the purpose of exploring the causes of
ACA crowding, detailed imaging of posterior chamber
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configuration or lens status might be needed. AS-OCT has
limited tissue penetration and scan depth. Thus, we were
not able to visualize the ciliary body or measure lens
configuration and/or thickness. The ciliary body and crys-
talline lens are important anterior segment structures that
may contribute to ACA changes. Plateau iris configuration
may be responsible for persistent angle closure following
LPI and this entity can be identified by confirmation of the
disappearance of the ciliary sulcus with use of an imaging
device such as UBM. Thus this could also be a limitation of
the current study. However, the aim of our study was not to
investigate the structural mechanism for the angle closure
following LPI but to attempt to test the residual angle
closure based on our predefined quantitative criterion using
AS-OCT following LPI.

The overall conclusion of our study was that LPI led to
statistically significant increases in ACA parameters when
assessed by AS-OCT. However, using cut-off values
derived from our own test-retest variability data, sub-
stantial portions of both PAC and PACS eyes showed no
significant change of ACA parameters despite patent LPIL.
These findings coincided with previous qualitative evalu-
ations by UBM or gonioscopy and with the clinical finding
that a significant percentage of eyes showed progressive
PAS formation despite patent LPI.
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