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SUMMARY

Introduction/Objective In patients with primary open-angle glaucoma (POAG) we explored the rela-
tionship between the optic nerve head (ONH) topography parameters and the retinal nerve fiber layer
(RNFL) thickness with the central corneal thickness (CCT).

Methods This retrospective study included 97 patients (97 eyes) with primary open-angle glaucoma.
Patients were divided into a thin CCT < 540 um (45 eyes) and a thick CCT > 540 um (52 eyes) group, us-
ing ultrasonic pachymeter. Topographic measurements of the ONH parameters and RNFL thickness was
performed using optical coherence tomography (OCT). The outcomes were compared with the thin and
thick CCT and correlated with the thin CCT of the subjects.

Results There were significantly lower mean intraocular pressure (p < 0.0001) and CCT (p < 0.0001) in
patients with thin CCT compared to patients with thick CCT. Statistically significant differences of ONH
parameters were found in thin cornea group compared to thick cornea group in: cup/disc area ratio
(p < 0.03), vertical cup/disc ratio (p < 0.01) and rim volume (p < 0.01). Statistically significant differ-
ences of RNFL thickness were found in thin cornea group compared to thick cornea group in: average
(p < 0.001), superior (p < 0.03), inferior (p < 0.03) and nasal (p < 0.01). Significant positive correlation
was found between thin CCT and OCT parameters in: optic disc area (r = 0.429, p = 0.003), cup/disc area
ratio (r = 0.287, p = 0.05), horizontal cup/disc ratio (r = 0.472, p < 0.001), vertical cup/disc ratio (r = 0.578,
p < 0.001), average RNFL (r=0.796, p < 0.001), superior RNFL (r = 0.665, p < 0.001), inferior RNFL (r = 0.650,
p < 0.001), nasal RNFL (r=0.611, p < 0.001) and temporal RNFL thickness (r = 0.601, p < 0.001).
Conclusion POAG patients with thin cornea will probably develop larger glaucoma changes than those
with a thicker cornea. Ultrasonic pachymetry measurements of CCT and OCT analysis of ONH topogra-
phy parameters and RNFL thickness provide significant information in early diagnosis and monitoring
progression of POAG.
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INTRODUCTION

Primary open angle glaucoma (POAG) is the
disorder of the structural and functional chang-
es of the optic nerve [1].

Glaucoma changes of the optic nerve may
manifest as a morphological damage in the
optic nerve head (ONH) as well as a decrease
in the thickness of the retinal nerve fiber layer
(RNFL) [2].

Optical coherence tomography (OCT) is
a method usually used for evaluation of the
structural glaucoma damage [3, 4]. OCT is
non-contact and high-resolution device which
provides a cross-sectional image, good for
quantitative evaluation of the ONH and RNFL
[5]. It is a repeatable time-saving procedure.

Central corneal thickness (CCT) is a risk
factor for the development of POAG and a pre-
dictive factor for conversion ocular hyperten-
sion (OHT) to POAG [1]. It has been reported

that thick cornea provides falsely elevated
intraocular pressure (IOP), which may cause
a false POAG diagnosis, whereas thin cornea
provides an opposite result, which hides the
risk of developing POAG [6]. Herendon et al.
[7] reported that CCT was an important pa-
rameter of glaucoma ONH structural change.
Hewitt et al. [8] also found that, in glaucoma
eyes, thin CCT was related to increased vertical
cup/disc ratio (VCDR).

The aim of this study was to determine
whether thin CCT is associated with specific
ONH topography parameters and RNFL thick-
ness, measured by OCT in POAG patients.

METHODS

The is a retrospective study on documented
97 patients (97 eyes) with POAG at the Family
Civ¢i¢ Ophthalmology practice in Belgrade.
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The research was done in accordance with the Helsinki
Declaration and with the approval of the local Committee
on Ethics.

Exclusion criteria were: myopia > -6 D, secondary glau-
coma, POAG advanced glaucoma stage, drusen of the optic
nerve head and other anomalies of the optic nerve head,
other ocular diseases, history of previous ocular surgeries
and laser treatments, trauma, systemic comorbidities that
may affect the visual field, patients with unreliable visual
field (defined as false-negative errors > 33%, false-positive
errors > 33%, and fixation losses > 20%), mean deviance
(MD) = -10 dB.

In all participants we examined best corrected visual
acuity (BCVA), slit-lamp biomicroscopy, IOP measure-
ment using Goldmann applanation tonometry, gonioscopy,
a dilated fundus evaluation using indirect ophthalmoscopy
with 90 D lens, and a 24-2 threshold test using a standard
automated perimetry AP-1000 Tomey (Tomey, Nagoya,
Japan). In addition, CCT was measured with ultrasonic
pachymeter SP-100 Tomey (Tomey). ONH analysis (disc,
cup and rim area, cup and rim volume, cup/disc (C/D)
ratio, horizontal and vertical C/D ratio) with RNFL mea-
surements (average and four quadrants RNFL thickness),
was performed using spectral domain OCT (SOCT Co-
pernicus Plus, Optopol Technology, Zawiercie, Poland).

POAG patients were classified into two groups accord-
ing to their median CCT: thin CCT < 540 pm (45 eyes)
and thick CCT = 540 um (52 eyes).

Demographic and clinical characteristics and OCT pa-
rameters were compared with the two groups according to
the CCT value, using unpaired t-test (Microsoft Excel, Office
2010, Microsoft Corporation, Redmond, WA, USA). Pear-
son’s correlation coefficients (r) were calculated to assess the
associations between thin CCT and optic disc morphologi-
cal parameters. Statistical analysis of Pearson ’s correlation
coefficients were performed by JASP version 0.12.2 (Jeffrey’s
Amazing Statistics Program, Amsterdam, the Netherlands).
The significance level was set at p value of < 0.05.

RESULTS

This study included 97 eyes of 97 patients with medically
controlled POAG. Of these, 39 (40.21%) patients were
male and 58 (59.79%) patients were female. The average
age of the examined population was 57.18 + 13.05 (range
26-78) years. Demographic and clinical characteristics of
patients with POAG were compared with the two groups
according to the CCT value (Table 1). There was statis-
tically significant difference in the mean IOP and CCT
between the groups (p < 0.0001). IOP with the prescribed
therapy was significantly higher in patients with thick CCT
compared to patients with thin CCT (17.92 + 2.40 mmHg
vs. 15.62 + 2.39 mmHg, p < 0.0001). CCT was significantly
higher in patients with thick CCT compared to patients
with thin CCT (569.65 + 22.06 um vs. 512.44 + 20.39 pm,
p < 0.0001). We found no statistically significant differ-
ence between the groups in terms of age, gender, and MD
(p = 0.053, p = 0.65, p = 0.007).
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Table 2 shows a comparison of ONH parameters ob-
tained by OCT between two studied groups. There were
statistically significant differences between thin CCT and
thick CCT in these stereometric parameters: cup/disc
area ratio (0.48 £ 0.15 vs. 0.42 £ 0.11, p < 0.03), VCDR
(0.71 £ 0.12 vs. 0.69 + 0.10, p < 0.01) and rim volume
(0.12 £ 0.06 mm® vs. 0.15 + 0.05 mm?, p < 0.01). ONH pa-
rameters showed that cup/disc area ratio and VCDR were
significantly larger and rim volume significantly smaller
in POAG patients with thin CCT compared to patients
with thick CCT.

The average and quadrant RNFL thickness were
compared between the thin CCT and thick CCT. Sta-
tistically significant differences were found in thin cor-
nea group compared to thick cornea group in: average
(102.88 + 11.04 pm vs. 110.32 + 10.83 pum, p < 0.001), su-
perior (118.42 £ 16.76 um vs. 125.57 + 15.82 pum, p < 0.03),
inferior (118.44 + 19.38 pm vs. 126.59 + 16.93 um,
p <0.03) and nasal (78.33 + 12.39 um vs. 84.15 £ 11.16 pm,
p <0.01) RNFL thickness (Table 3). The average and quad-
rants (superior, inferior, nasal) RNFL thickness were sig-
nificantly lower in thin cornea group compared to thick
cornea group in POAG patients.

There was no statistically significant difference in optic
disc area (p = 0.45), horizontal cup/disc ratio (p = 0.15),
cup area (p = 0.18), cup volume (p = 0.21), rim area
(p = 0.11) and temporal RNFL thickness (p = 0.31) be-
tween the two groups (Table 2 and 3).

Table 4 gives the correlation coefficient between OCT
parameters (ONH parameters and RNFL thickness) and
thin CCT. There was a positive correlation with all OCT
parameters. Statistical significance was found in: optic
disc area (r = 0.429, p = 0.003), and cup/disc area ratio
(r=0.287, p = 0.05). High statistical significance was found
in: horizontal cup/disc ratio (r = 0.472, p < 0.001), VCDR
(r=0.578,p < 0.001), average RNFL (r = 0.796, p < 0.001),
superior RNFL (r = 0.665, p < 0.001), inferior RNFL
(r =0.650, p < 0.001), nasal RNFL (r = 0.611, p < 0.001)
and temporal RNFL thickness (r = 0.601, p < 0.001).

DISCUSSION

OCT provide objective and reliable data of ONH and
RNFL with a high reproducibility in glaucoma and healthy
eyes [9].

CCT has been demonstrated as an important risk fac-
tor for development and progression of ocular hyperten-
sive to primary open-angle glaucoma patients [10]. The
Ocular Hypertension Treatment Study (OHTS) discov-
ered that the risk for development of glaucoma is larger
in eyes with thin CCT and lower in eyes with thick CCT
[10]. Our study showed a significantly lower mean IOP
(p < 0.0001) and CCT (p < 0.0001) in POAG patients
with thin cornea compared to patients with thick cor-
nea. Patil et al. [11] demonstrated that the mean CCT in
the normal group (554.38 + 17.67 um) and the glaucoma
group (554.15 + 16.39 um) was similar and was signifi-
cantly lower than the mean CCT in the OHTN group
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Table 1. Demographic and clinical characteristics of patients with
primary open-angle glaucoma

CCT < 540 um CCT =540 um
Parameters (n=45) (n=52) p
X +SD X +SD

Age (years) 59.93 £12.81 5480+ 1291 0.053
Gender (M/F), n 17/28 22/30 0.65
Mean IOP (mmHg) 15.62 + 2.39 17.92 + 2.40 < 0.0001
CCT (um) 51244 £20.39 | 569.65+22.06 | <0.0001
MD (dB) -3.72+ 157 -3.22+ 1.1 0.077

M/F — male/female; IOP - intraocular pressure; CCT — central corneal thickness;
p - unpaired t-test; MD — mean deviation

Table 2. Optic nerve head topography parameters classified by central
corneal thickness (CCT)

Optic nerve head CC-I(-::S:g)“m CC'I('n2=5 gg)um p
parameters X +5SD X +SD

Optic disc area (mm?) 1.72+£04 1.78+£0.36 0.45
Cup/disc area ratio 0.48 £0.15 0.42+0.11 <0.03
Horizontal cup/disc ratio 0.67+0.13 0.63+0.12 0.15
Vertical cup/disc ratio 0.71+0.12 0.69+0.10 | <0.01
Cup area (mm?) 0.84 +0.33 0.76 +0.27 0.18
Cup volume (mm?) 0.21+0.13 0.18+0.10 | 0.21
Rim area (mm?) 0.87 £0.29 0.97 £0.31 0.11
Rim volume (mm?3) 0.12 +0.06 0.15+0.05 | <0.01

p - unpaired t-test

Table 3. Retinal nerve fiber layer (RNFL) thickness classified by central
corneal thickness (CCT)

CCT < 540 um CCT = 540 ym
RNFL thickness (n=45) (n=52) p
X £SD X £SD

Average (um) 102.88 = 11.04 110.32+10.83 | <0.001
Superior (um) 11842+ 16.76 125.57 £15.82 <0.03
Inferior (um) 118.44 +£19.38 126.59 £16.93 <0.03
Temporal(um) 63.15+9.81 7147 £11.03 0.31
Nasal (um) 78.33+£1239 84.15x11.16 <0.01

p — unpaired t-test

Table 4. Optical coherence tomography parameters in relationship to
thin central corneal thickness (CCT)

OCT parameters cgzgiiliztr:?r(]r) p
Optic disc area (mm?) 0.429 0.003
Cup/disc area ratio 0.287 0.05
Horizontal cup/disc ratio 0.472 <0.001
Vertical cup/disc ratio 0.578 <0.001
Cup area (mm?) 0.227 0.126
Cup volume (mm?3) 0.118 0.429
Rim area (mm?) 0.268 0.069
Rim volume (mm?) 0.108 0.472
Average RNFL (um) 0.796 < 0.001
Superior RNFL (um) 0.665 < 0.001
Inferior RNFL (um) 0.650 <0.001
Nasal RNFL (um) 0.611 <0.001
Temporal RNFL (um) 0.601 <0.001

OCT - optical coherence tomography; RNFL - retinal nerve fiber layer;
r - Pearson’s correlation coefficient

(568.18 £+ 30.52 um, p < 0.01). Bulut et al. [12] found that
the CCT in the POAG group (545.6 + 29.7 um) and the
healthy control group (551.9 + 26.2 um) was significantly
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higher than the CCT in the normal tension glaucoma
group (519.0 + 25.7 pum, p < 0.001). Mari¢ et al. [13] found
in patients with suspected glaucoma significantly lower
mean CCT in adults than in children (547 + 35 pm vs.
578 £+ 35, p < 0.032).

In the current study ONH parameters showed that the
cup/disc area ratio and VCDR were significantly larger
and rim volume significantly smaller in POAG patients
with thin CCT compared to patients with thick CCT. An-
ton et al. [14] and Dagdalen and Dirican [9] showed that
rim parameters were significantly smaller and C/D ratio
significantly greater in glaucomatous eyes than in normal
and OHT eyes.

Several studies using OCT showed that the mean RNFL
thickness and superior and inferior sector thickness are
valuable measurement parameters in the differentiation of
glaucoma. Kaushik et al. [15] found that the RNFL in ocu-
lar hypertensives with CCT < 555 um was thinner than in
those with thicker corneas. Anton et al. [14] and Dagdalen
and Dirican [9] discovered that mean RNFL thickness and
superior and inferior RNFL thickness were thinner in eyes
with glaucoma, than in eyes with ocular hypertension and
normal eyes. Chen et al. [16] found that the most RNFL
thickness (except at the nasal quadrant) were significantly
lower in preperimetric glaucoma eyes compared to nor-
mal eyes. Bulut et al. [12] discovered that the mean RNFL
thickness were thinner in normal tension glaucoma group
than in POAG and healthy control group. In the present
study, the average and quadrants (superior, inferior, nasal)
RNFL thickness were significantly lower in thin cornea
group compared to thick cornea group in POAG patients.

In our study a significant positive correlation was found
between thin CCT and OCT parameters in: optic disc area
(p =0.003), cup/disc area ratio (p = 0.05), horizontal cup/
disc ratio (p < 0.001), VCDR (p < 0.001), average RNFL
(p < 0.001), superior RNFL (p < 0.001), inferior RNFL
(p < 0.001), nasal RNFL (p < 0.001) and temporal RNFL
thickness (p < 0.001). In the recent study Oztiirker [17]
found a significant positive correlation between thin CCT
and inferior RNFL thickness (r = 0.353, p < 0.005) in pa-
tients with POAG. Wangsupadilok and Orapiriyakul [18]
found a significant positive correlation between CCT and
RNFL thickness in all quadrants and average RNFL thick-
ness, with highest correlation for average RNFL thickness
(r=0.487, p =0.001) in POAG patients.

CONCLUSION

POAG patients with thin cornea will probably develop
larger glaucoma changes than those with a thicker cornea.
Ultrasonic pachymetry measurements of CCT and OCT
analysis of ONH topography parameters and RNFL thick-
ness, provide significant information in the early diagnosis
and monitoring progression of POAG. It is necessary to
perform a larger prospective study in the future to confirm
these findings.
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Mose3aHocT TonorpadcKMX Napamertapa rnase ONTUUKOr HepBa U Aeb/buHe cnoja
HepPBHMX BlaKaHa PeTUHE ca LLeHTPaNHOM Aeb/bMHOM poXibaue Kog 6onecHuKa ca

NPUMapPHUM [1aYKOMOM OTBOPEHOT yrna

Harawa Yusunh-Kanunuh', Mnpocnas Cramenkosuh? Haga Ynsunh', CredaH bpyHet?

'0uHa opauHaumja Family Civeic,;

2YHuBepauTet y Beorpagy, ®akynTet 3a cneuujanty eaykauujy n pexabunutauujy, KnuHnuko-6onHuyKy uentap 3se3aapa, KnuHuka 3a ouHe

6onectu, beorpag, Cpbuja;

3YHuBep3auTeT y HoBom Cagy, MeauumHcKkn dakynteT, KnnHnukm LeHTap BojsognHe, KnuHuka 3a ouHe 6onectn, Hosu Cag, Cpbuja

CAXETAK

YBop/Lum VcTpaxmnsanu cmo nosesaHocT usmehy Tonorpad-
CKUX NapameTapa rnaBe onTuykor Hepsa (FTOH) n pebbrHe
coja HepBHYIX BakaHa peTuHe (CHBP) ca ueHTpanHom febrbu-
HoMm poxrbaue (LIJP) kop 6onecHrKa ca nprMapHM rayKoMoM
OTBOpPEHOT yra.

MeTtope Y 0By peTpoCneKkTUBHY CTyAWjY YKIbyyeHo je 97 60-
necHvka (97 ounjy) ca npUMapHUM rnaykoMom OTBOPEHOT
yrna. bonecHuuym cy nopebeHun Ha rpymny ca TahoM POXaiom
(LLAP < 540 um, 45 ouujy) n nebsbom poxktbayom (AP > 540 um,
52 oka), Koje cy MepeHe ynTpa3By4YHOM NaxnMeTpujom. Torno-
rpadcka Mepera napametapa M'OH n gebbuHe CHBP paheHa
Cy OMTNYKOM KOXepeHTHOM Tomorpadujom (OKT). Pesyntatu
cy ynopehusaHu ca Talom 1 gebssom LIJP n kopenvpanu ca
Tatbom LIIP yyecHuka ctyamje.

PesynTtatu YTBpheHe Cy CTaTUCTAYKM 3HAYajHO HIXKe BpegHOC-
TN MHTPaOKynapHor nputucka (p < 0,0001) n LIAP (p < 0,0001)
Kop 6onecHuka ca TaHkom LIIP y nopehetby ca 6onecHuLyma ca
nebmwom LAP. Kog napametapa FOH go6wnu cMo CcTaticTyku
3HauajHy pa3nuKy y rpynm ca TaHKOM poXXkaduoMm y nopeherby
ca rpynom ca ge6/bomM poxHaiom Ko NoBpLIMHe OfHOCa
cup/disc (p < 0,03), BepTrKanHor ogHoca cup/disc (p < 0,01) n
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BoslymeHa rim (p < 0,01). MpoHaheHa je CTaTUCTUYKM 3HaYajHa
pasnuka kog aebmbmHe CHBP y rpynu ca TaHKOM poXKkbauom
y nopehemy ca rpynom ca 4eb/bom poXkibauoM Kof, cpefihe
(p < 0,001), roptbe (p < 0,03), gorbe (p < 0,03) 1 yHyTpaLwHe
(p < 0,01) nebmrHe CHBP. YTBpheHa je cTaTUCTUUKM 3HaYaj-
Ha No3uTUBHa Kopenauuja TaHke LIJIP n napametapa ontuuke
KoxepeHTHe ToMmorpaduje Ko nosplLuviHe optic disc (r= 0,429,
p=0,003), noBpLnHe oaHoca cup/disc (r= 0,287, p = 0,05), xo-
pvi3oHTanHor ogHoca cup/disc (r= 0,472, p < 0,001), BepTnKan-
Hor ofiHoca cup/disc (r = 0,578, p < 0,001), cpepte febrbriHe
CHBP (r=0,796, p < 0,001), ropwer CHBP (r= 0,665, p < 0,001),
porber CHBP (r=0,650, p < 0,001), yHyTpawrber CHBP (r=0,611,
p < 0,001) n cnomawmer CHBP kBagpaHTa (r= 0,601, p < 0,001).
3ak/byyvak bonecHuLM ca npYMapHUM rnaykoMom OTBOPeHOr
yrna v TakbOM POoXHayoM BepoBaTHO hie pa3Buty Behe rnay-
KOMHe NPOMEHe ofj OHYIX ca Ae6IbOM POXKHAYOM. YITPa3ByyHOM
naxmmeTpmjom mepeHa LIJIP 1 onTnykom KoxepeHTHOM ToMorpa-
dujom aHanu3npaHu Tonorpadpckmn napametpu FOH n pebbu-
Ha CHBP npy»ajy 3HauajHe nHpopMaLmje y paHoj AvjarHo3u v
npaherby Nporpecmje Kog NPUMapHOT rMayKoMa OTBOPEHOT Yrria.
KrmbyuHe peun: MHTPaoKynapHy NPUTKCAK; yITPa3ByyYHa Maxu-
MeTpuja; ONTHYKA KOXepeHTHa Tomorpaduja
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