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PURPOSE: To evaluate the prevalence of the obstruction of lacrimal drainage system (LDS) in patients with pseudoexfoliation (PXF)
syndrome.
MATERIALS AND METHODS: This cross-sectional study included 152 eyes of 76 consecutive patients with bilateral PXF syndrome
and 170 eyes of 85 age and gender-matched controls. The LDS evaluation was performed based on dye disappearance test, slit-
lamp examination, diagnostic probing, and irrigation test. The presence of punctal stenosis and canalicular obstruction were
considered as the obstruction of proximal LDS; and complete or incomplete nasolacrimal duct obstruction was considered as
obstruction of distal LDS. Demographic characteristics, ophthalmologic findings, and prevalence and site of obstruction of LDS were
compared among the groups.
RESULTS: The prevalence of obstruction of LDS was higher in the PXF syndrome group when compared to controls (21.1% vs
12.2%), but the difference was not statistically significant (p= 0.061). The obstruction of proximal LDS was found to be more
frequent in the PXF syndrome (17.7%) group when compared to controls (10.0%), and this difference was statistically significant
(p= 0.041). There was significantly more punctal stenosis in the PXF syndrome group when compared to controls (15.1% vs 7.6%,
p= 0.033). The prevalence of canalicular stenosis and obstruction of distal LDS was similar in the PXF and the control groups
(p= 0.596 and p= 0.741, respectively).
CONCLUSION: The prevalence of punctal stenosis was statistically significantly higher in the PXF syndrome group when compared
to the controls. This association is probably related to increased local ocular surface inflammation which is triggered by the
accumulation of PXF material.
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INTRODUCTION
Obstruction of lacrimal drainage system (LDS) is one of the most
frequently encountered disorders in ophthalmology clinics,
especially among the elderly population [1, 2]. Various pathogenic
factors such as infection, trauma, systemic or topical drug toxicity,
and inflammatory conditions originated from conjunctival and
lacrimal system mucosa have been proposed to be associated
with obstruction of LDS [1–3], due to swelling of the lacrimal
system mucosa and subsequent fibrosis, finally leading to
narrowing or obstruction of LDS [4–6]. The proximal LDS (punctum
and canaliculus) is particularly vulnerable to various noxious
exogenous or endogenous stimuli that could initiate the
inflammatory process, which in turn plays a triggering role for
the obstruction of LDS [4, 5].
Pseudoexfoliation (PXF) syndrome is a systemic disorder of

the extracellular matrix that is characterized by the production
and accumulation of abnormal fibrillar extracellular material
within intraocular, periocular and even extraocular structures,
including the blood vessels, skin, and visceral organs [7, 8]. PXF
syndrome is typically observed in individuals over the age of 50
years, and its frequency increases with aging [7]. Although the
exact pathophysiological mechanism remained elusive, there is

evidence that increased oxidative stress and low-grade
inflammation caused by free radicals play a role in the
pathogenesis of PXF syndrome [9–11]. PXF material in these
patients is known to be present in all parts of the anterior
segment as well as periorbital tissues such as conjunctiva,
extraocular muscles, orbital septa, and Tenon’s capsule [12].
Conjunctival accumulation of PXF material has also been
associated with higher tear osmolarity, which can be respon-
sible for perpetuating the inflammatory process in the tears
and ocular surface [13].
PXF syndrome is well known to be associated with many ocular

conditions such as glaucoma, keratopathy, zonulopathy, cataract
formation, and dry eye syndrome [7–9]. However, to the best of
our knowledge, the association between obstruction of LDS and
PXF syndrome has not been studied before. In light of the fact that
the prevalence of both diseases increases with aging, the
presence of PXF material in the periocular tissues, and the well-
known role of the inflammation process in the pathogenesis of
both diseases, the aim of the present study was to evaluate the
prevalence of obstruction of LDS among patients with PXF
syndrome and to compare these data with those of age-matched
healthy control subjects.
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MATERIALS AND METHODS
This cross-sectional study was conducted between February and April 2021
at a tertiary care ophthalmology clinic. Written informed consent was
obtained from each participant and all procedures were in compliance
with the tenets of the Declaration of Helsinki. Local ethics committee
approval was received for the study.
Consecutive patients with bilateral PXF syndrome who were admitted

for routine eye examination and consecutive healthy control subjects who
were older than 50 years were recruited for the study. A total of 152 eyes of
76 patients with bilateral PXF syndrome and 170 eyes of 85 control
subjects were included in this study.
All participants underwent a detailed ophthalmological examination

including best-corrected visual acuity (BCVA) testing with Snellen chart,
intraocular pressure (IOP) measurement with applanation tonometry,
anterior segment examination with slit-lamp biomicroscopy, and dilated
fundus examination. The diagnosis of PXF syndrome was based on the
detection of PXF material at the pupillary margin and/or lens capsule on
dilated slit-lamp biomicroscopic examination, as previously described in
the literature [7, 8]. Following a detailed ophthalmological examination, we
also comprehensively reviewed the systemic and ocular history of the
participants. The patients with any history of systemic diseases other than
controlled hypertension were excluded from the study. The patients with a
history or the evidence of any ocular surgery, trauma, disorders such as
glaucoma, dry eye syndrome, blepharitis, uveitis, congenital lacrimal
system disorders, and eyelid malposition were excluded from the study.
We also excluded the patients who have formerly used topical
antiglaucomatous agents and/or artificial tear preparations.
LDS evaluation was performed for all participants by an oculoplastic

surgeon (FCE) who was blinded to the clinical data of the patients. The
diagnosis of punctal stenosis was made based on the dye disappearance
test (dye clearance time >5 min), slit-lamp examination (external punctal
opening size less than 0.2 mm), and the inability of the 27-gauge lacrimal
cannula to pass through the punctal without punctal dilatation [14, 15].
Following punctal dilation, prognostic probing was performed by #00
Bowman probe to evaluate the canalicular system patency. While a hard
stop was defined as a patent canaliculus, a soft resistance to the probe
that could not be overcome was described as canalicular system
obstruction. The presence of punctal stenosis and/or canalicular
obstruction were considered as obstruction of proximal LDS. Lacrimal
irrigation with 2 ml saline was performed to evaluate the distal LDS. The
lacrimal cannula was passed through the lower punctum into the
lacrimal sac and the nasolacrimal duct (NLD) was irrigated. Complete
passage of fluid was defined as a patent distal LDS. A complete NLD
obstruction was the diagnosis if fluid refluxed totally through the other
punctum, while an incomplete NLD was the diagnosis if irrigation fluid
passes into the nose as well as refluxing through the other punctum. The
presence of complete or incomplete NLD obstruction was considered as
obstruction of distal LDS.

Statistical analysis
Statistical analysis was performed using the statistical package SPSS
version 22.0 (IBM Corporation, Armonk, NY, USA). Descriptive statistics,
including the mean, standard deviation (SD), minimum–maximum, range,
and percent (%), were used for different variables. The Shapiro–Wilk test
was performed to evaluate the normality of distribution. The difference
between groups was evaluated using the independent t test for the
quantitative data, and the Pearson χ2 and Fisher exact test for qualitative
data. Pearson’s correlation analysis was used to assess the correlation of

the age and frequency of obstruction of LDS. A p value smaller than 0.05
was considered as statistically significant.

RESULTS
One hundred and fifty-two eyes of 76 PXF syndrome patients (46
males, 30 females) with a mean age of 68.4 ± 8.8 years and 170
eyes of 85 control subjects (49 males, 36 females) with a mean age
of 66.8 ± 9.3 years were recruited for the study. Both groups were
age- and gender-matched (independent t test, p= 0.249, and
Pearson χ2 test, p= 0.311, respectively). There were no differences
between the PXF syndrome and control groups in terms of BCVA
and IOP (p > 0.05 for both). Demographic and clinical character-
istics of patients are shown in Table 1.
The type of obstruction and the number of patients who have

obstruction of LDS are shown in detail in Table 2. Although the
prevalence of obstruction of LDS was higher in the PES group
(21.1% vs 12.2%), the difference was not statistically significant
(p= 0.061). The obstruction of proximal LDS was more common
among PXF syndrome group (17.7%) as compared to controls
(10.0%), and this difference was statistically significant (p= 0.041).
When the groups were compared in terms of site of obstruction of
proximal LDS, there was significantly more punctal stenosis in the
PXF syndrome group than controls (p= 0.033). The frequency of
canalicular stenosis was similar in the PXF syndrome and the
control groups (p= 0.569). The frequency of obstruction of distal
LDS (complete/incomplete NLDO) was similar in the PXF
syndrome and the control groups (p > 0.05 for both).
Although there was a moderate positive correlation between

increasing age and frequency of punctal stenosis in the PXF
syndrome group (r= 0.23, p= 0.032), there was no correlation
between age and canalicular stenosis and obstruction of distal
LDS (r= 0.010, p= 0.3 and r= 0.011, p= 0.4, respectively). This
correlation was statistically insignificant in the control group for
punctal stenosis, canalicular stenosis and obstruction of distal LDS
(r= 0.018, p= 0.12; r= 0.001, p= 0.6 and r= 0.002, p= 0.5,
respectively).

DISCUSSION
PXF syndrome is well known to be associated with many ocular
comorbidities including glaucoma, keratopathy, zonulopathy,
cataract formation, and dry eye syndrome [7–9]. Both PXF
syndrome and obstruction of LDS are closely related to
inflammation, however, there is no data in the literature related
to LDS in patients with PXF syndrome. In this study, we evaluated
the LDS in patients with PES and demonstrated a preponderance
of increased obstruction of LDS in PXF syndrome patients due to
the affected proximal LDS. While the presence of the obstruction
of distal LDS and canalicular obstruction were similar in PXF
syndrome and control groups, the prevalence of punctal stenosis
was statistically significantly higher in the patients with PXF
syndrome compared to the controls.

Table 1. Clinical and demographic characteristics of patients.

PXF syndrome group (152 eyes of 76 patients) Control group (170 eyes of 85 patients) P

Age (years), mean ± SD (range) 68.4 ± 8.8 (50–93) 66.8 ± 9.3 (51–81) 0.249*

Gender

Male 46/76 (60.5%) 49/85 (57.6%) 0.311Ɨ

Female 30/76 (39.5%) 36/85 (42.4%)

BCVA (Snellen Decimal) 0.69 ± 0.14 0.76 ± 0.13 0.681*

IOP (mmHg) 19.4 ± 4.5 16.8 ± 2.9 0.073*

*Independent sample-t test, ƗPearson χ2 test. P < 0.05 accepted as statistically significant.
PXF Pseudoexfoliation, BCVA Best corrected visual acuity (in Snellen decimals), IOP Intraocular pressure.
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PXF material is typically observed at the pupillary margin and
anterior lens capsule. In addition to its typical intraocular
localization, many studies in the literature reported the accumula-
tion of PXF material in various extrabulbar tissues [7, 8]. In an
electron-microscopic study, Schlötzer-Schrehardt et al. [12].
demonstrated the accumulation of PXF fibres in limbal conjunc-
tiva, extraocular muscles, orbital connective-tissue septa, and the
walls of the posterior ciliary arteries, vortex veins, and central
retinal vessels passing through the optic nerve sheaths and they
stated that the close association of PXF aggregates with
connective-tissue or muscle cells indicate their involvement in
PXF fibre production. Therefore, it could be claimed that a variety
of epithelial and mesenchymal cells may have common metabolic
changes possibly associated with the aging process, resulting in
the unregulated synthesis of microfibrillar components at multiple
sites. Although there is no study investigating the presence of PXF
material in LDS, in the light of the aforementioned data, it can
theoretically be speculated that PXF material could accumulate in
any site of the LDS (from punctum to NLD). However, this
hypothesis may not be enough to explain our results showing that
only punctal stenosis was more prevalent in the PXF syndrome
group, whereas NLDO and canalicular obstruction were similar.
The punctum is the entry point for tears, and it is vulnerable to

exogenous or endogenous irritants that could initiate the
inflammatory process [5, 16]. Inflammation, which is the
physiological defence mechanism against various noxious stimuli,
and subsequent fibrosis appear to be the currently proposed
mechanism in the development of punctal stenosis [5, 16–19].
Various histopathological studies have reported that inflammation
and/or fibrosis were the main histopathological features, with
rates ranging from 73 to 100% in punctal stenosis specimens [15,
17–19]. There is plentiful evidence that cellular stress conditions
caused by oxidative stress and low-grade inflammation constitute
the main mechanism involved in the pathogenesis of the fibrotic
process in PXF [10, 11, 20–22]. Our study demonstrated that there
was an association between the obstruction of proximal LDS and
PXF due to the predominance of punctal stenosis in patients with
PXF syndrome. Consequently, increased low-grade chronic
inflammation, which plays a role in the pathogenesis of both
diseases, may be responsible for the relationship between PXF
syndrome and punctal stenosis.
There are many studies in the literature investigating the tear

film abnormalities, tear osmolarity, and conjunctival involvement
in PXF [13, 23–25]. These studies suggested that accumulation of
PXF material in the anterior segment causes conjunctival surface
changes, decreased number of goblet cells, tear hyperosmolarity,
and tear film instability. Hyperosmolar stress caused by loss of
goblet cells and tear film instability promotes and maintains the
local ocular inflammatory process [5, 13–26]. Tear osmolarity is
considered the critical pathogenic factor that causes ocular
surface inflammation, and hyperosmolarity is known to stimulate
the production of inflammatory cytokines in tears and conjunctiva

[26–28]. Considering the punctum is the entry point for tears and
is close to the conjunctiva, it could be assumed that prolonged
ocular surface inflammation caused by PXF accumulation may
play a pathogenic role in the development of punctal stenosis.
Although many studies are investigating the presence of PXF
material and related proteins in the aqueous humour [20, 21, 29],
only one recent study has studied the tear film concentration of
clusterin, which co-localizes with fibrillar deposits in PXF material
[30]. Their results implicated that the concentration of the
clusterin, a protein associated with PXF material, was not different
in PES than in control patients [31]. It can be assumed that the
ocular surface inflammation in PXF is probably associated with
oxidative stress triggering by the accumulation of PXF material in
the anterior segment rather than the presence of PXF material
itself in the tear film.
There was a moderate correlation between age and punctal

stenosis in the PXF syndrome group in the current study. Many
studies reported that the incidence of LDS obstruction increases
with aging [1, 2]. Advanced age has been defined as the risk factor
especially in punctal stenosis [1–5]. The association between age
and punctal stenosis is considered to be the result of changes
caused by the aging of the tissue surrounding the punctum and
its fibrosis. PXF syndrome is known to be more common in the
older population, and its frequency increases with aging [7, 8].
Local inflammation provoked by aging and distributed oxidative
stress results in fibrous tissue production as a result. Therefore,
another common feature shared by punctal stenosis and PXF
syndrome is that the incidence of both diseases increases with
advanced age.
The relationship of primary open-angle glaucoma and pro-

longed use of anti-glaucomatous medications with the obstruction
of LDS has been previously reported in several studies [6, 31–33].
One of the strengths of the current study is the exclusion of
patients with suspected/diagnosed glaucoma or who were using
the anti-glaucomatous medications, as these may create con-
founding factors for obstruction of LDS in patients with PXF
syndrome. Although this is the first study to evaluate the
prevalence of obstruction of LDS among patients with PXF
syndrome, the current study has some limitations. Conducting
the study in a larger sample group would have provided more
reliable results, but we had difficulty finding volunteers to
participate in the study due to the COVID-19 pandemic. Another
limitation is that the study group consisted of only bilateral PXF
syndrome patients. A larger cohort of patients including affected
and unaffected eyes in patients with unilateral PXF syndrome
could be more enlightening about the relationship between
obstruction of LDS and PXF. Although patients with dry eye
syndrome and using artificial tear preparations were excluded from
the study, the fact that the patients were not evaluated based on
the Schirmer test, tear break-up time and corneal staining is
another limitation of the study. Punctal stenosis could be related to
a range of causes such as chronic blepharitis, eyelid malposition,

Table 2. Comparison of PXF syndrome and control groups in terms of prevalence and type of obstruction of LDS.

PES group Control group P

Obstruction of LDS (total) 32/152 (21.1%) 21/170 (12.2%) 0.061Ɨ

Obstruction of proximal LDS 27/152 (17.7%) 17/170 (10.0%) 0.041Ɨ

Punctal stenosis 23/152 (15.1%) 13/170 (7.6%) 0.033Ɨ

Canalicular stenosis 4/152 (2.6%) 4/170 (2.4%) 0.569ǂ

Obstruction of distal LDS (NLDO) 5/152 (3.3%) 4/170 (2.4%) 0.741ǂ

Complete obstruction of distal LDS 2/152 (1.3%) 2/170 (1.2%) 0.910ǂ

Incomplete obstruction of distal LDS 3/152 (2%) 2/170 (1.2%) 0.334ǂ

ƗPearson χ2 test, ǂFischer exact test. P < 0.05 accepted as statistically significant and denoted in bold.
PXF Pseudoexfoliation, LDS lacrimal drainage system, NLDO nasolacrimal duct obstruction.
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and drugs [2–5]. It also shown that there was an association with
canalicular stenosis [14]. Even though participants with chronic
blepharitis, topical drug use, and eyelid malposition were excluded
from our study, it may be difficult to distinguish whether punctal
stenosis is an indirect association of ocular surface PXF or a direct
manifestation of the syndrome. Therefore, our results showing that
the prevalence of obstruction of proximal LDS was higher in the
PXF syndrome group should be supported by an electron
microscopic study in which PXF material will be investigated in
samples obtained during lacrimal system surgery of PXF patients.
In conclusion, this study shows that patients with PXF syndrome

are at risk of obstruction of proximal LDS due to punctal stenosis.
This risk seems to be associated with local chronic inflammation
triggered by PXF material. Physicians should be aware of this
relationship for the early diagnosis and timely treatment of
obstruction of LDS for prevention of the need for late lacrimal
surgery.

SUMMARY

What was known before

● Pseudoexfoliation (PXF) syndrome is a systemic disorder of the
extracellular matrix that is characterized by the production
and accumulation of abnormal extracellular material within
intraocular and periocular tissues.

● Although the PXF syndrome is well known to be associated
with glaucoma, keratopathy, zonulopathy, and cataract
formation, the association of obstruction of the lacrimal
drainage system and PES association have not been studied
before.

What this study adds

● Patients with PXF syndrome are at higher risk of obstruction of
the proximal lacrimal drainage system.

● The higher prevalence of obstruction of the proximal lacrimal
drainage system is probably related to local chronic inflam-
mation triggered by the accumulation of PXF material.
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