
INTRODUCTION
Pseudoexfoliation syndrome (PEX) is a generalized disorder of the 
extracellular matrix associated with excessive production and 
progressive accumulation of abnormal �brillar material in 

1intraocular and extraocular tissues . In glaucoma patients, the 
prevalence of pseudoexfoliation is high, and elevated intraocular 
pressure occurs in 15%-50% of patients of PEX, about 6-10 times the 

2,3rate in eyes without it . The characteristics of pseudoexfoliation 
glaucoma (PXG) are high intraocular pressure, �uctuation in diurnal 
curve of intraocular pressure, marked spiking and pressure peaks, 
pigment dispersion and trabecular pigmentation, and poor 
response to medical therapy. Smaller optic disc, and signi�cant 
correlation between intraocular pressure level and the mean visual 
�eld defect suggest that intraocular pressure is the main factor for 

4glaucomatous damage .  

PXG accounts for approximately 25% of all open angle glaucomas 
5worldwide . Its prevalence as reported by population-based surveys 

6,7from South India vary between 7.5 and 13% . It has a more serious 
clinical course and a worse prognosis than primary open angle 

8,9glucoma . 

Flakes of exfoliative material and pigment accumulation may be 
seen on the corneal endothelium. Specular microscopy of the 
corneal endothelium has revealed a signi�cantly lower than normal 
cell density in eyes with the exfoliation syndrome and changes in 
cell size and shape. These �ndings have also been observed in the 
unaffected eye of unilateral cases, leading the researchers to 
suggest that these corneal endothelial changes might serve as an 

10early sign of the disorder.

In eyes with marked asymmetry of mesh work pigmentation, 
11glaucoma is more common in the more pigmented eye . 

Ultrastructural studies indicate that there is active exfoliation 
production in the trabecular meshwork, schlemm canal and 
collector channels as well as passive deposition of exfoliative 

12material within intertrabecular spaces .

Most eyes with exfoliative glaucoma have an open angle 
mechanism, although acute angle closure glaucoma also occurs in a 

13,14,15,16small number of cases . Mechanism of IOP elevation in 
exfoliative glaucoma associated open angle may include local 

production of exfoliative material, endothelial cell damage of the 
trabecular meshwork and passive deposition of exfoliative material 

17,18and pigment originating from elsewhere in the anterior segment . 
Corneal endothelial morphology parameters include endothelial 
cell density (ECD) and the coefficient of variance of cell area CV / 
polymagatheism. These parameters can be affected by a broad 
range of disorders, such as contact lens complications, glaucoma, 

19,20,21,22dry eye, and diabetes mellitus . Furthermore, it is predictable 
30that a normal healthy endothelium will have a low CV values . The 

conventional method to estimate ECD is by using slit-lamp 
23,24biomicroscopy. ; however, a disadvantage of this technique is that 

it is a manual assessment that requires subjective interpretation by 
25the observer.

In normal population with advancing age, there is a decline in the 
cell density, this decline was found to be on an average 0.29% per 
year. The rate of loss slows into the mid twenties and even lower 
rates of approximately 0.52% loss per year continue into older age. 
As cell density decreases with age individual cells enlarge and lose 
their hexagonal shape. Polymegathism, irregularity in the normal 
regular mosaic pattern may be quanti�ed as a coefficient of 

26variation in cell size.  

There is a considerable functional reserve for the endothelium. 
Therefore, corneal decompensation occurs only after more than 
75% of the adult age cells are lost (i.e. when the endothelial cell 

2count becomes less than 500 cells /mm ). Aim of our study was to 
evaluate the various corneal endothelial cell parameters in patients 
with PXG presenting to our institute and comparing them with 
control population in similar age group.

MATERIALS AND METHODS
This study was hospital based prospective comparative 
observational study conducted in the Postgraduate Department of 
Ophthalmology, Government Medical College, Srinagar after 
obtaining the ethical clearance from the Institutional Ethical 
Committee. The study was conducted frm May 2015 to July 2018 
and consequitive 128 patients of PXG who reported to our 
department and met the inclusion criteria were included in our 
study. Patients who had no previous corneal surgeries or history of 
contact lens wearing with untreated IOP≥21mmHg, an Open  angle 
having ypical pseudoexfoliation  material within the angle and 

MORPHOLOGICAL STUDY OF CORNEAL ENDOTHELIUM IN 
PSEUDOEXFOLIATION GLAUCOMA: A SINGLE INSTITUTE STUDY IN KASHMIR

Original Research Paper

Dr Surraya Ismail 
Parray*

Post graduate, Registrar Deptt of Ophthalmology SMHS hospital Srinagar 
*Corresponding Author 

Dr Junaid Salam 
Wani

Professor Deptt of Ophthalmology SMHS hospital Srinagar

Dr Gazala Ahmad Registrar Deptt of Ophthalmology SMHS hospital Srinagar

  X 65GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

Ophthalmology

Pseudoexfoliation syndrome is a generalized disorder of the extracellular matrix associated with excessive 
production and progressive accumulation of abnormal �brillar material in intraocular and extraocular tissues. 

Pseudoexfoliation glaucoma accounts for approximately 25% of all open angle glaucomas worldwide. Specular microscopy of the corneal 
endothelium has revealed a signi�cantly lower than normal cell density in eyes with the exfoliation syndrome and changes in cell size and 
shape. A hospital based study was conducted to evaluate the corneal endothelial cell parameters in 128 patients of pseuexfoliative 
glaucoma. The endothelial cell density  in PXG group was signi�cantly lower compared to control group. There was a statistically signi�cant 
difference between PXG group and controls in terms of percentage of hexagonal cells and coefficient of variation. Identifying these 
alterations in these patients prior to surgical procedure like cataract or trabeculectomy important to minimize intra surgical endothelial loss 
and avoid post surgery corneal decompensation.

ABSTRACT

KEYWORDS : Intraocular pressure (IOP), Pseudoexfoliation glaucoma (PXG), Pseudoexfoliation syndrome (PXF).

VOLUME-8, ISSUE-1, JANUARY-2019 • PRINT ISSN No 2277 - 8160



66 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

upon the lens and in the pupillary area and glaucomatous optic disc 
and visual �eld defects were included in our study. Non cooperative 
patient, those with previous intra-ocular surgery or history of ocular 
trauma, uveitis, corneal scars, lens induced glaucoma and other 
ocular pathology that could have led to secondary glaucoma were 
excluded from the study.

After obtaining informed consent from the patients, ocular 
examination in all patients was performed with slit lamp 
examination, gonioscopy with Goldmann two mirror indirect 
gonioscope and dilated fundus examination using +90D lens. The 
IOP was recorded with a Goldmann Applanation Tonometer.(Haag-
Streit, Koniz, Switzerland) Visual Field Assessment (VFA) was 
performed using Humphrey Field Analyser II (Carl Zeiss, Meditec). 
Optical coherence tomography (OCT) for retinal nerve �bre layer 
(RNFL) was performed with ZEISS CIRRUS HD-OCT. (Carl Zeiss AG, 
Feldbach).The corneal endothelial parameters and central thickness 
were studied with TOPCON SP-1P Non-Contact Specular 
Microscope. The readings were taken by a single examiner. 

The patients were seated at the instrument with the chin on the chin 
rest and the forehead against the forehead band. When the 
endothelium was in proper focus the instrument automatically took 
a picture of the endothelium. The parameters measured were 
endothelial cell density (ECD), percentage of hexagonal cells (HEX), 
coefficient of variation of cell area (CV).

RESULTS
A total of 128 patients with PXG were examined with equal number 
of control subjects with similar characteristics. The demographic 
characteristics of the participants are summarized in tables 1. The 
mean age in control group was 74.2years (SD 8.4) and in PXG group 
were 75.6 years (SD 9.8) with a range of 60-86 and 62-88 respectively. 
This difference was statistically not signi�cant. (p= 0.416). Similarly 
no signi�cant differences were found in between age and sex 
among the patients of two groups.

Table 1: Depicting age groups and gender distribution

Statistically Non-signi�cant Difference (P-value<0.05)
The ECD (cells/mm²) in PXG group was signi�cantly lower compared 
to control group which was statistically signi�cant. Similarly there 
was a statistically signi�cant difference between PXG group and 
controls in terms of percentage of hexagonal cells and coefficient of 
variation as is depicted in table 2.

Table 2:  Comparison of Corneal endothelial parameters

SD: Standard deviation

* Statistically signi�cant difference (P-value<0.05)

DISCUSSION
Pseudoexfoliative glaucoma is a disease that has a greater 
prevalence in older population as reported by Schlotzer-Schrehardt 

27,28and Sood . Patients enrolled in our study had mean age of 74. 2 
16,17,29years which is comparable to previously published reports .

There are con�ic t ing repor ts  of  gender differences in 
pseudoexfoliative glaucoma reported by Ringvold A et al, and 

30,31Mitchell P et al.  however in our study there was no signi�cant 
difference in gender distribution of the disease. 

There are a number of studies that describe the reduction of 
endothelial cells with age because these cells appear to have little or 
no possibility of dividing after birth. The loss of these cells involves 
an increase in size and a reduction of hexagonicity  as described 

32,33 eloquently by Quiroga et al, and Niederer et al.

However there are factors that can contribute to reducing the 
number of endothelial cells than normal age related reductions. 
One of these factors seems to be presence of pseudoexfoliative 
material which leads to corneal endothelial cell degeneration and 
alterations in their number and morphology. In addition, hypoxic 
changes have been described in anterior chamber as well as 
variations in the composition and dynamics of the aqueous humor 
caused by the rupture of blood aqueous barrier in eyes with PEX 
which could affect the function of endothelium  as has been 

 34reported by Kuchle  et al., in 1995 .These �ndings contribute to 
explain the results of this study in which it was observed that eyes 
with PEX lose cells in the corneal endothelium together with 
signi�cant variations in the cell size and endothelial alterations 
observed in eyes with PEX to true keratopathy with its own entity 
capable of causing corneal decompensation with moderate IOP 
increases or after cataract surgery. However other studies by Inoue 
et al and Ostern et al, have not found any signi�cant modi�cations in 

35.36endothelial morphometric parameters in eyes with PEX.

The mean corneal endothelial density per mm² in PXG eyes has been 
reported as 1812±297 by Knorr et al., 2052±264 by Seitz B et al. and 

37,38,392234±270 by Hattori .In our study the mean corneal endothelial 
cell density per mm² was 2232.5±256.33 which was similar to 
previous reports mentioned above and showed a statistically 
signi�cant difference against the normal group[2564.2±160.65]. 

A normal healthy endothelium will be expected to have a low 
coefficient of variation  value while a stressed or traumatized 
endothelium will be more likely to have a high CV value as reported 

40by Huan Sheng et al., in 2004).  The polymegathism value is a 
coefficient describing the variation in cell area and is determined 

2 2with equation [CV = SD cell area (µm ) / mean cell area (µm )]. The 
mean coefficient of variation in the cell area in PXG has been 
reported as 28.2 ±3.7 by Knorr et al, 32.3±6.6  by Hattori and 

10, 37,39 33.9±7.3 by Miyake et al. .In present study the mean coefficient 
of variation in cell area was 38.6±2.06 which was similar to previous 

10,39reports .There was a statistically signi�cant difference between 
the study group and the control group in this parameter 

In a healthy cornea, more than 60% of the endothelial cells are 
hexagonal. A decrease in six-sided cells and a corresponding 
increase in cells with more or fewer than six-sides is called 
pleomorphism. When some corneal endothelial cells die and 
disappear because of ageing, trauma or other stress, the remaining 
cells cannot divide to replace the dead cells.  Instead, they enlarge 
and spread to cover the dead cells in order to maintain the intact 
monolayer mosaic. However, not all corneal endothelial cells 
enlarge to the same degree. Therefore some of the cells become 
larger than other and thus increase the variation of cell shapes and 

40sizes (Huan Sheng et al.) . 

The mean percentage of hexagonal cells in PXG eyes in our study 
was 50.4±2.28 which was in accordance to the data reported in 

10,37,39 previous studies Also there was a statistically signi�cant 
difference in this parameter when compared to the normal 

Normal PXG p value
N (128) %age N (128) %age

Age Group 60-69 44 34.3 41 32.2 0.231
70-79 43 33.5 44 34.3

≥80 41 32.2 43 33.5
Gender Male 66 51.5 68 53.1 0.734

Female 62 48.5 60 46.8

Parameters Normal (control) PXG p value
Endothelial Cell 
Density 
(cells/mm²)

Mean 2564.2 2232.5 <0.001*
SD 160.65 256.33
Range 2168-3191 1440-2815

Mean 
Percentage of 
Hexagonal cells

Mean 57.3 50.4 <0.001*
SD 4.16 2.28
Range 48-63 45-57

Coefficient of 
variation

Mean 34.2 38.6 0.002*
SD 2.21 2.06
Range 30-42 34-44
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group[57.3±4.16]. 

CONCLUSION
This study thus con�rms the existence of signi�cant difference in 
various corneal morphometric parameters in PXG patients. 
Identifying these alterations in these patients prior to surgical 
procedure like cataract or trabeculectomy must lead to consider 
measures to minimize intra surgical endothelial loss and avoid post 
surgery corneal decompensation.
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