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Corneal Endothelium and Central Corneal Thickness Changes in Patients
with Primary Open Angle Glaucoma
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Abstract
Purpose: The purpose of this study was to compare corneal endothelial
morphometric changes and central corneal thickness (CCT) in patients
with primary open-angle glaucoma (POAG) with age-matched, nonglaucomatous control subjects using CEM-530 NIDEK indirect specular
microscope. In addition, the associations between endothelial changes
and IOP; glaucoma duration and topical anti-glaucoma medications were
performed.
Methods: The study included 44 patients (44 eyes) with POAG and
50 control (non-glaucomatous) subjects (50 eyes). Corneal endothelial
changes and CCT were measured for all patients using CEM-530 NIDEK
indirect specular microscope.
Results: This study demonstrated a high statistically significant difference
in endothelial cell density (ECD), average cell area, maximum cell area
and standard deviation of cell area between the 2 groups (P=0.000).
However, the study showed no statistically significant differences in
coefficient of variation (CV), hexagonality and CCT between the 2 groups.
Pearson correlation analysis showed that POAG group had a statistically
weak positive correlation between IOP and maximum cell area (r=0.323
& P=0.033) and hexagonality (r=0.313 & P=0.038). Moreover, POAG
group had a statistically weak negative correlation between age and CCT
(r= -0.303 & P=0.046).
Conclusion: This study documented lower ECD and larger average
endothelial cell area in POAG patients. Therefore, it is mandatory to
use all precautions to protect the corneal endothelial cells from further
impairment during any anterior segment operations. In addition, the study
confirmed a positive correlation between IOP and maximum cell area in
glaucomatous eyes. On the other hand, endothelial parameters and CCT
showed no significant correlations with the number of medications and
duration of glaucoma. Therefore, further studies using a longitudinal
large population-based prospective design are recommended to verify the
extent of endothelial damage caused by POAG and to determine factors
prognostic of enhanced endothelial damage.

Keywords: primary open-angle glaucoma, endothelial cell density, central
corneal thickness, non-contact specular microscopy.
Intruduction
Glaucoma is a group of ocular disorders manifested by a specific pattern
of optic nerve neuropathy, and visual field defects that are related significantly
but not in all cases with an elevated intraocular pressure (IOP) [1, 2]. Helayel
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et al 2021 [3] evaluated the profile of glaucoma in the Eastern
Region of Saudi Arabia. They demonstrated that Primary
open-angle glaucoma (POAG) was the most prevalent type
of glaucoma (27.7%), followed by secondary glaucomas
(26.7%), primary angle-closure glaucoma (PACG) (18.2%).
Corneal thickness and endothelial cell density are indirect
measures of endothelial function, which are rapidly attained,
reproducible, and reflective of compromised endothelial
function [4]. Many studies [5-9] investigated the impact
of different types of glaucoma on corneal endothelium and
central corneal thickness, but their results are controversial.
The purpose of this study was to compare corneal endothelial
morphometric changes and central corneal thickness in
patients with POAG with age-matched, non-glaucomatous
control subjects using CEM-530 NIDEK indirect specular
microscope. In addition, the associations between endothelial
changes and IOP; glaucoma duration and topical antiglaucoma medications were performed.

Methods
Study Design
This study was a prospective, hospital-based, nonrandomized, case–control, observational, and quantitative
study. It got the Institutional Review Board (IRB) approval
of Health Sciences Colleges Research on Human Subjects,
College of Medicine, King Saud University. It adhered to
tenets of the Declaration of Helsinki regarding research on
human tissues. All the participants signed comprehensive
consent after explanation of the study procedures.
Subjects
The study included 44 patients [44 eyes] {25 males
(56.8%); 19 females (43.2%)} with POAG and 50 control
(non-glaucomatous) subjects [50 eyes] {26 males (52%), 24
females (48%)}. The age range of POAG group was 40-64
years (mean: 51.43±7.02 years), and the age range of the
control group was 40-70 years (mean: 48.6±7.64 years). All
patients were recruited from ophthalmology department at
the Prince Mohammed bin Nasser Hospital in Jazan, Saudi
Arabia, by non-randomized convenience sampling method
from January and March 2020.
The diagnosis of POAG was based on an elevated IOP >
21 mmHg (≥1 time), retinal nerve fiber layer defect on redfree photo, visual field loss compatible with glaucoma with or
without glaucomatous optic disc changes in the presence of
open, normal-appearing anterior chamber angle. Control eyes
have IOP ≤21 mmHg without anti-glaucoma treatment and
normal looking optic disk without any signs of glaucomatous
or ischemic optic neuropathy. The exclusion criteria were
patients with angle-closure glaucoma, a history of corneal
diseases such as corneal endothelial dystrophy, intraocular
diseases, contact lens use, ocular trauma or surgery (including
intraocular surgery and laser treatment). In addition, patients
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with systemic diseases such as diabetes that could affect the
corneal endothelium were excluded.
Methods
All patients underwent a comprehensive ophthalmological
examination including visual acuity assessment using
the Snellen chart visual acuity, IOP measurement using
Goldmann applanation tonometry, slit lamp biomicroscopy
and fundus examination. Ophthalmological records of POAG
patients were reviewed including duration of glaucoma, and
anti-glaucoma medications (number and types).
Central corneal thickness (CCT) and corneal endothelial
morphometric data such as endothelial cell density (ECD),
coefficient of variation (CV), percentage of hexagonal cells
(HEX), maximum cell area, minimum cell area, standard
deviation of cell area (SD) were calculated for all patients
using CEM-530 NIDEK indirect specular microscope (class
1 led product, 2013). The measurements were acquired in the
semi-automatic mode of the instrument. Three images from
the central cornea were taken, and the best image was saved
for analysis. The parameters from the right eye only were
used for statistical analysis to prevent pseudo-replication
from using data from both eyes.
Statistical Analysis
All data was analyzed using Statistical Package for the
Social Sciences (SPSS) version 23.0 software (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics (means and standard
deviations) were used for expressing quantitative variables.
Frequencies and percentages were used for expressing
qualitative variables. Independent t-test was done to compare
between the two groups for the variables in the study. Pearson
correlation coefficient was used for studying the correlation
between variables. Graphs for mean and standard error for
variables of each group were done using SPSS graphs. P <
0.05 and P<0.01 were considered statistically significant (*)
& highly significant (**) respectively.

Results / Case report
The study included 44 eyes with POAG and 50 nonglaucomatous eyes (control group). These 2 groups were
matched regarding age and sex. This study showed no
statistically significant difference in IOP between the two
groups (P=0.070). POAG group showed mean of IOP
16.36± 4.51 (10.00-30.00 mmHg) compared to 14.36±3.39
(10.00-20.00 mmHg) in the control group. POAG group
had mean of glaucoma duration 3.99±4.44 (1-17years).
Moreover, in POAG group, there were 16 patients (36.36%)
on 1 medication (latanoprost), 15 patients (34.09%) on 2
medications (latanoprost and timolol), 12 patients (27.27%)
on 3 medications (latanoprost, timolol and brimonidine) and
one patient (2.27%) on 4 medications (latanoprost, timolol,
brimonidine and dorzolamide) to control IOP. Participant
demographic and clinical data are shown in table 1.
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Table 1: Demographic and clinical data of the participants
Control group

Demographic Data

POAG group

(n = 50)

(n = 44)

Age (years)

48.6±7.64

51.43±7.02

Mean ± SD

(40 -70)

(40-64)

Male

26 (52%)

25 (56.8%)

Female

24 (48%)

19 (43.2%)

IOP mmHg

14.86±3.39

16.36±4.51

Mean ± SD

(10.00-20.00)

(10.00-30.00)

Gender

Duration (y)

--

(1-17)
3.99±4.44
(1-4)
16 (36.36%) ------>1

Number of Medications

---

15 (34.09%)------>2
12 (27.27%) ------>3
1 (2.27%) -------->4

Table 2: Endothelial morphometric changes and CCT between
glaucomatous and control eyes (mean ± SD).
Data

Control group

POAG group

(n=50)

(n=44)

P-Value

Endothelial
Cell Density
(ECD) (cell/mm2)
Mean ± SD

2604.44±247.26 2209.45±475.34

0.000**

Coefficient of
Variation (CV) (%)
Mean ± SD

29.06±4.437

30.27±4.857

0.209

67.86±5.406

68.02±6.086

0.891

387.94±44.206

458.79±99.284

0.000**

106.06±24.658

132.34±42.819

0.000**

1034.9±285.49

1245.36±304.02

0.001**

141.06±19.62

148.54±21.06

0.078

540.36±34.74

544.15±37.02

0.609

Average cell area
(μm2)
Mean ± SD
Standard
deviation of cell
area (μm2)
Mean ± SD
Maximum cell
area (μm2)
Mean ± SD
Minimum cell area
(μm2)
Mean ± SD
Central corneal
Thickness (CCT)
(µm)
Mean ± SD

Independent t-test was performed to compare the
variables in the study between the two groups. P < 0.05 and
P < 0.01 were considered statistically significant (*) & highly
significant (**) respectively.
This study demonstrated a high statistically significant
difference in ECD, average cell area, maximum cell area
and standard deviation of cell area between the 2 groups
(P=0.000). ECD was significantly lower in POAG group
(2209.45±475.34 cell/mm2) than (2604.44±247.26 cell/
mm2) in the control group (P=0.000). Average cell area was
significantly larger in POAG group (458.79±99.284 μm2)
than in the control group (387.94±44.206 μm2) (P=0.000).
Standard deviation of cell area was significantly greater in
POAG group (132.34±42.819 μm2) than in the control group
(132.34±42.819 μm2) (P=0.000). Maximum cell area was
significantly larger in POAG group (1245.36±304.02 μm2)
than in the control group (1034.9±285.49 μm2) (P=0.001).
However, the study showed no statistically significant
differences in CV, hexagonality and CCT between the 2
groups. Endothelial morphometric changes and CCT between
glaucomatous and control eyes are shown in table 2 (figures
1- 4).
Pearson correlation analysis showed that POAG group had
a statistically weak positive correlation between mean IOP
and maximum cell area (r=0.323 & P=0.033) (figure 5) and
hexagonality (r=0.313 & P=0.038). Moreover, POAG group
had a statistically weak negative correlation between age
and CCT (r=- 0.303 & P=0.046). On the other hand, Pearson
correlation analysis showed that endothelial parameters and
CCT had no significant correlations with the number of
medications and duration of glaucoma in POAG group.

Discussion

Hexagonality (%)
Mean ± SD
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The corneal endothelium is critical in preserving a healthy
transparent cornea. The proper function of corneal endothelium
necessitates a definite cell density and morphology which
are more sensitive indicators of functional alterations of the
corneal endothelium [10]. Corneal endothelial cells have a
restricted regenerative capability, so the maintenance of
these cells is of great importance. Glaucoma has a worldwide
prevalence of 3.5% of the population aged 40-80 years. The
harmful influence of glaucoma on the corneal endothelium
may be initiated by the direct damage from the persistently
high IOP, the glaucoma medication toxicity, and the hypoxic
injury to endothelial cells due to an impaired aqueous
drainage or a combination of these [8, 11, 12]. Yüksel et
al [13] explained the effect of glaucoma on the corneal
endothelium by the stagnation of aqueous circulation with a
subsequent decrease in convenience of vital metabolites to
the endothelial cells that causes a low endothelial density and
architecture, rather than the mere elevated IOP. Understanding
and investigating the extent of this impact on the corneal
endothelium is mandatory for preserving the corneal clarity
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Figure 1: The comparison of CV (%) between the two groups.
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Figure 2: The comparison of SD (μm2) between the two groups.
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group. This finding matched with Zarnowski et al [6] Cho
et al [7] and Yu et al [10] Cho et al [7] investigated POAG
patients who did not receive antiglaucoma medication. Yu et
al [10] demonstrated that POAG eyes had significantly lower
ECD compared to the healthy control eyes (P < 0.001) and
the treated eyes had significantly lower ECD compared to the
untreated eyes. Also, Bhomaj et al8 documented a significant
reduction in endothelial cell count in POAG patients compared
to normal eyes (185 cells/mm2) (95% CI = 132–238 cells
lower, P < 0.001). In their study, timolol monotherapy was the
most common anti-glaucoma treatment being used by POAG
patients (n = 30 %), followed by latanoprost (n = 14%) and
combination of latanoprost and timolol (n = 14 %). A few
patients were using brimonidine either alone (n = 12%) or
in combination with timolol (n = 8%). Minority patients
were using a combination of dorzolamide with timolol (n
= 9%). In addition, Swamy and Tasneem 2020 [14] found
a significant difference in ECD between the newly detected
POAG patients and controls (P<0.001). Additionally, Knorr
et al5 showed a 31% decrease in corneal ECD in POAG
patients compared with the healthy subjects. Similarly, Cho
et al [7] and Gagnon et al [11] confirmed a 13.0% reduction in
ECD in POAG patients compared to control eyes. Gagnon et
al [11] examined glaucoma patients who had used glaucoma
medication. Tham et al 2006 [15] explained the significant
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Figure 3: The comparison of average sell area (μm2) between the
two groups.

and visual acuity in all glaucoma patients. This study
evaluated corneal endothelial changes and CCT in patients
with POAG compared to control patients. The study found
no statistically significant difference in IOP between the two
groups (P=0.070) because all POAG patients enrolled in the
study were on glaucoma medications. POAG group showed
mean of IOP 16.36± 4.51 (10.00-30.00 mmHg) compared to
14.36±3.39 (10.00-20.00 mmHg) in the control group.
In this study, POAG group showed a significantly lower
ECD and a larger average cell area compared to the control

Control group

POAG group

Figure 4: The comparison of endothelial cell density (cell/mm2)
between the two groups.
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Figure 5: Correlation between intraocular pressure and maximum
cell area.
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increase of average cell area in glaucomatous eyes by the
renewing incapacity of corneal endothelium. The corneal
endothelial cells have to expand to maintain corneal clarity.
However, Lee et al [9] and Korey et al [16] demonstrated no
reduction in ECD in POAG eyes. Korey et al [16] assumed
that the corneal endothelium has the capability to adapt to a
gradual and modest increase in IOP, even if it continues for
a prolonged period, without displaying significant changes.
Conversely, Inatani et al [17] suggested that a slight increase
in IOP over an extended period can lead to glaucoma
progression, and it may also induce a reduction in ECD. On
the other hand, the length of the duration which is required
by the minor elevation of IOP to cause a significant decrease
in ECD is still unknown. Consequently, longitudinal studies
may be necessary to approve this hypothesis.
This study demonstrated no significant differences
between the 2 groups regarding CV and hexagonality. This
result agreed with Cho et al [7]. However, Bhomaj et al [8]
confirmed significantly higher CV values. They reported
significant pleomorphism and polymegathism in eyes with
POAG (P < 0.001). Swamy and Tasneem 2020 [14] found a
significant difference between hexagonality and CV between
the newly detected POAG patients and controls (P=0.001,
P=0.002 respectively). However, many studies [18-20]
confirmed that the alterations in CV and Hexagonality are
only induced by an acute corneal endothelial damage. The
current study documented no significant differences between
the 2 groups regarding CCT which matched with Lee et al.9
Also, Wu et al [21] documented no significant difference in
CCT among NTG, POAG, and normal subjects but a higher
CCT in OHT subjects. Conversely, Swamy and Tasneem
2020 [14] found a significant difference in CCT between the
newly detected POAG patients and controls (P=0.027).
This study investigated the association between corneal
endothelial changes and IOP, glaucoma duration and
medications. The study reported a positive correlation
between mean IOP and maximum cell area in POAG group
(r=0.323 & P=0.033) which agreed with Yu et al10 who
showed a positive correlation between maximum cell area
and mean IOP (r = 0.218, P = 0.029). Moreover, they found a
positive correlation between the average cell area and mean
IOP (r = 0.228, P = 0.022) and minimum cell area and mean
IOP (r = 0.290, P = 0.003). However, they documented a
negative correlation between cell density and mean IOP
(r = −0.286, P = 0.004). On the other hand, they did not report
any association between the mean IOP and the percentage of
hexagonal cells.
Swamy and Tasneem 2020 [14] investigated the
association between ECD and mean IOP in the newly detected
POAG patients and controls and found that the patients with
10-15mm Hg have ECD of 2500-3000 cells/mm2 compared
to ECD of 2000-2500 cells/ mm2 (39%) with an increasing
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IOP beyond of 20-25mm Hg. Pearson correlation analysis in
this study showed that endothelial parameters and CCT had
no significant correlations with the number of medications
and duration of glaucoma in POAG group. On the other hand,
POAG group had a statistically weak negative correlation
between age and CCT. This result agreed with Galgauskas
et al [22] who reported a statistically significant negative
correlation was found between CCT and age (r=-0.263,
P<0.05). However, Natarajan et al23 found no statistical
difference in CCT among various ages.
This study had some limitations. First, the study did
not include a group of newly diagnosed POAG patients to
exclude the effect of glaucoma medication on the corneal
endothelium. Second, pre medication records of the
endothelial morphometric parameters of POAG group were
not available to evaluate accurately the extent of damage after
the medication. The unavailability of these records made us
unable to determine whether the reason for decreased ECD
was the amount of elevated IOP or other factors such as
congenital problems. Third, evaluation of the correlation
between the endothelial morphometric parameters and CupDisc Ratio was not performed in this study. Fourth limitation
is the lack of longitudinal data to show rate of progressive
loss of ECD.

Conclusion
This study documented lower ECD and larger average
endothelial cell area in POAG patients. Therefore, it is
mandatory to use all precautions to protect the corneal
endothelial cells from further impairment during any anterior
segment operations. In addition, the study confirmed a
positive correlation between IOP and maximum cell area in
glaucomatous eyes. On the other hand, endothelial parameters
and CCT showed no significant correlations with the number
of medications and duration of glaucoma. Therefore,
further studies using a longitudinal large population-based
prospective design are recommended to verify the extent
of endothelial damage caused by POAG and to determine
factors prognostic of enhanced endothelial damage.
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