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Abstract 

Introduction:  Pseudoexfoliation syndrome (PEX) is characterized by the production and accumulation of extracellular 
granular fibrillar material in many ocular tissues. Pseudoexfoliation has been closely associated with glaucoma and raised 
intraocular pressure (IOP) is the most important known risk factor for glaucoma. Central corneal thickness (CCT) may 
affect the accuracy of IOP measurements. Thus, it is possible to underestimate/overestimate the IOP reading in the PEX 
syndrome and overlook an early glaucomatous damage. The aim of our study was to determine the central corneal 
thickness (CCT) in eyes with pseudoexfoliation (PEX). Methods: Total 2076 eyes (of 1224 patients) with 
pseudoexfoliation on clinical examination were enrolled in this prospective clinical study and CCT was measured in each 
eye using specular microscopy.  Results: Mean CCT (�m) in eyes with Pseudoexfoliation was 525.43 ± 34.27. CCT in 
eyes with Hypertensive PEX (513.2 ± 27.8) and PEX Glaucoma (509.22 ± 29.76) was significantly thinner than in eyes 
with Normotensive PEX (528.17± 30.33) (P = 0.001, P = 0.0001, respectively). There was no significant difference in 
CCT between the fellow eyes in cases of unilateral pseudoexfoliation (P = 0.54). Conclusion: Mean central corneal 
thickness (CCT) in eyes with pseudoexfoliation is 525.4 µm and CCT is significantly thinner in Hypertensive PEX as 
well as Glaucomatous PEX eyes than Normotensive PEX eyes. 
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Introduction 

Pseudoexfoliation syndrome (PEX) is a systemic, age 
related Disorder [1], characterized by the production 
and accumulation of extracellular granular fibrillar 
material in many tissues and organs [2,3]. A typical 
sign of the PEX syndrome in the eye is white deposits 
accumulating on the pupillary border and on the 
anterior lens capsule, visible during an examination 
with the slit lamp [4]. Prevalence of PEX is 3.41% in 
South India and increases with age and baseline ocular 
hypertension (OHT) was a significant factor for 
conversion to glaucoma [5]. Grodum et al reported that 
glaucoma conversion rate was twice as high in patients 
with OHT and PEX (54 of 98 patients, 55.1%) as in  
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control patients (27 of 98 patients, 27.6%) matched for 
age, sex, and intraocular pressure (IOP) without PEX 
after the mean of 8.7 years follow-up [6]. 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 
corneal thickness (CCT) is well known and affects the 
IOP readings [7]. Thus, it is possible to 
underestimate/overestimate the IOP reading in the PEX 
syndrome and overlook an early glaucomatous damage. 
There are conflicting reports about the CCT in patients 
with pseudoexfoliation syndrome (PEX) or 
pseudoexfoliation glaucoma (PEG). Most studies have 
found similar CCT in PEX eyes and normal eyes [8-11], 
although some authors have reported lower [12-14] or 
higher [15] values than the CCT of normal eyes. The 
aim of this study was to assess central corneal thickness 
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(CCT) in patients with PEX syndrome with or without 
glaucoma using specular microscopy. 

Materials and Methods 

Place of Study: This study was conducted on the 
patients who attended General outdoor clinic of 
postgraduate department of ophthalmology, 
Government Medical College Srinagar between 
February 2013 & August 2015. The study was approved 
by the ethical committee of our institute and followed 
the Declaration of Helsinki for research involving 
human subjects. 

 
Inclusion and Exclusion Criteria: After proper 
informed consent a total 2076 eyes (of 1224 patients) 
with diagnosis of pseudoexfoliation syndrome were 
included in the study. Diagnosis of the syndrome was 
based on the typical slit-lamp appearance of 
pseudoexfoliative material at the anterior lens capsule 
and/or at the pupillary margin. Patients with history of 
ocular trauma, previous intraocular surgery or laser 
procedures, previous or present contact lens wear, early 
or suspect keratoconus were excluded. 
 
Study Design: This was a prospective observational 
clinical study. 
 
Sampling Method: Simple random sampling was done. 

Methods  

All the enrolled patients underwent a complete eye 
examination, including evaluation of visual acuity for 
distance and near vision using Snellen test-type, slit 

lamp biomicroscopy, intraocular pressure (IOP) 
measurements using Goldmann applanation tonometer 
(Zeiss AT 020 Applanation Tonometer; Carl Zeiss, 
Meditec AG, Jena, Germany), gonioscopy using a 4 
mirror Sussmann lens (Volk Optical Inc., Mentor, OH), 
repeat slit lamp evaluation after dilatation for PEX 
deposits, detailed retinal examination with a binocular 
indirect ophthalmoscope using a +20 D lens, 
stereoscopic evaluation of the optic nerve head using a 
Volk aspheric + 90 D lens at the slit lamp. All were 
asked to perform threshold visual field test using the 
Swedish interactive threshold algorithm standard 24-2 
program (Humphrey Field Analyser, model 750i; Carl 
Zeiss Meditec AG, Jena Germany). In all patients, 
Central corneal thickness (CCT) was recorded by using 
specular microscope (Topcon SP-1P, Tokyo, Japan). 
Modern specular microscopes use advanced computer 
software and allows for the measuring of the central 
corneal thickness (pachymetry). The 2076 eyes (of 1224 
patients) with PEX were subcategorized into 
Normotensive PEX, Hypertensive PEX, and PEX with 
glaucoma (PEG). Ocular hypertension was defined as 
an IOP greater than 21 mm Hg with no glaucomatous 
defects on visual field testing and normal appearance of 
the optic disc. PEG patients had open-angle, 
glaucomatous optic disc, visual field changes and IOP 
greater than 21 mm Hg.  
 
Statistical Methods: Statistical evaluation was 
performed using a computer software SPSS ( V. 12, 
Chicago, Ill ). The independent samples test (t test) was 
used for comparisons of means between the subgroups 
of PEX patients. A p value of < 0.05 was considered 
significant.  

Results 

The mean (SD) age was 71.5 (6.4) years in all PEX patients. Among all the 2076 eyes with PEX included in the study, 
726 eyes were Normotensive PEX having IOP ≤ 20mmHg, 738 eyes with Hypertensive PEX having IOP ≥ 21 mmHg 
without glaucomatous changes and 612 eyes with PEG having IOP ≥ 21 mmHg with glaucomatous changes. 372 patients 
had unilateral PEX. Demographic data and the mean (SD) central corneal thickness values in eyes with pseudoexfoliation 
syndrome along with mean IOP (SD) values are shown in Table 1. The mean (SD) CCT of all the patients with a PEX 
was 525.4 (34.2) µm. In a subgroup analysis of PEX patients, the CCT was significantly thinner in Hypertensive PEX 
eyes {513 (27.8)} and PEG eyes {509 (29.7)} as compared to Normotensive PEX eyes {528.1 (30.3)} (P = 0.001 and P = 
0.0001, respectively). Among the patients with unilateral PEX, there was statistically no difference in mean CCT 
between the PEX eye (526.5 ± 24.6 µm) and the fellow eye (527.2 ± 26.6 µm) (P = 0.54). 
 
 
 
 
 
Table 1: Demographic data and Clinical characteristics. 
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Demographic data and central corneal thickness values in eyes with pseudoexfoliation syndrome with 
normal IOP, elevated IOP, and glaucoma 

Pseudoexfoliation eyes, mean (SD) 

CCT (µm) Total PEX 
Normotensive 
PEX (IOP ≤ 
20mmHg) 

Hypertensive PEX 
( IOP ≥ 21 mmHg 
without 
glaucomatous 
changes) 

P* 
PEG ( PEX 
with 
glaucoma) 

P* 

Age(years) 71.5 (6.4) 68.7 (4.5) 69.8 ( 6.3) 0.42 73.7 (4.3) 0.03 

Number 2076 726 738 
 

612 
 

Male 652 415 419 
 

322 
 

Female 572 311 319 
 

290 
 

IOP(mmHg) 20.9 (4.2) 15.6 (1.8) 23.7 (4.7) 0.0001 29.5 (7.6) 0.0001 

CCT (µm) 525.4 (34.2) 528.1 (30.3) 513.2 (27.8) 0.001 509.2 (29.7) 0.0001 

* = comparision with normotensive PEX 

Discussion 

Accurate measurement of IOP is an important factor in 
the diagnosis and management of glaucoma. It is well 
known that CCT varies widely among individuals. 
Furthermore, CCT affects the IOP measurements that 
are obtained with Goldmann applanation tonometer. 
Thus, it is possible to underestimate or overestimate the 
IOP readings and overlook an early glaucomatous 
damage. This could have serious clinical implication in 
PEX patients. The present study examined CCT in PEX 
eyes with or without glaucoma in Kashmir valley. We 
used specular microscopy to measure CCT because in 
many comparison studies specular microscopy has been 
defined to be more accurate and more reliable than the 
more common ultrasound pachymetry (USP) [16-18]. 
In our study we found that mean (SD) CCT was 525.4 
(34.2) µm in the enrolled PEX eyes. The mean CCT in 
PEX eyes in patients with or without glaucoma has 
been reported as 493 ±33 μm [12], 507 ± 25 μm [10], 
524.2 ± 21.3µm [9], 526.3 ± 31.7µm [11], 528 ± 30 μm 
[15], 529 ± 31µm [13], 529.7 ± 30.3 μm [19], and 530.7 
μm [8], 531 ±7.3 μm [14].  
 
In a subgroup analysis of our study, mean (SD) CCT of 
Hypertensive PEX eyes {513.2 (27.8)} and PEG eyes 
{509.2 (29.7)} was significantly thinner as compared to 
Normotensive PEX eyes {528.1 (30.3)}. Tomaszewski 
BT et al used a specular microscope to assess CCT in 
PEX eyes and showed that the thinnest corneas occur in 
eyes of patients with secondary glaucoma with PEX 
(508.2 ± 32.6 �m) and this value is significantly 
different (� < 0.001) from the CCT of patients with 
PEX syndrome but without glaucoma (529.7 ± 30.3 
�m) and from the CCT of people from the control group  

 
 
(527.7 ± 29.4 �m) [19]. While as Kitsos et al used 
ultrasonic pachymeter for the assessment of CCT and 
showed that the lowest CCT value was obtained in 
patients with PEX glaucoma (526.00± 34.30 �m) and 
this was significantly thinner than the CCT of patients 
with PEX syndrome (550.64 ± 39.0 �m) and patients of 
the control group (547.36 ± 33.1 �m) (� < 0.05) [20]. 
Different data was presented by Inoue et al which 
showed that patients with PEX syndrome with 
glaucoma and without secondary glaucoma had thinner 
corneas (529  ± 31 �m) from the control group (547 ± 
28 �m) (� = 0.03) [13]. At the same time they noticed 
that patients with secondary glaucoma and PEX had 
thicker corneas (534 ± 37 �m) than people with PEX 
without secondary glaucoma (528 ± 29 �m); however, 
results were not statistically significant (� = 0.68). The 
discrepancy in the results presented in relation to the 
conclusions of this study may be a consequence of a 
very small group of participants used as only 19 corneas 
of patients with PEX syndrome and only 7 with 
secondary glaucoma and PEX were included in their 
study. Shah et al proved that patients with glaucoma 
PEX had significantly thinner corneas than people with 
PEX without glaucoma (530.7 �m versus 553.9 �m) (� 
< 0.001) [8]. Interesting conclusions regarding the 
influence of PEX syndrome on the corneal stroma were 
included in the study published by Zheng et al in which 
the authors, using confocal microscopy, identified 
deposits of pseudoexfoliating materials in the cornea 
itself [21]. They also showed that the number of 
keratocytes in the corneal stroma of the eyes of patients 
with PEX syndrome (per unit of area) was smaller than 
in the group of people without PEX. They concluded 
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that the presence of the pseudoexfoliating material 
induces apoptosis of corneal stroma keratocytes and in 
the end leads to the impoverishment of its extracellular 
structure. This may result in the thinning of the cornea 
in PEX eyes. 

Conclusions 

We concluded that among the people belonging to 
Kashmir valley, mean central corneal thickness (CCT) 
in eyes with pseudoexfoliation is 525.4 µm and PEX is 
mostly seen in older age group. The CCT is 
significantly thinner in Hypertensive PEX as well as 
Glaucomatous PEX eyes than Normotensive PEX eyes. 
Further studies are needed to clarify the clinical 
importance of our findings and ascertain whether there 
is a correlation between CCT and pseudoexfoliation. 
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