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Zhongshan Ophthalmic Center from October 2019 
to December 2019. The surgeon sutured the lacrimal 
sac mucosa with the nasal mucosa by tying knots 
under endoscopic DCR. Subject demographics, pre-
operative data and postoperative data were collected, 
including clinical presentation, Munk score for epi-
phora, surgical indications, operation time, duration 
of knotting, number of knots, endoscopic ostium size, 
complications, and anatomical and functional suc-
cess. Anatomic success was defined as patent ostium 
on lacrimal irrigation, and functional success was 
defined as subjective improvement in symptoms. Sta-
tistical analysis was performed by IBM SPSS soft-
ware (Version 20.0; SPSS Inc., Chicago, IL, USA).
Results A total of 60 patients (71 eyes) under-
went pure eSK-DCR. Of these, 95.0% (57/60) were 
females. The mean age of the patients was 54.7 years. 
The mean surgical time was 37.60  min, and the 
average time for each knotting was 2.86 min. Endo-
scopic evidence found that all patients showed patent 
ostium and normal healing of the flaps after 4 weeks. 
The Munk scores dropped significantly at 6  months 
postoperatively compared to preoperative scores 
(P < 0.0001). Although 4 patients (7 eyes) were lost 
to follow-up at the end of the 2-year period, the ana-
tomical and functional success remained stable dur-
ing the 2-year follow-up period (anatomical, 100%; 
functional, 87.5%). No serious complications were 
detected during the follow-up period.
Conclusion Pure eSK-DCR is a simple and reliable 
therapeutic method for the management of NLDO. 

Abstract 
Purpose This study evaluated the long-term out-
comes of endoscopic suturing and knotting-dacry-
ocystorhinostomy (eSK-DCR) without the use of a 
stent or mitomycin C.
Methods A prospective interventional case series 
was performed on patients with nasolacrimal duct 
obstruction (NLDO) who underwent eSK-DCR at 
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The surgical outcomes were good and remained sta-
ble beyond 6 months postoperatively.

Keywords Endoscopic · Dacryocystorhinostomy · 
Nasolacrimal duct obstruction · Outcomes · Suturing 
and knotting

Introduction

Since the end of the twentieth century, there has 
been a shift toward accepting endoscopic dacryocys-
torhinostomy (DCR) as being as safe and effective 
as external DCR for the treatment of patients with 
nasolacrimal duct obstruction (NLDO). Endoscopic 
DCR has very high success rates [1]; however, there 
are instances in which the procedure fails, mainly due 
to anatomic obstruction by granulation tissue, syn-
echia between the lateral wall and the middle turbi-
nate, and membrane closure of the neo-ostium during 
healing, regardless of the surgical approach [2–4]. 
Different intraoperative adjunctive procedures have 
been used to increase the success rate of endoscopic 
DCR, including topical mitomycin C (MMC) [5, 6], 
stent intubation [7], and postoperative packing with 
or without medication, e.g., topical steroids [8].

The principles of enhanced endoscopic DCR 
techniques mimic those of external DCR, mainly 
by providing adequate bone ostium, mucosal flaps, 
and mucosal flap apposition, and thereby aiming 
for primary intention healing and minimizing soft 
tissue scarring. Moreover, it is important to avoid 
abnormal ostial healing induced by false localiza-
tion of the lacrimal sac and nasal mucosal flaps [2]. 
To predict the pattern of anastomosis [9], the sutur-
ing technique with mucosal flaps in endoscopic DCR 
was first described by Kirtane et al. [10] and Tachino 
et  al. [11]. However, their technique was not widely 
accepted because they also used MMC or tube intuba-
tion and a vascular clip was also needed during their 
endoscopic DCR technique. MMC use was reported 
to have no effects on the long-term results of patients 
undergoing endoscopic DCR [12]. Furthermore, gran-
ulation tissue formation around the stent tubes is still 
a problem that is encountered during endoscopic pro-
cedure [13]. Routine intubation in endoscopic DCR 
is not necessary for patients with NLDO because no 
significant difference was found whether intubation 
was used [14, 15]. Therefore, the appropriate surgery 

technique is vital for successful results, especially for 
mucosal edge-to-edge apposition.

For the above reasons, we introduced a pure sutur-
ing and knotting technique, which we named endo-
scopic suturing and knotting-dacryocystorhinostomy 
(eSK-DCR), for intranasal suturing of mucosal flaps 
under tension. This technique allows the ophthalmic 
surgeon to perform the knot without a special instru-
ment; therefore, it is a convenient and cost-effective 
approach. It is easy to learn this technique, which 
ensures secure and tensional knots for mucosal flaps. 
The main objective of this study is to investigate the 
efficiency of the pure suturing and knotting tech-
nique for endoscopic DCR and to describe its clinical 
practice.

Methods

Patients with NLDO, who visited the clinic of an 
oculoplastic surgeon (X.L.) and required DCR were 
invited to participate in this prospective, nonrand-
omized noncomparative interventional study from 
October 2019 to December 2019. The exclusion cri-
teria included: patients under 18 years of age, previ-
ous history of DCR, coexisting lacrimal disorders, 
such as punctual and canalicular stenosis, mucoce-
les, and coexisting nasal disorders such as deviated 
septum, concha bullosa, ectropion, and facial palsy. 
Patients who received topical antiglaucoma medica-
tions, underwent laser lacryocystoplasty, had orbital 
trauma and received radiotherapy were also excluded. 
The parameters that were studied included patient 
demographics, clinical presentation, significant past 
histories, minimum length of dacryocystography, 
duration of surgery, duration of knotting, number of 
knots, pre- and postoperative Munk scale scores [16], 
endoscopic ostium size, anatomical and functional 
success, and complications.

This study was approved by the Ethics Committee 
of Zhongshan Ophthalmic Center, Sun Yat-sen Uni-
versity (No. 2021KYPJ100). Informed consent was 
obtained from each patient in accordance with the 
Declaration of Helsinki.

Surgical procedures

All surgeries were performed under general anes-
thesia by the same experienced surgeon (X. L.). The 
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surgical procedures of nasal mucosa and bone ostium 
were then performed as described in our previous 
report [17]. After the lacrimal sac was fully exposed 
(Fig. 1a), the upper or lower canaliculus was probed 
to tent the medial wall of the lacrimal sac. Ulti-
mately, the medial lacrimal sac mucosa was incised 
to form a door “]”-shaped flap, and this posteriorly 
based flap was then reflected onto the residual nasal 
mucosa (Fig.  1b). Figure  2 demonstrates how to 
place the sutures and knots after creating the lacrimal 
flaps. A microneedle with 7–0 Vicryl sutures (Ethi-
con, USA) was inserted through the lacrimal sac and 
nasal mucosal edges under an endoscopic intranasal 
approach (Fig. 2a), and the first knot was made manu-
ally outside the nostril (Fig. 2b). Next, one end of the 
suture filament was held by an assistant, and the other 
end was held by an ophthalmic needle holder, which 
stayed in the surgeon’s dominant hand, and a knot 
was then slid into the nasal cavity (Fig.  2c). While 
keeping tension on both strings, the first knot, located 
close to the mucosa, was grasped by the ophthalmic 
needle holder and tightened to the mucosa (Fig. 2d). 
Additionally, a second knot was made outside of the 
nostril, slid onto the mucosal surface (Fig.  2e), and 
firmly tightened. Finally, the excess suture filaments 
were cut off at the end (Fig. 2f). The same procedure 
(Fig.  2g) of suturing and knot tying was performed 
for the accurate apposition of the mucosal flaps 
(Fig. 2h) as needed. After tying the knot, the redun-
dancy of the U-shaped flap was trimmed to cover the 
upper bony ostium, and nasal tamponade was placed 
at the osteotomy site. Further details of the suturing 
and knotting technique are demonstrated in Video S1.

Postoperatively, all patients were prescribed 
a nasal steroid spray and antibiotic eye drops that 
were applied at home, followed by intranasal irri-
gations and saline spray applications that were per-
formed to prevent crust formation. Beyond 4 weeks 
after surgery, the nasal tamponade and crusts were 
removed, and the size and patency of the newly cre-
ated ostium were checked using endoscopic evalua-
tion. We also divided the ostium size (OS) into four 
groups: large (> 4  mm), medium (2–4  mm), small 
(< 2  mm) of minimal diameter, and obstruction 
(0 mm). The OS measurement was performed using 
a 2 mm olive tip suction device.

Postoperative follow-up visits were scheduled 
for 6 months and 2 years. Anatomical success was 
defined as patent ostium on lacrimal irrigation. All 
the cases were asked to compare their pre- and post-
operative complaints according to a 5-point Likert 
scale: no complaints of epiphora or cure (4-score), 
significant improvement (symptoms are at least 80% 
better when compared with preoperative symptoms) 
(3-score), moderate/slight improvement (2-score), 
unchanged (1-score), and worsening (0-score) in the 
symptoms. Functional success was defined as sub-
jective improvement in symptoms with a 4-score or 
3-score. The secondary outcome was the presence 
of complications, including orbital fat prolapse, 
postoperative bleeding, granulomas threatening the 
ostium, nasal synechiae, and false localization of 
the mucosal flaps.

Fig. 1  Typical clinical pho-
tograph of the endoscopic 
dacryocystorhinostomy 
procedure. a After opening 
the bony ostium, the lacri-
mal sac was exposed. b The 
lacrimal sac flap was lifted 
and then reflected onto 
the residual nasal mucosa. 
U = upper U-shape flap
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Fig. 2  Suturing and 
knotting technique for 
endoscopic dacryocystorhi-
nostomy. a Microneedle 
insertion through the lacri-
mal and nasal mucosa flaps 
under endoscopy. b The 
first knot was made outside 
of the nostril. c One end 
of the thread was grasped 
using the ophthalmic 
needle holder, and the first 
knot was slide through the 
anterior naris. d The first 
knot was placed close to the 
nasal mucosa, while tension 
was maintained on both 
threads. e After making 
a second knot outside the 
nostril, a second knot was 
made and placed to tighten 
the first knot using the oph-
thalmic needle holder while 
tension was maintained on 
both threads. f The excess 
suture filaments of the first 
suture were cut off. g A sec-
ond suture was performed 
using the same technique as 
(a-f). h After suturing and 
knotting, the lacrimal flap 
was accurately anastomosed 
to the nasal mucosa flap. 
Triangle = first knot on the 
mucosa; arrow = second 
knot; asterisk = first suture; 
double asterisk = second 
suture
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Statistical analysis

The statistical analysis was performed using IBM 
SPSS software (Version 20.0; SPSS Inc., Chicago, 
IL, USA). The compliance of distributions with 
the normal distribution was tested using the Shap-
iro–Wilk test. Given that the assumptions concerning 
the use of parametric methods were not met, the sta-
tistical hypotheses were verified with nonparametric 
methods. The methods used were the chi-square test, 
Kruskal–Wallis test, or one-way ANOVA on ranks. 
Bonferroni correction was applied for multiple com-
parisons. A P-value of < 0.05 was considered statisti-
cally significant.

Results

A total of 63 eyes of 53 patients with NLDO who 
underwent eSK-DCR were studied. Of these, 18.9% 
(10/53) underwent bilateral surgery simultane-
ously. The male-to-female ratio was 2:51. The age 
of the patients at the time of surgery varied from 
26.0 to 82.0  years, with a mean age (± SD) of 
55.3 ± 12.2  years. The indications for surgery and 
significant past histories are summarized in Table 1. 
Of these patients, epiphora with discharge was a 
universal presentation, with a ratio of 73.6% (47 
eyes of 39 patients). The mean operating time was 
36.7 ± 14.48  min. The mean number of sutures and 
knots was 1.32 ± 0.50 per eye, and the average time 
per knot was 2.80 ± 0.89 min.

After a mean period of 46.2 ± 12.8  days (range, 
28 to 70 days), all patients had endoscopic evidence 
of a patent ostium with common canalicular open-
ings assessed by lacrimal syringing. Overall, 11.1%, 

63.5% and 25.4% of the eyes had large, medium and 
small OS, respectively.

The Munk scores were decreased significantly 
at 6  months and 2  years postoperatively compared 
with preoperative scores, and with mean scores of 
0.29 ± 0.68, 0.59 ± 1.20, and 3.21 ± 1.32, respec-
tively (Fig. 3). As shown in Table 2, eSK-DCR pro-
duced good anatomical and functional success rates 
at 6 months postoperatively, and the rates were main-
tained until the 2-year follow-up (anatomical, 100%; 
functional, 87.5%; all P > 0.05), although 4 patients 
(7 eyes) were lost to follow-up at the end of 2 years.

There were 3 patients with periosteal granulo-
mas, which did not threaten the ostium. No other 

Table 1  Indications for surgery and significant past histories

No. of eyes (%)

Indications for surgery
Chronic dacryocystitis 67 (94.4)
Acute dacryocystitis 4 (5.6)
Significant past histories
Nasolacrimal probing 22 (34.9)
Nasolacrimal intubation 9 (14.3)
Orbital surgery 1 (1.6)
Haemophagocytic syndrome 1 (1.6)

Fig. 3  Munk scores of epiphora. Subjects were able to achieve 
a reduction in eSK-DCR performed. Subjects averaged 3.21 
scores (± 1.32 standard deviation) preoperatively. They aver-
aged 0.29 scores (± 0.68 standard deviation) at postoperative 
month 6 and 0.59 scores (± 1.20 standard deviation) at post-
operative year 2. The Kruskal–Wallis test comparing preopera-
tive and postoperative month 6 or postoperative year 2 scores 
showed all P < 0.0001

Table 2  Postoperative anatomical and functional success of 
eSK-DCR

Total 
number 
of eyes

Post-op Ana-
tomical 
success

Func-
tional 
success

n (%) P value n (%) P value

63 6 months 63 (100) 1.00 59 (93.7) 0.248
56 2 years 56 (100) 49 (87.5)
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complications arising from the use of eSK-DCR were 
observed in the present cases, thereby, confirming the 
safety of this technique.

Discussion

Endoscopic DCR is now suggested as a well-estab-
lished alternative to external DCR [18]; however, 
there is difficulty in maintaining mucosal anastomosis 
under an endoscopic approach. False approximation 
of the mucosa is one of the reasons for the develop-
ment of rhinostomy closure after endoscopic DCR. 
The current study describes the long-term outcomes 
and complications of our described endoscopic DCR 
technique. Highly successful outcomes were observed 
after following the patients beyond 6 months, and the 
outcomes were maintained during the 2-year follow-
up period of our study on the simple knotting tech-
nique, named eSK-DCR, which describes suturing 
for mucosal apposition under tension during an endo-
scopic intranasal approach.

According to previous reports [19–21], the major-
ity of ostium shrinkage occurs in the first 4  weeks 
after surgery; thereafter, the OS appears to be sta-
ble with a lesser degree of shrinkage between 1 and 
12  months postoperatively. The knotting technique 
that was applied during endoscopic DCR achieved 
good outcomes compared with external DCR, and 
the approximation of mucosal edge-edge results in 
primary intention healing with less bone exposure, 
minimal granulation tissue and closure of the post-
operative ostium. Moreover, ostial closure and false 
localization of the mucosa did not occur in any eye 
that was included in the current study beyond 4 weeks 
postoperatively. The previous study reported that 
patients who underwent external DCR had a mean 
ostium width of 3.60 ± 2.24 mm [22], and more than 
half of patients obtained an ostium with diameter of 
2 to 4 mm in the current study. An anatomically pat-
ent ostium is definitely required during endoscopic 
DCR, however, it is believed that ostium size does not 
affect functional outcomes [22, 23]. As reported in 
our study, the anatomical success rate was higher than 
the functional success rate. Failure seems to be mul-
tifactorial and should be considered in older, smok-
ing, male patients and those with multipathological 
diagnoses, with a long duration of the condition, even 
with good anatomical results [24, 25].

Another important aspect of endoscopic DCR 
is how we measure surgical outcomes and means to 
compare the successes of different techniques. The 
Royal College of Ophthalmologists (1999) pub-
lished guidelines for clinical governance suggesting 
that freedom from epiphora 3  months after surgery 
is a marker for a satisfactory procedure [26]. In our 
study, the significant decrease in postoperative Munk 
scores of epiphora suggested that results were sta-
ble at the 6-month follow-up, and no further signifi-
cant changes in the outcome were observed beyond 
2 years. Schlachter et al. [27] reported that subjective 
complaints of epiphora correlated with patency of the 
nasolacrimal system 3  months postoperatively. We 
therefore used significant improvement or free symp-
toms postoperatively as the measure of functional 
success. The eSK-DCR had a functional success 
rate of 87.5%, which was consistent with previous 
reports of endoscopic DCR [89.5% (87.2–91.5%)] 
[18]. Based on the above evidence, we deduced that 
eSK-DCR is an efficient technique for patients with 
NLDO.

For patients with no canalicular disease, there is 
no evidence in the existing reports showing that stent 
intubation during endoscopic DCR is superior to 
nonintubation [14, 28]. Other studies [29–32] have 
reported that intubation itself may cause granulation 
formation, predisposing infection, punctal lacera-
tions, patient discomfort, and increased costs related 
to intubation and even lead to surgical failure in the 
long run. Silicone stents can be inserted during sur-
gery unless there is canalicular scarring, a large valve 
of Rosenmuller occluding the common canaliculus, 
or a tight common canaliculus opening. The surgical 
success rates were similar in the condition of endo-
scopic DCR with or without tubing [31]. Likewise, 
for the current eSK-DCR series with no stent use, 
there were no cases of canalicular closure or stenosis 
for NLDO postoperatively. If the mucosal flaps cre-
ated intraoperatively can be well apposed for mucosal 
anastomosis under eSK-DCR, we recommend that 
routine intubation to maintain the ostial opening is 
not necessary.

MMC is an antiproliferative agent and prevents 
postoperative adhesions and scarring around the 
ostium. The role of MMC has been reported in sev-
eral studies. Kirtane et al. [10] showed an endoscopic 
DCR technique with a primary success rate of 95% 
for NLDO. Apart from using MMC, they emphasized 
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suturing or vascular clips to join the lacrimal sac wall 
and mucosal flap together. However, the knotting and 
suturing technique created a mucosalized surface that 
potentially prevented the formation of synechia and 
granulation tissue around the tube and contraction 
of the opening fistula. We therefore tended to not use 
MMC in all our cases.

Consumable costs are an important factor in health 
insurance. The eSK-DCR technique avoided the extra 
medical costs related to lacrimal intubation or MMC, 
and ophthalmic conventional instruments were used 
to perform endoscopic knot tying rather than costly 
technique-specific instruments. Moreover, opera-
tive time is an important factor in the intraoperative 
safety of patients, and a prolonged operative time can 
increase the risk of surgery and complications. Based 
on 2.86 ± 0.89 min per knotting of the current study, 
this time that has been used can potentially be per-
formed by surgeons, and it would increase the popu-
larity of eSK-DCR with a simple technique and low 
cost.

The benefit of eSK-DCR is the accurate apposition 
of the lacrimal flaps and nasal mucosa during endo-
scopic DCR. However, the disadvantage of eSK-DCR 
is that extra time must be allowed for knotting and 
suturing. This extra time will be reduced as surgeons 
gain experience in the suturing and knotting tech-
nique. Moreover, conventional endoscopic DCR is 
widely practised, and eSK-DCR can be easily adopted 
by those with experience in conventional endoscopic 
DCR. This suturing and knotting technique based 
on surgical principles is similar to that of an exter-
nal DCR. Therefore, the success rate of eSK-DCR is 
comparable to that of external DCR. The knotting and 
suturing procedure can be performed using existing 
ophthalmic instruments with no need for new special-
ized tools; therefore, eSK-DCR has potential value to 
be popularized throughout the world and would be 
advantageous to ophthalmologists who perform endo-
scopic DCR.

Our study has limitations, such as the lack of a 
direct comparison between eSK-DCR and conven-
tional endoscopic DCR. Further prospective com-
parative trials are anticipated. We used lacrimal irri-
gations and subjective evaluation to assess surgical 
success, which closely mirrors endoscopic evidence 
for ostium patency [27]. However, it is possible that 
the failure rate was underestimated by the lack of 
long-term postoperative endoscopic follow-up.

In conclusion, the current study has demonstrated 
that pure eSK-DCR for patients with NLDO is a sim-
ple, effective and safe technique, based on stable ana-
tomical apposition.
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