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Purpose: To evaluate the surgical outcome of dacryocystorhinostomy (DCR) by measuring the
tear meniscus, using optical coherence tomography and rebamipide ophthalmic suspension.
Methods: Patients with nasolacrimal obstruction and chronic dacryocystitis who were scheduled
for an endonasal DCR underwent tear meniscus examinations before and 2 months after surgery.
Vertical scans of the inferior menisci were performed before and at 1, 3, 5, 7, and 10 minutes
after the instillation of rebamipide ophthalmic suspension. The tear menisci areas were measured
with imaging software. Ten young adults without epiphora formed the control group.
Results: Anatomical success was achieved on 22 sides of 21 patients. The patients’ postopera-
tive tear menisci were significantly smaller than the preoperative menisci at all points during the
test, and the response to volume loading in the postoperative patients was corrected to nearly
that of the young, healthy adults. Nevertheless, the postoperative meniscus area tended to be
larger than that of the young adults at all points.

Conclusion: The reduced tear meniscus area after DCR reflected the success of the surgical
procedure. However, incomplete recovery of the meniscus after the test might suggest a residual
disorder of the lacrimal drainage system after DCR.

Keywords: dacryocystorhinostomy, tear meniscus, rebamipide, optical coherence
tomography

Introduction
Treatment of nasolacrimal duct obstruction by external or endonasal dacryocysto-
rhinostomy (DCR) has been highly successful.!* However, anatomic success does
not always indicate an improvement in epiphora.*¢ Residual epiphora after DCR is
speculated to be caused by a loss of the pumping function present in a normal lacrimal
drainage system;” however, it has been difficult to quantify residual epiphora. Munk’s
score is a very popular and easy method to evaluate epiphora, but it is subjective.® We
hypothesized that an objective and easily available quantification would elucidate
the pathogenesis of functional nasolacrimal drainage obstruction, including residual
epiphora, after DCR.

Optical coherence tomography (OCT) was developed in 1991 for the noninvasive
visualization of the vitreoretinal interface and retinal structure.” Recently, the use
of OCT has also been reported in anterior segment disease such as primary angle

closure,'®

corneal disease,!" dry eye,'? and epiphora secondary to nasolacrimal duct
obstruction." Johnson and Murphy measured the tear meniscus using OCT for the first
time,'* which represents the greater portion of the tear volume located between the
cornea and eyelid. Then, Ibrahim et al determined that an OCT-based measurement of

the tear meniscus was useful for the diagnosis of dry eye,'> and Park et al used OCT
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to show differences in tear menisci between normal subjects
and patients with watery eyes.!> Therefore, a detailed and
modified observation of the tear meniscus by OCT could
provide more information regarding epiphora because of
functional nasolacrimal obstruction.

In Japan, rebamipide ophthalmic suspension has been
used for the treatment of dry eye since 2011, and its effec-
tiveness has been reported in a randomized controlled
trial.’> Originally, rebamipide was used to prevent acute
gastric mucosal lesions or recurrence of chronic gastric ulcers
because of its mucin secretagogue activity.'*!” Rebamipide
suspension contains 2 um wide white particles and is clearly
visible in the tear meniscus for minutes after instillation by
slit-lamp microscopy. Our preliminary experiment found
that rebamipide was also well-visualized by OCT. In con-
trast, neither artificial tears nor fluorescein dye enhanced the
tear meniscus on OCT. Moreover, loading of the eye drop
is thought to mimic the condition in which tear secretion is
increased by stimulation of the ocular surface.

This prospective study was conducted to determine the
extent to which the tear menisci of patients with nasolacri-
mal obstruction would normalize after DCR by using OCT
and rebamipide suspension. We evaluated the differences in
tear menisci between patients and young healthy volunteers
as well as the changes in tear menisci before and after
DCR. This observation would explain the residual epiphora
after DCR.

Methods

This prospective study was registered with the University
hospital Medical Information Network Clinical Trials Reg-
istry system (UMIN000009494). This study was approved
by the Institutional Review Board at Kyoto University
Graduate School of Medicine and Hyogo Prefectural
Tsukaguchi Hospital and adhered to the tenets of the Dec-
laration of Helsinki (E-1638). Written informed consent
for research participation was obtained from each subject
before examination.

Participants

Patients with nasolacrimal duct obstruction scheduled for
DCR treatment at Kyoto University Graduate School of
Medicine and Hyogo Prefectural Tsukaguchi Hospital from
February 2013 to June 2013 were prospectively enrolled
in this study. All patients were diagnosed with chronic
dacryocystitis secondary to nasolacrimal duct obstruction.
Chronic dacryocystitis and nasolacrimal duct obstruction
were diagnosed by the presence of regurgitation by syringing

test and observation using dacryoendoscopy (FiberTech,
Tokyo, Japan), respectively. We confirmed the absence of
an endonasal abnormality interfering with DCR on computed
tomography imaging and with an endonasal endoscope.
Patients with canalicular obstruction or punctal occlusion
were excluded from this study. The enrolled patients were
followed-up for 2 months after surgery by OCT examina-
tion, the syringing test, and endonasal endoscopic observa-
tion. In addition, ten young healthy volunteers (mean age,
33.616.5 years; four men and six women) were enrolled in
the control group. The young healthy volunteers presented
no epiphora or abnormal tear meniscus height based on an
interview and slit-lamp bioscopy.

Surgical procedures

Endonasal DCR was performed by CM and MH, using the
standard technique, primarily under local anesthesia with
sedation (midazolam). Briefly, the lateral nasal wall anterior
and superior to the middle turbinate was infiltrated with 2%
lidocaine and 1:1,000 epinephrine solution. In addition, an
infratrochlear nerve block and intracanalicular anesthesia
were performed with 2% lidocaine. Under an endonasal
endoscope (Hopkins wide-angle stereoscope 0°; Karl Storz,
Tuttlingen, Germany) and guided by a 23-gauge light pipe
(Bright Star, DORC, the Netherlands) inserted in the lacri-
mal sac through the lacrimal puncta, the nasal mucosa were
removed from the anterior segment of the maxilla to the base
of the middle nasal concha by using a cut blade (Medtronic,
Minneapolis, MN, USA), and the bones behind the lacrimal
sac were exposed. The exposed maxilla, lacrimal bone, and
anterior part of the unciform process were removed from
the lacrimal sac at the level of the common canaliculus to
the upper nasolacrimal duct with a curved diamond DCR
bur (Medtronic), which resulted in a 1 cm X1 cm rhinotomy
width. The exposed lacrimal sac was incised with a keratome,
and a polyurethane tube was inserted through the inferior
and superior canaliculus into the nose and later removed
2 months after surgery.

Examination of the participants

We used the anterior segment 5 line raster scanning protocol
on a Cirrus HD-OCT system (Carl Zeiss Meditec, Dublin,
CA, USA). The tear meniscus was vertically scanned along
the middle of the lower eyelid, and a section through the cor-
neal center was selected from among 5 sections for analysis.
The participants were instructed to avoid using eye drops for
1 hour before testing. They placed their chin on a rest at the
time of image capture and looked straight ahead while being
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allowed to blink freely. A drop of rebamipide (43.8+2.4 uL)
was instilled into the eye of the participant after tapping
to avoid precipitation. Examinations were performed by
trained technicians before and at 1, 3, 5, 7, and 10 minutes
after rebamipide instillation. Patients with nasolacrimal duct
obstruction underwent an OCT examination before DCR and
after removal of the stent 2 months after surgery. The tempera-
ture and humidity of the test room were set at 25°C+1°C and
30%x5%, respectively. The captured images were converted
to grayscale and exported as bitmap files (750x500 pixels).
The tear menisci were manually outlined, using a polygonal
selection tool from a free software package (ImageJ 1.46r,
National Institutes of Health, Bethesda, MD, USA). Then, the
size was automatically calculated, using the histogram tool.

Statistical analysis

All parametric values are presented as mean * standard devia-
tion. The parameters before and after surgery, which were
normally distributed, were compared using paired #-tests with
Bonferroni corrections. The serial values obtained during
single tests were analyzed by a repeated measures analysis
of variance and post hoc tests with Bonferroni corrections.
Statistical analyses were performed using SPSS statistics
version 20 (IBM, Armonk, NY, USA).

Results

Twenty-two eyes of 21 patients with dacryocystitis secondary
to nasolacrimal duct obstruction (mean age, 71.4+6.6 years;
six men and 15 women) were examined in this study. Surgical
procedures were performed without any complications, and
anatomical success was confirmed in all cases by perform-
ing a syringing test and an endonasal examination at the
follow-up visit 2 months after surgery. The epiphora and
discharge symptoms improved in all patients after DCR. The
tear menisci are well depicted in Figure 1, particularly after
rebamipide instillation, and the measurements are shown in
Figure 2 and Table 1.

Before DCR, the tear meniscus area did not show a
significant change before or after rebamipide eye drop instil-
lation (P=0.326; Table 1). After surgery, however, the tear
meniscus area increased 1 minute after eye drop instillation
(P=0.00005) compared with that before application, and
then decreased 3 minutes after instillation (P=0.043). The
tear meniscus area after DCR was significantly less than
the area before surgery at all times, except at 1 minute after
instillation (Table 1).

In the young healthy adults, the tear meniscus areas were
7561285, 2,178+1,255, 1,320+472, 1,120£580, 9194292,

Figure | Optical coherence tomography images of the tear meniscus.

Notes: Serial images of the tear meniscus before (A) and after (B) an operation on
a 70-year-old woman. The tear meniscus was measured before (Top) and at |, 3, 5,
7, and 10 minutes (Bottom) after rebamipide instillation.

and 7441263 pixels before and at 1, 3, 5, 7, and 10 minutes
after rebamipide administration, respectively. Although the
area of the tear meniscus in patients with nasolacrimal duct
obstruction was reduced after DCR, the menisci of patients
tended to be larger than those of young healthy adults at all
times, even after surgery (P=0.099, 0.076, 0.054, 0.54, 0.25,
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Figure 2 Changes in the tear meniscus area before the operation (open square),
after the operation (closed square), and in healthy volunteers (triangle).
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Tablel Comparisons of tear meniscus areas pre- and post-dacryocystorhinostomy

(Pixels) Preoperatively Postoperatively P-value*

Pre 4,560+4,105 1,799+1,844 0.0049 (0.029)

| min 5,9161+4,843 3,412£1,936 0.018 (0.11)

3 min 5,663+4,191 2,512+1,863 0.000004 (0.000024)
5 min 5,158+3,572 1,889+1,329 0.000067 (0.00040)
7 min 5,771+4,585 1,778+1,819 0.0051 (0.031)

10 min 5,351+4,487 1,779£1,365 0.000597 (0.0036)
P-value®* 0.326 <0.000001

Notes: *Paired t-test (adjusted with a Bonferroni correction); *repeated analysis of variance.

and 0.012, respectively; unpaired #-test with a Bonferroni
correction; Figure 2).

Discussion

We achieved anatomical success without any complications
on 22 sides of 21 patients included in this study. The tear
menisci of patients with nasolacrimal duct obstruction was
reduced significantly after DCR, and the response to volume
loading in the postoperative patients was corrected to nearly
that of the young healthy adults. Even after surgery, however,
the tear meniscus area tended to be larger than normal.

The recent development of the DCR technique has
improved the anatomical success of nasolacrimal duct
obstruction treatment.!> However, few patients experience
epiphora, even after DCR.'® In these patients, DCR results
in only a partial improvement of epiphora, and the watery
eye condition remains. Although Smirnov et al established
a symptom score questionnaire to assess the outcome of
DCR," no objective, quantitative, and easy method has been
made available to evaluate epiphora. Therefore, we proposed
the use of OCT and a loading test with an ophthalmic suspen-
sion for the evaluation of epiphora.

First, our results were compatible with those of previous
studies; that is, the mean tear meniscus area was reduced
after surgery.?®?! The opening of the lacrimal sac into the
nose might decrease the intrasac pressure and lead to a
lower tear meniscus level. Second, normalization of the
response to volume loading after DCR was a new finding.
The normal volume of tear fluid in the tear meniscus is esti-
mated to be 7 uL.*> A drop of rebamipide almost entirely
altered the tear, increasing the tear meniscus temporarily
and then decreasing it gradually for 10 minutes in normal
subjects and in patients after DCR. In contrast, patients with
nasolacrimal duct obstruction before DCR had a higher tear
meniscus, even before instillation, and showed no change in
tear meniscus area after instillation, which implied a loss of
drainage function. It was very interesting that the response

to loading was recovered after surgery, but the effect was
limited. In this study, all patients demonstrated improved
symptoms after DCR. Nevertheless, lacrimal flow through
the rhinotomy is not as great as that through a young healthy
person’s nasolacrimal duct. The difference might be derived
from the pumping function present in the normal lacrimal
drainage system.

This study has several limitations, especially with respect
to the lack of age-matched controls without nasolacrimal
obstruction. The use of age-matched controls would empha-
size the effectiveness of DCR; however, there is a higher
prevalence of epiphora in the elderly than in the young. To
determine the residual abnormality after the operation, we
considered that we should compare the conditions after DCR
with a completely normal lacrimal drainage system. Second,
as a drop of rebamipide overfilled the meniscus and most of
the rebamipide seemed to spill out over the lid margin, not
through the canaliculus, we do not know the exact amount
of rebamipide applied to the tear meniscus. However, a drop
of rebamipide mimics the increased secretion of tears after
stimulation, and we can evaluate the drainage function under
that condition.

In conclusion, the observation of the tear meniscus area
using OCT and rebamipide demonstrated not only the effi-
cacy of DCR for the treatment of nasolacrimal obstruction
but also residual functional obstruction, even in asymptom-
atic patients after DCR. The difference in the tear meniscus
between the postoperative patients and young healthy indi-
viduals might represent the estimated pumping function of
the normal lacrimal drainage system.
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