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Abstract
·AIM: To investigate the relationship between choroidal
thickness and anterior chamber segment in subjects with
eyes with narrow or open-angle.

· METHODS: The subfoveal choroidal thickness was
measured with enhanced depth -imaging optical
coherence tomography and anterior chamber parameters
were measured with ultrasound biomicroscopy in one
eye of 23 subjects with open-angle eyes and 38 subjects
with narrow-angle eyes. The mean age was 59.52依7.04y
for narrow -angle subjects and 60.76 依7.23y for open -
angle subjects ( =0.514). Multivariate linear regression
analysis was performed to assess the association
between choroidal thickness and narrow -angle
parameters.

· RESULTS: There were no differences in subfoveal
choroidal thickness between open - and narrow -angle
subjects ( =0.231). Anterior chamber parameters,
including central anterior chamber depth, trabecular iris
angle, iris thickness 500 滋m from the scleral spur (IT500),
and ciliary body thickness at 1 mm and 2 mm from the
scleral spur (CBT1, CBT2) showed significant differences
between the two groups ( <0.05). Subfoveal choroidal
thickness showed negative correlation ( =-0.496, =
0.016) only with anterior chamber depth in the open -
angle group and with age ( =-0.442, =0.003) and IT500
( =-0.399, =0.008) in the narrow -angle group.

However, subfoveal choroidal thickness was not
correlated with trabecular iris angle, anterior chamber
depth, ciliary body thickness, or central corneal
thickness in the narrow-angle group.

·CONCLUSION: Choroidal thickness does not differ in
the two groups and has not correlated with anterior
chamber parameters in narrow -angle subjects,
suggesting a lack of relationship between choroidal
thickness and primary angle-closure glaucoma.

· KEYWORDS: choroidal thickness; narrow-angle eye;
optical coherence tomography; primary angle-closure
glaucoma
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INTRODUCTION

P rimary angle-closure glaucoma is a major blinding form
of glaucoma in Asia. About 87% of Chinese people

affected, two million Chinese residents, are blind in at least
one eye due to primary angle-closure glaucoma [1-3]. Acute
primary angle-closure glaucoma is a potential blinding form
of the disease. The incidence of acute primary angle-closure
glaucoma is particularly high in Asian people[4-5].
It is well known that ocular risk factors in acute primary
angle-closure glaucoma include some differential biometric
characteristics that distinguish affected eyes from healthy
eyes, such as shallower central anterior chamber, thicker
lens, anterior lens position, smaller corneal diameter, smaller
radius of curvature, shorter axial length, and an anterior
lens-iris diaphragm[6-7]. It has been reported that abnormalities
in the choroid, an important structure of the eye, might be
involved in the pathogenesis of acute primary angle-closure
glaucoma[8].
The choroid provides the vascular supply for the outer retina
and the retinal pigment epithelium, which helps to regulate
ocular volume and temperature. Some investigators have
observed a common clinical feature in many patients with
acute secondary angle-closure glaucoma. In these patients,
the anterior chamber and choroid become thicker [9]. This
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phenomenon can be partially explained by Quigley 's [10]

hypothesis. According to this hypothesis, choroidal expansion
might be present in acute primary angle-closure glaucoma
patients; this choroidal expansion is thought to contribute to
the increase in choroidal thickness and to lead directly to an
increase in vitreous cavity pressure, and hence an increased
intraocular pressure. Simultaneously, it causes a forward
movement of the lens and a greater iris convexity, which
finally result in the closure of the anterior chamber angle and
a steep elevation in intraocular pressure.
A recent study [10] showed that, in comparison with control
eyes, acute primary angle-closure glaucoma eyes have a
higher level of macular choroidal thickness when the
intraocular pressure is reduced. Similarly, another study [11]

found that eyes in primary angle-closure glaucoma subjects
also have a thicker macular choroid. However, it is still
unclear whether the increased choroidal thickness is related
to the development of primary angle-closure glaucoma.
It has been reported that narrow drainage angle is another
risk factor for the onset of acute primary angle-closure
glaucoma [12]. Whether the thickness of the choroid in patients
with narrow-angle is also a potential risk factor in the
pathogenesis of acute primary angle-closure glaucoma, like
ciliary body position and lens suspensory ligament laxity, has
not yet, to our knowledge, been reported.
Therefore, we have studied the anatomical relationship
between choroidal thickness and anterior segment in subjects
with narrow angles to further understand the role of choroid
in the pathogenesis of primary angle-closure glaucoma.
SUBJECTS AND METHODS
This is a prospective, comparative study conducted in Beijing
Tongren Hospital. The study was conducted in accordance
with the ethical standards stated in the 1964 Declaration of
Helsinki and approved by the Ethical Review Committee of
Beijing Tongren Ophthalmic Center. Informed consent was
obtained from all subjects.
Subjects A total of 61 Chinese participants who visited our
outpatient services between December 2012 and December
2013 were recruited. An initial diagnosis of a shallow
anterior chamber was made based on peripheral anterior
chamber depth [13], as measured using traditional techniques;
detailed evaluations were then made using ultrasound
biomicroscopy.
All participants underwent a full ophthalmic examination that
included a best-corrected visual acuity of 20/40 or better, a
spherical refractive error within the range of -3.00 to +3.00
diopters (D), clear ocular media, and no macular diseases.
Only one eye per subject was selected. Individuals with a
history of glaucoma, previous intraocular surgery or retinal
laser treatment, penetrating eye injury, diabetes mellitus,
optic nerve abnormalities, or corneal disorders preventing
anterior chamber assessment were excluded.

Because ultrasound biomicroscopy and gonioscopy results
are in good agreement [14], the anterior chamber angle of all
eyes was evaluated using only ultrasound biomicroscopy in
this study. According to the angle classification method of
Schaffer [15], trabecular iris angles <20毅, averaged for the four
quadrants, were categorized as narrow and angles of 逸20毅 or
more were regarded as open. Optic disks with narrow angles
were observed by stereoscopic biomicroscopy for eyes with a
cup-to-disk ratio <0.5, no retinal nerve fiber layer defect, and
an intraocular pressure <21 mm Hg.
Methods
Ultrasound biomicroscopy The anterior segments of all
subjects were imaged using a UBM P45 (Paradigm Medical,
Salt Lake City, UT, USA). All ultrasound biomicroscopy
examinations were performed by the same experienced
examiner; eyes were imaged in the undilated state under
room light illumination conditions. After surface anesthesia
with 0.5% proparacaine, physiologic saline was applied to
the eyeball between the eyelids. The probe was placed
perpendicular to the ocular surface. Scanning was performed
at the limbus and ciliary body region and got images of all
four quadrants. Only images that showed a clear anterior
segment were accepted.
The following parameters were determined: 1) central
corneal thickness; 2) central anterior chamber depth
measured on a line extending from the corneal endothelium
perpendicularly to the anterior lens surface; 3) trabecular iris
angle, defined as an angle formed with the apex at the iris
recess and the arms passing through the point on the
meshwork 500 滋m from the scleral spur and the point on the
iris perpendicularly opposite; 4) iris thickness, the distance at
500 滋m (IT500) from the scleral spur; and 5) ciliary body
thicknesses measured 1 mm and 2 mm from the scleral spur
(CBT1, CBT2).
Spectral-domain optical coherence tomography Choroid
imaging was performed by the same experienced doctors on
all subjects by spectral-domain optical coherence tomography
(Heidelberg Engineering, Heidelberg, Germany). To measure
the thickness of the macula choroid, we used horizontal and
vertical sections going directly through the center of the
fovea. The automatic real-time (100 frames) averaging mode
was applied, to maximize the signal-to-noise ratio and ensure
good quality images. The resultant images were viewed and
measured using Heidelberg Eye Explorer software (version
1.5.12.0; Heidelberg Engineering).
The choroid was measured from the outer portion of the
hyper-reflective line corresponding to the retinal pigment
epithelium to the inner surface of the sclera (Figure 1). The
subfoveal choroidal thickness was measured manually from a
vertical and a horizontal section under the center of the
fovea, using optical coherence tomography data, by two
independent experienced doctors in a blind manner, and then
averaged for analysis.

Choroidal thickness in eyes with narrow and open angles
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Statistical Analysis All data were analyzed using SPSS
analysis software (version18; SPSS Inc., Chicago, IL, USA).
An independent-sample -test was used to evaluate differences
between the two different groups. Multivariate linear
regression analysis was performed to assess the relationships
between subfoveal choroidal thickness and age, spherical
equivalent, intraocular pressure, central corneal thickness,
anterior chamber depth, trabecular iris angle, IT500, CBT1,
and CBT2. Statistical significance was considered for <0.05.
RESULTS
A total of 61 subjects were enrolled in this study, and 38
were diagnosed as having narrow-angle. There were 4 men
and 19 women in the open-angle group and 4 men and 34

women in the narrow-angle group. There was no difference
in age distribution ( =0.514) between the narrow-angle
group (59.52依7.04) and the open-angle group (60.76依7.23).
There was no difference in spherical equivalent ( =0.704)
or intraocular pressure ( =0.954) between the open- and
narrow-angle groups. Anterior chamber parameters,
including the anterior chamber depth, trabecular iris angle,
IT500 , CBT1, and CBT2 showed significant differences
( <0.05) between the two groups. However, we did not find
any obvious differences in subfoveal choroidal thickness
( =0.231) and central corneal thickness ( =0.709) between
the two groups (Table 1).
Multivariate linear regression analysis was performed to
assess relationships between the subfoveal choroidal
thickness, and age, spherical equivalent, intraocular pressure,
central corneal thickness, anterior chamber depth, trabecular
iris angle, IT500, CBT1, and CBT2. In the open-angle group,
subfoveal choroidal thickness showed negative correlation
( =-0.496, =0.016) only with anterior chamber depth
(Table 2). In the narrow-angle group, subfoveal choroidal
thickness correlated negatively with age ( =-0.442, =
0.003) and IT500 ( = -0.399, =0.008), but not trabecular
iris angle, anterior chamber depth, CBT1, CBT2, or central
corneal thickness (Table 2; Figures 2, 3).

Figure 1 Subfoveal choroidal thickness The outer margin of the
retinal pigment epithelium was considered the anterior margin of the
choroid (upper line) and the choroidal-scleral interface was the
posterior margin of the choroid (lower line).

Table 1 Comparison of clinical characteristics and anterior chamber parameters in subjects with open- and 
narrow-angle  

Parameters Narrow-angle (n=38) Open-angle (n=23) P 
Spherical equivalent (D) -0.27±0.65 -0.87±0.49 0.704 
Intraocular pressure (mm Hg) 15.11±3.01 15.15±3.09 0.954 
Subfoveal choroidal thickness (µm) 279.25±96.95 252.65±52.40 0.231 
Central corneal thickness (mm) 0.53±0.03 0.54±0.03 0.709 
Central anterior chamber depth (mm) 1.98±0.34 2.58±0.35 0.000a 
Trabecular iris angle (°) 10.13±5.15 29.31±7.94 0.000a 
CBT1 (mm) 0.54±0.70 0.65±0.09 0.000a 
CBT2 (mm) 0.24±0.04 0.37±0.40 0.033a 
IT500 (mm) 0.35±0.04 0.38±0.05 0.008a 

CBT1, CBT2: Ciliary body thicknesses measured 1 mm and 2 mm from the scleral spur, respectively; IT500: Iris 
thickness, measured 500 µm from the scleral spur. aP<0.05. 

sx ±

Table 2 Multivariate linear regression analysis of subfoveal choroidal thickness in subjects with open- and 
narrow-angle                                                                               

Open-angle Narrow-angle 
Parameters 

β P β P 
Age (a) 0.123 0.529 -0.442 0.003 
Spherical equivalent (D) 0.059 0.765 -0.089 0.532 
Intraocular pressure (mm Hg) 0.181 0.353 -0.083 0.570 
Central corneal thickness (mm) -0.221 0.379 -0.039 0.786 
Central anterior chamber depth (mm) -0.496 0.016a 0.108 0.503 
Trabecular iris angle (°) -0.042 0.860 0.254 0.086 
CBT1 (mm) 0.0000 1 -0.172 0.265 
CBT2 (mm) -0.066 0.736 0.081 0.598 
IT500 (mm) -0.024 0.909 -0.399 0.008a 

CBT1, CBT2: Ciliary body thicknesses measured 1 mm and 2 mm from the scleral spur, respectively; IT500: Iris 
thickness, measured 500 µm from the scleral spur. aP<0.05. 

sx ±
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DISCUSSION
We investigated the relationship between choroidal thickness
and narrow- or open-angle. No significant association was
observed between trabecular iris angle and subfoveal
choroidal thickness in either the open-angle or the
narrow-angle group. Age and IT500 were negatively
associated with subfoveal choroidal thickness in
narrow-angle subjects but not in open-angle subjects.
As is well known, eyes with primary angle-closure glaucoma
have a particular characteristic shallow anterior chamber
angle structure. Previous studies have shown that anatomical
features of eyes with primary angle-closure glaucoma, such
as central anterior chamber depth, iris thickness, central
corneal thickness, and lens thickness, are different from those
of open-angle eyes [16-19]. We found significant differences in
anterior chamber depth, trabecular iris angle, iris thickness,
CBT1, and CBT2 between the two groups. Quigley [20-21]

hypothesized that choroidal expansion contributes to an
increase in the posterior intraocular pressure. A differential
posterior to anterior pressure would result in fluid outflowing
from the anterior chamber, and the aqueous volume in the

anterior chamber would be decreased. The lens would move
forward and the angle would become narrow. The thicker
choroid might be related to an increase in choroidal blood
volume. The greater tendency to choroidal expansion may
narrow the angle. In the predisposed eye with a narrow angle,
expansion of the choroid would thus contribute to a greater
chance of developing primary angle closure glaucoma.
Previous studies [10-11] reported that subfoveal choroidal
thickness is significantly greater in the subjects with primary
angle closure and in groups with acute primary angle closure
than in groups with open angles. This may be related to the
development of primary angle closure glaucoma. Researchers
hypothesized that eyes with thicker choroids had a more
anterior lens position and a shallower anterior chamber,
contributing to an acute increase in intraocular pressure [22].
However, the current study did not find significant
differences in subfoveal choroidal thickness between
open-angle and narrow-angle subjects, although narrow-angle
subjects tended to have thicker choroids (279.25依96.95
252.65 依52.40, =0.231) than open-group subjects. Here,
only subjects with narrow-angle who did not have glaucoma
were recruited, while patients diagnosed with primary
angle-closure glaucoma or pre-glaucoma had been enrolled
in previous studies. This criterion may lead to the difference
in findings.
Disorders of the anterior segment contributed greatly to the
development of acute primary angle-closure glaucoma. We
evaluated the relationship between choroidal thickness and
anterior segment parameters for open-angle eyes and eyes
with shallow anterior chambers. According to previous
studies, there is a positive correlation between anterior
chamber depth and axial length. Eyes with longer axial
lengths had thinner choroids [23]; this supports our findings,
since axial length is usually consistent with anterior chamber
depth. We found a significant association between subfoveal
choroidal thickness and anterior chamber depth in open-angle
subjects, but we did not find, such an association in shallow
anterior chamber eyes. These results suggest that there might
be an additional effect of the lens or iris on narrowing the
anterior chamber in those older than 45 years old. In addition,
no significant association was found between subfoveal
choroidal thickness and other anterior segment parameters,
including iris thickness, central corneal thickness, and ciliary
body thickness, in open subjects.
The previous finding that choroidal thickness decreases as
age increases is in agreement with our results [24-25]. Our study
showed a negative correlation between subfoveal choroidal
thickness and age in eyes with shallow anterior chambers,
which tended to have a thicker subfoveal choroid, but not in
open-angle subjects 45 years or older. This suggests that age
is more significantly associated with subfoveal choroidal
thickness in eyes with shallow anterior chambers.

Figure 2 Scatter plot of simple linear regression analysis
between subfoveal choroidal thickness and iris thickness in
subjects with narrow angles.

Figure 3 Scatter plot of simple linear regression analysis
between subfoveal choroidal thickness and age in subjects with
narrow angles.

Choroidal thickness in eyes with narrow and open angles
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In this study, we found a negative correlation between
subfoveal choroidal thickness and iris thickness in shallow
anterior chamber eyes, but not with trabecular iris angle,
ciliary body thickness, or central corneal thickness. To the
best of our knowledge, there are still no studies assessing
relationships between subfoveal choroidal thickness and
these anterior chamber parameters. Further research is
needed to clarify the relationships between these factors.
Although choroidal expansion may contribute to acute
episodes of glaucoma, no correlation was found between
central corneal thickness and trabecular iris angle or anterior
chamber depth in shallow anterior chamber eyes. However,
our study has a number of limitations. First, choroidal
thicknesses were measured manually, which might have
introduced some inaccuracy. Second, the sample size was
limited and subjects were only drawn from a single center. In
future, a multicenter study with larger samples of subjects
might provide more accurate outcome predictions. Moreover,
the subjects older than 45 years were selected in this study.
Thus, future studies should be conducted to confirm whether
the choroid plays an important role in the pathogenesis of
primary angle closure glaucoma.
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