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Aim: To evaluate the role of anterior segment—optical coherence tomography (AS-OCT) in
the diagnosis of punctal stenosis and to compare punctal parameters before and after medical
treatment.

Patients and Methods: The study was conducted on 40 eyes of 24 patients who had
acquired inflammatory punctal stenosis and had persistent epiphora (persistent epiphora
group — PEG), and 20 eyes of 10 subjects with normal punctal openings as a control
group (control group — CG). We measured the outer punctal diameter (OPD), recorded the
visibility of the internal punctum and punctal depth (PD) using AS-OCT, before and 1 month
after treatment with preservative free methylprednisolone 5% eye drops. Punctal diameter,
tear meniscus height (TMH) and Munk’s score were compared to the control group before
and after treatment.

Results: The mean OPD of the PEG before treatment (455.5 + 174 pm) was significantly
smaller than that of the CG (590.9 £ 106.6 pum) (P= 0.002). The mean OPD of the PEG
significantly increased to 484.6 £ 175.5 um after treatment (P <0.001). Also, the visibility of
vertical canaliculus lumen and PD were restored in 70% of eyes. The TMH was much higher
in the PEG than in the CG before treatment (P<0.05). However, after treatment the difference
was not statistically significant.

Conclusion: AS-OCT parameters were useful in monitoring and measuring the efficacy of
medical treatment in relieving punctal edema, which subsequently resulted in reducing the
epiphora symptoms.
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Introduction
Punctal stenosis is an important etiological factor that should be considered when
assessing patients with epiphora. Anatomically, acquired punctal stenosis is a condition
in which the external opening of the lacrimal canaliculus is narrowed or occluded and
also can be accompanied by canalicular ductal stenosis.'”. Defining an anatomical
clear cut-off value for punctal stenosis is difficult due to wide variations in patients’
demographics. Clinically, punctal stenosis is defined as a punctum size restricting tear
drainage in the absence of distal tear drainage abnormalities.

Acquired punctal stenosis can be involutional, inflammatory, infectious or
idiopathic.>* Inflammatory endogenous causes include chronic blepharitis, dry
eye disease and ocular cicatricial pemphigoid.®> Exogenous noxious stimuli may

be chemical such as topical or systemic medications, or physical as irradiation or
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mechanical. The harmful effect of topical medications
such as antiglaucomatous drops, dexamesathone, mitomy-
cin-C and the systemic medications such 5-Fluorouracil or
paclitaxel may be related to the medication themselves, the
preservatives as benzalkonium chloride in the commercial
with those
medications.>>® The basic ultra-structure response to

preparations, or duration of treatment
those various noxious stimuli is early punctal occlusion
by edema which is followed by conjunctival overgrowth,
keratinization of punctal walls and cicatricial punctal
stenosis.

Although spectral-domain OCT is still being widely
used on the retina, its anterior segment module is consid-
ered a new modality for imaging of proximal lacrimal
excretory passage and tears meniscus height (TMH).

Recent studies showed the ability of using AS-OCT to
differentiate between various punctal causes of epiphora
and improve the understanding of the lacrimal punctal
structure in vivo.'*'?

The aim of this work is to evaluate the role of AS-OCT
in the diagnosis of punctal edematous stenosis by imaging,
monitoring and comparing punctal parameters between
patients and control subjects before and after treatment
with preservative-free steroid eye drops in patients with
persistent epiphora due to inflammatory punctal stenosis.

Patients and Methods

This was a prospective study that included 40 eyes of 24
patients, who had acquired punctal stenosis and persistent
epiphora (PEG). Patients were selected from the outpatient
Tanta

clinic in the Department of Ophthalmology;

University Hospitals, between September 2018 and
September 2019. Patients were chosen from those aged
21 years or more who had acquired inflammatory punctal
edema and were complaining of epiphora. Those with
congenital punctal anomalies, history of previous lacrimal
surgery or trauma or those who had lower lid margin
malposition or laxity were excluded. Twenty eyes of punc-
tal disease-free controls (CG), who were age- and sex-
matched were also included to be compared to the patients.
The participants in CG were tested for dry eye by
Schirmer test before the study and any subject with posi-
tive results for dry eye were excluded. After discussing the
study’s aim and intervention details, an informed written
consent was obtained from all the participants before
inclusion. The study was approved by the ethical commit-
tee of Tanta University Hospital and was performed
according to the Declaration of Helsinki.

Methods

Routine Clinical Examination
All patients were assessed using a standard protocol that
included:

(A) Detailed history, especially of using medications for
ophthalmic or systemic diseases, epiphora grading
by Munk’s score'® and complete ophthalmological
examination. Moreover, special attention was paid to
the tear meniscus, lid margin, conjunctiva around the
punctum, and intraocular pressure measurement.

(B) Punctum evaluation:

1. By slit lamp for visibility, shape and presence of
inflammation or edema.

2. By Topcon 3D Spectral Domain AS-OCT-2000 series:
outer punctal diameter (OPD), visibility of vertical
canalicular lumen and punctal depth (PD) were
assessed.

Measuring Technique
Lower eyelid margin was everted using a cotton bud that
was placed below the punctum, for gentle eversion whilst
avoiding distortion or compression. The punctum was
everted into a plane perpendicular to the light source to
allow alignment of the punctum and canaliculus with
respect to the axis of the scanner’s infrared beam. The
punctum was imaged with the scan line placed horizon-
tally along the mucocutaneous junction. OPD was mea-
sured as the distance between the highest points on the
nasal and temporal punctal orifice (Figure 1). PD is the
vertical canalicular lumen; it was measured vertically
between outer and inner punctal openings also angulation
of the medial and lateral ductal walls towards the inner
punctum was assessed. The inner punctal opening is an
area where the punctum appears narrowed/closed.
Preservative-free steroids in the form of methylpredni-
solone 5% eye drops were prepared by dilution of methyl-
10 mL distilled water
(Solumedrol, Pfizer company, NY, USA), and given for

prednisolone 500 mg in
all enrolled cases to use 5 times a day for 5 days with
gradual tapering over the subsequent 2 weeks, followed by
preservative-free tear substitute eye drops (sodium hyalur-
onate) 3 times a day for 2 weeks. Patients were
re-examined clinically and by AS-OCT 1 month after
treatment. AS-OCT measurements were taken by the
same experienced operator and on the same machine to
avoid inter-observer variability.
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Figure | Measuring technique: (A) Lower eyelid margin was everted using a cotton bud into a plane perpendicular to the light source. (B) Anterior segment optical
coherence tomography (AS-OCT) image showing punctal parameters (outer punctal diameter (OPD), internal punctum and punctal depth (PD)) of a participant in the
control group that was measured using anterior segment module of Topcon 3D OCT-2000 ™ (Topcon Medical Systems Inc.).

Statistical Analysis

Data were analyzed using SPSS version 25 (IBM
Corporation, Armonk, NY, USA). Furthermore, the qualita-
tive parameters were described as frequency and percentage
while the quantitative variables were described in terms of
mean, standard deviation and range. Comparison of two
dependent quantitative variables was calculated by paired
t-test while the comparison of two independent quantitative
variables was calculated by independent Students’ ¢-test. The
comparison between two qualitative variables was done by
Chi-square (x°) test and whenever any of the expected cells
were less than five, Fischer’s Exact test was used. Two
sided P-value <0.05 was considered statistically significant.

Results
PEG and CG were age- and gender-matched with no
significant difference between them (Table 1).

Before Treatment
Among the PEG, 16 (66.7%) patients had bilateral and 8
(33.3%) had unilateral punctal stenosis. Clinical history of

Table | Age and Gender Distribution of the Two Studied
Groups

Variable PEG (n=24 CG (n=10 P-value
Patients) Patients)
No. (%) No. (%)
Gender
Male 3 (12.5) 2 (20.0) 0.573
Female 21 (87.5) 8 (80.0)
Age group
25-34 years | | (4.1) I (10.0) 0.925
35-44 years | 3 (12.5) I (10.0)
45-54 years | 8 (33.3) 3 (30.0)
55-64 years | 12 (50.0) 5 (50.0)

Abbreviations: PEG, persistent epiphora group; CG, control group.

chronic use of eye drops was present in 20 eyes (50%),
that included combined antibiotic-steroid (n=12 eyes),
ocular hypotensive (n=4) and decongestants (n=4).
Twenty eyes (50%) had chronic blepharitis while 8
(17.5%) had history of cataract surgery (17.5%) and 2
(5%) of systemic chemotherapy.

On slit lamp examination of the PEG, 30 eyes (75%)
had punctal edema (stuffed punctum appearance), 19 eyes
(63.3%) pinpoint and 11 eyes (36.7%) slit lumen shape
while 10 (25%) had edema with barely recognizable punc-
tal orifices (membranous occlusion).

The TMH in 24 eyes (60%) of the PEG was more than
0.4 mm and in 16 eyes (40%) was less than 0.4 mm, while all
the eyes in the CG had TMH less than 0.4 mm with
a statistically significant difference between the two groups
(P 0.001).

OPD measurements (Table 2) showed that the PEG had
significantly smaller OPD than the control group
(P= 0.002). Punctal depth and angulation of the medial
and lateral walls towards the inner punctum (canalicular
lumen) were totally lost in all cases of the PEG.

After Treatment

One month after treatment of the patients in the PEG,
a significant improvement of symptoms occurred, evalu-
ated by Munk’s score (P <0.001) (Figure 2).

Table 2 Comparison of the PEG and the CG Before Treatment
Regarding OPD

PEG (n=40 Eyes) CG (n=20 Eyes) P-value
Mean + SD Mean = SD
Range Range

OPD (um) | 4555+ 173 590.0 + 106.6 0.002
206.0-701.0 437.0-766.0

Abbreviations: PEG, persistent epiphora group; CG, control group; OPD, outer
punctal diameter.
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Figure 2 Epiphora grading by Munk’s score among persistent epiphora group (PEG)
before and | month after treatment showed significant improvement of epiphora
symptoms after treatment.

Slit lamp examination showed that 28 eyes (70%) in
the PEG had decreased punctal edema with widening
of punctal opening, while 12 eyes (30%) still had the
punctal opening barely visible with marked occlusion.
Concerning the TMH, statistically
significant difference between the PEG and the CG
(P =0.19).

OPD in the PEG was significantly increased after 1 month

there was no

of preservative-free steroid eye drops (P < 0.05) (Table 3).

Punctal depth and ductal wall angulation were restored
in 70% of eyes (28 eyes) following treatment (P <0.001);
whereas in 30% of eyes (12 eyes), it could not be restored
(Figures 3 and 4).

Discussion

Both chronic blepharitis and long-term use of topical anti-
glaucoma medication were the most common noxious
stimuli causing punctal edema in this study. Both are well-
known predisposing factors of punctal stenosis combined
with inflammatory and fibrotic changes in the lining

epithelium and stroma of the punctum.''*!>

Table 3 Comparison Between Outer Punctal Diameter (OPD)
of Persistent Epiphora Group (PEG) Before Treatment and After

Treatment
Before Treatment | After Treatment | P-value
Mean * SD Mean * SD
Range Range
OPD (um) | 455.5 + 173 484.6 £ 175.5 <0.001
206-701 224-730

Note: The normal anatomy of the punctum varies greatly and there is scant
evidence to aid in the clinical definition of what constitutes punctal stenosis.
Abbreviation: OPD, outer punctal diameter.

Both medical and surgical treatment methods have
been used for treatment of punctal stenosis. In this study,
we used preservative-free steroid eye drops to benefit from
its anti-inflammatory effect and to avoid the toxic effect of
the preservatives on the ocular surface. Preservatives have
been shown to induce inflammatory cytokines with subse-
quent subconjunctival inflammation and punctal edema.’
A favorable effect on ocular surfaces has been shown in
other studies of patients with uveitis, dry eye, and after
cataract surgery.'®'® Timlin et al'' showed the ability of
imaging of the proximal lacrimal system, mainly the exter-
nal and internal punctal diameters of the vertical part of
lacrimal canaliculus using AS-OCT. Marked variations
have been reported in OPD measurements. While Allam
et al' has found the mean diameter of the OPD to be
412.16 + 163 pm, Timlin et al*® reported it to be 615 =+
367um. These differences might be attributed to
differences in the OCT machine used and the lack of
accepted standard reference points for measurements,
which carries some operator-dependent variations. They
also may be related to the differences in patients’ demo-
graphics, eg, age, gender and ethnic background, hence the
need for using a control group in our study and depending
on a single OCT machine and an experienced operator for
taking the measurement for all our patients. Also, we were
more concerned about comparing our measured punctal
parameters (OPD & PD) before and after treatment. In
the PEG group, we noticed that the maximum outer dia-
meter was 701 um which is against anatomical definition
of punctal stenosis but interestingly, imaging in these cases
showed complete loss of PD. This indicated the presence
of ductal edema hindering tear outflow. So far we were
unable to measure internal punctal diameter after treat-
ment; due to residual canalicular edema that interferes
with accurate reliable measurement.

In this study, we have shown that the use of AS-OCT
parameters were useful in monitoring and measuring the
efficacy of medical treatment in relieving punctal edema,
which subsequently resulted in reducing the epiphora
symptoms. We have shown that the OPD was reduced
compared to the control group and it increased after treat-
ment. There were also signs of restoration of the punctal
depth with patent vertical canaliculus lumen. Inability to
restore these parameters after treatment meant that marked
subepithelial fibrosis had happened and caused shifting
from reversible inflammatory edema to irreversible fibrotic
stenosis. This would require surgical intervention, eg,
3-snip or other punctal dilating surgery.
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Figure 3 (A and B) Before treatment: Slit lamp examination showed barely visible punctum and stuffed appearance. Anterior segment optical coherence tomography (AS-
OCT) image revealed outer punctal diameter (OPD) of 280 ym (white line) with lost punctal depth (PD). (C and D) One month after treatment: Slit lamp examination
showed decreased punctal edema with clear visible punctal opening. AS-OCT image revealed increased OPD to 480 pm (white line) and restoration of the PD (yellow line)
associated with marked clinical improvement.

Figure 4 (A and B) Before treatment: Slit lamp examination showed barely visible punctum. Anterior segment optical coherence tomography (AS-OCT) image revealed
outer punctal diameter (OPD) of 443 pm (white line) with very shallow punctal depth (PD). (C) One month after treatment: AS-OCT image revealed minimal increase of
OPD to 490 um (white line) meanwhile neither vertical canaliculus lumen nor inner punctal opening was restored.

In this study, we could not determine by AS-OCT factor for detailed assessment of the drainage system
whether the cause of loss of punctal depth was due to  structure and function, something that may improve in
canalicular edema or fibrosis and had to rely on response or ~ future versions of the current machines.
lack of response to treatment to ascertain what the cause was.

The use of OCT in assessing punctal stenosis is limited by Conclusion

the lack of standard normative data for comparison. We used A g_0CT can be useful in assessing the OPD and the PD. Its

the control group to overcome that and were able to show that parameters were useful in monitoring and measuring the effi-

in patients almost all parameters were reduced compared to the cacy of medical treatment in relieving punctal edema, which
CG and that they were restored to normal values after  gybsequently resulted in reducing the epiphora symptoms.
treatment.

Also, there is a need for a consensus on the reference R
Disclosure

points of measurements to enhance the repeatability and ) ) ) )
The authors report no conflicts of interest in this work.

reduce variability in future studies. Minimizing variability

and enhancing repeatability may be achievable by using

fixed anatomical landmarks, eg, posterior lid margin and References
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