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MPH1, Guofu Huang, MD, PhD1,3, Mingguang He, MD, PhD1,4, and Shan C. Lin, MD1

1Department of Ophthalmology, University of California, San Francisco, California, USA

2Department of Ophthalmology, Juntendo University School of Medicine, Tokyo, Japan

3Department of Ophthalmology, Nanchang University, Nanchang, Jiangxi Province, China

4State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China

Abstract

Objective—To evaluate the association between baseline measurements of iris thickness at three

positions and change in anterior segment biometric parameters after prophylactic laser peripheral

iridotomy (LPI).

Design—Prospective clinical cohort study.

Participants—Fifty-two eyes of 52 nonglaucomatous subjects with anatomically narrow angles.

Methods—Anterior segment optical coherence tomography images captured before and after LPI

were analyzed using customized software, the Zhongshan Angle Assessment Program.

Differences in preoperative and postoperative measurements for anterior segment biometric

parameters were compared by paired Student’s t-tests. Multivariate linear regression models,

adjusted for age, sex, ethnicity, and preoperative pupil diameter, were used to examine the

association between the baseline measurements of iris thickness at three positions and the change

in anterior segment biometric parameters after LPI.

Main Outcome Measures—Baseline iris thickness measured at 750μm (IT750) and 2000μm

(IT2000) from the scleral spur and maximal iris thickness (ITM). Changes in iris curvature

(ICURV) and trabecular–iris space area at 500μm (TISA500) and 750μm (TISA750) from the

scleral spur after LPI.
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Results—ICURV significantly decreased, while TISA500 and TISA750 significantly increased

following LPI (all P<0.0001). Lower baseline IT750 was significantly associated with greater

postoperative increases in TISA500 and TISA750 (both P<0.05). Lower baseline IT2000 and ITM

were significantly associated with greater postoperative decrease in ICURV (both P<0.05).

Conclusion—Our results showed that lower baseline measurements of iris thickness are

associated with greater decrease in ICURV and increases in TISA500 and TISA750 after LPI.

This suggests that eyes with thinner irides undergoing LPI were more likely to exhibit greater

magnitude of change in terms of flattening of the iris convexity (i.e., ICURV) and widening of the

anterior chamber angle (i.e., TISA500 and TISA750).

Keywords

laser peripheral iridotomy; anterior segment optical coherence tomography; iris thickness; iris
curvature; trabecular-iris space area

Introduction

Primary angle-closure glaucoma (PACG) is a major cause of irreversible blindness

worldwide.1 Since an anterior chamber angle judged to be narrow is one of the most

predictive risk factors for the development of primary angle closure (PAC) and subsequent

progression to PACG, evaluation of the anterior chamber angle is important in

characterizing and distinguishing open configuration from narrow configuration. Although

static and dynamic indentation gonioscopy are considered the reference standard for

assessing the anterior chamber angle, its assessment is subjective. Clinical suspicion of

angle-closure-related disease could be corroborated by diagnostic imaging modalities such

as anterior segment optical coherence tomography (ASOCT).2 Analysis of ASOCT images

with customized software, the Zhongshan Angle Assessment Program (ZAAP, Zhongshan

Ophthalmic Centre, Guangzhou, China), allows objective and reproducible quantification of

anterior segment biometric parameters.3 Recent studies using ASOCT to examine anterior

chamber dimensions demonstrated that greater iris thickness is independently associated

with narrow angles and angle closure.4–7 Their findings suggest that thicker irides play a

role in the pathogenesis of angle closure because the thickened irides would be in closer

proximity to the drainage angle.

Currently, the prevailing practice is to offer laser peripheral iridotomy (LPI) as a

preventative intervention that induces changes in anterior segment morphology in order to

prevent the onset of angle closure and the development of optic nerve injury.8 Early LPI has

been shown to favorably alter the natural history of primary angle closure suspects (PACS),

PAC, and PACG.9 Since iris thickness has been identified as a significant risk factor for

angle closure, a better understanding of how iris thickness influences outcomes of LPI may

hold implications for managing patients with, or at risk for developing, angle closure. This

prospective study aimed to assess whether baseline measurements of iris thickness are

predictive of anterior segment morphological changes following LPI in a cohort of PACS

eyes.
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Methods

Approval for this prospective study was obtained from the University of California, San

Francisco (UCSF) Committee on Human Research. The study was carried out in accordance

with the tenets of the Declaration of Helsinki. Caucasian and Chinese subjects were

consecutively recruited from the UCSF general ophthalmology and glaucoma clinics

between April 2008 and December 2012. All enrolled subjects provided written informed

consent. Inclusion criteria for subject enrollment included: (1) adult patients (age >18 years)

with narrow angles as defined by the Shaffer gonioscopic classification (described below) in

at least one eye; (2) patients with confirmed normal perimetry and normal appearing optic

discs; (3) patients who consented to receiving LPI; (4) patients who consented to undergo

standardized preoperative and postoperative ophthalmic examination and ASOCT imaging;

and (5) self-reported Caucasian or Chinese ancestry in both parents (the term “Caucasian”

for the purposes of this study included only European-derived whites). Exclusion criteria for

enrollment included the following: (1) eyes with PAC, PACG, or glaucomatous optic

neuropathy; (2) eyes with corneal abnormalities such as edema, abrasion or dystrophy,

pterygium, and other degenerative changes; (3) eyes with irido-ciliary cysts; (4) eyes with

incomplete LPI perforation; and (5) patients who could not return for follow-up in the

specified time period. The International Society of Geographic and Epidemiologic

Ophthalmology (ISGEO) created a classification scheme for diagnosing glaucoma in cross-

sectional population based research. 10 In this study, we utilized the diagnostic criteria

developed by the ISGEO as the basis for diagnosis of PAC, PACG, and glaucomatous optic

neuropathy. PAC was defined as eyes graded as occludable on gonioscopy with either the

presence of peripheral anterior synechiae or intraocular pressure (IOP) > 21 mm Hg or both.

PACG was defined as eyes with PAC and evidence of glaucomatous optic nerve damage.

Glaucomatous optic nerve damage was confirmed by a glaucomatous optic nerve

appearance (vertical cup:disc ratio > 0.6) and a corresponding reliable visual field defect. A

glaucomatous visual field defect was considered to be present when the hemifield test was

graded outside normal limits (with a probability of less than 5% based upon comparison

with age-matched controls in the pattern deviation plot) and showed a cluster of three or

more non–edge contiguous points that did not cross the horizontal meridian. Visual fields

were defined as reliable if they fulfilled the following criteria: fixation losses < 33%, false

positives < 20%, and false negatives < 20%.

Pre-operative and Post-operative Evaluation

All enrolled subjects received a standardized ophthalmic examination that included visual

field testing using the 24-2 Swedish Interactive Threshold Algorithm (SITA) standard

strategy with the Humphrey Visual Field Analyzer (model 750i, Carl Zeiss Meditec, Inc.,

Dublin, CA), IOP measurement by Goldmann applanation tonometry (model AT900, Haag-

Streit AG, Koeniz, Switzerland), slit lamp examination (model BM900, Haag-Streit AG,

Koeniz, Switzerland), and gonioscopy with a Zeiss-style 4-mirror lens (model OPDSG,

Ocular Instruments, Inc., Bellevue, WA). A single trained ophthalmologist (SCL) performed

gonioscopy at x16 magnification with slit-lamp biomicroscopy in a darkroom setting. The

Shaffer gonioscopic classification was used to determine the anterior chamber angle grading

in all four quadrants: an angle between the iris and the trabecular meshwork surface of 35°
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to 45° was classified as grade 4, between 20° and 35° was classified as grade 3, between 10°

to 20° was classified as grade 2, and less than 10° was classified as grade 1. Grade 0 was

assigned if angle structures were not observed.11 For this study, eyes with narrow angles

were defined as those with Shaffer grades of 2 or less in 3 or more quadrants. This definition

of narrow angle has previously been used by other studies.12–18 To improve accuracy in IOP

measurements, the same ophthalmologist (SCL) measured IOP twice for each subject during

a designated time period between 1 and 3 PM. From the two IOP measurements, an average

was derived for statistical analysis. If the two IOP values differed by more than 2 mmHg,

then a third measurement was performed and the median value was used.

Laser Peripheral Iridotomy

All LPIs were performed by the same ophthalmologist (SCL). After pharmacological pupil

constriction with topical 2% pilocarpine, topical proparacaine hydrochloride ophthalmic

solution 0.5% (Alcaine, Alcon Pharmaceuticals, Fort Worth, TX) was applied to the surgical

eye for anesthesia. An Abraham lens filled with Hypromellose 2.5% ophthalmic lubricant

solution (Goniovisc™, HUB pharmaceuticals, Rancho Cucamonga, CA) was placed on the

cornea and a neodymium:yttrium aluminum garnet (Nd:YAG) laser was used to create a

peripheral iridotomy approximately 1 mm from the limbus in the supero-temporal region

between 10–11 and 1–2 o’clock positions on the right and left irides, respectively. Triple

bursts of 7 mJ per laser shot were used initially to achieve patency, and then single bursts of

6 mJ per laser shots were used to enlarge the iridotomy. An average of 25 shots were used.

At the end of every procedure, the performing physician confirmed the achievement of full-

thickness perforation. The size of the iridotomy was approximately 1.5 mm in diameter.

Immediately following the procedure, topical 0.1% apraclonidine (Iopidine, Alcon

Pharmaceuticals, Fort Worth, TX) and 1% prednisolone acetate (Pred Forte, Allergan

Pharmaceuticals, Irvine, CA) were applied. IOP was measured approximately 1 hour after

the procedure. Patients with significantly elevated IOP received appropriate topical ocular

hypotensives for IOP control prior to leaving the clinic. All patients were instructed to use

1% prednisolone acetate 4 times a day for 3 days. Post-LPI assessment was performed 2–3

weeks after the procedure. The post-LPI ASOCT image was obtained at this visit,

gonioscopic examination was performed, and all iridotomies were examined for patency and

confirmed to be of adequate size. LPI was repeated if patency could not be confirmed.

Anterior Segment Optical Coherence Tomography

All qualified study subjects received imaging in the dark with ASOCT (Visante OCT, Carl

Zeiss Meditec, Inc., Dublin, CA), a non-contact optical coherence tomographic system using

1310-nm wavelength light to capture high-resolution cross-sectional images of the anterior

segment of the eye. ASOCT imaging was performed under standardized dark conditions

with illuminations below 1 lux as measured by EasyView Digital Light Meter (model EA30,

Extech Instruments, Inc., Waltham, MA). Patients were allowed 5 minutes for dark

adaptation before image acquisition. Each ASOCT scan captured both the temporal and

nasal quadrants (nasal-temporal 0–180°) in a single image while the patient looked straight

ahead. An experienced operator, masked to the standardized ophthalmic examination

findings, performed all the ASOCT scans. Three to five images were acquired for the one

randomly selected eye of each subject and the image with the best quality was selected for
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analysis using the ZAAP software. Image quality was evaluated on the basis of a steady

central fixation as judged by a clear corneal reflection, good visibility of the scleral spurs,

the presence of continuity in anterior segment structures, and the absence of motion artifacts.

The ZAAP software contained algorithms that automatically defined the borders and

curvatures of anterior segment structures after the scleral spurs were localized manually on

the ASOCT images. Measurements for both the nasal and temporal angles were

simultaneously produced. Since the peripheral iridotomies were created closer to the

temporal angles, only the nasal angles were analyzed in this study. The following parameters

were derived from the ZAAP software: pupil diameter (PD), iris thickness measured at 750

μm from the scleral spur (IT750), iris thickness measured at 2000 μm from the scleral spur

(IT2000), maximal iris thickness (ITM), iris curvature (ICURV), trabecular–iris space area

at 500 μm from the scleral spur (TISA500), trabecular–iris space area at 750 μm from the

scleral spur (TISA750), and central corneal thickness (CCT).

The above listed ASOCT parameters were defined previously in other studies. PD was

calculated by measuring the distance between the pupil edges on the cross-sectional

images.7 For parameters associated with iris thickness, a circle centered at the scleral spur

was drawn with a radius of 750 μm, and the point of intersection between the circle and the

anterior surface of the iris was identified. The shortest distance from this point to the

posterior surface of the iris was calculated as IT750. The same method was used for IT2000.

ITM was defined as the highest value of iris thickness along the entire iris.6 To calculate

ICURV, a line was drawn from the most peripheral to the most central point of the iris

pigmented epithelium, and a perpendicular line was extended from this line to the iris

pigmented epithelium at the point of greatest convexity.7 An illustration of the iris

parameters is provided in Figure 1. TISA500 was defined as the trapezoidal area with the

following boundaries: anteriorly, a perpendicular line between the inner corneoscleral wall

and the iris surface at 500 μm anterior to the scleral spur; posteriorly, a line perpendicular to

the inner corneoscleral wall extending from the scleral spur to the iris surface; superiorly,

the inner corneoscleral wall; and inferiorly, the iris surface. The same method was used for

TISA750.19,20 An illustration of TISA500 and TISA750 is provided in Figure 2. CCT was

measured from the anterior to the posterior surface of the cornea at the center of the ASOCT

image.21

Statistical Analysis

All statistical analyses were conducted with R-statistics (Ver. 2.15.1 software for Macintosh,

R Foundation for Statistical Computing, Vienna, Austria) and P values <0.05 were

considered to indicate statistical significance. One eye per subject was randomly selected for

inclusion in the statistical analysis. Mean and standard deviation were calculated for all

variables. Differences in preoperative and postoperative measurements for PD, ICURV,

TISA500, and TISA750 were compared by paired Student’s t-tests. Differences in

preoperative measurements for IT750, IT2000, and ITM between Caucasian and Chinese

subjects were compared by unpaired Student’s t-tests. Univariate and multivariate linear

regression models, the latter adjusted for age, sex, ethnicity, and preoperative PD, were used

to investigate the association between the baseline measurements of iris thickness at the
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three positions (IT750, IT2000, and ITM) and the change in ICURV, TISA500, and

TISA750 after LPI in the entire study population. The same statistical models, without

adjusting for ethnicity, were then used to separately examine Caucasian and Chinese

subjects. Change was calculated as (postoperative mean – preoperative mean). Because

manual scleral spur localization is subjective in nature, to ensure consistency, a single

residency-trained ophthalmologist (TK), who has had post-residency glaucoma training in

Japan and the United States, manually located the scleral spurs on all ASOCT images while

masked to the patient’s standardized ophthalmic examination results. To evaluate

intraobserver variance, 20 eyes were randomly selected and the anterior segment biometric

parameters were re-measured by the same observer (TK) at a separate session. The

intraobserver reproducibility was assessed with the intraclass correlation coefficient.

Results

A total of 74 consecutively enrolled Caucasian and Chinese patients received LPI and

agreed to participate in the study during the specified time period. Among them, 22 subjects

were excluded from the study due to one or more of the following reasons: (1) five subjects

could not or did not complete the ASOCT examination, (2) thirteen subjects had poor

ASOCT imaging quality (evaluated on the basis of corneal reflection, continuity of anterior

segment structures, motion artifacts, and indeterminate scleral spurs), and (3) four subjects

had incomplete data in at least 1 of the analysis variables. Following exclusion, one eye in

each of the remaining 52 subjects was randomly selected for inclusion in the statistical

analysis. There were no significant differences in age (P = 0.733, unpaired Student’s t-test),

sex (P = 0.317, Fisher’s Exact test), ethnicity (P = 1.000, Fisher’s Exact test), and residual

narrow angle (P = 0.775, Fisher’s Exact test) between the included and excluded subjects. At

the time of ASOCT imaging, none of the subjects were on pilocarpine, other muscarinic

agonists, or agents that could affect the iris thickness or anterior chamber. Table 1 provides

the demographics and baseline clinical characteristics of the included study subjects.

Comparison of preoperative measurements for IT750, IT2000, and ITM between Caucasian

and Chinese subjects using unpaired Student’s t-tests showed that Chinese subjects had

significantly greater preoperative IT2000 than Caucasian subjects (P = 0.036). However,

Chinese subjects did not differ from Caucasian subjects for preoperative IT750 (P = 0.197)

and ITM (P = 0.291).

Table 2 lists the preoperative and postoperative measurements of PD, ICURV, TISA500,

and TISA750, as well as the differences between the two sets of measurements by paired

Student’s t-tests. PD decreased from a pre-LPI average of 4.00 ± 0.88 mm to a post-LPI

average of 3.90 ± 0.99 mm, a 2.50% reduction. However, this change in PD was not

statistically significant (P = 0.413). ICURV significantly decreased, while TISA500 and

TISA750 significantly increased following LPI (all P < 0.0001). ICURV significantly

decreased from a pre-LPI average of 0.33 ± 0.10 mm to a post-LPI average of 0.15 ± 0.10

mm, a 54.4% reduction. TISA500 and TISA750 both showed approximately 50%

enlargement after LPI, significantly increasing from pre-LPI averages of 0.057 ± 0.031 and

0.106 ± 0.046 mm2 to post-LPI averages of 0.086 ± 0.035 and 0.159 ± 0.055 mm2,

respectively.
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Table 3 summarizes the results of univariate and multivariate linear regression analyses of

the association between the baseline measurements of iris thickness at the three positions

(IT750, IT2000, and ITM) and the change in ICURV, TISA500, and TISA750 after LPI in

the entire study population. The multivariate linear regression models adjusted for age, sex,

ethnicity, and preoperative PD. In both univariate and multivariate linear regression models,

lower baseline IT750 was found to be significantly associated with greater postoperative

increases in TISA500 and TISA750 (all P < 0.05). Lower baseline IT2000 and lower

baseline ITM were found to be significantly associated with greater postoperative decrease

in ICURV in both univariate and multivariate linear regression models (all P < 0.05).

Overall, these results demonstrated that lower iris thickness measurements prior to LPI are

associated with greater increases in TISA500 and TISA750 and decrease in ICURV after

LPI.

Table 4 outlines the results of univariate and multivariate linear regression analyses in only

Caucasian subjects. In both univariate and multivariate linear regression models, lower

baseline IT750 was found to be significantly associated with greater postoperative increases

in TISA500 and TISA750 (all P < 0.05), while lower baseline IT2000 was found to be

significantly associated with greater postoperative increases in TISA750 (both P < 0.05).

The results of examining only Caucasian subjects mirrored the results of the examination of

the entire study population (both Caucasian and Chinese subjects combined), except with the

addition of the significant negative association between baseline IT2000 and postoperative

change in TISA750.

Table 5 presents the results of univariate and multivariate linear regression analyses in only

Chinese subjects. The results in examining only Chinese subjects were similar to the

examinations of the entire study population and only Caucasian subjects in that lower

baseline IT2000 was significantly associated with greater postoperative decrease in ICURV.

The significant association between lower baseline IT750 and greater postoperative decrease

in ICURV is a new outcome. However, lower baseline IT750 was not found to be

significantly associated with greater postoperative increases in TISA500 and TISA750.

Table 6 displays the intraobserver reproducibility of anterior segment biometric parameters

measurements in a randomly selected subset of 20 eyes. All parameters demonstrated fair to

excellent reproducibility with intraclass correlations.

Discussion

This study evaluated the association between baseline measurements of iris thickness at

three positions (IT750, IT2000, and ITM) and the change in anterior segment biometric

parameters (ICURV, TISA500, and TISA750) after prophylactic LPI in nonglaucomatous

subjects with anatomically narrow angles. Our results showed significant decrease in

ICURV and increases in TISA500 and TISA750 following LPI. These findings are

consistent with previous imaging studies using ASOCT to examine the morphology of the

anterior segment before and after LPI.22,23 Furthermore, our study found that lower baseline

measurements of iris thickness are associated with greater decrease in ICURV and greater

increases in TISA500 and TISA750 after LPI. To our knowledge, this is the first study to
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demonstrate that eyes with thinner irides are more likely to exhibit greater magnitudes of

change in terms of flattening of the iris convexity (i.e., ICURV) and widening of the anterior

chamber angle (i.e., TISA500 and TISA750) after LPI. Baseline iris thickness measurements

at the three different positions represent novel predictors of ICURV, TISA500, and

TISA750 after LPI.

In the present study, lower baseline measurements of iris thickness at two positions (IT2000

and ITM) were significantly associated with greater decrease in ICURV after LPI. The

convex iris configuration is due to a build up of pressure in the posterior chamber that arises

from pupillary block. LPI reduces anterior iris bowing by equalizing the pressure between

the two chambers through the creation of a hole in the iris that allows aqueous humor to

bypass the pupillary block and flow directly from the posterior chamber to the anterior

chamber. Difference in elasticity between thick and thin irides provides a possible

explanation for the association between baseline iris thickness and ICURV reduction after

LPI. Type I collagen in the stroma decreases the elasticity of the iris.24 Thicker irides may

possess higher quantities of type I collagen in the stroma in comparison to thinner irides,

causing thicker irides to be more inelastic and less malleable. Stiffening of the iris could

induce loss of mechanical properties in the iris, affect iris movement compliance, and reduce

the iris’ capability to flatten after LPI.25

Lower baseline measurements of iris thickness at the most peripheral position (IT750)

showed significant associations with greater increases in both TISA500 and TISA750. The

width of the anterior chamber angle is considered the key anatomic parameter that

determines the risk for PAC. In this study, TISA500 and TISA750 were selected as

surrogates for measuring the anterior chamber angle width. TISA was chosen to represent

the anterior chamber angle width over the parameter of angle opening distance (AOD)

because AOD is a point distance and treats the iris surface as a straight line, which may be

problematic in the presence of irregularities in iris curvature and thickness.26 TISA,

however, overcomes this potential source of error because it is a measurement of area and

may be less influenced by localized variations in the iris, as these may average out over the

area and the overall area may remain the same or only slightly altered.27 Iris thickness has

been shown to influence variance in AOD but not in TISA.28 Additionally, TISA has been

reported to have an excellent correlation with gonioscopy.20 Out of the three iris positions,

only lower baseline measurements at the most peripheral position of the iris (IT750) showed

association with greater increases in TISA500 and TISA750 after LPI. The peripheral iris

thickness may play a role in determining the amount of angle opening because the iris

periphery forms one of the boundaries of the anterior chamber angle and a thicker peripheral

iris may directly contribute to more angle crowding as it would be positioned in closer

proximity to the angle.

A previous study by How et al. also examined the association between baseline

measurements of iris thickness and change in anterior chamber angle width after LPI.23

However, their results showed a positive association, which is in contrast to the negative

association found in the present study. Three potential factors may have led to this

discrepancy. First, How et al.’s study utilized AOD to represent the anterior chamber angle

width. As explained in the preceding paragraph, AOD may not be the optimal parameter for
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measuring the effects of iris thickness on LPI-induced angle opening because this anterior

chamber angle width parameter is influenced by irregularities in iris curvature and thickness.

Second, the statistical model employed in How AC et al’s study neither adjusted for baseline

pupil size nor examined change in pupil size after LPI. It is possible that the positive

association between ΔAOD and baseline iris thickness found in their study may be

attributable to differences in baseline pupil size or change in pupil size after LPI. Third,

How AC et al’s study was composed primarily of Chinese subjects. The present study’s

population contained both Chinese and Caucasian subjects. When only Caucasian subjects

were examined in the current study, the results were similar to our examination of the entire

study population with both Chinese and Caucasian subjects. When only Chinese subjects

were examined, the association between baseline measurements of iris thickness and change

in anterior chamber angle width after LPI became statistically insignificant, perhaps due to a

lack of power. There is indirect evidence in the literature to support that the true association

between baseline measurements of iris thickness and change in anterior chamber angle

width after LPI is negative rather than positive. Hirose F et al. investigated light-dark

changes in iris thickness and anterior chamber angle width and demonstrated that when

going from light to dark conditions, peripheral iris thickening induces narrowing of the

anterior chamber angle.29 Specifically, they reported significant negative correlations

between the differences in mean iris thickness and the differences in mean AOD and TISA

under light and dark conditions.

A higher baseline measurement of iris thickness may also be associated with smaller post-

LPI increases in TISA500 and TISA750 through another non-pupillary block mechanism.

LPI widens the anterior chamber angle by removing the pupillary block component, but

some eyes remain narrow after LPI.30 Persistent narrow angle after post-LPI indicates

underlying secondary mechanisms of angle closure such as anteriorly positioned ciliary

processes.31 The anteriorly positioned ciliary processes provide structural support beneath

the peripheral iris, preventing the iris root from falling away from the trabecular meshwork

after LPI.32 However, posterior movement of the ciliary body after LPI has been observed

even in cases of residual angle closure, suggesting that eyes with anteriorly positioned

ciliary processes still experience opening of the anterior chamber angle, but only to a smaller

degree.33 The thicker and more rigid irides of Asians have been postulated as possible

causes for their higher incidence of residual angle closure after LPI.30,31,34 A higher

baseline measurement of iris thickness may be associated with smaller posterior movement

of the ciliary body after LPI, which would result in smaller amount of anterior chamber

angle widening. This notion remains speculative, as our study cannot examine this

relationship due to a lack measurement of the position of ciliary processes before and after

LPI.

This study has several potential limitations. First, the ZAAP software depended upon

manual identification of the scleral spur as a measurement reference point for image

processing. Manual scleral spur localization is subjective in nature, so our study-design

attempted to control for this by utilizing a single ophthalmologist to read all the ASOCT

images and selecting a random subset of 20 ASOCT images for reproducibility testing by

the same ophthalmologist at a separate session. The random subset of 20 ASOCT images
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selected for reproducibility testing yielded fair to excellent intraobserver correlations.

Second, the present study recruited subjects from a university-based general ophthalmology

and glaucoma clinic, thus our study population may have suffered from selection bias

despite consecutive subject enrollment. Consequently, the results of this study may not

apply to the general population. Third, the study only recruited subjects who are PACS, so

our findings may not be fully extrapolated to those with PAC and PACG. Another limitation

is the lack of gonioscopic correlation and UBM data to compare with the ASOCT

parameters. UBM data would also have allowed us to determine the association of plateau

iris configuration with our outcomes. To help assess whether the excluded group had an

excess of plateau iris configuration and thus may have biased our results, we used residual

narrow angle as a surrogate marker for plateau iris and did not find a difference with our

included study group.

In summary, this study showed that lower baseline measurements of iris thickness at three

different positions are associated with greater increases in TISA500 and TISA750 as well as

greater decrease in ICURV after LPI. These results may have implications for the clinical

prevention and treatment of angle closure. Although prophylactic LPI is effective for

preventing PAC in those with anatomically narrow angles, only a minority of individuals

with anatomically narrow angles develops PAC. Therefore, prophylactic treatment in those

with narrow angles remains controversial, as it may result in a large number of unnecessary

LPIs. Incorporating measurements of iris thickness in the risk-benefit assessment of

preventative LPI can provide a more quantitative approach and augment an

ophthalmologist’s clinical judgment in directing therapy to individuals who would benefit

the most from treatment or at least alert the clinician as to who will likely remain narrow

after laser. Further studies on a larger population are warranted to confirm our findings.
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Figure 1.
An illustration of iris curvature (ICURV), iris thickness measured at 750 μm from the scleral

spur (IT750), iris thickness measured at 2000 μm from the scleral spur (IT2000), and

maximal iris thickness (ITM). For parameters associated with iris thickness, a circle

centered at the scleral spur was drawn with a radius of 750 μm, and the point of intersection

between the circle and the anterior surface of the iris was identified. The shortest distance

from this point to the posterior surface of the iris was calculated for IT750. The same

method was used for IT2000. ITM was defined as the highest value of iris thickness along

the entire iris. To calculate ICURV, a line was drawn from the most peripheral to the most

central point of the iris pigmented epithelium, and a perpendicular line was extended from

this line to the iris pigmented epithelium at the point of greatest convexity.
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Figure 2.
An illustration of trabecular–iris space area measured at 500 μm from the scleral spur

(TISA500) and trabecular–iris space area measured at 750 μm from the scleral spur

(TISA750). TISA500 was defined as the trapezoidal area with the following boundaries:

anteriorly, a perpendicular line between the inner corneoscleral wall and the iris surface at

500 μm anterior to the scleral spur; posteriorly, a line perpendicular to the inner

corneoscleral wall extending from the scleral spur to the iris surface; superiorly, the inner

corneoscleral wall; and inferiorly, the iris surface. The same method was used for TISA750.
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Table 1

Demographics and Baseline Clinical Characteristics of the Study Population

No. Patients 52

Sex (Male:Female) 26:26

Ethnicity (Caucasian:Chinese) 28:24

Age (years) 65.3 ± 11.5a

Preoperative Shaffer Gonioscopy Grade of All Four Quadrantsb 1.3 ± 0.5a

Preoperative CCT (ìm) 548.7 ± 32.3a

Preoperative IT750 (mm) 0.469 ± 0.088a

Preoperative IT2000 (mm) 0.462 ± 0.088a

Preoperative ITM (mm) 0.588 ± 0.086a

a
Data are expressed as mean value ± standard deviation.

b
Evaluation of the anterior chamber angle was based on the Shaffer gonioscopic grading classification: an angle between the iris and the trabecular

meshwork surface of 35° to 45° was classified as grade 4, between 20° and 35° was classified as grade 3, between 10° to 20° was classified as
grade 2, and less than 10° was classified as grade 1. Grade 0 was assigned if angle structures were not observed.

CCT = central corneal thickness, IT750 = iris thickness measured at 750 μm from the scleral spur, IT2000 = iris thickness measured at 2000 μm
from the scleral spur, ITM = maximal iris thickness.
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Table 2

Comparisons Between Preoperative and Postoperative Anterior Segment Biometric Parameters Related to

Laser Peripheral Iridotomy in Primary Angle Closure Suspects

Parameter Preoperative Measurements a Postoperative Measurements a Outcome Difference (%) P Valueb

PD (mm) 4.00 ± 0.88 (3.75, 4.24) 3.90 ± 0.99 (3.61, 4.07) 0.10 (2.50% decrease) 0.413

ICURV (mm) 0.33 ± 0.10 (0.306, 0.360) 0.15 ± 0.10 (0.124, 0.179) 0.18 (54.4% decrease) <0.0001

TISA500 (mm2) 0.057 ± 0.031 (0.049, 0.066) 0.086 ± 0.035 (0.076, 0.096) 0.029 (50.9% increase) <0.0001

TISA750 (mm2) 0.106 ± 0.046 (0.094, 0.120) 0.159 ± 0.055 (0.144, 0.175) 0.053 (49.4% increase) <0.0001

a
Data are expressed as mean value ± standard deviation (95% confidence interval).

b
P values by paired Student’s t-tests.

PD = pupil diameter, ICURV = iris curvature, TISA500 = trabecular–iris space area at 500 μm from the scleral spur, TISA750 = trabecular–iris
space area at 750 μm from the scleral spur.
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Table 6

Reproducibility of Anterior Segment Biometric Parameter Measurements in a Random Subset of 20 Eyes

Parameters ICC Mean Difference 95% CI

PD 0.908 4.426 0.155 0.777, 0.964

CCT (ìm) 0.979 642.79 1.34 0.945, 0.992

IT750 (mm) 0.921 0.494 0.001 0.805, 0.969

IT2000 (mm) 0.980 0.495 0.005 0.949, 0.992

ITM (mm) 0.861 0.647 0.010 0.673, 0.945

ICURV(mm) 0.885 0.15 0.01 0.724, 0.955

TISA500 (mm2) 0.977 0.125 0.001 0.942, 0.991

TISA750 (mm2) 0.979 0.244 0.002 0.947, 0.992

PD = pupil diameter, CCT = central corneal thickness, IT750 = iris thickness measured at 750 μm from the scleral spur, IT2000 = iris thickness
measured at 2000 μm from the scleral spur, ITM = maximal iris thickness, ICURV = iris curvature, TISA500 = trabecular–iris space area at 500 μm
from the scleral spur, TISA750 = trabecular–iris space area at 750 μm from the scleral spur, ICC = intraclass correlation coefficient, CI =
confidence interval
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