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Primary angle-closure glaucoma (PACG) is highly prevalent in Asian countries, compared with primary open-angle
glaucoma (POAG), which is reported predominant disease among Whites and that is the reason for paucity of reports
about central corneal thickness (CCT) and corneal curvature (CC) in eyes with PACG in Europe. To determine central
corneal thickness, corneal curvature and refractive error in patients with primary angle-closure glaucoma (PACG) and
primary open-angle glaucoma (POAG). A total of 288 patients were enrolled into this study; 132 patients with PACG
(mean age of 73 + 7 years) compared with 156 patients with POAG (mean age of 70 +7 years). The data was collected
from all PACG patients who underwent Laser peripheral iridotomy at the Clinic for Eye Diseases, Clinical Center of
Serbia in Belgrade between January 2012 and October 2012 and controls with POAG examined in the same period.
Data from the right eye was used for analysis. In PACG/POAG mean CCT was 549+38/547+35 ym (p=0.353) and mean
radius of corneal curvature (Cr) was 7.92+0.22/7.75+0.29 mm (p=0.003). There was no statistically significant correla-
tion between IOP and mean Cr in PACG (p=0.244 ) and POAG ( p=0.637) while it was in POAG group with refractive er-
ror (p=0.005) and CCT (p<0.001). We found that CCT in PACG and POAG group were in normal range and there was no
diference between them. Our results showed that the eyes with PACG had the flatter corneas than eyes with POAG
and were hyperopic.

Keywords: central corneal thickness, corneal curvature, refractive error, primary angle-closure glaucoma, pri-
mary open-angle glaucoma

length [6]. Corneal curvature (CC) is another factor af-
fecting IOP and CCT readings.
The aim of this study is to investigate CCT, corneal

INTRODUCTION

Primary angle-closure glaucoma (PACG) is highly

prevalent in Asian countries, compared with primary
open-angle glaucoma (POAG), which is reported pre-
dominant disease among Whites [1]. The prevalence of
PACG in Europe is 0.1 % [2]. However, the Egna -Neu-
markt Glaucoma Study stated that the burden of PACG in
Europe has been underestimated previously [3]. Laser
peripheral iridotomy (LPI) is considered the first choice
treatment for PACG although advanced cases require fur-
ther treatment with topical medication or filtration sur-
gery [4].

The role of central corneal thickness (CCT) measer-
ment in clinical evaluation in glaucoma is established [5].
Earlier studies have identified that CCT has significant
effect on intraocular pressure (IOP) values measured
with Goldmann applanation tonometry (GAT); true IOP in
eyes with thicker corneas is lower than that is measured
and thinner corneas lead to lower readings. Besides CCT,
the accuracy of GAT depends on many other factors in-
cluding corneal curvature, corneal structure and axial

curvature and refractive error in patients with PACG and
compare data with the same data in POAG patients.
However, there is paucity of reports about CCT and CC in
eyes with PACG in Europe, because most researches have
been done in parts of Asia where the anatomy of the
eyes might be different from eyes in Europeans and myo-
pia is more prevalent than in Europe [7].

THE AIM

To determine central corneal thickness, corneal
curvature and refractive error in patients with primary
angle-closure glaucoma and primary open-angle glau-
coma.

MATERIAL AND METHODS

A total of 288 patients (288 eyes) were enrolled into
this cross-sectional study; 132 patients (132 eyes) with




PACG (mean age of 73 + 7 years) compared with 156 pa-
tients (156 eyes) with POAG (mean age of 70 + 7 years).
The data was collected from all PACG patients who un-
derwent LPI at the Clinic for Eye Diseases, Clinical Cen-
ter of Serbia in Belgrade between January 2012 and Oc-
tober 2012 and controls with POAG examined in the same
period. Patients consistent with the diagnoses of POAG
and PACG who were referring to the Clinic for Eye Dis-
eases for LPI were included in the study.

Exclusion criteria were: (1) secondary glaucoma; (2)
corneal abnormalities that prevented accurate CCT
measurement; (3) previous intraocular surgery; (4)
previous  trauma; (5) other  nonglaucomatous
neuropathies and (6) narrow angles without physical or
functional signs of glaucoma. Beside data about
demographic characteristics, all patients underwent a
complete ophthalmic examination by a glaucoma
specialist including visual acuity (Snellen chart), slit-
lamp biomicroscopy, gonioscopy, IOP measurement with
Goldmann applanation tonometry and fundus ex-
amination using indirect ophthalmoscopy with Volk Su-
perfield lens 90D. Diagnostic observation also included a
visual field test using the Threshold C 24-2 Swedish In-
teractive Testing Algorithm (SITA) standard program
with Humphrey visual field analyzer Il (Carl Zeiss, Ger-
many) and scanning laser ophthalmoscopy - Heidelberg
retinal tomography (HRT Il, Heidelberg Engineering,
GmbH, Dossenheim, Germany, version 2.02). CCT values
were measured by ultrasonic pachymeter (Alcon labora-
tories, OcuScan®RxP Ophthalmic Ultrasound system, Fort
Wortx TX) by trained ophthalmic technicians. The
pachymetry measurement recorded for each eye was the
average of 3 measurements taken per eye. Corneal cur-
vature and refractive error was measured with autokera-
torefractometer (Topcon KR-7000). Corneal curvature
measurements were expressed as radius of corneal cur-
vature (Cr) and keratometry values (K). Refractive error
was calculated as spherical equivalent in diopters (D), as
the sum of the sphere and half the refractive astigma-
tism.

DEFINITIONS OF GLAUCOMA

Glaucoma was defined as the presence of glaucoma-
tous optic neuropathy (GON) - (defined as loss of neu-
roretinal rim with a vertical cup: disc ratio of >0.7 or an
inter-eye asymmetry of >0.2, and/ or notching attribut-
able to glaucoma) and associated visual field loss. PACG
was defined as the presence of GON with corresponding
visual field loss, in association with a closed angle (pres-
ence of at least 180 degrees of angle in which the poste-
rior trabecular meshwork was not visible on nonindenta-
tion gonioscopy), and raised IOP and/or peripheral ante-
rior synechiae. There were no cases of acute angle clo-
sure and all PACG patients had chronic PACG. POAG was
defined as GON, visual field defects consistent with glau-
coma, IOP greater than 21mm Hg on at least 2 occasions,
and open angles on gonioscopy.

All patients received a detailed explanation about
the study and signed informed consent for use of their
data for the analysis.

This study was approved by the Ethics Committee of
the Clinical Center of Serbia within which the work was
undertaken.
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STATISTICAL ANALYSIS

Data from the right eye was used for analysis. If the
right eye was excluded from the study because of ineligi-
bility, data from the left eye was used. Standard descrip-
tive statistics were used. Unpaired Student’s t-test was
used for comparison of the continuous variables. Chi-
square or Fisher’s exact tests were used to evaluate the
significance of the differences between categorized
data. Correlation between parameters was tested by us-
ing Pearson and Spirman correlation and multivariant lin-
ear regression model. Individual differences were consid-
ered to be statistically significant for p<0.05. SPSS ver-
sion 21.0 (SPSS Inc, Chicago, Ill) was used for all statisti-
cal calculations.

RESULTS

Demographic data and intraocular pressure of the
patients are given in Table 1. The mean patients age in
group PACG was 73 + 7 years (range 61-87 years) and
they were predominantly female (75%) and in group with
POAG the mean age was 70 + 7 years (range 58-80 years)
and they were predominantely male (52%). There were
statistically significant difference between PACG and
POAG group regarding to sex and no difference regard to
IOP, in group with PACG, IOP was 17 + 3 mmHg (range 10
- 25 mmHg) and in group POAG was 18 + 4 mmHg ( range
12 - 30 mmHg).

Mean CCT, CC and refracive error values in both
group are given in Table 2. The mean (SD) CCT in PACG
group was 549 + 38 pm (range 509-601 pm) and in POAG
group was 547 + 35 pm (range 453-601 pm). There was no
difference between the mean CCT in both groups. Eyes
with PACG had flatter corneas, mean Cr / K in PACG
group were 7.92 + 0.22 mm (range 7.47-8.46 mm) / 42.62
+ 1.7 D ( range 39.87-45.19 D) and in POAG group were
7.75 + 0.29 mm (range 6.96-8.20 mm) / 43.50+1.65 D
(range 41.12-48.42D) (p=0.003 / p=0.006).

Patients in PACG group were predominantly hyper-
opic, spherical equivalent ranged between -1.00 do +6.25
diopter, mean value was +2.75 diopter and in POAG
group were predominantly myopic, spherical equivalent
ranged between -5.25 do +2.00, mean value was -1.75
diopter.

The IOP positively correlated with CCT (r=0.772,
p<0.001), refracive error (r=0.544, p=0.005) and age
(r=0.532, p=0.035) in group POAG and did not correlate
with Cr (r=0.10 p=0.637) and sex (r=0.230, p=0.109) in
the same group. In group PACG , IOP did not correlate
with all variables: CCT (r=0.405, p=0.06), Cr (r=0.248,
p=0.244), refractive error (r=-0.035, 0.869), age
(r=0.234, p=0.083) and sex (r=0.148,p=0.273) (Table 3).
In multiple regresion analysis, with IOP as dependent pa-
rameter and CCT, CC, refractive error, age and sex as in-
dependent parameteres, we found the association be-
tween |OP and refractive error (p=0.001) and age
(p=0.039) in group POAG and did not reveal the associa-
tion between IOP and variables in group PACG. We can
predict IOP in POAG group on the basis of these two pre-
dictors and mathematical model was [0P=2.058 +
1.923xSE + 0.245xAge.

In both group (PACG/POAG) there was no correla-
tion between CCT and variables: Cr (p=0.430/0.92), re-
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Table 1. Demographic characteristics and IOP in PACG and POAG group

Variables PACG POAG p
Age(y)(range) ] 73+7 (61-87) 70+7 (58:80) . 0279
_Male/female (%) _ __ _________________ 33(25)799(75) ] 81(52)/75(48) . 0042

I0P (mmHg) (range) 17 + 3 (10 - 25) 18 + 4 (12 - 30) 0.647

Abbreviation: IOP - intraocular pressure; PACG - primary angle-closure glaucoma; POAG - primary open-angle glaucoma; vy -
years

Table 2. CCT, CC and refractive error in PACG and POAG group

Variables PACG POAG p
eCTemy S 549 +38(509-601) 54735 (453-601) | 0353
Cr(mm) 7.92+£0.22 (7.47-8.46) 7.75+0.29 (6.96-8.20) | 0.003
KO 42.62:1.7(39.87-45.19) 43.50£1.65 (41.12-48.42) | 0.006
SE (D) +2.75 (-1.00 do +6.25) -1.75 (-5.25 do +2.00) <0.001

Abbreviation: CCT - central corneal thickness; Cr - radius of corneal curvature (mm), K - keratometry (D); SE - spherical
equivalent; D - Diopter

Table 3. Correlation between IOP and variables

Variables AHE oL
r r p
T 0405 0.06 0oz <0.001
Crmm) 0248 0244 010 0.637
KO ] 0283 w8 0072 . 0733 ________.
VSEO®) . N 1: ) 0544 0.005
Agety) 0234 008 0532 0035
Sex 0.148 0.273 0.230 0.109
Abbreviation: CCT - central corneal thickness; Cr - radius of corneal curvature (mm), K - keratometry (D); SE - spherical
equivalent; D - Diopter
Table 4. Correlation between CCT and variables
Variables et oS
r r P
Cr(mm) . 0.169 . 0430 . 002 ] 092
KO 0105 . 0618 A Y 0.250 .
SEO) 0270 . o191 - 0108 0.615
Agely) 045 0704 0108 . 0735 _______
Sex 0.461 0.436 0.006 0.135

Abbreviation: CCT - central corneal thickness; Cr - radius of corneal curvature (mm), K - keratometry (D); SE - spherical
equivalent; D - Diopter

fractive error (p=0.191/0.615), age (p=0.704/0.735) and
sex (p=0.436/0.135) and it was showen in Table 4.

DISCUSION

The main purpose of this study was to determine
central corneal thickness, corneal curvature and refrac-
tive error in patients with primary angle-closure glau-
coma and compare the same data with patients with
primary open-angle glaucoma. We found that CCT in
PACG and POAG group were in normal range and there
was no diference between them. In a meta-analysis of
worldwide literature, the average CCT of normal eyes in
various racial groups with ultrasound pachimetry was 544
pm, similar to our study results: CCT - in PACG group was
549 pm and in POAG group was 547 pym [8]. Also, similar
was found in study of Pang et al. [9] for eyes with PACG;
mean CCT was 542 pm but CCT in POAG group was thin-
ner - 539 ym. Thinner corneas was also found on CCT
study from Brasil; and there were no differences in the
mean CCT of PACG (531.1 pym), POAG (520.6 ym) and
normal eyes (519.2 um) (p=0.18) [10].

The next purpose of our study was to determine
correlation between CCT and other variables: CC, refrac-
tive error, sex and age. Our study showed that there was
not statistically significant correlation between mean
CCT and sex in both groups, as also no correlation with
age. There is currently no consensus on how CCT varies
among men and women. Some studies note that there no
differences [9], another emphasis that female subjects
have slightly thicker corneas than male subjects,
whereas other found that males have slightly thicker cor-
neas than females [11]. Previous reports on the associa-
tion between CCT and age are contradictory: some stud-
ies have found no significant association [12], whereas
others have found a statistically significant inverse rela-
tionship between CCT and age. On one side, Nemesure et
al. [13] and Aghaian et al. [14] found a decrease the cen-
tral corneal thickness with increasing age, however we
did not see correlation between CCT and age, agreeing
with Shimmyo et al. [12] and Rotterdam Study [15].

Studies that have attempted to investigate the ef-
fects of refractive errors on CCT have reported conflict-
ing results. One reports showed no correlation between
corneal thickness and level of myopia, whereas another
study found the cornea to be thinner in more myopic
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eyes [16]. In our study, we did not found correlation be-
tween CCT and refractive error in both studied group.

Also, we wanted to reveal correlation between |IOP
and CCT, CC, refractive error, sex and age. Accurate IOP
measurement is an important factor in the diagnosis and
management of glaucoma, but various sources of error
may affect the accuracy of measurements. Central cor-
neal thickness is well known and affects IOP readings.
The Ocular Hypertension Study recognized the signifi-
cance of CCT on GAT. They found that eyes with thinner
corneas had a higher risk of developing primary open an-
gle glaucoma than eyes with thicker cornea [17]. In our
study we showed positively correlation between CCT and
IOP in group with POAG and in group with PACG there
were no correlation between these two parameters.

Regarding corneal curvature, our results showed
that eyes with PACG had flatter corneas than eyes with
POAG. As many published studies suggest correction fac-
tors based on CCT and GAT, however the effects of CC on
IOP measurements by GAT remains uncertain. Paranahos
et al. [18] found no correlation between CC and IOP
measurements by GAT and non contact tonomtery in
study group of 404 eyes. Also, in our study, there was no
association CC and IOP in both studied group. Contrary,
in some of previous publication, there was association
between corneal curvature and IOP reading obtained
with GAT, like in Saleh et al. Study [19], there was a
weak correlation between mean radius of CC and IOP
measurements with GAT and ocular blood flow pneuma-
tonometer [20]. Orssengo and associates [21] recently
discussed errors in GAT by theroretical mathematical
models. They discussed the deformation of central cor-
nea flattened by pressure of the prism and bulging out-
ward from the middle to peripheral cornea by the inner
pressure of eye. They concluded that central corneal
thickness, corneal curvature and area applanated should
be considered in adjusting errors of GAT and alluded to
the role of variations in Poisson rate of central tissue of
different indivduals.

Our results also showed that eyes with PACG were
hyperopic. A study dating back to 1970 stated that there
is relations between PACG and hyperopia [22]. Since
then, the most studies on PACG and refarctive error have
been performed in Asian countries. The Beijing study [23]
found a relation between hyperopia and anterior cham-
bre angle, suggesting that hyperopia is a predominant
risk factor for PACG. Saskia et al. [24] was the first study
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SAZETAK

Primarni glaukom zatvorenog ugla je znatno ucestaliji u Azijiskim zemljama u odnosu na primarni glaukom otvorenog ugla koji je
predominantan medu Belom rasom te zbog toga postoji nedostatak podataka o centralnoj debljini i zakrivljenosti roznjace kod pri-
marnog glaukoma zatvorenog ugla u Evropi. Odrediti centralnu debljinu roznjace, zakrivljenost roznjace i refraktivnu gresku kod
pacijenata sa primarnim glaukomom zatvorenog (PACG) i otvorenog ugla (POAG). U studiji je bilo ukljuéeno 288 pacijenata, 132
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pacijenta sa primarnim glaukom zatvorenog ugla (prosecne starosti 73 + 7 godina) i 156 pacijenata sa primarnim glaukomom ot-
vorenog ugla (prosecne starosti 70 + 7 godina). Podaci su prikupljeni od pacijanata sa PACG koji su upuceni za laser perifernu iri-
dotomiju na Kliniku za o¢ne bolesti u Beogradu u periodu od Januara 2012 do Oktobra 2012 godine i njihovih kontrola sa POAG koji su
pregledani u istom periodu. Podaci dobijeni sa desnog oka uzeti su za analizu. Srednja debljina roznjace u grupi PACG/POAG-a bila
je 549+38/547+35 ym (p=0,353) i srednji radijus zakrivljenosti roznjace 7,92+0,22/7,75+0,29 mm (p=0,003). Nije postojala statis-
ticki znacajna povezanost izmedu IOP i srednjeg radijusa zakrivljenosti roznjace u obe grupe PACG (p=0,244 ) / POAG p=(0,637) dok
je postojala u grupi POAG, sa refraktivnom greskom (p=0,005) kao i sa srednjom debljinom roznjace u istoj grupi (p<0,001). U nasoj
studiji nije postojala razlika u srednjoj debljini roznjace izmedu pacijanata sa primarnim glaukomom zatvorenog i otvorenog ugla.
0C¢i sa angularnim glaukomom imale su ravniju roznjacu i ve¢u hipermetropnu refraktivnu gresku.

Kljuéne reci: centralna debljina roznjace, zakrivljenost roznjace, refraktivna greska, primarni glaukom zatvorenog ugla, primarni
glaukom otvorenog ugla
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