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ABSTRACT | Purpose: To compare the anterior segment para-
meters of patients with pseudoexfoliation syndrome, patients with
pseudoexfoliation glaucoma, and normal subjects. Methods: This
prospective, controlled, comparative study included 150 eyes of
150 patients. The patients were divided into the pseudoexfoliation
syndrome group, the pseudoexfoliation glaucoma group, and the
control group (50 patients in each group). Axial length, central
corneal thickness, aqueous depth, anterior chamber depth, lens
thickness, K1 and K2 keratometry values, and white to white
distance measurements were obtained by optical biometry and
compared between the groups. Results: The mean ages of the
pseudoexfoliation syndrome, pseudoexfoliation glaucoma, and
control patients were 62.18 + 6.21, 61.80 + 6.62, and 59.40
+ 6.89 years, respectively. There were no statistically significant
differences between the groups in mean age or sex ratio (p>0.05).
Mean central corneal thickness was statistically significantly
greater, mean aqueous depth and anterior chamber depth were
statistically significantly greater, and mean lens thickness was
statistically significantly less in the control group than in the
pseudoexfoliation syndrome and pseudoexfoliation glaucoma
groups (p<0.05). Pairwise comparisons of the pseudoexfoliation
syndrome group and the pseudoexfoliation glaucoma group
revealed that there were no significant differences between these
two groups in central corneal thickness, aqueous depth, anterior
chamber depth, and lens thickness (p>0.017). Conclusions:
Patients with pseudoexfoliation glaucoma and pseudoexfoliation
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syndrome had greater lens thickness, shallower aqueous depth
and anterior chamber depth, and less central corneal thickness
than normal subjects. None of the anterior segment parameters
differed between patients with pseudoexfoliation syndrome and
patients with pseudoexfoliation glaucoma.
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RESUMO | Objetivos: Comparar os parametros do segmento
anterior de casos de sindrome de pseudo-esfoliagdo, de glaucoma
pseudo-esfoliagdo e de individuos normais. Métodos: O presente
estudo prospectivo comparativo controlado incluiu 150 olhos
de 150 pacientes. Os pacientes foram divididos em trés grupos:
grupo sindrome de pseudo-esfoliacdo, grupo glaucoma pseudo-
-esfoliacdo e grupo controle (50 em cada grupo). O comprimento
axial, a espessura corneana central, a profundidade aquosa,
a profundidade da camara anterior, a espessura da lente, os
valores de ceratometria K1 e K2 e as medidas branco a branco,
obtidas por biometria éptica, foram comparados entre os
grupos. Resultados: As idades médias dos individuos do grupo
sindrome de pseudo-esfoliagdo, glaucoma pseudo-esfoliagao
e controle foram 62,18 + 6,21, 61,80 + 6,62 e 59,40 + 6,89
anos, respectivamente. Entre os grupos, ndao houve diferencas
estatisticamente significativas quanto as idades e ao género dos
pacientes (p>0,05, para todos). A espessura da cérnea central
média foi significativamente mais espessa, a profundidade média
aquosa e a profundidade da cadmara anterior foram significa-
tivamente mais profundas e a espessura média da lente foi
significativamente mais fina no grupo controle do que nos grupos
sindrome de pseudo-esfoliacdo e glaucoma pseudo-esfoliacdo
(p<0,05, para todos). As comparagdes por pares do grupo sindro-
me de pseudo-esfoliacao e do grupo glaucoma pseudo-esfoliagao
ndo revelaram diferencas significativas entre esses dois grupos
quanto a espessura corneana central, a profundidade aquosa,
a profundidade da cdmara anterior e aos valores de espessura
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da lente (p>0,017, para cada um). Conclusées: Os casos de
glaucoma pseudo-esfoliagdo e de sindrome de pseudo-esfoliagdo
apresentaram lente mais espessa, menor profundidade aquosa,
menor profundidade da camara anterior e espessura corneana
central mais fina do que os individuos normais. No entanto,
nenhum dos parametros do segmento anterior foi diferente
entre os individuos do grupo sindrome de pseudo-esfoliagao e
do grupo glaucoma pseudo-esfoliagao.

Descritores: Segmento anterior do olho; Cérnea; Lentes; Glau-
coma; Sindrome de exfoliacao

INTRODUCTION

Pseudoexfoliation syndrome (PXS) is a systemic di-
sease that is frequently seen in older people!. Ocular
involvement of the disease is generally bilateral but
asymmetric. PXS mainly causes pseudoexfoliation glau-
coma (PXG), which is more progressive and serious than
primary open-angle glaucoma (POAG)“?. In addition to
glaucoma, cataract formation, poor pupillary dilatation,
blood-aqueous barrier impairment, zonular dialysis,
lens subluxation, and both intraoperative and postope-
rative complications of cataract surgery are frequently
associated with PXS“®. Although its pathogenesis is not
completely clear, the disease is characterized by the
accumulation of pseudoexfoliation material (PXM) in
many tissues of the body, including the eye”.

New technologies in anterior segment imaging
systems provide useful information for the diagnosis
of many diseases"®'". Noncontact biometers use
low-coherence reflectometry methods and can be
used for some anterior segment measurements, such
as central corneal thickness (CCT), aqueous depth (AD),
anterior chamber depth (ACD), lens thickness (LT), axial
length (AL), K1 and K2 keratometry, and white to white
distance (WTW)(1213),

In this study, we aimed to compare the anterior seg-
ment parameters PXS and PXG patients with those in
normal subjects by optical biometry.

METHODS
Subjects

Fifty eyes of 50 patients with PXS, 50 eyes of 50 pa-
tients with PXG, and 50 eyes of 50 healthy subjects
who had undergone ophthalmological examination in
a tertiary eye hospital between September 2014 and
September 2016 were included in this prospective
cross-sectional study. PXG and PXS patients received
their diagnosis at the time of the study and had never
used any antiglaucoma medications. The control subjects

were chosen from patients who had applied for routine
ophthalmological examination at the same hospital. The
study was approved by the Ethics Committee of Ankara
Numune Training Hospital. All procedures performed
in studies involving human subjects were in accordance
with the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.
Informed consent was obtained from all individual par-
ticipants included in the study. All participants were
Turkish Caucasians.

Examinations

All of the participants had detailed ophthalmologic
examinations including best-corrected visual acuities
with Snellen charts, biomicroscopic and fundoscopic
examinations, and intraocular pressure (IOP) measure-
ments with Goldmann applanation tonometer. The pa-
tients with PXS and PXG underwent retinal nerve fiber
layer thickness analysis and optic disc topography by
Heidelberg Retina Tomography 3 (HRT 3) and visual field
analysis by Humphrey automated perimeter.

PXS was defined as the presence of PXM deposits
on the edge of the pupil and/or lens capsule during the
biomicroscopic examination, an IOP less than 21 mmHg,
and no sign of glaucomatous optic nerve damage on
fundus and/or visual field examination. PXG was diag-
nosed if the patient had typical characteristics of PXS
with a grade 3 to 4 open angle according to the Shaffer
angle grading system as well as glaucomatous optic
disc changes (vertical cup to disc [C/D] ratio >0.3, C/D
asymmetry >0.2 between the eyes, focal notching, and
localized nerve fiber layer defects) with compatible vi-
sual field defects and documented IOP 222 mmHg. The
visual field was considered glaucomatous when one of
the following criteria was met: a glaucoma hemifield
test outside the normal limits; a band of three or more
non-edge points approved with a p<0.05 probability of
normality, one of which with p<0.01 and none of which
was contiguous with the blind spot; or a pattern stan-
dard deviation value with p<0.05. Visual field results
had to be reliable based on false positive rates <25%
and false negative rates and fixation losses <33%. We
included PXG patients in our study with stage 1 (mean
deviation <-6 dB) or stage 2 -6 to -12 dB) glaucoma accor-
ding to the Hodapp-Parrish-Anderson grading scale.
Subjects were excluded if they had diabetes mellitus;
cataract; uveitis; corneal diseases that may cause irre-
gular astigmatism, such as keratoconus or spherical and
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cylindrical refractive errors >+1.00 diopter (D), or a
history of previous intraocular surgery or trauma; if
they were younger than 30 years; or if they were using
antiglaucoma drops. Eyes with stage 3, 4, or 5 glaucoma
(by the Hodapp-Parrish-Anderson grading scale) were
excluded. Control subjects were 30 years old or older,
had no evidence of exfoliative material in the intraocular
tissues, had an 10P<22 mmHg, had normal-appearing
optic nerves, and had no ocular problems other than
spherical or cylindrical refractive errors <+1.00 D, ble-
pharitis, or allergic conjunctivitis.

AL, CCT, AD, ACD LT, K1, and K2 values and WTW
were measured by the same experienced physician
(M.K.) with optical biometry (LenStar LS 900, Haag-Streit
Diagnostics, Koeniz, Switzerland) at least 2 hours after
I0P measurement.

Statistical analysis

Study data were analyzed with the Statistical Package
for Social Sciences (SPSS) for Windows, version 22.0
(SPSS, Chicago, IL, USA). Descriptive statistics were
presented as means + standard deviation, frequency
distributions, and percentages. The chi-square test was
used for analysis of categorical variables. Normal distri-
bution of variables was tested by visual (histogram and
probability graphs) and analytical (Kolmogorov-Smirnov/
Shapiro-Wilk Test) methods. Equality of variances was
checked by the Levene test. One-way analysis of variance,
Welch analysis of variance, and the Kruskal-Wallis test
were used to determine whether there were any signifi-
cant differences among the three groups. A probability
level of p<0.05 was considered to indicate statistical
significance.

RESULTS

The mean age of the 25 male (50%) and 25 female
(50%) patients with PXS was 62.18 + 6.21 years (range,
35-70 years); the mean age of the 28 male (56%) and
22 female (44%) patients with PXG was 61.80 + 6.62
years (range, 35-70 years); and the mean age of the 29
male (58%) and 21 female (42%) control subjects was
59.40 + 6.89 years (range, 47-70 years). There were no
statistically significant differences between the groups in
mean age or sex ratio (p>0.05). Patient characteristics
are shown in table 1.

The mean values of CCT, AD, ACT, and LT were
525.94 + 28.55 um, 2.65+0.33 mm, 3.18 + 0.34 mm, and
4.43 + 0.41 mm in the PXS group; 521.84 + 39.97 um,
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Table 1. Demographic characteristics of the groups

PXS group  PXG group Control group
Characteristic (n=50) (n=50) (n= 50) P-value
Age, yr (mean+SD) 62.18 + 6.21 61.80 £ 6.62  59.40 + 6.89 0.076*
Sex (n/%)
Female 25 (50%) 22 (44%) 21 (42%) 0.707**
Male 25 (50%) 28 (56%) 29 (58%)

PXS= pseudoexfoliation syndrome; PXG= pseudoexfoliation glaucoma.
*= analysis of variance (comparison among three groups).
**= Chi-square test.

2.77 + 0.42 mm, 3.30+0.43 mm, and 4.44+0.42 mm
in the PXG group; and 545.18 + 33.51 um, 3.07 +
0.34 mm, 3.60 + 0.33 mm, and 3.96 + 0.45 mm in the
control group, respectively. Pairwise comparisons of
the PXS group and the PXG group found no significant
differences between these two groups in CCT, AD, ACD,
or LT values (p>0.017). The mean values of AL, K1, and
K2 values, and WTW were similar in all groups (p>0.05).
Comparison of anterior segment parameters obtained
by optical biometry in the study groups is shown in
table 2.

DISCUSSION

PXS affects all parts of the eye, especially the anterior
segment, by the accumulation of PXM®®. It is a risk
factor for many clinical entities, such as small pupil,
cataract, and zonular laxity, but the most frequent and
important clinical condition associated with the syn-
drome is PXG, which is more aggressive than POAG®.
Although the progression from PXS to PXG is not clear,
it may be related to other factors besides IOP, such as
increased vulnerability of the optic nerve. In this study,
our aim was to compare the anterior segment parame-
ters of PXS patients, PXG patients, and normal subjects
by optical biometry. We especially included patients
with PXG in the early stages of glaucoma because of the
possible relation between the severity of PXG and the
increased presence of PXM¥, which may strongly affect
the structure of the anterior segment due to increased
zonular laxity. All of the patients with PXG had newly
diagnosed glaucoma, and none of them had used any
antiglaucoma agents. Our primary aim was to determine
differences between patients with PXS and those in the
early stages of PXG.

Thin CCT is known to be a risk factor for almost
every type of glaucoma®. Many studies have reported



Kaygisiz M, et al.

Table 2. Anterior segment parameters of patients with pseudoexfoliation syndrome, patients with pseudoexfoliation glaucoma, and control subjects

PXS group (n=50)

PXG group (n=50)

Control group (n=50)

Parameter Mean+SD Mean+SD Mean+SD p-value
AL (mm) 23.25 + 0.74 23.24 = 0.76 23.28 = 0.87 0.954*
CCT (um) 525.94 + 28.55 521.84 + 39.97 545.18 + 33.51 0.002*
0.5567 0.003", 0.002¢

AD (mm) 265+ 0.33 2.77 £ 0.42 3.07 + 0.34 <0.001*

0.136, <0.001°, <0.001¢
ACD (mm) 3.18 £ 0.34 3.30 = 0.43 3.60 + 0.33 <0.001*

0.123%, <0.001*, <0.001°¢
LT (mm) 4.43 £ 0.41 4.44 = 0.42 3.96 + 0.45 <0.001*

0.870°, <0.001*, <0.001°¢
K1 (D) 43.39 = 1.67 43.83 = 1.43 4312+ 1.63 0.086*
K2 (D) 44.09 + 1.53 44.60 = 1.55 44.00 = 1.52 0.111*
WTW (mm) 11.88 + 0.45 11.81 + 0.49 12.01 + 0.41 0.119*

PXS= pseudoexfoliation syndrome; PXG= pseudoexfoliation glaucoma; AL= axial length; CCT= central corneal thickness; AD= aqueous depth; ACD= anterior chamber depth; LT=

lens thickness; K1= flat meridian; K2= step meridian; WTW= white to white distance.

CCT in patients with PXS and PXG"¢". Doganay et al.®
investigated anterior segment parameters in patients
with PXS and PXG, as in our study, but using a Penta-
cam-Scheimpflug imaging system that was different from
ours. They did not find any significant differences in CCT
between patients with PXS or PXG and normal subjects.
Ozcura et al."” measured CCT values by ultrasonic pa-
chymeter in patients with PXS and PXG and compared
them with values in normal subjects. They stated that
thin CCT might cause a rapid progression of glaucoma
both as an independent risk factor and as a result of arti-
ficially lowered IOP readings. In our study, both PXS and
PXG patients had significantly thinner CCT values than
control subjects, but there was no significant difference
between the mean CCT values of PXG and PXS patients.
Unlike our study and the studies of Doganay et al."® and
Ozcura et al."”, Tomaszewski et al."® found significantly
thinner CCT values in PXG patients than in PXS patients
and control subjects, a finding that suggests CCT is a risk
factor for the progression from PXS to PXG. They also
found lower values of corneal endothelial cell density
in patients with PXG and PXS than in control subjects,
indicating corneal involvement of the disease!®'?. Keel
et al.?? investigated diurnal variation of CCT in addition
to IOP in PXS patients without glaucoma and stated that
a reduction in CCT between 8 am and 5 pm might be
partially related to the reduction in IOP during the same
period. Gorezis et al.?” compared mean CCT in patients
with PXG with that in patients with POAG and ocular

hypertension (OHT). They found significantly thinner
CCT values in PXG patients than in those with POAG and
OHT. Their result supports the result of Tomaszewski et
al."® and identifies CCT as a risk factor for glaucoma,
especially for PXG.

ACD and AD are the other important anterior segment
parameters showing significant differences between the
groups in our study. We found significantly shallower
ACD and smaller AD values in the PXS and PXG groups,
but no significant differences were found between the
PXS and PXG groups. Doganay et al."® found significan-
tly lower ACD values in PXG patients than in control
subjects by using Pentacam-Scheimpflug imaging, but
no significant differences were found between PXS pa-
tients and control subjects. Atalay et al.?? investigated
the mean lens-iris distance in PXS patients and normal
subjects and found lower values in PXS patients. The
results of Doganay et al."® and Atalay et al.®?, as well
as the results of our study, should be related to zonular
laxity in pseudoexfoliation. Ritch et al.*® investigated
zonular appearance in PXS patients by ultrasound bio-
microscopy and showed that patients with moderate to
severe PXS had statistically significantly higher scores
than subjects with early PXS or no PXS. Zonular laxity
may predispose to phacodonesis and narrow or closed
iridocorneal angles in PXG and PXS?*2?%, Prostaglan-
din analogs also cause zonular laxity and alterations
in ACD®”. Because of this, we included only new PXG
patients who had never used antiglaucoma drops prior
to our study.
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We also found significant differences in LT between
the PXG, PXS, and control groups. Our PXS and PXG
patients had thicker lenses than normal subjects, but
there was no statistically significant difference between
the PXS and PXG groups in LT. Yavas et al.?® found no
statistically significant difference in LT between patients
with PXS and normal subjects.

In addition to CCT, pseudoexfoliation may also affect
the dimensions of the cornea and AL. Ozcura et al.""”
found no significant differences in K1, K2, mean K rea-
dings, and AL between PXS patients, PXG patients, and
normal subjects, similar to our results.

The major limitations of the current study are the re-
latively small number of patients and its cross-sectional
nature. The strong points of the study are that all our
PXG patients had newly diagnosed glaucoma and none
of them had used any antiglaucoma agents that might
have affected the results.

In conclusion, pseudoexfoliation, even in PXS pa-
tients or those in the early stages of PXG, had some effects
on anterior segment parameters, especially CCT, ACD,
AD, and LT, and can result in thinner cornea, shallower
AD, and thicker lens. Our hypothesis was that some
factors might affect anterior chamber parameters in
the progression of PXS to PXG, such as the amount of
accumulated PXM, which was postulated to affect the
anterior chamber structures. The hypothesis predicts
that there would be differences between PXS patients
and those in the early stages of PXG in anterior chamber
parameters. However, because of the cross-sectional
nature of this study, a causal relationship between PXM
and alterations in anterior chamber parameters cannot
be inferred and the progression to glaucoma cannot
be evaluated. Further prospective, longitudinal, com-
prehensive studies are needed to elucidate changes in
anterior chamber parameters in patients with PXS and
PXG, and to investigate whether these parameters may
affect the progression from PXS to PXG.
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