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Introduction
Primary angle closure glaucoma (PACG) is a major cause of 

blindness worldwide, and a major type of glaucoma in Asian population. 
Ethnic or geographic differences in the prevalence rates of PACG are 
well known, with a relatively high prevalence rates (1.1%-2.0%) in 
Chinese, Mongolian, and Singaporean Chinese [1]. The predisposing 
factors for PACG largely relate to the anatomic configuration of the 
anterior segment of the eye. Biometric studies have shown that acute 
primary angle closure glaucoma (APACG) eyes have shallower anterior 
chambers [3-5] and shorter axial lengths (AL) [2-5]. Clearly, smaller 
ocular biometry is a risk factor for APACG. However, there may be 
other anatomical factors that are important with regard to triggering of 
the acute attack. It is believed that the relative size and position of the 
crystalline lens play a major role in the pathogenesis of angle closure 
[6]. When the biometry of contralateral eyes of patients with APACG 
was compared to population-based controls, thicker lens was found 
to be an unfavorable dimension [7]. With age, there is an increase in 
lens thickness (LT), and a relatively more anterior lens position (LP). 
In eyes that are hyperopia with small anterior segments, the result is 
angle crowding and a greater predisposition to pupillary block due to 
iridolenticular apposition. For these reasons, primary lens extraction, 
which deepens the anterior chamber and widen chamber angle, has 
been advocated for primary angle closure (PAC) [8,9].

Although significant biometric differences have been reported in 
the different subtypes of PACG, very few studies have been conducted 
to evaluate the lens thickness and lens position in the symptomatic and 
asymptomatic PAC. Anterior segment optical coherence tomography 

Abstract
Purpose: To compare the lens’ thickness and position between symptomatic and asymptomatic primary angle 

closure (PAC) patients.

Methods: Sixty-six patients (66 eyes) with acute symptomatic PAC, 49 patients (49 eyes) with asymptomatic 
PAC and 32 normal controls (32 eyes) were enrolled at the Zhongshan Ophthalmic Center, Sun Yat-sen University. 
A-mode applanation ultrasonagraphy examination was performed to get axial length (AL). Anterior segment optical 
coherence tomography examination was performed to measure the anterior chamber depth (ACD), lens thickness (LT) 
and crystalline lens rise (CLR). The differences of these parameters among the three groups of symptomatic PAC, 
asymptomatic PAC and normal controls were compared.

Results: There was no significant difference of the mean age among the 3 groups (P=0.087). Compared with 
asymptomatic PAC eyes, symptomatic PAC eyes had significantly shallower ACD (2.02 ± 0.25 mm vs.1.84 ± 0.24 mm, 
P<0.001), thicker LT (5.04 ± 0.36 mm vs. 5.19 ± 0.38 mm, P=0.02), larger CLR (0.93 ± 0.21 mm vs. 1.09±0.26 mm, P< 
0.01); and shorter AL (22.90 ± 0.76 mm vs. 22.26 ± 0.82 mm, P<0.001). Compared with symptomatic PAC fellow eyes, 
affected eyes had significantly shallower ACD (1.90 ± 0.23 mm vs. 1.80 ± 0.24 mm, P=0.038), and larger CLR (1.01 
± 0.23 mm vs. 1.10 ± 0.27 mm, P=0.043); but no significant difference was found in AL and LT between symptomatic 
PAC affected and fellow eyes.

Conclusion: PAC has thicker lens and more anterior located lens than normal controls. Symptomatic PAC-affected 
eyes have shallowest ACD, thicker LT and more anterior lens position, and these differences may be contributory to 
APAC episode.

(AS-OCT) is an easy-to-use, safe, non-contact examination technique 
which offers rapid and easy analysis of the anterior segment structural 
parameters qualitatively and quantitatively [10]. Moreover, AS-OCT 
is an alternative method to measure LT, which can be used in most 
eyes with clear or opacified lenses [11]. The aim of this study was to 
prospectively compare the lens thickness and lens position between 
symptomatic and asymptomatic PAC using AS-OCT to identify any 
differences in these characteristics that may be contributory to the 
acute episode. In addition, axial length and anterior chamber depth 
measurements were also evaluated.

Methods
Cases

PAC were defined as the presence of at least 180° of angle in which 
the trabecular meshwork was not visible on gonioscopy, and with 
evidence of either raised intraocular pressure (IOP) and/or primary 
peripheral anterior synechiae in any part of the angle [12]. Cases of 
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caliper tools included in the equipment’s software. The AS-OCT 
parameters included the following variables: (1) ACD, which was 
measured along posterior corneal surface to the anterior pole of the lens; 
(2) LT, which was the distance between the anterior and posterior poles 
of the lens (Figure 1A); (3) CLR, which was measured perpendicularly 
along the center of the line joining the tips of the scleral spur to the 
anterior capsule of the lens. CLR was described by Bäikoff G [8] as the 
forward protrusion of the crystalline lens (Figure 1B). 

Statistical analysis

Statistical analysis was done using Statistical Package for Social 
Science version 13.0 (SPSS Inc, Chicago, IL). Comparisons among 
different groups were assessed by LSD one-way ANOVA test. 
Comparisons between the symptomatic PAC affected and the fellow 
eyes were assessed by the paired-sample t-test. Comparisons between 
symptomatic and asymptomatic PAC eyes were assessed by the 
independent-sample t test. P value<0.05 was considered as statistically 
significant.

Results
The mean age of each group was as follows: symptomatic PAC 

group: 61.35 ± 9.33 years, asymptomatic PAC group: 59.77 ± 10.24 years, 
control group: 65.70 ± 12.80 years (Table 1). There was no significant 
difference in the mean age among three groups (P=0.087). But the IOP 
of control group was significantly lower than that of the symptomatic 
and asymptomatic PAC groups (P=0.032). The mean defects of visual 
field were ‐7.00 ± 7.24 (‐27.70‐0.21) in the symptomatic PACG group 
and ‐8.59 ± 7.88 (‐23.46‐0.13) in the asymptomatic PACG group.

The mean AS-OCT parameters measured by AS-OCT among 

secondary angle closure, such as neovascularization of the iris, uveitis, 
trauma, lens intumescence, or subluxation, were excluded.

Subjects were further categorized into two groups [13]: symptomatic 
PAC group (66 patients, 66 eyes) consisted of those who presented 
with acute symptomatic angle closure, and asymptomatic PAC group 
(49 patients, 49 eyes) consisted of those who were asymptomatic or 
without suggestive history of acute angle closure. For this study, acute 
angle closure was defined as follows:

1.	 Presence of at least two of the following symptoms: ocular 
or periocular pain, nausea and/or vomiting, and a history of 
intermittent blurring of vision halos.

2.	 Presenting IOP of more than 28 mmHg (as measured by 
Glodmann applanation tonometry) and the presence of at least 
of three of the following signs: conjunctival injection, corneal 
epithelial edema, mid-dilated uncreative pupil, and shallow 
anterior chamber. 

Controls

These were age and gender matched normal subjects who had come 
for a health examination with refractive error within ± 1.0 D. They were 
thoroughly screened for any intraocular abnormalities and found to 
have no other ocular diseases, IOP<21 mmHg and visual acuity better 
than 6/18. One eye of each subject was randomly selected. A total of 32 
cases (32 eyes) were included in the control group.

We certified that all applicable institutional and governmental 
regulations concerning the ethical use of human volunteers were 
followed during this research. Written informed consent was 
obtained from all subjects, and the study had the approval of the 
Ethics Committee of the Zhongshan Ophthalmic Center, Sun Yat-sen 
University, Guangzhou, China and was performed according to the 
tenets of the Declaration of Helsinki.

Eye examinations

All cases and controls underwent detailed eye examinations 
including measurement of visual acuity, slit-lamp biomicroscopy, direct 
ophthalmoscopy, 90D fundus examination, gonioscopy, applannation 
tonometry, A-mode applanation ultrasonagraphy (Sonomed A2500; 
HaagStreit, Koniz, Switzerland), optometry, AS-OCT (Visante™, Carl 
Zeiss Meditec, Dublin, CA) examination, humphrey fields analyzer 
(Carl Zeiss Meditec, Dublin, CA) examination and OCT (Carl Zeiss 
Meditec, Dublin, CA) nerve fiber layer measurement to evaluate the 
glaucomatous changes.

Anterior segment coherence tomography examination

The AS-OCT measurements were performed by the same 
experienced operator, and were performed without pupil dilation in the 
same room in standard illumination conditions. The AS-OCT images 
were acquired in a non accommodated state. The subject’s refractive 
correction was used to adjust the internal fixation target for the 
patient’s distance correction by using the system’s internal program. 
During imaging, the subjects were asked to fixate on the target. AS-
OCT measurements were centered on the pupil and performed at 
the horizontal meridian (nasal-temporal, angles at 0-180°) using the 
anterior segment single-scan tools. The default fixation angle position 
in the AS-OCT is aligned along the visual axis. If the scans were 
noticeably off from the horizontal, the fixation angle was adjusted to 
align the image along the geometric axis. 

AS-OCT parameters were measured using the device’s manual 

 

Figure 1: (A) The measurement of lens thickness (LT); (B) The measurement 
of crystalline lens rise (CLR).

PAC: Primary angle closure

Table 1: Baseline demographics of study participants.

Variables Symptomatic PAC 
group

Asymptomatic PAC 
group Control group

Total 66 49 32
Male (n) 30(45%) 22(45%) 15(47%)
Female (n) 36(55%) 27(55%) 17(53%)
Age (yrs) 61.35 ± 9.33 59.77 ± 10.24 65.70 ± 12.80
Range (yrs) 40-80 37-79 35-78
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different groups were shown in Table 2. The ACD of control group was 
significantly deeper than PAC groups (both P<0.001), while the LT and 
CLR were significantly smaller than PAC groups (all P<0.001) (Figure 
2). And on A-mode applanation ultrasonagraphy, the AL of control 
group was significantly longer than both PAC groups (P<0.001). 

Compared with asymptomatic PAC eyes, symptomatic PAC eyes 

had significantly shallower ACD (P<0.001), thicker LT (P=0.02), 
larger CLR (P<0.001), and shorter AL (P<0.001). Compared with 
symptomatic PAC fellow eyes, affected eyes had significantly shallower 
ACD (P=0.038), and larger CLR (P=0.043), but no significant difference 
was found in AL (P=0.720) and LT (P=0.257) between symptomatic 
PAC affected and fellow eyes (Table 3).

PAC: Primary angle closure; ACD: Anterior chamber depth; LT: Lens thickness; CLR: Crystalline lens rise; AL: Axial length

Table 2: Biometric lens characteristics of PAC and normal control eyes.

Parameters (mm) Symptomatic PAC group Asymptomatic PAC group Control group F value P value
ACD 1.84 ± 0.24 2.02 ± 0.25 2.70 ± 0.39 221.347 <0.001
LT 5.19 ± 0.38 5.04 ± 0.36 4.57 ± 0.42 44.658 <0.001

CLR 1.09 ± 0.26 0.93 ± 0.21 0.38 ± 0.33 30.753 <0.001
AL 22.26 ± 0.82 22.90 ± 0.76 23.54 ± 0.72 84.386 <0.001

PAC: Primary angle closure; ACD: Anterior chamber depth; LT: Lens thickness; CLR: Crystalline lens rise; AL: Axial length

Table 3: Biometric lens characteristics of symptomatic PAC-affected and fellow eyes.

Parameters (mm) Symptomatic PAC-affected eyes Symptomatic PAC-fellow eyes t value P value
ACD 1.80 ± 0.24 1.90 ± 0.23 -2.129 0.038
LT 5.22 ± 0.40 5.14 ± 0.36 1.147 0.257

CLR 1.10 ± 0.27 1.01 ± 0.23 1.349 0.043
AL 22.24 ± 0.83 22.24 ± 0.84 0.360 0.720

Figure 2: (A) AS-OCT image of symptomatic primary angle closure affected eye of a 51-year-old female patient. The anterior chamber width is 11.81 mm, and the 
crystalline lens rise is 1.49 mm; (B) AS-OCT image of asymptomatic primary angle closure eye of a 57-year-old female patient. The anterior chamber width is 11.00 
mm, and the crystalline lens rise is 0.90 mm; (C) AS-OCT image of the right eye of a 55-year-old female normal control. The anterior chamber width is 11.47 mm, and 
the crystalline lens rise is 0.39 mm.
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Discussion
Although both of symptomatic and asymptomatic PAC have 

similar biometric configurations, It has still not yet been revealed why 
acute attack occurs in symptomatic PAC eyes but not in asymptomatic 
PAC eyes. 

In this study, the lens was found to be thicker and positioned more 
anterior in PAC eyes than in normal controls under AS-OCT. Pupillary 
block is the most frequent and important mechanism responsible for 
angle closure [14,15] and the lens is accepted to have played a pivotal 
role in the pupillary block mechanism [16]. Under the observation of 
ultrasound biomicroscopy (UBM), pupillary block is found to exist 
in about 93% eyes with PACG in China [17]. As we know, aqueous 
humor is produced into the posterior chamber and flows anterior 
through iris-lens channel to enter the anterior chamber. When the 
dimensions of the iris-lens channel are changed in such a manner that 
the flow of aqueous is more impeded, the pressure differential between 
the posterior chamber and anterior chamber may increase greatly [18]. 
The iris will become more convex if this pressure differential increases. 
Lens size and position are proved to be potentially risk factors of more 
or less importance in determining iris contour and the development 
of pupillary block in eyes which become at risk for angle closure [19]. 
Clinically significant pupillary block is present when the thicker lens 
and more anterior located lens position brings the iris into apposition 
with the trabecular meshwork by increasing iris convexity. 

Under the observation by A-mode applanation ultrasonography, 
Lowe [5] reported that ACD in PACG eyes is approximately 1 mm 
shallower than that in normal subjects. And Lowe [5,20] estimated 
that rather than the increase in LT, forward LP had played a more 
important role in the 1mm difference in ACD of PACG eyes compared 
to the normal eyes. CLR is thought to be a good indicator of the amount 
of narrowing of the anterior chamber angle, where the more anterior 
location of the lens position, the narrower of the anterior chamber 
angle [21]. We introduced CLR here to describe the lens position. 
Under the observation by AS-OCT in our study, the ACD of eyes 
with PAC was about 0.82 mm shallower, the LT was 0.59 mm thicker 
and CLR was 0.65 mm larger than those in normal eyes. It means 
that in eyes with PAC, the increase in LT mainly protruded towards 
the anterior chamber rather than towards the vitreous cavity, which 
eventually brought iris into apposition with the trabecular meshwork. 
Roberts et al. proposed that long anterior lens zonules might be a useful 
indicator for an increased risk of angle closure [22]. And this might be 
the explanation for the increased in the lens thickness and the ante-
movement of lens location in eyes with PAC.

Moreover, the lens was found to be positioned even more anterior 
in symptomatic PAC eyes compared with asymptomatic PAC eyes. 
In our study, the LT was 0.15 mm thicker and the CLR was 0.16 mm 
larger in symptomatic PAC than those asymptomatic PAC eyes. Such 
differences in LT and LP make the iris-lens channel even more impeded, 
which further increase the pressure differential between posterior 
chamber and the anterior chamber, and then the pupillary block and 
acute attack may happen. Thus, thicker lens and ante location of the 
lens position in acute primary angle closure (APAC) eyes may be the 
one of explanations for acute attacks happening in these eyes rather 
than in asymptomatic PAC eyes. 

Different from most previous studies by A-mode applanation 
ultrasonography, which found no difference in LT and LP between 
APAC affected and fellow eyes [17], our study shows that APAC 
affected eyes had larger CLR values than their fellow eyes by AS-OCT. 

The reason may be the AS-OCT has a higher resolution and a better 
visibility of the lens. 

Our result indicated that the lens of APAC-affected eyes had a 
bigger size and more anterior position that their fellow eyes, which are 
an explanation for our finding that the ACD was shallower in APAC 
affected eyes than those fellow eyes. These are interesting observations 
since they demonstrated that there might be a mild interocular 
differences in individuals with APAC even if there is a high degree 
of correlation between attack and fellow eyes in terms of biometric 
and lens characteristics. The possible reason of this mild interocular 
differences might be caused by long or/and relaxed lens zonules in 
APAC, which can also lead to an acute attack. As a result, cataract 
extraction is useful in preventing or relieving APAC.

In conclusion, PAC eyes have thicker LT and more anterior LP than 
normal controls. APAC-affected eyes have the shallowest ACD, thicker 
LT and more anterior LP, and these differences may be contributory to 
APAC episode.
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