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Correlation between nasal mucosal thickness around the
lacrimal sac fossa and surgical outcomes in endonasal
dacryocystorhinostomy
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Objectives: To identify the relationship between surgical success rate and preoperative nasal mucosal thickness
around the lacrimal sac fossa, as measured using computed tomography.

Methods: We reviewed 33 eyes from 27 patients who underwent endoscopic dacryocystorhinostomy after
diagnosis of primary nasolacrimal duct obstruction and who were followed-up with for at least six months
between 2011 and 2014. We measured preoperative nasal mucosal thickness around the bony lacrimal sac
fossa using computed tomography and analyzed patient measurements after classifying them into three groups:
the successfully operated group, the failed operation group, and the non-operated group.

Results: Surgery failed in six of the 33 eyes because of a granuloma at the osteotomy site and synechial
formation of the nasal mucosa. The failed-surgery group showed a clinically significantly greater decrease
in nasal mucosal thickness at the rearward lacrimal sac fossa compared with the successful-surgery group.
However, nasal mucosal thickness of fellow eyes (i.e., non-operated eyes) was not significantly different
between the two groups, and the location of the uncinate process did not appear to influence mucosal thickness.
In the failed group, posteriorly located mucosal thickness of operated eye fossa was thinner than that of the
non-operated eyes, but not significantly so.

Conclusions: Our results from this quantitative anatomical study suggest that nasal mucosal thickness is a
predictor of endoscopic dacryocystorhinostomy results.
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Stenosis or obstruction of the lacrimal drainage surgeons have accepted that endonasal dacryocys-
system is a common pathologic condition in old torhinostomy (EN-DCR) is the best and safest treat-
age and is the main cause of epiphora, a chronic ment for nasolacrimal duct obstruction. EN-DCR
recurrent conjunctival disease.! Recently, many yields a high success rate of 70-99%.%”
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The known risk factors for failure in EN-DCR
include history of chronic recurrent sinusitis, con-
current nasal or sinusoidal infection, and nasal
mucosal thickness.® Some reports found a corre-
lation between EN-DCR and histologic findings
from the nasal mucosa; however, there have been
no radiologic investigations into the correlation
between EN-DCR and nasal mucosa anatomy.” 2

The aim of this retrospective study is to inves-
tigate the correlation between preoperative nasal
mucosal thickness around the lacrimal sac fossa
as measured using computed tomography (CT) and
surgical results of EN-DCR in primary nasolacrimal

duct obstruction patients.

MATERIALS AND METHODS

The medical records of 27 patients (33 eyes)
who underwent EN-DCR at Kosin Gospel Hospital
after diagnosis of primary nasolacrimal duct ob-
struction between January 2011 and December
2014 were reviewed in this Institutional Review
Board-approved study. All patients were followed
for at least six months.

Primary nasolacrimal duct obstruction diag-
noses were made using slit-lamp examination,
dacryocystography, nasal endoscopy, and facial
CT. Other causes of nasolacrimal duct obstruction
were ruled out. Patients with secondary nasolacri-
mal duct obstruction, common canalicular ob-
struction, previous nasal cavity surgery history,

or any epiphora-causing disease of the eyelid,

punctal, canalicular, or ocular surface were
excluded. All patients who have allergic rhinitis,
sinusitis etc. were also exclude due to possibility
of causing mucosal inflammation which can
change the thickness of nasal mucosa.

All surgical procedures were performed by the
same surgeon using a single method, with the pa-
tient under general anesthesia. Gauze soaked with
0.1% epinephrine was packed into the nasal cavity
to decongest the nasal mucosa for 10 minutes.
The packed gauze soaked with epinephrine was
removed, lacrimal puncta were dilated with a
punctal dilator, and then a 23-gauge vitrectomy
illuminator tip was inserted through the upper or
lower punctum to the lacrimal sac. After identify-
ing the location and extent of the lacrimal sac,
the surgeon fixed the illumination tip.

A local anesthetic with 1% lidocaine and
1:100,000 epinephrine was injected into the nasal
mucosa using a 25-gauge needle. The nasal muco-
sa of the transilluminated area around the lac-
rimal sac fossa was cleared using a crescent blade
and ethmoidal forceps. Exposed bone composed
of lacrimal and maxillary bone was removed with
a Kerrison punch. Exposed lacrimal sac under the
lacrimal sac fossa was incised with a crescent
knife and resected with ethmoidal forceps using
a vitrectomy illuminator. If an uncinate process
covered the operation site, unciformectomy was
performed to sufficiently expose the lacrimal sac.
The ostium was dilated to ) 10 mm in diameter.
Bicanalicular silicone intubation was performed

after identifying the patency of the bypass using
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a Bowman probe, and a silicone-tube knot was
placed in the nasal cavity.

All patients were instructed to routinely use flu-
ticasone furoate nasal spray twice per day for two
weeks and 0.1% fluorometholone and 0.5% levo-
floxacin eye solution four times per day for a
month. Nasal cavity cleaning was performed to
remove blood clots and debris. Postoperative as-
sessments were conducted at 1 and 2 weeks and
1, 2, 4, and 6 months, and silicone tubes were
removed at postoperative three month.

We checked for symptom improvements at ev-
ery follow-up visit. If recurrent symptoms were
observed, we assessed the patency of the lacrimal
pathway using a lacrimal irrigation test. If the lac-
rimal irrigation test showed patent passage with-
out regurgitation at postoperative six month, the
surgical procedure was defined as successful.

We used CT scans to measure nasal mucosal
thickness. Contiguous 2-mm-thick axial images
were obtained. The data were grouped according
to location of the uncinate process around the
nasolacrimal duct (anterior, middle, and posteri-
or, Fig. 1A).

Location of the uncinate process was defined
into anterior and posterior sections according to
the relative location of the nasolacrimal duct (Fig.
1B, C).

The results were analyzed using SPSS for
Windows, version 18 (SPSS Inc., Chicago, IL, USA).
According to the characteristics of the data, the
variables were assessed with either the Chi-square

test or the Mann-Whitney U test. Differences were

360

regarded as statistically significant if the p-value

was < 0.05.

Fig. 1. The CT images of nasal mucosa and bony structure.
A) Measurement of nasal mucosal thickness around the
bony nasolacrimal duct, classified into anterior, middle,
posterior areas. Lines indicate the anterior, middle, and
posterior borders of the bony nasolacrimal duct. Uncinate
processes located B) anterior and C) posterior to the
bony nasolacrimal duct. Arrows indicate an uncinate

process.

RESULTS

We reviewed a total of 27 female patients (33
eyes). The mean patient age was 61.42 + 12.42
years (Table 1). The final success rate was 75.75%
(8/33), and the causes of the eight surgical failures
were granulation of the ostium (5 eyes) or nasal
mucosal synechiae around the ostium (3 eyes;
Table 1, Fig. 2).

In the successful group, mean nasal mucosal
thicknesses adjacent to the lacrimal sac fossa were
1.98 £ 0.65 mm (anterior), 1.83 + 1.08 mm
(middle), and 2.67 + 1.08 mm (posterior). In the

failed group, mean nasal mucosal thicknesses
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Fig. 2. The images of surgical failure EN-DCR due to
ostium closure. A) Arrow indicates granuloma in the
ostium. B) Arrow indicates synechiae with nasal mucosa
around the ostium.

Table 1. Patient demographics and final surgery results.

Patient demographics

Age (years)
Mean = SD
Range

Sex (%)
Male
Female

61.42 + 42
30 - 85

0 (0)
27 (100)

Final surgery results

Variables
Success rate
Causes of failure
Granuloma
Synechiae with nasal mucosa

Data
75.75% (25 / 33)

around the lacrimal sac fossa were 1.46 + 0.59
mm (anterior), 1.46 + 0.55 mm (middle), and 1.95
+ 1.21 mm (posterior). Average nasal mucosal
thicknesses were significantly thinner in the failed
group than in the successful group (Table 2, Fig.
3A). Similarly, mean nasal mucosal thicknesses of
the fellow eyes (non-operated) were 1.77 + 0.64
mm (anterior), 1.47 + 1.82 mm (middle), and 2.20
+ 0.89 mm (posterior) in the successful group and
1.44 + 0.40 mm (anterior), 1.38 + 1.02 mm
(middle), and 1.54 + 1.02 mm (posterior) in the

failed group. There were no significant differ-
ences between the two groups (Table 2, Fig. 3B).

There were no significant differences in the lo-
cations of uncinate processes (anterior or posteri-
or to the lacrimal sac fossa) between the successful
and failed groups. The ratio of anterior to posteri-
or locations was 15:9 in the successful group and
6:2 in the failed group. The location of uncinate
process did not appear to influence average nasal
mucosal thickness. In anteriorly located cases, the

average thicknesses were 1.89 + 0.68 mm, 3.01
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Table 2. Mucosal thickness around the lacrimal fossa in operated and non—-operated eyes.

Operated eyes Fellow(non—operated) eyes
Successful Failed P-value* Successful Failed P-value*
group group group group
(n = 25) (n =198 (n = 25) (n =18
Anterior 1.72 = 0.73 1.69 + 0.76 0.853 1.63 + 0.59 1.43 + 0.80 0.190
Middle 1.66 = 0.96 1.86 = 1.22 0.470 1.36 = 0.81 1.88 = 0.74 0.117
Posterior 1.67 + 1.02 093 = 0.55 0.033 1 1.76 £ 0.89  1.99 = 1.53 0.757

Values are presented as mean = SD unless otherwise indicated.
* Mann-Whitney U test
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Fig. 3. The graph of mean mucosal thicknesses around lacrimal fossa of all patients. A) Comparison
of mucosal thickness around the lacrimal fossa of operated eyes between the successful and failed
groups. Only the posterior lacrimal fossa mucosa was significantly different. B) Comparison of mucosal
thicknesses around the lacrimal fossa of non—operated eyes between the successful and failed groups.
There were no significant differences at any location between the successful and failed groups. C)
Comparisons of mucosal thickness of the operated eyes according to location of uncinate processes
in the total patient group. D) Comparisons of mucosal thickness of the operated eyes according to
location of uncinate processes in the total patient group.
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Table 3. Mucosal thickness of operated eyes according to location of uncinate process in all patients.

Anterior inserted

Posterior inserted

(= 23) = 8 P-value*
Anterior 1.72 £ 0.80 1.64 £ 0.60 0.857
Middle 1.89 = 1.11 1.32 = 0.72 0.120
Posterior 1.33 £ 0.84 1.61 £ 1.10 0.509

Values are presented as mean = SD unless otherwise indicated.

* Mann-Whitney U test

Table 4. Comparison of mucosal thickness around the lacrimal fossa between operated and non-operated eyes.

Operated eyes

Non-operated eyes

* = 6) ¢ = 6) P-value*
Anterior 1.64 £ 0.89 1.36 £ 0.93 0.699
Middle 1.71 + 1.36 1.68 + 0.73 0.818
Posterior 1.07 £ 0.69 223 = 1.64 0.093
Values are presented as mean * SD unless otherwise indicated.
* Mann-Whitney U test
+ 6.45, and 2.22 + 1.01, respectively, and in pos- DISCUSSION

teriorly located cases, they were 1.83 + 0.59 mm,
1.12 + 0.54 mm, 1.84 + 0.70 mm (Table 3, Fig.
30).

Except two patients, those who got the oper-
ation on both eye, we compared the operated and
fellow eyes of six patients in the failed group. The
nasal mucosal thicknesses were 1.64+ 0.89 mm
(anterior), 1.71 + 1.37 mm (middle), and 0.69 +
0.34 mm (posterior) for the operated eyes and 1.36
+ 0.93 mm (anterior), 1.68 £+ 0.73 mm (middle),
2.23 + 1.64 mm (posterior) for the fellow eyes.
The posterior nasal mucosa was significantly thin-
ner in the operated eyes compared to the non-op-

erated eyes (Table 4, Fig. 3D).

Previous studies have reported that skillfulness
of the operator, presence of sinusitis, history of
inflammation, and operation-site infections are
risk factors for EN-DCR failure.*”> However, a
more recent long-term follow-up study explored
the causes of failure at the mucosal-cell level, in
which they found that the main cause of EN-DCR
failure was complications affecting the nasal mu-
cosa around the osteotomy site.® They further re-
ported that complications from EN-DCR after
three months were mainly associated with the na-
sal mucosa, and included factors such as scar for-
mation around the osteotomy site, adhesion of
the middle turbinate and nasal septum, and gran-

uloma formations.®'*'® These complications are
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the result of damage to the nasal mucosa. Mucosa
that is damaged during surgery is replaced by ad-
jacent mucosal cells during recovery; the newly
formed epithelial cells are transformed into
myofibroblasts. This plays a major role in the fib-
rosis of damaged nasal mucosa, and it has been
reported that cytokines, angiogenic factors, and
other similar cell types are involved.!”" Further
studies have reported that an increase in
heat-shock protein 47, which activates the myofi-
broblasts in the nasal mucosa and induces fibrosis
of mucous membranes, increases the degree of
inflammation in the nasal mucosa, which is a risk
factor for surgical failure.” As mentioned above,
the nasal mucosa plays a very important role in
the development and treatment of nasolacrimal
duct obstruction. However, there are no imaging
studies of the nasal mucosa, despite it being the
main cause of surgical failure. Previous imaging
studies that explored obstruction of the nasolacri-
mal duct and dacryocystorhinostomy were per-
formed only on the nasolacrimal duct, which is
mainly composed of bones, the adjacent nasal
septa, and sinuses.?™ This is the first imaging
study to investigate the relationship between na-
solacrimal duct obstruction and nasal mucosa.

Our results showed that nasal mucosal thickness
posterior to the lacrimal fossa was thinner in the
failed group than in the successful group, which
is thought to be the result of prolonged
inflammation. All subjects had primary nasolacri-
mal duct obstruction caused by chronic in-

flammation and fibrosis of the nasal mucosa.?*?
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Previous reports have shown a greater in-
flammatory response in the nasal mucosa around
the lacrimal fossa in patients with a nasolacrimal
duct obstruction. Likewise, the patients in our
study had chronic inflammation in the nasolacri-
mal duct, and the mucous membrane around the
lacrimal fossa was also exposed to prolonged
chronic inflammation. Chronic inflammation of
the nasal cavity and paranasal sinuses leads to
atrophic rhinosinusitis, which causes progressive
degeneration of the normal upper respiratory
tract, resulting in mucosal atrophy.?® Nasal mu-
cosal thickness around the nasolacrimal duct in
patients with nasolacrimal duct obstruction was
particularly thin due to fibrosis and atrophy re-
sulting from chronic inflammation. Though the
results were not statistically significant when we
compared mucosal thickness between the oper-
ated and non-operated eyes, we expect that there
is a relationship between thin nasal mucosa and
nasolacrimal duct obstruction.

The mucosa around the lacrimal fossa was div-
ided into anterior, middle, posterior parts, and
the posterior part was significantly different with
them of non-operated eye, which is thought to
be due to inflammatory substances and gravity.
Body fluids and exudates are affected by gravity;
if inflammatory substances are present in the na-
solacrimal duct, fluids and exudates can accumu-
late underneath it, resulting in higher concen-
trations near the inflammatory substances. When
people are standing upright during the daytime,

inflammatory substances will be present at high
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concentrations in the lower part of the nasal cav-
ity; however, during sleep, these substances will
be present at high concentrations on the rear wall
of the nasal cavity. In other words, it can be as-
sumed that the degree of inflammation of the na-
sal mucosa is high in the lower rear wall of the
nasolacrimal duct, and the difference makes the
posterior nasal mucosa thick. In our study, we did
not classify patients according to height of the
nasolacrimal duct; however, we could obtain
more information about these anatomical parts
by comparing mucosal thickness according to
duct height. The degree of inflammation was con-
firmed by histologic findings or PCR. Future study
should compare the histological findings of these
nasal mucosa by location.

The uncinate process is located in front of the
middle turbinate and is a plate-shaped bone
structure covered with mucosa. In some cases
where the uncinate process covers the lacrimal
fossa, partial uncinectomy might be necessary.
Severe complications do not occur frequently in
uncinectomy cases, and the surgical success rate
is higher."%#3° Uncinate processes adjacent to
the mucosa around the lacrimal fossa are one of
the factors that can influence nasal mucosal
thickness. Herein, we found no significant differ-
ences in the location of the uncinate process be-
tween the successful and the failed groups: also,
there was no difference in thickness of the nasal
mucosa around the lacrimal fossa depending on
the position of the uncinate process.

Although the success rate of EN-DCR has been

reported differently in many studies, the success
rate of the same method as this study has been
reported from 82.4% to 92.8%,>1 In this study,
the success rate was somewhat low (75.5%), which
is due to differences in patient selection and in
surgical success criteria. Before selecting the pa-
tient to be taken EN-DCR, we checked the epi-
phora, lacrimal irrigation and dacryocystog-
raphy(DCG). And only those who have complete
obstruction can get the operation. However, Jung
et al. reported a success rate of 92.7% and did
not exclude functional closure through DCG or
other tests, and Herzallah et al. reported a success
rate of 87.88% and 15 of 59 patients underwent
surgery under diagnosis of functional ob-
struction,’* And Kim et al. reported 90.5% suc-
cess rate in 127 patients including 23 partially and
3 functionally obstructed patients.® The differ-
ence in patient selection may affect the success
rate of the surgery, and second, the difference
in the surgical success criteria may be considered
as the cause. Because, in this study, anatomical
patency and subjective symptomatic improve-
ment were defined as success when maintained
for 6 months, Beshay et al. Reported anatomic
success of 89.6% and symptom improvement of
81.3%, respectively.® Even with the same subject,
the results vary according to the criteria. The dif-
ference in patient selection may affect the success
rate of the surgery, and second, the difference
in the surgical success criteria may be considered
as the cause. Because, in this study, anatomical

patency and subjective symptomatic improve-
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ment were defined as success when maintained
for 6 months, Beshay et al. Reported anatomic
success of 89.6% and symptom improvement of
81.3%, respectively. Even with the same subject,
the results vary according to the criteria. Two fac-
tors may have contributed to the difference in
success rates between this study and the existing
report, but further studies will be needed for more
patients. The second is the cutting length error.
In our hospital, the facial CT acquires the image
section 2 mm. Measuring the length based on the
section cut in 2 mm increments can not accurately
measure the thickness change between the sec-
tions, which can cause errors,”’ MRI or orbital
CT can be taken to obtain a thinner cross-section,
but this study is limited due to its retrospective
design. And considering the MRI or orbital CT,
the former provides a higher resolution for view-
ing soft tissue, but at a higher cost, the latter is
considered a more realistic alternative.

There are some patients show no change on
nasal mucosa, even though there is nasolacrimal
duct obstruction. In this study, we found just the
differences of nasal mucosal thickness between
the success eye and the failed eye of EN-DCR
surgery. Although the change of mucosal thick-
ness was not seen every patient, still it has the
possibility of being the prognostic factor of surgi-
cal failure. For proving, it requires further studies
about the nasal mucosa, and they have to include
the molecular level investigations like in-
flammatory cytokine, mRNA

We are the first to attempt an anatomical study
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of the nasal mucosa in patients with nasolacrimal
duct obstruction using computed tomography. We
recommend CT scan to every patient with nasola-
crimal duct obstruction for identifying the struc-
ture of intranasal area and lacrimal cyst other in-
flammation sign, the presence of septal deviation
and measuring of nasal mucosal thickness, which
might give preoperative surgical informations for

EN-DCR.
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