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Purpose: To study the association between corneal endothelial cell density (ECD) and degree 
of anterior chamber angle (ACA) opening in eyes with chronic angle closure glaucoma.
Methods: The study was conducted at JEC Eye Hospitals in Indonesia. Treatment-naïve 
patients aged ≥40 years with IOP >21 mmHg and peripheral anterior chamber depth (ACD) 
grade 2 or less by Van Herick’s technique were recruited. Trabecular iris angle (TIA; degree) 
was measured using anterior segment optical coherence tomography (AS-OCT) and classi
fied as: grade 1 ≤10°, grade 2 11–20°, and grade 3 >20°. Noncontact specular microscopy 
was performed, and the following corneal parameters were obtained:ECD (cells/mm2), 
coefficient of variation (CV; μm2/cell), percentage of hexagonal cells, and central corneal 
thickness (CCT; μm).
Results: A total of 52 eyes from 52 subjects were recruited (16 grade 1 TIA, 24 grade 2 
TIA, and 12 grade 3 TIA). Presenting IOP was not significantly different between groups. 
The median central corneal ECD was 2684.5 (1433–2934), 2587.0 (1902–3103), and 2441.0 
(1659–3005) cells/mm2 in grade 1, 2, and 3 TIA, respectively, with no significant differences 
across the groups (P = 0.67). The CV was lowest in grade 3 TIA (36.4 ± 7.2 μm2/cell), and 
highest in grade 1 TIA (38.3 ± 9.6 μm2/cell), but the differences were not significant (P = 
0.74). Likewise, the percentage of hexagonality and CCT was not significantly different. TIA 
was not correlated with IOP but was modestly correlated with age.
Conclusion: The corneal ECD and morphological characteristics such as CV and hexagonality 
were not significantly different across various TIA grading in chronic angle closure. This may 
reflect the lack of chronic and gradual IOP insult on corneal endothelial parameters as TIA did 
not show direct effect towards IOP.
Keywords: corneal endothelium, primary angle closure glaucoma; PACG, trabecular iris 
angle; TIA

Introduction
Glaucoma by itself—and its management such as medications, laser, and surgical 
procedures—is presumed to have damaging effects on the corneal endothelium. 
Endothelial cell loss has been reported in various types of glaucoma including 
primary angle closure glaucoma (PACG)1,2 and following an acute angle-closure 
attack.3–5 While it is crucial to preserve these cells as they lack regenerative ability, 
it is also important to understand risk factors associated with endothelial cell loss in 
glaucoma. Yet, there are a few conflicting studies which did not find such associa
tion of endothelial cell loss in glaucoma.6,7
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In acute angle closure glaucoma, the decrease in 
endothelial cell density (ECD) was related to the length 
of an acute attack and high IOP.8 Sihota et al1 found that 
acute PACG had significantly decreased ECD compared to 
subacute, chronic, and normal group, and 35.1% lower 
ECD compared to age-matched controls. Tham et al2 

also found that acute PACG patients had an 11.6% reduc
tion in ECD compared to their chronic angle-closure 
equivalents. They also demonstrated that the longer the 
duration of the acute attack, the greater the loss of ECD in 
that study.

However, even in the absence of acute attack, studies 
also reported lower ECD in narrow angle when compared 
to normal controls. Varadaraj et al9 compared the ECD in 
eyes with open angles and those with various stages of 
untreated angle closure disease. They found that primary 
angle closure suspects (PACS) eyes had lower ECD com
pared to eyes with open angles. Other study by Verma 
et al10 compared corneal ECD and morphological charac
teristics across primary angle closure disease spectrum and 
did not find any significant difference. They concluded that 
chronicity and the lack of dramatic IOP insult have 
a detrimental effect of no consequences on corneal 
endothelial parameters. However, prior literature has not 
examined whether the degree of anterior chamber angle 
(ACA) can have a direct effect on corneal endothelium in 
chronic angle closure even before procedures such as LPI 
and/or cataract surgery are performed in such eyes.

Visualization of ACA is essential in the diagnosis and 
treatment of glaucoma especially in narrow angles. 
Imaging instruments for anterior segment have been avail
able for over two decades, and one of them is anterior 
segment optical coherence tomography (AS-OCT). AS- 
OCT is a non-invasive technique acquiring high- 
resolution images of the ACA which allows both quanti
tative and qualitative analyses.11 It can be performed 
easily, with relatively good repeatability and reproducibil
ity, and provides excellent discriminative value for the 
detection of narrow angles.12,13 AS-OCT provides cross- 
sectional images of the anterior segment by using low- 
coherence interferometry. The interferometer can be based 
on the time (TD-OCT), the spectral (SD-OCT) or the 
swept source (SS-OCT) domain which is the most recent 
implementation of OCT using Fourier-domain technolo
gies which allows circumferential assessment of the ACA 
with the fastest acquisition.11,14 Although not as fast as the 
newest technology of SS-OCT, spectral-domain systems 
have enhanced signal-to-noise ratio, image acquisition 

speed, and image resolution compared to time-domain AS- 
OCT.15–17

The current study was conducted to determine whether 
an association exists between ACA and corneal ECD in 
chronic angle closure without prior surgery, iridotomy, or 
acute attack. ECD in chronic angle closure with varying 
degree of ACA was analyzed using specular microscopy in 
this study conducted in an Indonesian population.

Materials and Methods
Study Population
This was a multi-hospital, same-institution, cross-sectional 
study that took place between January and July 2019 at the 
JEC Eye Hospital at Menteng and Kedoya in Jakarta, 
Indonesia. This study was reviewed and approved by the 
institutional review board of JEC Eye Hospital and 
Universitas Gadjah Mada, and study procedures con
formed to the Declaration of Helsinki. Informed written 
consent was obtained from all participants before taking 
part in the study.

Sample size calculation was performed for correlation 
analysis and a minimum of 51 subjects was required. 
A convenience sampling method was used to recruit parti
cipants from glaucoma clinics at each center. Chronic 
angle closure glaucoma was defined as evidence of glau
comatous optic neuropathy accompanied by a rise in IOP 
due to obstruction of the outflow of the anterior chamber 
which presents painlessly without history of acute attack.

The inclusion criteria for this study were patients aged 
40 years and above, IOP >21 mmHg, peripheral anterior 
chamber depth (ACD) of grade 2 or less by Van Herick’s 
technique, and no history of prior glaucoma medication or 
intervention (treatment-naïve). Individuals with: 1) history 
of ocular surgery; 2) symptoms or findings consistent with 
prior acute angle closure attack; 3) prior laser glaucoma 
procedures; and 4) signs of inflammation on adnexal tissue 
or other ocular tissue were excluded.

Ophthalmological Assessment
An initial interview was carried out to collect demographic 
data and relevant ocular history. All subjects then under
went a standardized ophthalmic examination that included 
visual acuity testing, slit lamp examination, IOP measure
ment with Goldmann applanation tonometry (GAT), 
stereoscopic evaluation of the optic disc, visual field test
ing, and optical coherence tomography (OCT) for optic 
nerve head evaluation and retinal nerve fiber layer (RNFL) 
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thickness. All examinations were performed on the 
same day. One glaucoma specialist completed slit lamp 
biomicroscopy and GAT for IOP measurements on all 
subjects. GAT was performed three times on each eye 
and the averages were used for analysis.

A single trained technician performed AS-OCT and 
specular microscopy examinations. AS-OCT was done 
with Cirrus HD-OCT model 5000 (Carl Zeiss Meditec, 
Dublin, CA, US), which is an SD-OCT that uses 840-nm 
wavelength, with additional wide angle-to-angle external 
lens kit to image the entire anterior chamber of an eye. 
This HD-OCT utilized a 15.5 × 5.8 mm angle-to-angle 
scan protocol and achieved a scan depth of 5.8 mm in 
high resolution by overlapping the source and mirror 
images. The scan line was adjusted manually to bisect 
the pupil. To acquire images of the unaccommodated 
eye, the focus of an internal-fixation target was adjusted 
with reference to the subject’s refraction. The captured 
OCT image in the monitor screen was used as a guide, 
to ensure that there was no eye movement during the 
imaging (any eye movement would result in a distorted 
image). Each eye was measured at least three times. One 
image with clear visibility of the scleral spur was selected. 
ACAs with unclear scleral spurs were excluded in the 
analysis. All the images obtained had clear visibility of 
iris recess apex. The scleral spur was identified by 
a prominent inner extension of the sclera (its thickest 
part) and marked manually, then trabecular iris angle 
(TIA) was measured in all subjects. TIA was defined as 
an angle measured with the apex in the iris recess and the 
arms of the angle passing through a point on the trabecular 
meshwork 500 μm from the scleral spur and the point on 
the iris perpendicularly. TIA was graded into the following 
classification: grade 1 ≤10°, grade 2 11–20°, and grade 
3 >20°.

Noncontact specular microscope (NIDEK CEM-530, 
NIDEK Co., Ltd. Japan) was used to examine the central 
corneal endothelium. The device takes an image of 
0.1 mm2 sized endothelial field. In total, 8 images are 
captured per scan. These images were presented and clas
sified according to their quality directly after examination. 
Examiner chose a single best image according to endothe
lial cell contours with good contrast and sharp details that 
were clearly visualized, followed by automated cell detec
tion with the manufacturer’s software. Since this device 
offers very basic manual analysis, we did not prefer this 
approach in our study. The following parameters were 
obtained from the specular microscopy: mean cell density 

(cells/mm2), coefficient of variation (CV) in cell area, 
percentage of hexagonal cells, and central corneal thick
ness (CCT) in microns. Both glaucoma specialist and 
technician were masked from the results of other 
examinations.

Statistical Analysis
Statistical analysis was performed using a commercially 
available statistical software package (SPSS 23.0 for 
Windows, IBM-SPSS, Chicago, IL, USA). To assure 
statistical independence between eyes, only one eye of 
each subject was analyzed. If both eyes of a single sub
ject were found to have same condition, the more severe 
eye based on presenting IOP was chosen. If both eyes 
had similar severity, then the study eye was randomly 
chosen. Normality test was performed using 
Kolmogorov–Smirnov testing method. Comparisons of 
ocular characteristics and corneal endothelial parameters 
across the angle closure subtypes were performed using 
1-way ANOVA or Kruskal–Wallis test based on data 
distribution. Correlation of continuous data variables 
was analyzed using the Pearson or Spearman correlation 
test. Significance was set at P <0.05 for this study.

Results
Fifty-two eyes from 52 subjects with chronic angle closure 
were included for analysis in the present study. Twenty- 
two (42.3%) males and 30 (57.7%) females comprised the 
study subjects with an age ranging from 40 to 74 years. 
The mean TIA was 13.7 ± 6.8 degree, while the mean ECD 
was 2479.4 ± 396.5 cells/mm2.

Of the 52 subjects, 16 (30.8%) had grade 1 TIA, 24 
(46.2%) had grade 2 TIA, and 12 (23%) had grade 3 TIA. 
The demographic characteristics of these subjects are sum
marized in Table 1. Subjects with grade 1 TIA were sig
nificantly older than grade 3 TIA (64.56 ± 4.60 vs 54.25 ± 
11.64, post hoc Bonferroni P = 0.007). Grade 1 TIA had 
a tendency of higher IOP compared to grade 2 and grade 3 
[29.5 ± 8.8 vs 25.7 ± 9.5 and 24.9 ± 6.7, respectively] 
although this was not statistically significant. There were 
no significant differences in the vertical cup-to-disk (CD) 
ratio, mean deviation, pattern deviation, and RNFL thick
ness between the groups.

We next analyze the correlation between TIA and pre
senting IOP as seen in Figure 1, and also correlation 
between TIA and age in Figure 2. TIA was not correlated 
with IOP but was modestly correlated with age (Spearman 
correlation r = −0.35; p = 0.01).
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Corneal endothelial cell parameters are compared in 
Table 2. We noted no significant differences in the mean 
central corneal ECD across the groups (P = 0.67). The CV 
was lowest in grade 3 TIA (36.4 ± 7.2 μm2/cell), and highest 
in grade 1 TIA (38.3 ± 9.6 μm2/cell), but the differences 
were not significant (P = 0.74). No significant difference was 
noted for hexagonality and CCT. Table 3 presents correla
tion of corneal parameters with age, TIA, and IOP at pre
sentation. No significant correlation was observed.

Discussion
Our study demonstrated no association between the degree 
of ACA and corneal ECD and morphological characteris
tics such as CV and hexagonality in chronic angle closure. 
Interestingly, there was also no correlation between cor
neal endothelial status with age and presenting IOP.

AS-OCT can detect clinically important changes in the 
ACA structure in patients with angle-closure glaucoma.18 

It allows for better diagnosis of angle-closure glaucoma 
given its ease of use, nonoperator dependence, and objec
tive measurements. Studies showed AS-OCT has high 
diagnostic capability in detecting angle closure with higher 
sensitivity as compared to gonioscopy.15,19 In another 
recent study, using a modified Cirrus SD-OCT, the 
Schwalbe’s line was identifiable in 95% of the scans and 
the scleral spur was identifiable in 85%.20 Compared to 
SD-OCT, the SS-OCT has the ability to provide extremely 
high-resolution images. It has been shown to have accurate 
and reproducible measurements of peripheral anterior 
synechia (PAS) compared to the ordinary SD-OCT and 
gonioscopy. This may allow for an excellent method of 
monitoring risk assessment and PAS progression in the 
development of angle-closure glaucoma.21 The availability 
of SS-OCT could provide more extensive clinical data in 
the assessment of angle closure glaucoma. However, due 
to unattainability of the device, this study used SD-OCT 
for the assessment of ACA which provide adequate sensi
tivity and information.

Our study found an association between ACA and age 
which was in accordance with other studies.22–24 

Increments of lens vault, iris curvature, iris thickness, 
and iris area with age led to a reduction in the dimensions 
of the anterior chamber and to narrowing of the ACA as 
demonstrated in a study by Sun et al.23 Another study by 
Bell et al24 also found that age-related positional changes 
in the ACA anatomy exist in normal healthy eyes. This 
may explain why aging is a significant risk factor for 
PACG.

However, we did not find an association between ACA 
and IOP. Studies have shown that IOP changes in chronic 
angle closure glaucoma were not merely associated with 
ACA, but also to the degree of PAS and damage of 
trabecular meshwork. ACA did not have a direct effect 
on the development and degree of PAS. Yoo et al25 

demonstrated that ACD, angle opening distance and tra
becular-iris angle were not related to PAS. They stated that 
it was trabecular-ciliary process distance which had direct 
effect on PAS. The formation of PAS is a process which 
involves multiple mechanisms as an interplay effect of 
various factors such as high IOP, iris stickiness, iris con
tour, and other unidentified factors. Nevertheless, some 
studies found that significant PAS was observed in 
a small amount of PACG cases.26,27 Aung et al26 stated 
there was a possibility that drainage angle was not exten
sively closed by synechiae in majority of PACG cases in 
Asia. Sihota et al28 found damage on trabecular meshwork 
in chronic PACG even in areas where PAS were not 
observed. This explained why ACA alone did not have 
a direct effect on IOP.

Many recent studies with the interest on corneal 
endothelium in patients with angle closure focused on 
the effect of laser peripheral iridotomy or 
phacoemulsification.29–35 In PACS, LPI does not appear 
to cause clinically significant corneal endothelial damage 
over 1, 3, and 6 years after treatment.29–32 However, 
Bansal et al33 demonstrated a significant endothelial cell 
loss at the treated site at a 6 monthfollow-up and suggested 
that Nd:YAG laser iridotomy may pose hazard to the 
corneal endothelium in patients with subacute angle clo
sure. Studies have also been conducted to evaluate the 
effect of phacoemulsification on corneal endothelial cells 
in acute angle closure. Early phacoemulsification showed 
lower endothelial cell loss than did LPI in the treatment of 
APAC after a 2-year follow-up.34 A more recent study 
demonstrated that history of acute angle closure attack 
might not contribute to the exacerbation of corneal 
endothelial damage in cataract surgery.35

Few studies demonstrated the association between 
ACDand corneal endothelial cells, but none specifically 
discussed the effect of different degree of ACA on corneal 
ECD in chronic angle closure. Existing study was one by 
Varadaraj et al9 which found that lower ECD was observed 
in shallow <2.5 mm ACD compared to deeper anterior 
chamber ≥2.5 mm. Another study by Aoki et al36 also 
found thatACD was not a risk factor of endothelial cell 
loss, although their study was conducted in subjects with 
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pseudoexfoliation. We did not find any association 
between the degree of ACA and corneal ECD or morpho
logical characteristics. Our findings might reflect that vary
ing degree of shallow anterior chamber did not show 
significant difference of corneal endothelial cell damage.

Intriguingly, we also did not find an association 
between age and ECD or other endothelial morphological 
characteristics. Previous studies showed significant corre
lation between ECD and age, but their studies were con
ducted in a population with a wider age range, from 20 to 
85 years.37,38 Our study had relatively narrowrange, from 

40 to 74 years, which might be related to the insignificant 
association between age and ECD.

The relationship between glaucoma and corneal 
endothelial characteristics has not been established conclu
sively. There were conflicting reports on the effect of 
elevated IOP on the ECD. Our study comprised exclu
sively of subjects with angle closure without previous 
acute attack. This allowed a more homogeneous compar
ison as all subjects did not show signs of previous dra
matic IOP increase which would have its own impact on 
corneal endothelium.

Table 1 Demographic Characteristics Across Different TIA Grading

Grade 1 TIA  
(n = 16)

Grade 2 TIA  
(n = 24)

Grade 3 TIA  
(n = 12)

P value

Age (years) 64.56 ± 4.60 58.04 ± 8.44 54.25 ± 11.64 <0.01*
IOP (mmHg) 26.65 (21–48) 23.40 (21–66) 23.10 (21–45) 0.10**

Vertical CD ratio 0.75 ± 0.10 0.69 ± 0.17 0.67 ± 0.18 0.36*
Mean deviation −16.25 ± 1.24 −4.43 (−32.27–2.17) −8.24 (−33.63–0.35) 0.08**

Pattern standard deviation 3.42 (1.16–12.57) 3.18 (1.18–12.48) 4.57 ± 3.73 0.86**

RNFL thickness 75.56 ± 18.12 84.0 ± 25.06 75.83 ± 22.02 0.42*

Notes: *One-way ANOVA test; **Kruskal–Wallis test; significance is indicated with bold. 
Abbreviations: CD, cup-to-disk; IOP, intraocular pressure; RNFL, retinal nerve fiber layer; TIA, trabecular iris angle.

Figure 1 Scatter plot of trabecular iris angle and presenting intraocular pressure (Spearman correlation r = −0.24; P = 0.09).
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Our finding of insignificant correlation between IOP 
and ECD or other corneal endothelial morphological char
acteristics were similar to a study by Verma et al10 which 
also did not find any correlation between the two. In their 
study, all subjects had optimally controlled IOP. This sup
ported the statement that the lack of sudden and dramatic 
IOP increase would not have a direct impact on corneal 
endothelial damage.

The strength of our study was that it was comprised of 
subjects who were all treatment-naïve without prior history 
of glaucoma medication, laser intervention, or surgical pro
cedures including phacoemulsification, thus allowing 
a more uniform comparison. Another strength was the 
unique assessment of ECD in chronic angle closure without 

history of acute attack. A correlation between duration of 
raised IOP and ECD loss has been established.3,4 

Phacoemulsification was also known to induce a change 
in ACD and TIA which depended on the characteristics of 
the eye structure.39 However, to the best of our knowledge, 
there are no studies that sought to assess the association 
between varying degree of ACA and ECD specifically in 
chronic angle closure. Our study helps better understand the 
possible mechanism which contributes to corneal endothe
lial cell loss in angle closure. The degree of ACA in angle 
closure, without the occurrence of acute attack, were not 
found to correlate with ECD.

One of the study limitations was the relatively small 
sample size and cross-sectional nature of the study; hence 

Figure 2 Scatter plot of trabecular iris angle and age (Spearman correlation r = −0.35; P = 0.01).

Table 2 Corneal Parameters Across Different TIA Grading

Grade 1 TIA  
(n = 16)

Grade 2 TIA  
(n = 24)

Grade 3 TIA  
(n = 12)

P value

ECD (cells/mm2) 2684.5 (1433–2934) 2587.0 (1902–3103) 2441.0 (1659–3005) 0.67*

CV (μm2/cell) 38.3 ± 9.6 36.6 ± 6.6 36.4 ± 7.2 0.74*
Hexagonality (%) 51.6 ± 8.3 49.8 ± 11.9 52.4 ± 10.7 0.73*

CCT (microns) 538.6 ± 45.4 541.9 ± 29.9 551.9 ± 26.6 0.59**

Notes: *Kruskal–Wallis test; **one-way ANOVA test. 
Abbreviations: CCT, central corneal thickness; CV, coefficient of variance; ECD, endothelial cell density; TIA, trabecular iris angle.
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it is difficult to establish temporal relationships. Secondly, 
the actual duration of the disease was not known. It was 
difficult to identify how long the subjects have been in 
certain level of IOP increase as this might affect the 
corneal endothelium as well. Lastly, ECD is an indirect 
measure of corneal function and may not reflect the overall 
corneal status, and we were limited by the nonavailability 
of data on peripheral corneal endothelium.

Conclusion
Our study has shown that corneal ECD and its morpholo
gical characteristics were not significantly different across 
varying TIA grading in chronic angle closure. TIA was also 
not correlated with IOP. These findings may corroborate 
that chronic gradual IOP increase with the lack of abrupt 
IOP insult would not have direct effect on corneal endothe
lium in our study group. Long-term prospective studies are 
needed to better understand the corneal ECD and morpho
logical characteristics on varying degree of ACA.
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