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Purpose: To examine the endothelial morphology and the central thickness of the cornea in the
eyes of patients with pseudoexfoliation syndrome (PXS).

Methods: The corneal endothelium was investigated in 21 patients (26 PXS eyes; 7 eyes of
glaucoma patients, and 19 eyes of patients without glaucoma) and in 30 patients with senile cataract
or refractive errors who served as the control group (30 non-PXS eyes). The corneal endothelial
morphology and central corneal thickness (CCT) were compared between the two groups.

Results: The corneal endothelial cell density was significantly lower in the PXS eyes
(2336 � 383 cells/mm2) than in the non-PXS eyes (2632 � 327 cells/mm2) (P � .003). There was no
significant difference in the coefficient of variation for the cell area and the percentage of hexagonal
cells between these two groups. The central cornea was significantly thinner in the PXS eyes
(529 � 31 µm) than in the non-PXS eyes (547 � 28 µm) (P � .03). There were no significant
differences in these factors between the PXS eyes in patients with and without glaucoma.

Conclusions: In PXS eyes, regardless of the presence of glaucoma in the patients, the corneal
endothelial cell density is decreased and the central cornea is thin. Jpn J Ophthalmol
2003;47:235–239 � 2003 Japanese Ophthalmological Society
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Introduction
The pseudoexfoliation syndrome (PXS) consists of the

formation or deposition of white, flake-like material
throughout the anterior ocular segments. Pseudoexfolia-
tive materials develop on the lens surface, iris, trabecular
meshwork, zonula, and ciliary body.1,2

There are many studies of corneal endothelial
changes in PXS eyes reporting lower endothelial cell den-
sity,3–9 high coefficient of variation in cell area,3 and a
lower percentage of hexagonal cells.3,4 There are, how-
ever, several studies reporting no significant changes
in endothelial cell density,10 the coefficient of variation in
cell area,4,5 or the percentage of hexagonal cells5 in PXS
eyes. The changes in corneal endothelial morphology in
PXS eyes have been controversial.
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The PXS syndrome is often found in patients with
glaucoma. The central corneal thickness (CCT) of PXS
eyes in glaucoma patients was reported to be thinner11

than or similar12,13 to normal eyes. The endothelial cell
density of PXS eyes in glaucoma patients was reported
lower than that of PXS eyes in patients without glaucoma6

or in control eyes.7

The aim of this study is to compare the endothelial
morphology and central thickness of the cornea between
PXS eyes and non-PXS eyes, and PXS eyes in patients
with and without glaucoma.

Materials and Methods
We examined 21 patients with PXS (26 corneas;11

corneas in 9 men and 15 corneas in 12 women) at the
Nadogaya Hospital between August and November 2001
(the PXS group). Mean patient age was 77.9 � 6.6 years
(mean � SD) (range, 64–90 years). Diagnosis of the syn-
drome was based on the typical slit-lamp appearance of
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pseudoexfoliative material at the anterior lens capsule
and/or at the pupillary margin. Seven PXS patients (7
eyes) also had glaucoma. Mean patient age was 77.9 � 4.7
years (range, 70–83 years) in the PXS patients with
glaucoma and 77.9 � 7.3 years (range, 64–90 years) in
the PXS patients without glaucoma. Patients who had
histories of previous intraocular surgery were excluded
from this study.

As controls, 30 patients (14 men and 16 women; 30
corneas) were examined at the same hospital over the
same time period (the controlgroup). Meanpatient agewas
77.5 � 5.4 years (range, 67–90 years). Diagnosis in these
control patients was senile cataract or refractive error.
Data on the right eye of each patient were used in this
study. These controls had no pseudoexfoliative material at
the anterior lens capsule or pupillary margin, no previous
intraocular surgery, and no abnormalities of the cornea.
All patients in both groups gave their informed consent
for participation in this study.

The endothelial morphology was quantitated by mea-
suring parameters including cell density, coefficient of
variation in the cell area, and the percentage of hexagonal
cells. The central corneal endothelial cells were photo-
graphed by specular microscopy, using Noncon Robo Ca
(Konan Medical, Kobe). Three central cornea micropho-
tographs were taken and a minimum of 50 cells was
counted in each photograph to calculate cell density, coef-
ficient of variation in the cell area, and percentage of hex-
agonal cells. The average of the data from the three
microphotographs was used to calculate the final cell
density in each eye.

CCT was measured with an ultrasonic pachymeter
(AL-2000; Tomey, Nagoya) under topical anesthesia. The
speed of sound (1640 m/s) was used. The pachymeter tip
was placed perpendicularly on the cornea and centered
over the undilated pupil. An average of five consecutive
readings was recorded.

The unpaired t-test was used to compare differences
between the PXS and control groups, and between the PXS
eyes in patients with and without glaucoma. Weconsidered
values of P � .05 to be statistically significant.

Results
The endothelial cell density was significantly lower in

the PXS group (2336 � 383 cells/mm2) than in the
control group (2632 � 327 cells/mm2) (P � .003)
(Figure 1). There was no significant difference between
the coefficient of variation in the cell area in the PXS
group (0.324 � 0.033) and that in the control group
(0.336 � 0.041) (P � .21). There was no significant dif-
ference between the percentage of hexagonal cells in the

PXS group (58.4 � 8.1%) and that in the control group
(58.9 � 6.6%) (P � .80). The central cornea was signifi-
cantly thinner in the PXS group (529 � 31 µm) than in
the control group (547 � 28 µm) (P � .03).

The endothelial cell density was 2332 � 336 cells/
mm2 in the PXS eyes in patients with glaucoma and
2337 � 407 cells/mm2 in those without glaucoma
(P � .98) (Figure 2). The coefficient of variation in the
cell area was 0.341 � 0.038 in the PXS eyes in patients
with glaucoma and 0.317 � 0.030 in those without glau-
coma (P � .09). The percentage of hexagonal cells was
56.8 � 10.2% in the PXS eyes in patients with glaucoma
and 59.0 � 7.4% in those without glaucoma (P � .55).
The CCT was 534 � 37 µm in the PXS eyes in patients
with glaucoma and 528 � 29 µm in those without
glaucoma (P � .68).

Discussion
Corneal endothelial changes in PXS eyes are induced

by an altered composition and increased flare intensity
of the aqueous humor caused by a breakdown of the blood-
aqueous barrier.1,5 By electron microscopy, large clumps
of typical pseudoexfoliation material can be found adher-
ing to the corneal endothelium, and masses of pseudoex-
foliation material are incorporated into the posterior
Descemet membrane.14 These may lead to early corneal
endothelial decompensation.1

In the current study, the composition of the corneal
endothelium and its thickness in the PXS eyes were evalu-
ated at the same time. We have found only one report10

that evaluated the corneal endothelial composition and
thickness in the PXS eyes at the same time. However, these
authors compared these factors between the PXS and
the fellow eyes and did not recruit normal eyes as controls.
There are a few reports on the corneal endothelium in
Japanese PXS patients, which were published in 1989 and
1990.3,4 The corneal endothelium was measured using
contact specular microscopy.3,4 Recently, noncontact
specular microscopy has often been used5,8,9 and we eval-
uated the corneal endothelium using the noncontact
method.

The mean corneal endothelial cell density per 1 mm2

in PXS eyes has been reported as 1812 � 297 cells,7

2052 � 264 cells,6 and 2234 � 270 cells4 (the 7th
decade); 2387 � 266 cells,8 2387 � 319 cells,5

2446 � 344 cells4 (the 6th decade); 2394 � 271 cells,9

2669 � 502 cells,3 and 2779 � 540 cells.10 In the current
study, the mean corneal endothelial cell density per 1
mm2 was 2336 � 383 cells, which was similar to these
previous reports.3–10 The mean coefficient of variation in
the cell area in PXS eyes has been reported as
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Figure 1. Corneal endothelial cell density, coefficient of variation in the cell area, percentage of hexagonal cells, and central corneal
thickness in the pseudoexfoliation syndrome group (■) and the control group (�). (Unpaired t-test; *P � .005, **P � .05).

0.282 � 0.037 (the 6th decade),4 0.323 � 0.066 (the 7th
decade),4 0.33 � 0.04,5 and 0.339 � 0.073.3 The mean
percentage of hexagonal cells in PXS eyes was reported
as 54.9 � 10.9% (the 7th decade),4 56.4 � 7.5% (the 6th
decade),4 57.1 � 7.1%,3 and 59.5 � 6.7%.5 In the current
study, the mean coefficient of variation in cell area
(0.324 � 0.033) and the mean percentage of hexagonal
cells (58.4 � 8.1%) were similar to these previous
reports.3–5

In the current study, in PXS eyes the corneal endothelial
cell density was significantly lower, but the coefficient

of variation in the cell area and the percentage of hexago-
nal cells were similar to those in control eyes, which
agreed with the Wang report5 but did not agree with the
Miyake et al3 and Hattori4 reports. The differences
were influenced by the factors in our control patients. Pa-
tients who had no ocular disease4,5 or who had no ocular
or systemic diseases other than senile cataract3 had been
recruited as controls. As the data on corneal endothelial
cell density (3101 � 304 cells/mm2), the coefficient of
variation in the cell area (0.289 � 0.044), and the percent-
age of hexagonal cells (64.7 � 6.5%) in control eyes3
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Figure 2. Corneal endothelial cell density, coefficient of variation in the cell area, percentage of hexagonal cells, and central corneal
thickness in the pseudoexfoliation syndrome (PXS) eyes of patients with glaucoma (■) and in the PXS eyes of patients without
glaucoma (�).

were better than expected for patients in the age group who
had cataract, the differences between the PXS and control
eyes were significant. We designated patients who had
senile cataract or refractive error as controls. As the cor-
neal endothelium in some control eyes might worsen due
to cataract, the differences in the coefficient of variation
in the cell area and the percentage of hexagonal cells
between PXS and control eyes were not significant. The
pseudoexfoliative materials gradually affect the corneal
endothelium and more than three parameters must deteri-
orate as the result. Wang et al,5 however, reported that

their findings (decrease in the endothelial cell density,
similar to the coefficient of variation in the cell area, and
the percentage of hexagonal cells) might be explained by
the fact that mild intraocular disturbances developed
slowly over a long period and resulted in a decrease in
corneal endothelial cells and their enlargement without
transformation of their hexagonal shape.

The presence of PXS increases the incidence of intraop-
erative and postoperative complications during cataract
surgery. Insufficient mydriasis and weak zonula can com-
plicate the intraoperative course. Many previous reports3–9
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and the current study showed that corneal endothelial cell
density in PXS eyes was decreased. Caution and care-
ful techniques are required during cataract surgery in
PXS eyes.

The mean CCT in PXS eyes in patients with glaucoma
has been reported as 493 � 33 µm,11 507 � 25 µm,13

528 � 30 µm,10 and 530.7 µm.12 In the current study, the
mean CCT in the PXS eyes in patients with glaucoma
was 534 � 37 µm, which was slightly larger than those of
previous reports.10–13 The PXS eyes often involve elevated
intraocular pressure due to particulate pigment deposition
on the trabecular meshwork, resulting in glaucoma. CCT
affects intraocular pressure readings. Wolfs et al15 re-
ported that average corrections per 10 µm deviation in
corneal thickness were 0.19 mm Hg. In the current study,
the CCT in the PXS eyes was significantly smaller than that
in the control. We should evaluate intraocular pressure in
PXS eyes in consideration of CCT and carefully observe
patients with glaucoma associated with PXS.

Hattori4 reported that there were no significant differ-
ences in endothelial cell density, coefficient of variation
in the cell area, and percentage of hexagonal cells be-
tween the PXS eyes in patients with normal intraocular
pressure and those with high intraocular pressure. Seitz
et al6 reported that endothelial cell density of PXS eyes
in patients with glaucoma (2014 � 254 cells/mm2) was
significantly lower than that of PXS eyes in patients with-
out glaucoma (2214 � 251 cells/mm2). Knorr et al7 re-
ported that endothelial cell density of PXS eyes in patients
with glaucoma (1482 � 267 cells/mm2) was significantly
lower than that of control eyes (2302 � 394 cells/mm2).
In the current study, there were no significant differences
in endothelial cell density between the PXS eyes in pa-
tients with and without glaucoma due to the high values
of endothelial cell density in the PXS eyes in patients with
glaucoma (2332 � 336 cells/mm2).

In conclusion, the corneal endothelial cell density is
decreased and the central cornea is thin in PXS eyes
regardless of the presence of glaucoma. Therefore, we
ophthalmologists must be careful in conducting cataract
surgery and in evaluating intraocular pressure in eyes of
patients with PXS.
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