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ABSTRACT

Background: This retrospective, single-center study aimed to identify factors affecting the success rate of endonasal dacryocystorhinostomy
(DCR).

Methods: A total of 891 eyes that underwent endonasal DCR were reviewed. Univariate and multivariate association analyses were performed
to assess the impact of various factors on anatomical and functional success rates. Anatomical success was defined as patent lacrimal irrigation
and well-formed osteotomy in nasopharyngoscopy, while functional success was defined as a Munk score of 0-1 after silicone tube removal.
Results: Early removal of the silicone tube and use of absorbable nasal packing material were significantly associated with lower anatomical and
functional success rates in univariate and multivariate analyses. Anatomical success rates were 59.56% with early removal of the silicone tube
and 70.29% with absorbable nasal packing material. Similarly, functional success rates were 49.33% with early removal of the silicone tube
and 62.10% with absorbable nasal packing material. The odds ratios of the anatomical success rate for early removal of silicone tube and using
absorbable nasal packing material were 0.377 and 0.567, respectively (P < .001, P=.002). In addition, the odds ratio of the functional success
rate was .257 and .523, respectively (P <.001, P=.001).

Conclusion: Early removal of silicone tubes and absorbable packing material were identified as factors that negatively impact the functional and

anatomical success rates of endonasal DCR.
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Introduction

Epiphora is one of the most common ocular symptoms and
is divided into 2 main causes: excessive tear secretion and
reduced tear outflow.' Reduced tear outflow can be caused by
abnormal lid position, mechanical obstruction of the lacrimal
apparatus, and lacrimal pump failure.? Particularly in patients
with mechanical obstruction, identification of the location
and extent of the obstruction is important in determining the
method of treatment.®

Lingberg and McCormick* reported that in the early stages of
the disease (especially in less than 1 year), functional occlu-
sion was demonstrated due to inflammation, vascular conges-
tion, and edema of the nasolacrimal duct, although complete
occlusion due to fibrosis occurred in the late stages of the
disease through pathologic studies in patients with primary
acquired nasolacrimal duct obstruction. Therefore, in patients
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with recent symptoms, medication such as antibiotics and
anti-inflammatory drugs or silicone tube intubation can be
performed because there is a potential space in the nasolac-
rimal duct. In patients with older symptoms, the success rate
of silicone intubation is low, and dacryocystorhinosotomy is
preferred.®

Endonasal dacryocystorhinostomy (DCR) has been widely
used as a treatment for patients diagnosed with nasolacrimal
obstruction. In the early days, the success rate was lower than
that of the traditional external method, but with the develop-
ment of endoscopy, the preference became high due to the
advantages of shorter postoperative recovery, minimal post-
operative hematoma, preservation of the pumping action of
the orbicularis oculi, and simultaneous correction of intranasal
abnormalities.®® According to the studies on the factors influ-
encing the results of endonasal DCR, complications such as
insufficient size or scarring adhesion of the osteotomy site and
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common canalicular obstruction are known to be the causes of
surgical failure.®1°

In this study, we tried to find and evaluate various factors that
affect the success rate of endonasal DCR.

Methods

Design of Study

This study is a single-center, retrospective chart review. From
January 2012 to June 2020, patients over 30 years of age diag-
nosed with nasolacrimal duct obstruction that did not improve
with conservative treatment were enrolled. All patients under-
went a medical history, best-corrected visual acuity test,
noncontact tonometry, and slit-lamp examination to identify
causes of epiphora due to excessive tear secretion and lid dis-
order. Nasopharyngoscopy, lacrimal system probing, and irriga-
tion were also performed to evaluate the extent and location
of the obstruction. Existing normal variations (septal deviation,
enlarged middle turbinate) were recorded during nasopharyn-
goscopy. For the probing test, we anesthetized the eye with
0.5% proparacaine, inserted the Bowman probe (size 0) 1-2
mm vertically into the punctum, rotated it 90° to the lateral
canthus, and moved it toward the nose until the tip hit the wall
of the lacrimal sac. It is defined as “canalicular obstruction” if
both sides of the upper and lower punctum do not feel touch-
ing the bone due to resistance, and "no canalicular obstruction”
if both sides are well opened and have a feeling of touching the
bone. For the irrigation test, a blunt 26-gauge irrigation nee-
dle connected to a 3 mL syringe of normal saline was inserted
into the canaliculus through the punctum. Normal saline was
then injected into the nasal cavity for confirmation. It was then
classified as "well passage,” "partial passage,” and “no passage”
depending on the amount of saline refluxed and whether it
passed behind the nasal cavity. If the patient showed no can-
alicular obstruction on the probing test and well passage on
the irrigation test at the same time, it was defined as “func-
tional obstruction.” To minimize examination bias, the physical
examination was performed by 2 trained examiners from the
same institution. In addition, facial computed tomography and
nasopharyngoscopy were performed. The subjective epiphora
score (Munk score, Table 1) is used to evaluate patients’ symp-
toms preoperatively."" All patients exhibited a score above
grade 2.

In the study group, patients who were anophthalmic or had a
history of canalicular lacerations, facial paralysis, severe lid lax-
ity, acute dacryocystitis, or congenital nasolacrimal obstruction
were excluded. Patients with a history of DCR, CDCR, or sus-
pected tumors near the lacrimal apparatus were also excluded.

Main Points

Endonasal dacryocystorhinostomy is an effective method to
treat severe nasolacrimal obstruction.

After performing endonasal dacryocystorhinostomy, there
are several factors that can affect the surgical success rate.

When the silicone tube was removed early, within 10 weeks
after surgery, and absorbable nasal packing material was
used, the anatomical and functional success rates were low.
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Table 1. Subjective Evaluation of Tearing by Munk Score
Grade

Clinical Finding

0 No epiphora

1 Occasional epiphora requiring wiping with a tissue
less than twice a day

Epiphora requiring 2-4 wipings per day

Epiphora requiring 5-10 wipings per day

Epiphora requiring >10 wipings per day or
continuous tearing

Operation and Postoperative Follow-Up

When performing endonasal DCR, a 4% lidocaine solution was
injected into the anterior lacrimal crest, and nasal packing with
gauzes soaked in 1:10000 epinephrine and 4 % lidocaine solu-
tions was performed in the nasal cavity, including the middle
turbinate. After the surface was anesthetized and the nasal
mucosa was contracted, a light source was inserted through
the lower punctum to check the location and width of the
lacrimal sac. The rigid nasal endoscope was inserted into the
nasal cavity, and the nasal mucosa was incised with the freer
elevator. The mucosa of the middle turbinate was removed
around the lacrimal sac, and the suture line between the
maxilla and the lacrimal bone was destroyed. The bone frag-
ments were removed with a micro-Kerrison rongeur to make
a sufficient osteotomy. In patients with a septal deviation,
procedures such as middle turbinectomy, unciformectomy,
or septoplasty using cartilage fracture techniques by pushing
the septum were performed to enlarge the nasal cavity. Both
ends of the silicone tube were inserted into the upper and
lower punctums and knotted. Finally, an anti-adhesive and a
hemostatic nasal packing were placed in the nasal cavity. The
nasal packing materials used were Merocel® (Beaver-Visitec
International Inc., Waltham, Mass, USA) from January 2012 to
November 2013, Cutanplast® (Mascia Brunelli S.p.A., Milan,
Italy) from November 2013 to April 2017, and Nasopore®
(Polyganics, Groningen, The Netherlands) from May 2017.
Among them, Merocel® was a nonabsorbable packing mate-
rial, while Cutanplast® and Nasopore® were absorbable pack-
ing materials.

After surgery, 5 mg/mL levofloxacin hydrate (Litelevo®; Lite-
pharmtech, Seoul, Korea) and loteprednol etabonante 0.5%
(Lotemax®; Bausch & Lomb, Tampa, Fla, USA) were adminis-
tered 4 times daily. And 1 week after surgery, 0.05% mometa-
sone furoate monohydrate (Nasonex®; Merck, Whithouse
Station, NJ, USA) was sprayed into the nasal cavity twice a
day, and normal saline nasal rinses were also performed twice a
day. Outpatient follow-up was performed at 1 week, 1 month,
2 months, 3 months, or more after surgery. The irrigation test
was performed at each follow-up in both groups, and nasopha-
ryngoscopy was performed in addition.

The silicone tube was removed 3 months after surgery, and
the eye drops and Nasonex® spray were discontinued. In some
cases, when there was a severe allergic reaction to the silicone
tube, lacrimal canaliculitis occurred, or the tube protruded due
to the patient’s carelessness, the tube was removed earlier
at the clinician’s decision. Conversely, long-term insertion of
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silicone tubes was required due to the canalicular structure
and function, and the additional period of intubation was car-
ried out after 3 months under the decision of the clinician. We
defined it as "early removal” if the silicone tube was removed
before 10 weeks postoperatively, and “late removal” if it was
removed after 16 weeks postoperatively. At 3 months postop-
eratively or after the removal of the silicone tube, the tear test
was re-evaluated, and the postoperative subjective epiphora
score was confirmed.

Assessment and Outcomes

The case of showing a well-formed passage in the lacrimal
irrigation test showing a well-formed osteotomy in nasopha-
ryngoscopy was defined as "anatomical success” at 3 months
postoperative. Results of partial passage or no passage in the
lacrimal irrigation or obstruction of osteotomy (due to fibrous
membrane formation or inadequate size of osteotomy) in
nasopharyngoscopy were interpreted as “anatomical failure.”
And the Munk score of 0-1 after the silicone tube removal was
defined as "functional success.” Cases with a postoperative
Munk score of 2-4, even if a well-formed passage was shown
in the lacrimal irrigation and a well-formed osteotomy was
observed in nasopharyngoscopy, were determined as “func-
tional failure.”

For the anatomic and functional success rate according to
the above criteria, we tried to find the association with differ-
ent variants. This included age, direction, sex, the presence of
nasolaryngoscopy findings of normal variation, lacrimal prob-
ing and irrigation test findings (categorized as the presence of
functional obstruction and canalicular obstruction), removal
time, and packing material. Both univariate and multivariate
association tests were performed using the Statistical Package
for the Social Sciences, version 22.0 (IBM SPSS Corp.; Armonk,
NY, USA). For univariate association, the biserial association
coefficient test was used for evaluation between continuous
and categorical variants, and the chi-squared test was used
for evaluation between categorical variants. If the significance
level was less than 0.05, it was considered statistically signifi-
cant. Logistic regression was used to analyze the multivari-
ate association, and only variables that were significant in the
univariate association were included. This study was approved
by the institutional review board of Inje University Busan Paik
Hospital (2023-06-026: Date: July 5, 2023), a research ethics
committee, and permission to waive consent was obtained.
This study adhered to the tenets of the Declaration of Helsinki.

Results

A total of 891 eyes operated with endonasal DCR were reg-
istered, finally. The mean age was 58.71 + 12.93 years. Other
characteristics are displayed in Table 2.

In the univariate analysis of anatomical success rate, early
removal of the silicone tube was significantly associated; when
the silicone tube was removed early, the anatomical success
rate was 59.56%, lower than that of 78.80% when it was not
removed early (P=.001). Using absorbable nasal packing mate-
rial also had a significant association. The anatomical success
rate was 70.29% when the packing material was absorbable,
which was lower than 79.32% when there was nonabsorbable
packing material (P=.007) (Table 3).
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Table 2. Baseline Characteristics of Patients
Characteristics (n=891)
Sex (M/F)

Age (years, mean = SD)
Direction (OD/OS)

Normal variation in nasal cavity

155 (19.60)/636 (80.40)
58.71 + 12.93

383 (48.42)/408 (51.58)

171 (21.62) / 620 (78.38)

(yes/no)

Munk score, preoperatively 3.498 + 0.690
(mean * SD, score)

Munk score, postoperatively 1169 £ 1.137

(mean % SD, score)

Canalicular obstruction (yes/
no)

271 (34.26)/520 (65.74)

Functional obstruction (yes/
no)

38 (4.80)/753 (95.20)

Packing material (absorbable/
nonabsorbable)

525 (66.37)/266 (33.63)

Early removal (yes/no) 225 (28.45)/566 (71.55)

43 (5.44)/748 (94.56)

Values are presented as number of cases (percentage of cases) unless otherwise
indicated.

Normal variation in nasal cavity includes nasal septal deviation and enlarged mid-
dle turbinate.

Late removal (yes/no)

Table 3. Univariate Correlation for Anatomical Success Rate

Characteristics Success Cases P

Sex Male 108/155 (69.68)  .252
Female 472/636 (74.21)

Age .780

Direction Right 285/383 (74.41)  .503
Left 295/408 (72.30)

Normal Observed 129/171 (75.44)  .480

variationin N5 observed  451/620 (72.74)

nasal cavity

Canalicular Observed 197/271 (72.69) 772

obstruction No observed 383/520 (73.65)

Functional Observed 26/38 (68.42) 484

obstruction N6 observed  554/753 (73.57)

Packing Absorbable 369/525 (70.29) .007t

material Nonabsorbable 211/266 (79.32)

Early removal Yes 134/225 (59.56) <.001"
No 446/566 (78.80)

Late removal Yes 31/43 (72.09) .851
No 549/748 (73.40)

Values are presented as number of success cases/total cases (percentage of
success cases) unless otherwise indicated.

* P-values were derived from biserial correlation coefficient test (for age), or chi-
squared test (for others).

P <.05
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Table 4. Univariate Correlation for Functional Success Rate

Characteristics Success Cases P
Sex Male 96/155 (61.93)  .317
Female 421/636 (66.19)
Age 712
Direction Right 255/383 (66.58) .484
Left 262/408 (64.21)
Normal variation Observed 104/171 (60.82) .158
innasalcavity \; ohcerved  413/620 (66.61)
Canalicular Observed 177/271 (65.31) .984
obstruction Noobserved  340/520 (65.38)
Functional Observed 24/38 (63.16) .769
obstrution Noobserved ~ 493/753 (65.47)
Packing material Absorbable 326/525 (62.10) .0061

Nonabsorbable 191/266 (71.80

)
111/225 (49.33) <

Early removal Yes
001t
No 446/566 (71.73)
Late removal Yes 31/43 (69.76) .532
No 549/748 (65.10)

Values are presented as number of success cases/total cases (percentage of
success cases) unless otherwise indicated.

*P-values were derived from biserial correlation coefficient test (for age), or chi-
squared test (for others).

P <.05

In the univariate association of functional success rate, early
removal of the silicone tube had a significant association. If
the silicone tube was removed early, the functional success
rate was 49.33%, lower than that of 71.73% if not removed
early (P=.001). Using absorbable nasal packing material also
had a significant association. The functional success rate was
62.10% when the packing material was absorbable, lower
than 71.80% when the packing material was nonabsorbable
(P=.006) (Table 4).

In the multivariate association of anatomical success rate,
early removal of the silicone tube and using absorbable nasal
packing material were significantly correlated (P < .001,
P=.002). Early removal of the silicone tube had an odds ratio
of 0.377, and using absorbable nasal packing material had

Table 5. Multivariate Correlation of Anatomical and
Functional Success Rates

For Anatomical Success Rate P Exp(B)
Early removal <001t 0.377
Packing material .002t 0.567
For functional success rate P Exp(B)
Early removal <.001t 0.257
Packing material 0011 0.523

*P-values were derived from logistic regression.
tP<.05
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an odds ratio of 0.567 for the anatomical success rate. Early
removal of the silicone tube and using absorbable nasal pack-
ing material were significantly correlated in the multivariate
association of functional success rate in the endonasal DCR
group (P < .001, P=.001). Early removal of the silicone tube
had an odds ratio of 0.257, and using absorbable nasal pack-
ing material had an odds ratio of 0.523 for the functional suc-
cess rate (Table 5).

Discussion

In conclusion, early removal of the silicone tube and the use
of absorbable nasal packing material were significantly associ-
ated with anatomic and functional success rates.

Several previous studies have shown that the time of silicone
tube removal has no effect on the success rate of external
DCR and silicone tube intubation in children with congenital
nasolacrimal duct obstruction.’?'® To the best of our knowl-
edge, no study has investigated the relationship between the
time of silicone tube removal and the success rates of endo-
nasal DCR. In our study, early removal of the silicone tube
was associated with decreased success rates of both types.
We thought that the early removal of the silicone tube may
reduce the laminar flow of tears along the tube, and patients
may feel that their symptoms have worsened. Also, it may
lead to adhesions or abnormalities of the osteotomy site or
lacrimal apparatus. Moreover, several cases of early removal
of the silicone tube had an adverse surface reaction to the
silicone tube, or canaliculitis. Several studies have reported
the safety of silicone tubing in vivo. Early reactions to the sili-
cone tube were proliferation of capillaries and lymphocytes
and later fibrosis. However, it was reported that this reaction
did not significantly affect the reconstruction of the nasolac-
rimal system.'*'s However, there are some reports of surgical
failure due to inflammatory reactions to the silicone tubes.'s"”
When the removed silicone tube was analyzed cytologically,
the number of inflammatory cells increased as the duration of
intubation increased.'® Worse outcomes may not be derived
from early removal itself but may be related to the causes
of early removal. In another report, the rate of complications
related to the silicone tube was 22.5% in the first postopera-
tive month, and it decreased to 20% in the third month and
15% in the sixth month.”® The early removal rate in our study
was 28.4% in the DCR group, which was consistent with
the previous research. So, further research is needed on the
effect of maintaining a silicone tube on success rates despite
the adverse reactions of the silicone tube. However, a study
by Sthapit et al?® found no significant increase in complica-
tions after DCR, despite the delayed removal of the silicone
tube due to coronavirus disease 2019.

The importance of ostium packing in endonasal DCR has
been recognized, although the benefits of using ostium pack-
ing after endonasal DCR are still debated.?'-2% Various packing
materials have been used in endonasal DCR. Nonabsorbable
nasal packing materials have been widely used because of
their cost-effectiveness, ease of manipulation, and suf-
ficient structural support, but they have the disadvantages
of causing nasal mucosal damage, bleeding, and discomfort
(pain and nasal congestion).2* In this study, Merocel®, a non-
absorbable material, and Cutanplast® and Nasopore®, an
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absorbable material, were used as temporal changes. These
packing materials influenced the success rates of endona-
sal DCR. Several previous reports on the effect of packing
material have shown conflicting results. One study reported
that Nasopore® showed significantly better results than
Merocel® in the degree of re-bleeding and patient discom-
fort, but there were no statistically significant differences
between the 2 packing materials.?® Berlucchi et al?® reported
that resorbable packing material showed less nasal cavity
adhesion formation after endoscopic sinus surgery compared
to nonabsorbable packing material. However, Wang et al?’
reported that Nasopore® packing tended to induce granular
tissue formation and increase the incidence of major bleed-
ing in the early wound healing period. In another report by
Shoman et al, there was no significant difference between
Nasopore® and Merocel® in the risk of bleeding or patient
discomfort. However, Nasopore® was associated with sig-
nificantly slower early mucosal healing, an effect that disap-
peared 3 months postoperatively.?® Lee et al*® showed that
in endonasal DCR surgery, the absorbable group, such as
synthetic polyurethane foam, had a higher anatomical and
functional surgical success rate compared with the non-
absorbable group, with a lower rate of complications such
as bleeding and crusting and a lower rate of revision. In our
study, absorbable material may slow down mucosal healing
and induce granular tissue, membrane, and adhesion around
the osteotomy site. These worsen the patient's symptoms
by causing decreased tear flow and causing closure of the
osteotomy site. Noteworthy, no postoperative removal was
performed after using absorbable packing material, but non-
absorbable material was removed postoperatively. Further
studies may be needed to evaluate the effects of packing
material removal.

The strengths of this study are, first, the large number of
cases included in the study groups from a single center. Also,
it gives an indication of the relationship between success rates
between several parameters. The limitations of this study are
that it was a retrospective study setting, had a short follow-
up period, set subjective criteria for describing symptoms, and
lacked particular imaging studies such as dacryocystography
or dacryoscintigraphy. In addition, it is a study based on real-
world data, and it may have bias because the treatment pro-
cess is often judged by clinicians.

In conclusion, early removal of the silicone tube and absorb-
able packing material decreased the functional and anatomical
success rates of endonasal DCR.
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