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Evaluation of Retinal and Choroidal Parameters in Eyes of
Unilateral Pseudoexfoliation Patients

Tek Tarafh Psodoeksfoliasyon Hastalarinin Gozlerindeki Koroid ve Retina
Parametrelerinin Degerlendirilmesi

Fatih CELIK', Mete GULER?, Adem SOYDAN®

ABSTRACT

Purpose: To compare choroidal thickness (CT), retinal thickness (RT) and retinal nerve fiber layer thickness (RNFL) in eyes of unilateral
Pseudoexfoliation (PEX) patients without glaucoma and compare them with healthy controls.

Material and Methods: Sixty eyes of 30 PEX patients without glaucoma and 32 eyes of 32 healthy subjects were included in this study. The
CT, RT, RNFL measurements were compared between PEX, PEX unaffected eye and control groups. All optical coherence tomography (OCT)
scans and measurements were acquired by Spectralis OCT. CTs were measured with enhanced depth imaging (EDI) mode of Spectralis OCT.
The RTs was measured using automatic segmentation values of the Spectralis OCT. Optic disc protocol was used to measure RNFLs.

Results: Compared with controls nasal RT was thinner in PEX (p=0,009) and PEX unaffected eye (p=0,013) groups. Nasal retina in PEX and
PEX unaffected eye was similar (p=0,992). Temporal RT was also thinner in PEX (p=0,004) and PEX unaffected eye (p=0,009) than control
group. Temporal RT was similar in PEX and PEX unaffected eyes (p=0,975).Global RNFL was thinner in PEX group (p=0,011) than control
group. Global RNFL was similar in PEX and PEX unaffected eye groups (p=0,433). Nasal inferior RNFL in PEX group was thinner than cont-
rol group (p=0,026). Nasal inferior RNFL was similar in PEX and PEX unaffected eye groups (p=0,358).

Conclusion: RT and RNFL may be thinner in eyes with PEX patients without glaucoma and in fellow eyes of PEX patients than age-matched
controls.
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Amac: Glokomu olmayan tek tarafli psddoeksfoliasyonlu (PS) hastalar ile saglikli kontrollerin gdzlerindeki koroid kalinligi (KK), retina ka-
linlig1 (RK) ve retina sinir tabakasi kalinligin1 (RSK) karsilastirmak.

Gere¢ ve Yontemler: Glokomu olmayan PS hastasinin 30 gozii ile 32 saglikl kisinin 32 go6zii caligmaya alindi. KK, RK ve RSK’lar1 PS’li,
PS’li etkilenmeyen goz ve kontrol gruplari ile karsilastirildi. Tiim optik koherens tomografi (OKT) taramalar1 ve dlgiimleri Spectralis OKT ile
alindi. KK’lar1 Spectralis OKT’ nin arttirilmig derinlik gériintiileme (EDI) modu ile yapildi. RK’lar1 Spectralis OKT’ nin otomatik béliinme
degerleri kullanilarak dl¢iildii. RSK’lart igin optik disk protokolii kullanildi.

Bulgular: Kontrollerle kiyaslandiginda PS (p=0,009) ve PS’lilerin etkilenmeyen gozlerinde (p=0,013) nazal RK kontrollerden daha ince idi.
Nazal RK, PS ve PS’lilerin etkilenmeyen gozlerinde benzerdi (p=0,992). Temporal RK da PS (p=0,004) ve PS’lilerin etkilenmeyen gozlerinde
(p=0,009) kontrollerden daha ince bulundu. Temporal RK, PS ve PS’lilerin etkilenmeyen goézlerinde benzerdi (p=0,975). Kontrol grubu ile
karsilastirildiginda PS grubunda (p=0,011) genel RSK daha ince idi. Genel RSK, PS ve PS’lilerin etkilenmeyen gozlerinde (p=0,433) benzer-
di. PS grubunda nazal inferior RSK, kontrol gurundan daha ince idi (p=0,026). PS ve PS’lilerin etkilenmeyen gozlerinde nazal inferior RSK
benzerdi (p=0,358).

Sonu¢: RK ve RSK, glokomu olmayan PS hastalarin gézlerinde ve PS’1i hastalarin etkilenmemis gozlerinde ayn1 yastaki kontrollerden daha
ince olabilir.

Anahtar Sozciikler: Koroid kalinligi, Optik koherens tomografi, Psddoeksfoliasyon, Retina kalinligi, Retina sinir lifi kalinligi.
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INTRODUCTION

Pseudoexfoliation (PEX) syndrome is characterized by the
deposition of complex various glycoproteins in the anterior
segment of the eye and other systemic tissues.! Pseudoex-
foliation fibers have been identified in many extra-ocular
tissues, such as the heart, lung, gall bladder, kidney, and
cerebral meninges.? Pseudoexfoliation syndrome (PEXS) is
a late onset condition with prevalence that increases mark-
edly with age.! Evidence suggests that unilateral PEX is a
bilateral but asymmetric disorder and that the percentage of
unilateral disease decreases with the corresponding increase
in bilateral disease in patients with increasing age. However,
the factors affecting the conversion from unilateral to bilat-
eral disease are not known, and the pathogenic mechanism
underlying the asymmetrical condition has not been deter-
mined.?

Anterior segment manifestations of PEX have been well de-
fined, such as iris depigmentation leading to peripupillary
transillumination defects, mild trabecular meshwork hyper-
pigmentation, secondary open-angle glaucoma, and phaco-
donesis or lens subluxation caused by zonular dehiscence.

Although affecting primarily the anterior ocular segment,
PEX material has also been detected in the walls of poste-
rior ciliary arteries, vortex veins, and central retinal vessels
passing through the optic nerve sheaths. These have led to
the hypotheses that PEXS may be associated with ischemic
ophthalmic disorders, and although PEX glaucoma (PEXG)
is characteristically a high-pressure disease, pressure-inde-
pendent risk factors, such as impaired ocular and retrobulbar
blood flow may be present.’ Abnormal choroidal blood sup-
ply maybe contribute to the pathogenesis of glaucomatous
optic neuropathy.® In the light of these findings we aimed to
study choroidal thickness (CT), retinal thickness (RT) and
retinal nerve fiber layer thickness (RNFL) in eyes of unilat-
eral PEX patients without glaucoma and to compare them
with healthy controls.

MATERIALS AND METHODS

This prospective, non randomized study was performed at
Elaz1g Education and Research Hospital. The study was
conducted according to the principles of the Declaration of
Helsinki rules and was approved by the institutional eth-
ic committee. Informed consent was obtained from each
patient. Sixty eyes of 30 PEX patients and 32 eyes of 32
healthy subjects were included in this study. Patients with a
history of diabetes mellitus, systemic arterial hypertension,
systemic vasculopathies, retinal disease (ie, macular degen-
eration), ocular surgery, ocular trauma, ocular inflamma-
tion, or refractive errors outside -5 to +3 D were excluded.
Smoking was also an exclusion criterion. The presence of
clinical PEX was determined by slit-lamp examination af-
ter mydriasis with the presence of fibrillin deposits on the

anterior lens capsule and the pupillary margin. The patients
with PEX had no glaucoma history and no clinics. The glau-
coma in PEX patients were excluded with complete oph-
thalmic examination, including a review of medical history,
slit-lamp biomicroscopy of anterior and posterior segment,
gonioscopy, Goldmann applanation tonometry (GAT), ultra-
sound pachymetry and visual field testing. GAT measure-
ments were taken in a sitting position and the mean of 3
consecutive readings was calculated. Visual field sensitivity
was tested using Humphrey perimetry (Carl Zeiss Meditec,
Dublin, CA) with the 30-2 program. The visual field testing
was considered reliable if the fixation losses and false-pos-
itive and false-negative responses were <20%. To eliminate
the learning effect, the second visual field of each eye was
included in the statistical analysis. Unilateral PEX patients
with normal intraocular pressure, optic nerve and visual
fields were evaluated for further analyses. The axial length
measurement was obtained with optical biometry (Lenstar
LS 900; Haag-Streit AG, Koniz, Switzerland)

All optical coherence tomography (OCT) scans and mea-
surements were acquired by the same experienced operator
(FC) with Spectralis OCT (Heidelberg Engineering, Hei-
delberg, Germany, software version 5.3). The operator was
blinded to the participants. Measurements were performed
between 8:00 a.m to 11:00 a.m. The RT was measured using
automatic segmentation values of the Spectralis OCT. The
CT was measured by enhanced depth imaging (EDI) mode
using the spectral-domain OCT. The CT was measured
manually from the outer portion of the hyperreflective line
corresponding to the retina pigment epithelium to the inner
surface of sclera. Using the manual calipers provided by the
SD-OCT software, the experienced operator (FC) measured
the CT at 100% magnification and fine corrections were
performed at 200% magnification. The RT and CT were
measured at the central fovea and at 1500 pm nasal and at
1500 um temporal from the center of the fovea (Figure). The
RNFL optic disc protocol was used to measure RNFL. The
CT, RT, RNFL measurements were compared between PEX,
unaffected PEX eyes and control groups.

Statistical Analyses

Statistical analyses were performed with Statistical Package
for the Social Sciences (SPSS ver.17) and P values <0.05
were considered statistically significant. Quantitative vari-
ables were expressed as mean values+SD. The one-way
analysis of variance test was used to compare results be-
tween the groups. Post hoc comparisons were made using
the Tukey HSD test.

RESULTS

Of 62 participants, 28 were male and 34 were female with
a mean age of 66,6948,88 years (ranging from 51 to 85 y).
The sex (p=0,21), age (p=0,72) and axial length (p=0,32)
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Figure: Optical coherence tomography scan showing the measurement of choroidal thickness. Lines indicate the choroidal
thickness measurement at the central fovea and 1500 um nasal and 1500 um temporal from the center of the fovea.

Table 1. The demographic characteristics of the patients and axial lengths of eyes.

GROUP Axial lenght Age Male Female

PEX uneffected 22.98+0.94 64.55+7.47 12 (19%) 18 (29%)

PEX 22.87+0.76 64.55+7.47 12(19%) 18(29%)

Control 23.26+0.81 67.64+8.03 16(26%) 16(26%)
were similar between PEX and control groups (Table 1). DISCUSSION

The mean CT, RT, RNFL measurements at each location are
shown in Table 2.

There was no significant difference with respect to mean
central CT (p=0,081), nasal CT (p=0,423), temporal CT
(p=0,256), central RT (p=0,932) between patients with PEX,
PEX unaffected eye and controls. Nasal RT (p=0,02), and
temporal RT (p=0,01) were significantly different between
groups. Compared with controls nasal RT was thinner in
PEX (p=0,009) and PEX unaffected eye (p=0,013) groups.
Nasal retinal thickness in PEX and PEX unaffected eye
was not statistically different (p=0,992). Temporal RT was
also statistically thinner in PEX (p=0,004) and PEX unaf-
fected eye (p=0,009) than control group. Temporal RT was
not statistically different in PEX and PEX unaffected eyes
(p=0,975).

There was no significant difference in terms of temporal
superior (p=0,069), temporal (p=0,410), temporal inferior
(p=0,319), nasal (p=0,411), nasal superior (p=0,056) RNFL
between PEX, PEX unaffected eye and control groups.
RNFL at global (p=0,014) and nasal inferior (p=0,035) ar-
eas were differrent between three groups. Global RNFL was
thinner in PEX group (p=0,011) than control group. Global
RNFL was not statistically different in PEX and PEX unaf-
fected eye groups (p=0,433). Nasal inferior RNFL in PEX
group was thinner than control group (p=0,026). Nasal in-
ferior RNFL was not statistically different in PEX and PEX
unaffected eye groups (p=0,358).

Retinal and choroidal parameters in PEX patients have been
evaluated in some investigations before. Eltutar et al.” eval-
uated early structural changes of macular ganglion cell com-
plex (GCC), peripapillary nerve fiber layer (NFL), and optic
nerve head (ONH) topography in subjects with PEX without
glaucoma using 3-D spectral domain optical coherence to-
mography and compared with healthy controls. In this study
PEX group showed a significant thinner superior and total
macular NFL and thinner superior and total ganglion cell
layer and inner plexiform layer with respect to the normal
group. The PEX group also showed a significant thinner su-
perior, inferior, and total GCC with respect to the normal
group. According to the peripapillary NFL measurements
evaluated by OCT, the PEX group showed a significant
thinner inferior, temporal, nasal, and total peripapillary NFL
with respect to the normal group.

Riga et al.® compared ONH and RNFL measurements ob-
tained with the OCT in normal and in patients with PEX
[with or without increased intraocular pressure (IOP)]. They
reported that mean RNFL thickness measured by OCT was
larger in the normal controls than in the other two groups.
They noted that four-quadrant RNFL thickness measure-
ments were significantly different between the normal and
the PEX with increased IOP but not with the PEX without
increased IOP. Rim area and cup-to-disc ratio was signifi-
cantly different between the normal and the two groups.
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Table 2. The mean CT, RT, RNFL measurements in groups. PEX:Pseudoexfoliation, CT: Choroidal thickness, RT: Retinal
thickness, RNFL: Retinal nerve fiber layer thickness. Statistically different results were denoted with bold and italic font.

PARAMETER PEX (1) PEX Uneffected eye (2) |Control (3) P value
Subfoveal CT 262,13+109,24 (95-534) |1 250,46+103,84 (81-430) |300,97+85,97 (143-480) 1-2-3: p=0,081
CT 1500 um nasal to the fovea 208,00+93,12 (70-360) |[213,74+94,21 (50-360) |235,524+83,26 (97-418) 1-2-3 p=0,423
CT 1500 pm temporal to the fovea |231,43+91,51 (83-469) |222,52+88,09 (84-465) |256,36+78,92 (112-410 ) 1-2-3 p=0,256
Central RT 221,69420,73 (183-276) | 219,65+20,54 (185-270) |221,09+17,37 (194-264) 1-2-3 p=0,932
RT 1500 pm nasal to the fovea 337,35+18,41(303-382) |337,91+17,57 (306-381) |349,69+12,67 (329-383) 1-2-3 p=0,02
1-2 p=0,992
1-3 p=0,009
2-3 p=0,013
RT 1500 um temporal to the fovea | 316,04+17,95 (285-350) | 315,04+18,18 (278-350) |328,40+12,82 (300-355) 1-2-3 p=0,01
1-2 p=0,975
1-3 p=0,004
2-3 p=0,009
RNFL global 93,53+11,01 (65-114) | 96,80+8,37 (80-110) 100,85+10,82 (74-122) 1-2-3 p=0,014
1-3 p=0,011
1-2 p=0,443
RNFL temp-sup 122,17£21,57 (79-161) |129,00+£19,45 (86-167) |134,02+02+21,59 (64-165) | 1-2-3 p=0,069
RNFL temporal 67,03+£10,38 (46-88) 68,83£11,95 (52-103) 71,15+14,96 (40-97) 1-2-3 p=0,410
RNFL temp-inf 139,53+£27,59 (60-177) |138,13+16,00 (110-175) |145,72+22,37 (91-200) 1-2-3 p=0,319
RNFL nasal-sup 103,70£21,78 (60-157) |106,604+23,49 (70-156) |116,40+23,61 (82-187) 1-2-3 p=0,056
RNFL nasal 72,33+14,96 (43-105 76,46£13,64 (57-112) 75,90£11,17 (53-96) 1-2-3 p=0,411
RNFL nasal-inf 102,50+20,63 (59-143) |109,53+20,77 (70-153) | 115,10+18,42 (87-165) 1-2-3 p=0,035
1-3 p=0,026
1-2 p=0,358

Vergados et al.” evaluated the ONH parameters and RNFL
thickness in subjects with bilateral PEX, bilateral PEXG and
normal controls. They found that RNFL thickness was sig-
nificantly lower in the PEX group compared with the normal
group, but there was not a statistically significant difference
with the PEXG patients.

Rao et al."® compared peripapillary RNFL thickness in af-
fected and fellow eyes of patients with unilateral PEXS and
with that of bilateral cases. Subjects with elevated IOP or
findings suggestive of glaucoma were excluded in this study.
It is found that subjects with bilateral PEX have significantly
thinner RNFL as compared to unilateral cases. Interestingly
they reported that from a total of 32 unilateral PEX cases, 7
subjects demonstrated RNFL thinning in the clinically nor-
mal fellow eye. All of these eyes had evidence of pupillary
ruff atrophy on slit lamp examination in the absence of evi-
dent exfoliation material in the eye.

Ozge et al. compared RNFL thickness and CT measure-
ments in eyes with PEXG, PEXS and healthy control eyes.
RNFL thickness in all quadrants and average thickness were

significantly lower in PEXG eyes compared to PEXS eyes
and healthy control eyes. CT measurements were similar
between groups.'!

Bayhan et al.'? evaluated the CT in PEXG and age-matched
healthy subjects using spectral OCT. Findings of this study
indicated that PEXG causes significant thinning in the nasal
choroid. There were no significant differences in the subfo-
veal and temporal CT measurements among the PEXG and
controls.

Zengin et al.!® evaluated the CT using spectral-domain OCT
in patients with PEXS and compared them with healthy con-
trols. Although PEX patients had lower mean CT than con-
trols their results did not reach any statistical significance.

Yuksel et al.'* compared RNFL thickness between eyes with
PEX and contralateral fellow eyes without PEX and control
eyes. They found that the RNFL thickness was lower in eyes
with PEX than contralateral eyes and the control group.

Demircan et al.’® investigated RNFL and CT in patients



Ret Vit 2018; 27: 67-72

Celik et al. 71

with PEXS and PEXG compared with healthy volunteers.
They analysed RNFL and macular thickness with standard
OCT protocol while CT with EDI. The RNFL thickness was
found higher in the PEXS and control groups compared to
the PEXG group. The CT was significantly higher in the
control group compared to the PEXG and PEXS groups. In
their study, the finding that the lowest macular thickness in
all quadrants was detected in the PEXG group was interpret-
ed as an effect of PEXG on the retina. It is found that there
was no significant difference in macular thickness between
healthy controls and the PEXS group except for the outer
temporal segment. In this segment, macular thickness was
higher in the control group. They suggested that PEXS and
PEXG have variable effects on the macula.

Dursun et al.'® compared the macular and peripapillary
CT in eyes with PEXS and PEXG with the normal eyes of
healthy controls. They found that the mean values of CT
in the macular and peripapillary areas (except the superior
quadrant) in the patients with PEXS and PEXG were lower
compared with controls. In this study the mean values of
the macular and peripapillary CT in the PEXG group were
lower compared with PEXS group; however this difference
was not significant.'®

Eroglu et al.'” compared four groups of patients in their
study. Group 1 consisted of affected eyes of patients with
unilateral PEXS; group 2 consisted of clinically unaffect-
ed eyes of patients with unilateral PEXS; group 3 consisted
of patients with bilateral PEXS; and group 4 control group.
They determined significant differences in the mean subfo-
veal CT between groups 1 and 2, groups 1 and 4, groups 2
and 3, and groups 3 and 4. The differences in mean subfo-
veal CT between groups 1 and 3 and groups 2 and 4 were
not statistically significant. They concluded that clinically
affected eyes of patients with PEXS have significantly thin-
ner choroids compared with the clinically unaffected eyes of
patients with unilateral PEXS and eyes of healthy controls."”

Pseudoexfoliation subjects may be at greater risk of RNFL
thinning. PEXS causes histological, physiological and me-
chanical changes in the ocular structures which may lead
to axonal damage long before the IOP rise.”!'® Several stud-
ies point to an association of PEX and vascular pathology.
Pseudoexfoliation material has been identified by electron
microscopy in the walls of the posterior ciliary arteries,
vortex veins, and the central retinal vessels passing through
the meninges.'*?! Vascular change with alteration of ocular
blood flow or the PEX material may be the main casual fac-
tors in NFL damage.?

In this study we aimed to evaluate the early effects of the
PEX on CT, RT, RNFL parameters before glaucomatous
changes occur. There are scanty information about this issue
in the literature. There are many different results have been
reported in terms of CT, RT, RNFL in PEXS and PEXG pa-

tients. Generally patients with clinically PEX affected eyes
tend to have thinner choroids, RTs and RNFLs than both the
fellow eye and the eyes of healthy individuals. Our study
have some limitations. The results could have been even
stronger if there were a group of PEXG.

This study suggests that eyes of PEX patients without glau-
coma and fellow eyes of PEX patients may be associated
with a thinner RT and RNFL compared with those of age-
matched control subjects. Further studies are needed to clar-
ify the relationship between the decrease in RT and RNFL
thickness and the development of glaucomatous damage in
eyes with PEX.
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