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A B S T R A C T

Introduction: Pseudoexfoliation syndrome is the most common identifiable cause of open angle glaucoma
world-wide. It is a systemic disorder with important eye manifestations.
Aims: To compare central corneal thickness (CCT) in pseudoexfoliation syndrome (PEX) and
pseudoexfoliative glaucoma (PXG) with the normal eyes.- To document ocular profile of PEX and PXG
Material and Methods: cross- sectional, hospital based observational study done from November 2018-
May 2019. Sixty-five patients each in PEX and PXG were included for detailed study. To compare CCT,
65 age matched normal subjects were enrolled.
Results and Conclusion: The prevalence of PEX and PXG increases with age. It was predominantly
seen in males. Most of the patients had bilateral presentation, with PEX material most commonly
found at pupillary margins. Open angle in most patients but presence of narrow angles in PXG group
was statistically significant than PEX. CCT was thinner in both PEX and PXG than normal which
was statistically significant. Twenty-one patients in PXG group underwent combined cataract surgery and
trabeculectomy owing to high pressure and advanced optic neuropathy.

© 2019 Published by Innovative Publication. This is an open access article under the CC BY-NC-ND
license (https://creativecommons.org/licenses/by/4.0/)

1. Introduction

seudoexfoliation syndrome (PEX) first described by Lind-
berg in 1917,1 is an idiopathic, age-related systemic micro-
fibrillopathy, characterized by progressive accumulation
and gradual deposition of extracellular grey and white
material over various tissues.2 The material is classically
found on the corneal endothelium, pupillary border, the
iris, trabecular meshwork, lens capsule, zonules and ciliary
body. The pseudoexfoliative material can also be present
in other organs, such as the heart, lungs, liver, gall-bladder,
kidneys and meninges suggesting aberrant connective tissue
metabolism.3

PEX occurs worldwide and prevalence rates vary from 10
to 20% of the general population over the age of 60 years.44

Various hospital-based studies from India have reported a
prevalence rate between 1.85 and 13.5%6 in adults over 45
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years of age.

Pseudoexfoliation syndrome predisposes to a number of
ocular co-morbidities like corneal endothelial dysfunction,
poor mydriasis, zonular weakness and is a risk factor for
zonular dialysis and higher rate of vitreous loss during
cataract surgery.7,8 It is the most common identifiable
cause of secondary glaucoma, accounting for approximately
25% of all open angle glaucoma’s worldwide,9 also
being the most frequent cause of unilateral glaucoma.
Pseudoexfoliative Glaucoma (PXG) is typically associated
with higher mean intraocular pressure (IOP), greater diurnal
variations, marked pressure spikes, greater severity of optic
neuropathy and more rapid visual field loss.10,11 PXG is
more likely to be recalcitrant to treatment than primary open
angle glaucoma and has a higher incidence of progression.
Thus, the importance of early diagnosis of the disease
cannot be overemphasized.

Goldmann’s applanation tonometry (GAT) is considered
the gold standard technique of measuring the IOP.12 IOP
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measurements by GAT are influenced by several factors
among which Central Corneal Thickness is considered
the most important.13,14 GAT tends to overestimate the
IOP in thicker corneas and underestimate the IOP in
thinner corneas.15 Though, measurement of CCT is an
important component of a complete eye examination,
special prominence must be given in those who are at
considerable risk of developing glaucoma such as Pseudo
exfoliation syndrome to enable early diagnosis and expedite
apt management by de ducing the exact target pressure to be
attained.

There is no consensus on CCT in patients with
Pseudoexfoliation syndrome or glaucoma. Though m
any studies have reported similar CCT in PEX and
normal eyes,16–18 there have been studies showing either
thinner19,20 or thicker21,22 CCT in PEX eyes compared
to normal.

Therefore, the primary aim of the present study was
to compare CCT in eyes with Pseudoexfoliation syndrome
and Pseudoexfoliative glaucoma with normal healthy eyes.
The other purpose was to document the clinical profile of
patients with Pseudoexfoliation.

2. Materials and Methods

2.1. Subjects

This study was a prospective, cross-sectional, observational
study. 65 patients each with pseudoexfoliation syndrome,
pseudoexfoliative glaucoma who underwent ophthalmolog-
ical examination at a tertiary eye care center in South India
between November 2018 and May 2019 were included in
the study. PEX and PXG patients were diagnosed at the
time of the study and had never used any anti -glaucoma
medications before. To compare the CCT of PEX and PXG
with the healthy eyes, 65 age matched patients with normal
eyes were included in the study.

Exclusion criteria were previous intraocular surgery in
the eye with PEX/PXG, use of anti-glaucoma medications
or topical/systemic steroids within the last six months,
history of ocular trauma, uveitis or corneal scars. Patients
were explained about the study and informed consent for
the same was obtained.

Relevant detailed medical and ocular history were noted
for each patient.

2.2. Examination

All patients with pseudoexfoliation underwent thorough
ocular examination that included vision and refraction, slit
lamp bio-microscopy, intraocular pressure measurement by
Goldmann’s applanation tonometry mounted on a Haag
Streit slit lamp, gonioscopy with Posner 4 mirror hand held
indirect gonioscope and dilated fundus examination with
+90 D lens. Indirect ophthalmoscopy was done in cases of
advanced cataract resulting in hazy media.

Slit lamp examination included detailed anterior segment
evaluation. PEX was recognized by the presence of typical
white flakes or fibrillo -granular material at the margins
of pupil in an un- dilated state and/or on anterior lens
capsule after dilatation or on the trabecular meshwork on
gonioscopy. The single tonometer used for the study,
was calibrated weekly as part of the regular maintenance
protocol of the department. Ultrasound pachymetry (Pocket
2, Quantel Medical, France) was done for all the patients
included in the study. After anaesthetizing the cornea
with proparacaine hydrochloride 0.5% eye drops, tip of the
hand held pachymeter probe was placed perpendicularly on
the cornea and centered over the undilated pupil and five
measurements were taken. The Mean of five central corneal
thickness readings was used for analysis. Gonioscopy
was done to examine the status of the angle and grade it
according to the Shaffer’s grading. Indentation gonioscopy
was performed wherever necessary. An occludable angle
was diagnosed if the pigmented trabecular meshwork was
not visible in more than 180◦ of the angles in dim
illumination. The presence of pseudoexfoliative material
or pigmentation in the angles were noted. Detailed fundus
examination included changes in the optic disc, cup-disc
ratio, width of the neuro- retinal rim, position of vessels
and state of macula. Visual field assessment was performed
using Humphrey’s Field Analyzer (30-2 SITA standard, Carl
Zeiss Meditec). Ultrasound B scan was done in selected
patients. The normal subjects underwent IOP and CCT
measurement.

PEX was defined by the presence of typical pseudoex-
foliative material, IOP less than 21 mmHg with no sign of
glaucomatous optic nerve damage on fundus and/or visual
field examination. PXG was diagnosed if the patient along
with attributes of P EX had IOP ≥ 21 mmHg in either
eyes with optic disc changes (vertical cup to disc [C/D]
ratio >0.6 or C/D asymmetry >0.2 between the eyes, focal
notching, localized nerve fiber layer defects or splinter
hemorrhage) with compatible visual field defects.

2.3. Statistical analysis

The continuous variables of the study subjects were
described in terms of means and interpreted by ANOVA
in respect of more than two groups. In respect of
two groups, the independent “ t ” test was applied for
interpretations. The categorical variables were described
in terms of percentages and interpreted by χ 2 (Chi-square)
test. The above statistical analysis and interpretation was
done by IBM SPSS statistics -20. A probability level of p -
value less than or equal to 0.05 (P≤0.05) w as considered as
statistically significant.
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3. Results

The mean age of the PEX group was 67.5±7.7 years and
PXG group mean age was 68.8±8.2 years. The mean
difference between the two groups was not statistically
significant (P>0.05). The mean age of total subjects was
68.2±7.9 years.

Fig. 1: Deposition of PEX material on Anterior lens capsule.

Fig. 2: Deposition of PEX material on lens Zonules leading to
inferior subluxation

Fig. 3: Deposition of PEX material at

Fig. 4: Deposition of PEX material on anterior
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Table 1: Age distribution of both groups:

Age group
(years)

PES PXG Total
No % No % No %

50-59 10 7.7 8 6.2 18 13.8
60-69 25 19.2 29 22.3 54 41.5
70-79 25 19.2 20 15.4 45 34.6
80+ 5 3.8 8 6.2 13 10.0
Total 65 50.0 65 50.0 130 100.0
Mean ± SD 67.5 ±7.7 68.8±8.2 68.2±7.9 Range=51-86 years
Significance t=0.917, df 128 and P=0.361

Table 2: Gender distribution:

Gender PEX PXG Total Results
No % No % No %

Male 41 31.5 47 36.2 88 67.7
χ 2 =1.266 df=1

P=0.260Female 24 18.5 18 13.8 42 32.3
Total 65 50.0 65 50.0 130 100.0

The proportion of males was higher than females in both PEX and PXG. The male to female ratio was 1.7:1 in PEX and 2.6:1 in PXG group.

Table 3: Laterality of eyes in PEX and PXG groups.

Laterality PEX PXG Total Results
No % No % No %

Both 57 43.8 55 42.3 112 86.2
χ2 =0.702 df=2

P=0.704
Right 2 1.5 4 3.1 6 4.6
Left 6 4.6 6 4.6 12 9.2
Total 65 50.0 65 50.0 130 100.0

Most of the patients had bilateral presentation in both the groups.

Table 4: (a):Pseudoexfoliative material deposition in PEX, PXG of right eyes:

Eye structure PEX PXG
No % No %

Endothelium - - 3 4%
Pupil 58 89% 58 89%
Lens 47 72% 54 83%
Angle 5 7% 5 7%
Zonules - - 1 1.5%
4(b): Pseudoexfoliative material deposition in PEX, PXG of left eyes:
Eye structure PEX PXG

No % No %
Endothelium - - 5 7%
Pupil 60 92% 60 92%
Lens 43 66% 54 80%
Angle 6 9% 7 10%
Zonules - - 1 1.5%

Pseudoexfoliative material was most commonly seen at the pupillary border in both PEX and PXG
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Table 5: (a): Gonioscopic angle grading for PEX, PXG of Right Eyes:

Right eyes PEX PXG Total Results
No % No % No %

Closed 3 2.3 12 9.2 15 11.5
χ2 =6.469 df=2

P=0.039
Occludable 3 2.3 4 3.1 7 5.4
Open 59 45.4 49 37.7 108 83.1
Total 65 50.0 65 50.0 130 100.0
Sixteen patients in the pseudoexfoliative glaucoma group had narrow angles compared to 6 in pseudoexfoliation syndrome. The
relationship was statistically significant (P<0.05).
5(b): Gonioscopy angle grading for PEX, PXG of left eyes:

Left eyes PEX PXG Total Results
No % No % No %

Closed 2 1.5 14 10.8 16 12.3
χ2 =10.750 df=2

P=0.005
Occludable 2 1.5 3 2.3 5 3.8
Open 61 46.9 48 36.9 109 83.8
Total 65 50.0 65 50.0 130 100.0
Number of eyes with narrow angles was higher in PXG than PEX group. The relationship was statistically significant (P<0.05).

Table 6: (a) : IOP at the time of presentation of PEX, PXG for RE:

IOP PEX PXG Total Results
No % No % No %

<10 5 3.8 0 0.0 5 3.8
χ 2 =122.239

df=2 P<0.001
10-21 60 46.2 0 0.0 60 46.2
>21 - - 65 50.0 65 50.0
Total 65 50.0 65 50.0 130 100.0
Table-6(b): IOP at the time of presentation of PEX, PXG for the LE:

IOP PEX PXG Total Results
No % No % No %

<10 6 4.6 1 0.8 7 5.4
χ 2 =45.349 df=2

P<0.001
10-21 59 45.4 29 22.3 87 66.9
>21 - 35 26.9 36 27.7
Total 65 50.0 65 50.0 130 100.0
Most of the patients in PXG group presented with high IOP. IOP of majority of the patients in PEX was between 10-21 mmHg.

Table 7: Comparison of CCT between PEX, PXG and normal:

Eyes Groups Mean SD “F” df Significance Post Hoc Comparison

Right Eyes
1.PEX 519.4 31.6

8.187 2,192 P<0.001 1 and 2 not differed significantly. Both
differed significantly with 3.2.PXG 512.5 31.0

3.Normal 534.4 31.9

Left Eyes
1.PEX 503.7 94.8

4.455 2,192 P=0.013 1 and 2 not differed significantly. 1&3
differed. 2&3 not differed.2.PXG 516.1 30.8

3.Normal 534.7 27.3

The above analysis and interpretations revealed that in respect of right eyes, the difference between mean CCT of PEX and PXG was not statistically
significantly (P>0.05) but both significantly differed with normal eyes (P<0.001). In respect of left eyes, CCT of PEX significantly differed with both
PXG and normal.

Table 8: CCT of Total eyes of PEX, PXG and Normal eyes.

Eyes Groups Mean SD “F” df Significance Post Hoc Comparison

Both
Eyes

1.PEX 511.5 70.6
8.992 2,387 P<0.001 1&2 not differed significantly. Both

differed significantly with 3.2.PXG 514.3 30.9
3.Normal 534.5 29.8
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Table 9: (a) : CD Ratio seen in PEX, PXG for the RE:

CD
Ratio

PEX PXG Total Results
No % No % No %

≤
0.3

29 22.3 - - 29 22.3
χ 2 =46.286
df=2
P<0.001

0.4-
0.6

33 25.4 24 18.5 57 43.9

>
0.6

3 2.3 41 31.5 39 33.8

Total 65 50.0 65 50.0 130 100.0
In the PEX group CDR 0.4-0.6 was seen in 33 patients. In the PXG subjects, the CDR >0.6 was seen in majority, i.e. 39 of the
patients.
9(b): CD Ratio of PEX, PXG for the LE:
CD
Ratio

PEX PXG Total
ResultsNo % No % No %

≤ 0.3 34 26.2 - - 34 26.2 χ 2

=57.375
df=2
P<0.001

0.4-0.6 31 23.8 15 11.5 46 35.3
> 0.6 - - 50 38.5 42 38.5
Total 65 50.0 65 50.0 130 100.0
Similar to right eye, C/D ratio was less than 0.3 for majority of the patients in PEX and more than 0.6 in PXG.

Table 10: Systemic association seen in PEX, PXG.

Systemic PEX PXG Total Results
No % No % No %

Asthma 0 0.0 2 1.5 2 1.5

χ2 =6.464 df=8
P=0.595

DM 6 4.6 3 2.3 9 6.9
DM, HTN 6 4.6 7 5.4 13 10.0
HTN 12 9.2 13 10.0 25 19.2
HTN, IHD 1 0.8 0 0.0 1 0.8
HTN, thyroid 1 0.8 0 0.0 1 0.8
IHD 1 0.8 2 1.5 3 2.3
TB 0 0.0 1 0.8 1 0.8
Nil 38 29.2 37 28.5 75 57.7
Total 65 50.0 65 50.0 130 100.0

Hypertension alone or with other systemic diseases was the major systemic association found in 15.4% of the subjects in both the groups respectively.

Table 11: Treatment options in PEX and PXG

Treatment PEX PXG Total Results
No % No % No %

Cataract surgery 43 33.1 4 3.1 47 36.2

χ 2 =6.464
df=8 P=0.595

Cataract, VR 1 0.8 0 0.0 1 0.8
Internal procedures 3 2.3 2 1.5 5 3.8
Medical 1 0.8 38 29.2 39 30.0
Observation 9 6.9 - - 9 6.9
Refraction 4 3.0 0 0.0 4 3.0
Combined cataract+ trab surgery - - 21 16.2 21 16.2
VR opinion 4 3.1 0 0.0 4 3.1
Total 65 50.0 65 50.0 130 100.0

Majority of the patients had significant cataract at the time of presentation. 33.1% of PEX cases were advised cataract surgery whereas medical
management was first advised for 29.2% patients in PXG group.
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4. Discussion

The prevalence of Pseudoexfoliation varies considerably
among population where the rate can be as low as 0% in
Eskimos,23 and as high as 38% in Navajo Indians.24

Thus, the world - wide prevalence of Pseudoexfoliation
or Glaucoma capsulare makes it critical for ophthalmolo-
gists to be familiar with the full clinical spectrum of the
disease.2

The mean age of patients in our study was 68.2 years.
Pseudoexfoliation is the disease of senility. The prevalence
of PEX increases significantly with age. In the present
study, 84% of patients in PEX and 86% of the patients in
PXG group were more than 60 years of age. The youngest
patient in our study was 51 and the oldest was 86 years old.
This is in accordance to many other published studies such
as the one done by Yeshigeta et al (68.8%),25 Jawad et al26

(63%) and Pranathi et al27 (100%).
There are conflicting results regarding gender differences

in the published reports. The male: female ratio in PEX was
1.7:1 and 2.6:1 in PXG group. Thus, male preponderance
was noted in our study similar to the studies done by
McCarty and Taylor,28 Alia R Sufi,29 Jawed et al26 and
Naseem et al.30 Most of the males compared to females
in our set up, being farmers are more exposed to ultra-
violet radiation which may explain the higher incidence in
males. This supports the association between environmental
factors (possibly solar radiation, UV exposure) and PEX as
documented by other studies.29,31

Some studies have reported higher incidence of unilateral
cases while others bilateral. Most of the patients in our
study in both PEX (43.8%) and PXG(42.3%) group had
bilateral presentation that is comparable to the study done by
Tiliskew et al.32 One-third to half of the cases of exfoliation
are unilateral at detection but 14-43% of these cases become
bilateral over 5-10 years.33 So, careful examination of both
eyes at each visit is required.

In our study the most common site of PEX material
deposition was at the pupillary margin followed by anterior
lens capsule in both PEX (90%, 69%) and PXG (90%,
81.5%) group. This was well in accordance to other
published reports such as the one by Sufi et al34 and
Yeshigeta et al.35

Though in both PEX (60 cases) and PXG (49 cases) open
angle was seen in majority, cases with narrow angle were
higher in PXG group which was statistically significant. A
study of PEX in Chinese population by Young et al showed
that 18 % of all eyes had narrow angles (defined as grade 0 to
2 by Shaffer grading)36 Although nearly all eyes with PEX
or PXG have open angles, approximately 9-18% of eyes can
have occludable angles and patients may develop an acute
attack of angle closure glaucoma. This may be attributed to
zonular laxity leading to anterior displacement of the iris-
lens diaphragm.

IOP at the time of presentation was less than 21 mmHg
in the PEX group whereas it was more than 21 mmHg in
either of the eyes in PXG group. It is quite accepted fact that
compared to primary open angle glaucoma, patients with
PXG have higher IOP at presentation with greater diurnal
fluctuations and marked spikes that likely cause more severe
optic neuropathy.37

A single IOP measurement is many times is not enough
to assess the real IOP in such cases. This was one limitation
in our study, we could not perform DVT (diurnal variation
of tension) for all the patients.

Results published in the literature have varied with
respect to CCT in pseudoex foliative eyes. To name a
few, studies done by Arnarsson et al,16 Rufer et al38 and
Detorakis et al39 showed similar CCT values in PEX, PXG
and normal subjects. Studies done by Gorezis et al,40

Aghaian et al,41 Bechmann et al42 showed thinner CCT
in PXG and study by Ozcura et al43 showed thinner CCT
in PEX. In our study, in both the eyes, CCT was thinner
in both PEX and PXG group when compared with age
matched normal eyes and it was statistically significant but
CCT in PEX and PXG did not differ significantly in the
right eyes. Thin CCT is itself an independent risk factor
for development of glaucoma. So, cases of PEX with thin
cornea and IOP in higher teens as measured by GAT can
be missed and can hamper early diagnosis and treatment of
PXG.

Most of the patients in the PEX group (31 cases) had
cup-disc ratio between 0.3-0.5

Whereas in PXG group majority (46 cases) had C/D ratio
more than 0.6. Eighteen of the right eyes and 12 of the left
eyes had advanced C/D ratio of 0.9 in the PXG group. The
patients with high cup disc ratio in the PEX group had no
focal thinning or visual field changes.

According to the Blue Mountains Eye Study, subjects
with PEX in either eyes had a two- to threefold increased
risk while eyes with bilateral PEX had fivefold increased
risk for glaucoma even though it was often associated with
only modest increase in intraocular pressure. proving a
strong association between PXF and glaucoma.44 In fact, it
is an independent risk factor for development of glaucoma.
The cumulative risk for PXG development in eyes with
manifest PEX but without IOP elevation is approximately
30% in 10 years and most of these cases convert within first
5 years.45 Needless to say, how important it is to follow up
such patients regularly.

Another limitation of our study was that we were not able
to document reliable visual fields in many of our patients
who presented to us with visually significant cataract. The
visual fields of such patients were repeated after the surgery.

Most of the patients had significant cataract at the
time of presentation in PEX group (44 cases) and were
advised simple cataract surgery. Patients with moderate
glaucoma (37 patients) were started on medical treatment
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starting with single eye-drop in 20 patients whereas
patients with advanced disc changes (21 cases) were
advised combined procedure of cataract extraction and
trabeculectomy considering poor economic status and
compliance of the patient.

In 6 of the patients in PEX group and 3 patients in PXG,
inferior subluxation of cataractous lens without previous
history of trauma was observed. This was due to deposition
of PEX material leading to zonular weakness.

Also, in 7% of the patients in PEX there was co-
existing Branch retinal vein occlusion and 15.5 % patients
of PEX and PXG respectively were hypertensive. In a
large population study like the Australian Blue Mountains
Eye Study, PEX was significantly associated with history
of hypertension, angina, or both.45 Similar association
has been established in various other studies. PEX is
also a likely independent risk factor more for CRVO than
BRVO.46

5. Conclusion

We conclude from our study that prevalence of PEX and
PXG increases with age, is seen more commonly in males.
CCT of both PEX and PXG was significantly thinner than
normal subjects. Pseudoexfoliation and thinner CCT both
being independent risk factors for glaucoma results into
more severe optic neuropathy. So timely diagnosis, early
treatment and frequent follow-up is the key to manage and
prevent appreciable irreversible visual damage.
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