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Background: To measure the anterior and posterior segment structural features of acute primary angle-
closure (APAC) eyes.

Methods: A total of 36 subjects with unilateral APAC were recruited in this study. The ocular biometric
characteristics were measured by anterior segment optical coherence tomography (AS-OCT) and swept
source optical coherence tomography (SS-OCT), respectively at baseline, 2 weeks, and 1 month after
surgical intervention.

Results: At baseline, when compared with the fellow eyes, APAC-affected eyes showed significantly
greater corneal thickness (P=0.004), shallower anterior chamber depth (ACD) (P<0.001), smaller anterior
chamber area (ACA) (P=0.013), angle opening distance at 750 pm from the scleral spur (AOD750) (P=0.002),
trabecular—iris space area at 750 pm from the scleral spur (TISA750) (P=0.033), angle recess area (ARA)
(P=0.014), and iris area (IARE) (P=0.003), less iris curvature (CURVE) (P=0.003), and larger lens vault (LV)
(P=0.030). After intervention, the corneal thickness was significantly decreased at 1 month (P<0.001), while
ACD, ACA, and AOD750 were significantly increased at 2 weeks and 1 month (all P<0.017). Changes in
ACD were correlated with decreasing LV (P<0.05). The posterior segment parameters did not change over
the 4-week period.

Conclusions: When compared with the fellow eyes, APAC-affected eyes had greater corneal thickness,
shallower anterior chamber, narrower angle, less ICURVE, and larger LV. After intervention, the corneal

thickness was decreased, while the shallower anterior chamber was relieved to some extent.
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Introduction APAC has a higher incidence in parts of Asia; for
Acute primary angle-closure (APAC) is a notable ophthalmic example, its revealed occurrence is 12.2/100,000 per year

crisis described by sudden and excessive increases in in Singapore Chinese and 10.4/100,000 per year in Hong

intraocular pressure (IOP) (1). Severe episodes of APAC Kong Chinese (4). Early biometric research (5,6) has
can prompt the advancement of visual field damage, chronic demonstrated that the APAC eyes often have a shallower
glaucoma, and visual deficiency (2,3). anterior chamber, a smaller corneal diameter, a thicker
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lens, and a shorter axial length than is seen in normal eyes.
However, the development of imaging diagnostic techniques
continues to uncovering extra physiological components
that are equally significant, particularly concerning the
triggering of an acute attack.

Recent studies using anterior segment optical coherence
tomography (AS-OCT) have recognized novel anatomic
elements related with APAC, including shallower anterior
chamber depth (ACD), smaller anterior chamber area (ACA)
and volume (ACV), and increased lens vault (LV) (7-9). Our
previous series of studies (10,11), which utilized enhanced
depth imaging optical coherence tomography (EDI-OCT)
to research posterior ocular biometry, revealed a correlation
between increased subfoveal choroidal thickness (SFCT)
and the pathogenesis of APAC. We hypothesized that the
choroidal expansion described by Quigley et a/. (12,13)
could be a physiological trigger accounting for APAC.
However, to date, few studies have attempted to investigate
the anterior and posterior biometric characteristics together
in APAC eyes.

The aim of this study was to investigate the structural
features of the anterior and posterior segments of APAC-
affected eyes by comparing the APAC-affected eyes with
their fellow eyes, together with longitudinal follow-up
observation of the structural features after iridectomy.
We present the following article in accordance with the
STROBE guideline checklist (available at http://dx.doi.
org/10.21037/aes-20-87).

Methods
Subjects and enrolment criteria

"This is an observation study. The study was approved by the
Ethical Review Committee of the Zhongshan Ophthalmic
Center (ID: 2012KYNLO037), and was performed in
compliance with the Declaration of Helsinki (as revised in
2013). All participants received a detailed explanation of the
study and signed an informed consent form. This study was
conducted from April 2014 to April 2017.

Patients suffering unilateral APAC attacks [the fellow
eyes were diagnosed with primary angle closure suspect
(PACS)] were recruited to participate in the study. APAC
was characterized dependent on the following criteria (4):
(D) presence of at least two of the following manifestations:
nausea and/or vomiting, ocular or periocular pain, and a
precursor history of intermittent blurring of vision with
halos; (II) presenting an IOP >22 mmHg (as estimated by
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Goldmann applanation tonometry); (III) the presence of at
least three of the following manifestations: corneal epithelial
edema, a shallow anterior chamber, and mid-dilated
unreactive pupil; and (IV) the presence of an occluded
angle in the attacked eye, confirmed by gonioscopy. PACS
was characterized as a pigmented trabecular meshwork
in the eye not visible for >180 degrees under static
gonioscopy, without peripheral anterior synechiae or
glaucomatous neuropathy, and with an IOP <21 mmHg.
All eyes experienced an ultrasound biomicroscopy (UBM)
assessment to affirm the presence of a narrow-angle
pupillary block segment.

Patients with any of the following criteria were
rejected: a secondary acute attack due to tumor; trauma;
iris neovascularization; lens subluxation; uveitis; any
conspicuous cataract cause an intumescent lens; a pre-
existing ocular disease (such as age-related macular
degeneration, retinal vein occlusion, retinal artery occlusion,
and diabetic retinopathy, etc.); a history of previous ocular
surgery; opacities of the optical media; or difficulty in
fundus examination and OCT imaging.

The APAC eyes were treated with standard medical
treatment. This comprised topical pilocarpine, timolol,
Azopt, Alphagan, and topical steroids. Intravenous mannitol
and oral acetazolamide were added in cases where the
IOP was not decreased by 20%. After the initial medical
treatment, all APAC eyes underwent surgical iridectomy,
which was performed by same surgeon (X.Z.). Although
laser iridotomy has become the first-line treatment of
APAC in recent years, surgical iridectomy was chosen in
the present study because it is covered by hospitalization
insurance in China.

Examination protocol and study measurements

Patients underwent three scheduled examinations: the
first occurred when the cornea became clear (usually IOP
<30 mmHg after intensive medical therapy) and before
iridectomy, which was defined as the baseline measurement.
The second and third visits occurred 2 weeks and 1 month
after the surgery, respectively. At each study visit, the
patients underwent complete ophthalmic evaluations, which
included a visual acuity measurement, gonioscopy, IOP
measurement (Goldmann applanation tonometry), fundus
examination, visual field text (24-2 test pattern; Carl Zeiss
Meditec, Germany), a refractive error examination using
an autorefractometer (Topcon, Japan), AL measurements
using the IOL Master (Carl Zeiss Meditec, Germany), AS-
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OCT measurements (Visante OCT; Carl Zeiss Meditec,
Germany), and SS-OCT measurements (DRI OCT-1;
"Topcon, Japan).

AS-OCT and SS-OCT measurements

Anterior chamber parameters were measured by AS-
OCT in a darkened room (0 lux) by a single operator.
The protocol for AS-OCT measurement was described
in our previous study (14). The AS-OCT images were
estimated by Zhongshan Angle Assessment Program (ZAAP,
Guangzhou, China) (15). The only operation was to decide
the location of the scleral spur. Then, the ZAAP software
automatically calculated the anterior chamber parameters.
The following parameters were measured: cornea thickness,
ACD, anterior chamber width (ACW), ACA, ACV, pupil
diameter (PD), angle opening distance at 750 pm from the
scleral spur (AOD750), trabecular—iris space area at 750 pm
from the scleral spur (TISA750), angle recess area (ARA),
iris thickness at 750 pm from the scleral spur (I'T750), iris
curvature (ICURV), iris area (IAREA), and lens vault (LV).

The SS-OCT measurements immediately followed the AS-
OCT measurements. Details of the SS-OCT measurement
protocol of the macular region are available in our previous
report (14). A 3D imaging scan pattern was used, and
the images were analyzed using built-in manufacturer’s
software (9.12.003.04). A 6x6 mm’ thickness map of five
layers [retinal nerve fiber layer (RNFL), ganglion cell layer
plus (GCL+), ganglion cell complex (GCC), retina, and
choroid] was automated segmentation by the manufacturer’s
software. A 6x6 mm’ scan grid was used for the thickness
map, and the mean regional thicknesses were calculated for

the 36 sectors of the grid.

Statistical analysis

By using the difference test, a significance level below 0.05
was set and a power of 0.80 to detect an average ACD
difference of 0.2 mm with a 0.3 mm standard error, it was
estimated that a minimum of 20 eyes were needed. All
statistical analyses were calculated using SPSS (Version 13.0;
SPSS, Chicago, IL) statistical software. Statistical significance
was accepted at P<0.05. First, the anterior and posterior
segment parameters were compared between APAC-affected
eyes (baseline) and fellow eyes using a paired #-test. Second,
a paired 7-test was used again to compare the variables at
different time points (baseline, 2 weeks, and 1 month after
surgery). In this model, to adjust for multiple comparisons, P
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values of 0.017 for paired 7-tests were regarded as statistically
significant, with significance levels of 0.05 dependent on
Bonferroni's strategies. Third, the Pearson correlation was
used to determine the factors affecting the changes in the
ACD. Lastly, the theory of choroidal expansion, proposed by
Quigley er al. (12), was verified using uni- and multivariate
linear regression to identify the relationship between
choroidal thickness and anterior segment parameters in the
baseline of APAC-affected eyes.

Results
Demographic and clinical characteristics

The study included 36 subjects with unilateral APAC that
met the inclusion and exclusion criteria. The recruitment
and follow-up of subjects are illustrated in Figure 1. All
fellow eyes had a diagnosis of PACS. The mean age of the
patients was 60.0£8.4 years, with 29 females and 7 males.
The mean IOP at presentation was 46.2+10.3 mmHg. The
median duration of experienced attack was 3.5 days (range,
1 to 7 d). The demographic and baseline characteristics of
the patients are shown in 7able 1. Most patients had an IOP
that remained at less than 21 mmHg for the duration of the
study after peripheral iridectomy, except for three patients
who required IOP-lowering medications after surgery.

APAC-affected eyes vs. fellow eyes

The results of a comparison of ocular biometric parameters
between APAC-affected eyes and fellow eyes are
summarized in Table 2. As expected, the IOP was higher in
the APAC-affected eyes than in the fellow eyes (P=0.009).
No differences were detected in SE and AL. The AS-OCT
measurement parameters revealed significantly greater
corneal thickness (P=0.004); shallower ACD (P<0.001);
and smaller ACA (P=0.013), AOD750 (P=0.002), TISA750
(P=0.033), ARA (P=0.014), and TARE (P=0.003); less
ICURVE (P=0.003), and larger LV (P=0.030) in the affected
eyes than in the fellow eyes. No significant differences were
evident in the posterior segment parameters (including
RNFL, GCL+, GCC, retina, and choroidal thickness) of
the affected and fellow eyes.

APAC-affected eyes at baseline, 2 weeks, and 1 month after

intervention

Table 3 shows the ocular biometric parameters in APAC-
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Baseline: APAC-affected eyes (36)

»| Compare with the fellow eyes(36)

Surgical iridectomy
\

2 weeks: APAC-affected eyes (34)

Y

1 month: APAC-affected eyes (33)

Figure 1 Flowchart showing recruitment and follow-up in the study.

Table 1 Clinical characteristics of the study subjects

Characteristic Values
Age, y 60.0 (8.4)
Gender (female/male) 29/7
Laterality of affected eye (right/left) 17/19
Presenting IOP (mmHg) 46.2 (10.3)
IOP at baseline imaging (mmHg) 21.2 (11.9)
No. of glaucoma medications (SD) 4.80 (0.81)

Values are expressed as the mean (SD). IOP, intraocular
pressure; SD, standard deviation.

affected eyes measured at baseline, 2 weeks, and then
1 month after the intervention. The baseline IOP was
21.2£11.9 mmHg and decreased to 16.9+5.0 at 2 weeks
(P=0.016), and to 15.9£5.0 at 1 month after surgery
(P=0.010). No significant difference was noted in IOP
at 2 weeks and at 1 month (P=0.569). The AS-OCT
measurement parameters after surgery showed a significant
decrease in cornea thickness at 1 month (P<0.001), while
ACD, ACA, and AOD750 were significantly increased
at 2 weeks and 1 month (all P<0.017). Changes in ACD
at 2 weeks and 1 month were correlated with decreasing
LV (P=0.001, and P=0.028, respectively). No significant
association was evident between changes in ACD and
any other analyzed factors (age, baseline AL, and changes
in corneal thickness and choroidal thickness) (Table 4).
No significant difference was noted in anterior segment
parameters between 2 weeks and 1 month. No significant
changes occurred in posterior segment parameters
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(including RNFL, GCL+, GCC, retina, and choroidal
thickness) over the 4-week period (all P>0.05) (7able 3).

Association between choroidal thickness and anterior
segment parameters

Uni- and multivariate linear regression analyses were
performed (7able 5) to discover the relationship between
choroidal thickness and anterior segment parameters in
APAC-affected eyes. However, no association was found
between choroidal thickness and ACD, ACA, AOD750, and
LV in either the unadjusted or adjusted models (all P>0.05).

Discussion

In the present study, our aim was to achieve a better
understanding of the anatomical characteristics of APAC
eyes by incorporating concurrent AS-OCT and SS-OCT
measurements. The present study findings confirmed
that APAC-affected eyes had greater corneal thickness,
shallower ACD, narrower angle, smaller ACA and IARE,
less ICURVE, and larger LV than the fellow eyes. This
is consistent with the results of recent AS-OCT study in
Korean patients (7). The longitudinal follow-up observation
of the structural features after iridectomy revealed that
cornea thickness was significantly decreased at 1 month,
while ACD, ACA, and AOD750 were significantly
increased at 2 weeks and 1 month. These observations are
similar to those of preliminary investigations that proposed
an association between laser iridotomy and increases in
central ACD [Gazzard, personal communication, quoted
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Table 2 Comparison of ocular biometric parameters between
APAC-affected eyes and the fellow eyes

APAC-affected .

Characteristic Fellow eyes P value

eyes
IOP at imaging, mmHg 21.2(11.9) 13.4 (3.4) 0.009
Al, mm 22.21(0.78) 22.21(0.85) 0.963
SE, D 1.49 (2.00) 1.74(1.61) 0.279

ASOCT-anterior segment parameters

CCT, um 586.3 (48.5) 557.1(30.7) 0.004
ACD, mm 1.77(022)  1.88(0.19) <0.001
ACW, mm 11.02 (0.41)  11.11(0.38)  0.091
ACA, mm® 11.57 (2.05) 12.43(1.82) 0.013
ACV, mm® 64.7(16.9)  72.4(13.6) 0.057
PD, mm 426 (1.55)  4.05(1.47) 0.635

ASOCT-mean anterior chamber angle parameters

AOD750, mm 0.09(0.07)  0.17(0.09) 0.002
TISA750, mm? 0.04 (0.04)  0.07 (0.04) 0.033
ARA, mm? 0.06 (0.06)  0.09 (0.06) 0.014

ASOCT-iris and lens parameters

IT750, mm 0.47 (0.08) 0.51(0.08) 0.077
IAREA, mm® 1.42 (0.25) 1.69 (0.30) 0.003
ICURV, mm 0.23 (0.11) 0.37 (0.15)  0.003
LV, mm 0.95(0.18) 0.89 (0.13)  0.030
SSOCT parameters
RNFL, ym 30.2 (7.35) 33.6 (13.5) 0.288
GCL+, uym 69.4 (8.42)  71.4(6.56) 0.242
GCC, pm 100.3 (13.6) 102.5(10.6) 0.482
Retina, pm 272.1(22.2) 267.8(11.0) 0.291
CT, ym 224.8(91.5) 209.5(71.8) 0.330

*, based on paired t test. Data are expressed as the mean (SD).
APAC, acute primary angle-closure; IOP, intraocular pressure;
SE, Spherical equivalent; AL, axial length; D, diopter; CCT, cor-
neal thickness; ACD, anterior chamber depth; ACW, anterior
chamber width; ACV, anterior chamber volume; ACA, anterior
chamber area; PD, pupil diameter; AOD750, angle opening
distance at 750 pm from the scleral spur; TISA750, trabecular-
iris space area at 750 pm from the scleral spur; IT750, anterior
chamber volume; ARA, angle access area; IAREA, iris area;
ICURYV, iris curvature; LV, lens vault; RNFL, retinal nerve fiber lay-
er; GCL+, ganglion cell layer plus; GCC, ganglion cell complex;
CT, choroidal thickness.

© Annals of Eye Science. All rights reserved.

Page 5 of 9

in Quigley et al. (12)]. However, no significant changes in
posterior segment parameters (including RNFL, GCL+,
GCC, retina, and choroidal thickness) were found over the
4-week period.

Previous studies have recommended that a shallower
ACD has a higher risk for an acute attack (16,17). A
shallower ACD has been considered as one of the main
biometric parameters related with APAC during the
attack (18). Our study showed that the ACD was smaller
in the acute eyes than in the fellow eyes and that ACD was
increased after iridectomy. This further accentuates the
importance of a shallow ACD in terms of susceptibility to
an acute attack, and suggests that APAC progression may be
associated with changes in ACD. The ACD value is affected
by the LV and posterior corneal surface height. In the
present study, changes in ACD showed a correlation with
decreasing LV. The importance of the LV in angle closure
has been well established (16). Similar to our findings, Sng
et al. demonstrated that the LV was a significant determinant
of ACD, contributing 58% of its variability (17).

The reason for the shallower ACD and larger LV in
affected eyes is still unclear. Positive correlation between LV
with increasing age has been reported previously (19). Aging
can increase lens thickness, which cause LV increases (20,21),
yet this brings up another issue in regards to other different
reasons for larger LV in the affected eye compared to the
fellow eye within the same patient. Quigley ez a/. (12) have
hypothesized choroidal expansion as a potential component
for anterior lens movement. They theorized that choroidal
expansion incidental with increase of intraocular volume
could cause an immediate IOP increase.

In the present study, we used uni- and multivariate linear
regression analyses to try to demonstrate the association
between the choroidal thickness and anterior segment
parameters in APAC-affected eyes. But no association
between the choroidal thickness and the ACD and LV was
found. In addition, the longitudinal follow-up observation
revealed no significant association between changes in the
ACD and choroidal thickness. The proposed mechanism
of choroidal expansion as a possible physiological trigger
accounting for APAC is biologically conceivable. However,
this study did not give enough proof to support this
mechanism.

Some potential limitations in our study should
be mentioned. First, measurements were done after
interventions for the acute attack, so potential trigger factors
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Table 3 Comparison of ocular biometric parameters in APAC-affected eyes between baseline, 2 weeks, and 1 month after intervention

P value*, Baseline P value*, Baseline P value*, 2 weeks

Characteristic Baseline 2 weeks 1 month /s, 2 weeks vs. 1 month vs. 1 month
IOP at imaging, mmHg 21.2(11.9) 16.9 (5.0) 15.9 (5.0 0.016 0.010 0.569
Al, mm 22.21(0.78) 22.15(0.81) 22.17 (0.84) 0.027 0.133 0.168
SE, D 1.49 (2.00) 1.59 (1.66) 1.40 (1.96) 0.751 0.123 0.324
ASOCT-anterior segment parameters
CCT, pm 586.3 (48.5) 554.8 (39.6) 550.8 (38.2) 0.035 <0.001 0.314
ACD, mm 1.77 (0.22) 1.95 (0.35) 1.91 (0.34) 0.010 0.015 0.023
ACW, mm 11.02 (0.41) 11.06 (0.41) 11.08 (0.46) 0.292 0.202 0.373
ACA, mm® 11.57 (2.05) 13.69 (3.93) 12.73 (2.21) 0.002 0.006 0.102
ACV, mm® 64.7 (16.9) 87.2 (26.2) 82.0 (21.3) 0.004 0.036 0.052
PD, mm 4.26 (1.55) 4.36 (0.99) 4.24 (0.98) 0.070 0.220 0.127
ASOCT-mean anterior chamber angle parameters
AOD750, mm 0.09 (0.07) 0.19 (0.11) 0.16 (0.10) 0.001 0.016 0.436
TISA750, mm® 0.04 (0.04) 0.07 (0.05) 0.07 (0.05) 0.043 0.106 0.081
ARA, mm® 0.06 (0.06) 0.08 (0.06) 0.07 (0.04) 0.194 0.313 0.083
ASOCT-iris and lens parameters
IT750, mm 0.47 (0.08) 0.52 (0.08) 0.51 (0.08) 0.065 0.099 0.138
IAREA, mm® 1.42 (0.25) 1.28 (0.39) 1.37 (0.30) 0.013 0.252 0.704
ICURV, mm 0.23 (0.11) 0.14 (0.13) 0.15(0.12) 0.027 0.026 0.147
LV, mm 0.95 (0.183) 0.87 (0.30) 0.91 (0.24) 0.042 0.057 0.145
SSOCT parameters
RNFL, ym 30.2 (7.35) 30.1(8.82) 30.8 (13.4) 0.993 0.789 0.310
GCL+, pm 69.4 (8.42) 68.2 (13.7) 66.9 (9.43) 0.628 0.214 0.604
GCC, pm 100.3 (13.6) 99.1 (20.3) 99.21 (19.2) 0.693 0.782 0.283
Retina, pm 272.1 (22.2) 274.2 (29.0) 272.1 (24.1) 0.465 0.998 0.635
CT, ym 224.8(91.5) 235.9(105.9) 219.0(102.9) 0.529 0.768 0.354

*, based on paired t test. P value <0.017 was considered to be significant, by Bonferroni correction for multiple comparisons. APAC, acute
primary angle-closure; IOP, intraocular pressure; SE, Spherical equivalent; AL, axial length; D, diopter; CCT, corneal thickness; ACD, an-
terior chamber depth; ACW, anterior chamber width; ACV, anterior chamber volume; ACA, anterior chamber area; PD, pupil diameter;
AOD750, angle opening distance at 750 uym from the scleral spur; TISA750, trabecular-iris space area at 750 pm from the scleral spur;
IT750, anterior chamber volume; ARA, angle access area; IAREA, iris area; ICURY, iris curvature; LV, lens vault; RNFL, retinal nerve fiber
layer; GCL+, ganglion cell layer plus; GCC, ganglion cell complex; CT, choroidal thickness.

may already have resolved. The effect of glaucoma drugs
may also have had a substantial effect on ocular biometry.
Hence, the baseline measurements may only approximate
the true baseline at the onset of the attack. This points out
the difficulty in recognizing subtle physiological changes in
such a dynamic situation. Second, surgical iridectomy is a

© Annals of Eye Science. All rights reserved.

significant confounder since this is an intraocular procedure
that in itself may affect the ocular biometric characteristics.
The iridectomies in the present study were performed by
the same specialist to minimize potential surgical effects.
Finally, all of these studies were conducted on Chinese
individuals, so evaluation of this phenomenon in other
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Table 4 Pearson correlation of various factors affecting the changes in the ACD
AACD (baseline-2 weeks) AACD (baseline-1 month)
Factors
r P value r P value
Age, year 0.219 0.367 -0.002 0.993
Baseline AL, mm 0.170 0.486 -0.116 0.647
ACCT, ym -0.191 0.479 -0.066 0.794
ALV, mm -0.947 0.001 -0.547 0.028
ACT, ym 0.095 0.716 -0.052 0.859
ACD, anterior chamber depth; LV, lens vault; CCT, corneal thickness; LV, lens vault; CT, choroidal thickness.
Table 5 Association between choroidal thickness and anterior segment parameters in APAC-affected eyes
Unadjusted Adjusted”

B [95% CI] P value B [95% CI] P value
ACD, mm 132.4 [-52.8, 317.1] 0.151 76.7 [-101.1, 254.6] 0.377
ACA, mm’® 17.8 [-11.0, 46.6] 0.205 18.9 [-16.0, 54.0] 0.252
AOD750, mm 449.0 [-261.1, 1159.2] 0.201 418.1 [-262.9, 1099.2] 0.210
LV, mm -87.0 [-275.8, 101.7] 0.349 -97.9[-277.7, 81.7] 0.267

*, adjusted for age, gender, AL, IOP. APAC, acute primary angle-closure; ACD, anterior chamber depth; ACA, anterior chamber area;
AOD750, angle opening distance at 750 um from the scleral spur; LV, lens vault.

populations would be interesting. Besides these limitations,
valuable information still can be gained from this study. We
believe that the results of this study will be useful in future
studies about this topic.

Conclusions

In this study, we used AS-OCT and SS-OCT for concurrent
measurements of anterior and posterior segment structural
features of APAC. We found greater cornea thickness,
shallower anterior chamber, narrower angle, less ICURVE,
and larger LV in APAC-affected eyes than in fellow
eyes. Iridectomy decreased the cornea thickness, while
ACD, ACA, and AOD750 were significantly increased.
An association analysis between choroidal thickness and
anterior segment parameters revealed no any evidence to
support the mechanism of choroidal expansion as a possible
physiological trigger accounting for APAC.
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