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Comparison of the efficacies 
of 1.0 and 1.5 mm silicone tubes 
for the treatment of nasolacrimal 
duct obstruction
Jutaro Nakamura1,2*, Tomoyuki Kamao1, Arisa Mitani1, Nobuhisa Mizuki2 & 
Atsushi Shiraishi1

This retrospective observational study analyzed the postoperative outcomes of bicanalicular 
intubation using different diameters of tube stents for treating postsaccal nasolacrimal duct 
obstruction. A total of 130 patients diagnosed with postsaccal obstruction who underwent 
endoscopic-assisted silicone tube intubation were included in the study. Patients intubated with a 
1.5-mm large-diameter tube were designated as the LD group, and those with a 1.0-mm normal-
diameter tube were designated as the ND group. The patency rates of the two groups at 1 year after 
tube removal were compared using the Kaplan–Meier curve and restricted mean survival time (RMST) 
method with τ = 365 days. Results demonstrated that the recurrence rate after tube removal was 
significantly lower in the LD group as compared with the ND group (p = 0.001). The patency rates at 
1 year after removal in the LD and ND group were 85.7% (95% confidence interval [CI]: 75.4, 91.9) and 
73.9% (95% CI: 61.7, 82.8), respectively. When comparing the patency rates by the RMST method 
at τ = 365 days, the RMST difference, RMST ratio, and RMTL ratio were higher in the LD group at 
p = 0.045, 0.052, and 0.046, respectively.

Abbreviations
CI  Confidence interval
CT-DCG  Computed tomography digital subtraction dacryocystography
DCR  Dacryocystorhinostomy
ENDI  Endoscopic-assisted nasolacrimal duct intubation
NST  Nunchaku-style tube
OR  Odds ratio
SD  Standard deviation
PANDO  Primary acquired nasolacrimal duct obstruction
RMST  Restricted mean survival time
RMTL  Restricted mean time lost

Primary acquired nasolacrimal duct obstruction (PANDO) is an organic obstruction of the lacrimal tract that 
can occur anywhere from the punctum to the opening of the nasolacrimal  duct1. Presaccal obstruction refers 
to an obstruction from the punctum to the internal common punctum, whereas postsaccal obstruction can be 
found from the lacrimal sac to the nasolacrimal duct opening. Although the pathophysiology of PANDO remains 
unclear, it is suggested that descending inflammation from the eyes or ascending inflammation from the nose 
triggers swelling of the mucosal membrane, remodeling of the connective tissue, and subepithelial cavernous 
body dysfunction with reactive hyperemia, resulting in temporary obstruction of the lacrimal  duct2. Further-
more, chronic recurrent inflammation in the lacrimal duct causes structural alterations in the epithelium and 
subepithelial tissue, resulting in the fibrous organic obstruction of the lumen.

First-line treatment for postsaccal obstruction in adults is bypass surgery, namely, dacryocystorhinostomy 
(DCR). Meanwhile, with the development of the dacryoendoscope and advances in the fiber-optic system, 
recanalization procedures have steadily evolved. Lacrimal recanalization surgery includes endoscopic-guided 
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trephination DCR, dacryorhinotomy, microdrill dacryoplasty, laser dacryoplasty, and anterograde balloon 
 dacryoplasty3–10. Silicone tube intubation and anterograde balloon dacryoplasty are commonly used for treat-
ing partial obstruction or stenosis of the lacrimal  duct11–13. In Northeast Asia, endoscopic-assisted nasolacrimal 
duct intubation (ENDI) has been proposed as an alternative to DCR for the treatment of postsaccal obstruc-
tion. This is primarily because of improved postoperative outcomes with refined tube stents and an improved 
visibility and accuracy of  dacryoendoscopes14,15. The ENDI procedure is conducted while directly observing 
the obstructed site in the lacrimal duct using a dacryoendoscope and observing the nasal cavity using a nasal 
endoscope (Supplementary file, Video 1). As compared with conventional blind direct silicone intubation, ENDI 
reduces complications from false passage formation. This procedure is typically performed under local anesthesia, 
and it has evolved into a less-invasive and more secure procedure, resulting in its increasingly widespread use 
in Northeast  Asia16–19. Furthermore, as compared with other ethnical populations, Northeast Asians have rela-
tively flat facial features, with a less elevated superior orbital rim, allowing for relatively easy manipulation of the 
 dacryoendoscope20. Since the first report of nasolacrimal duct intubation using silicon tubes by Gibbs et al. and 
Keith et al. in the  196021,22, various improvements have been made in terms of surgical techniques, instruments 
for stent placement, tube materials, and  designs4,23. The insertion of tube stents into the lacrimal duct prevents 
the adhesion of the mucosal surface of the duct while the mucosal membrane heals, promoting regeneration of 
the lacrimal duct epithelium and helping to maintain long-term patency after tube removal. Typical tube stents 
include the Ritleng lacrimal intubation set and the Crawford tube (FCI Ophthalmics, Pembroke, MA), which 
have been used in many institutions worldwide. Nevertheless, these tubes require a thin metal probe for inser-
tion, which carries a risk of iatrogenic trauma to the canaliculi and nasolacrimal  ducts23.

The Nunchaku-style tube (NST) is a “push-style” stent designed with a metal guide probe concealed inside 
the  tube24. In addition, because it does not require stent retrieval or tying of the distal end of the tubes within 
the nasal cavity during placement, the NST has improved surgical  efficacy24,25. The diameter of a typical NST is 
1.0 mm, which is thicker than that of the Crawford tube, which has a diameter of 0.64 mm. It has been reported 
that intubation of large-caliber tubes helps maintain a wide  lumen26,27. Recently, a thicker 1.5-mm diameter NST 
has been introduced and is currently available for clinical use. Accordingly, this study was designed to compare 
the efficacy of 1.0-mm and 1.5-mm NST for the ENDI treatment of postsaccal obstruction.

Methods
Subjects. We retrospectively investigated 157 sides of 130 patients diagnosed with postsaccal obstruction. 
Patients were treated at Ehime University Hospital between August 2013 and November 2020 by three ophthal-
mologists (TK, AM, and AS) with 10, 4, and 14 years of ENDI surgical experience, respectively. The mean age of 
the patients was 72.6 years, with a standard deviation (SD) of 11.3 years. Forty patients (50 sides) were male and 
90 (107 sides) were female. Postsaccal obstruction was diagnosed based on dye disappearance tests, lacrimal irri-
gation test, cone-beam computed tomography digital subtraction dacryocystography (CT-DCG), and dacryoen-
doscopic examinations. We excluded patients with functional nasolacrimal duct obstruction from the statistical 
analysis. Patients who had a history of systemic chemotherapy with fluorouracil and/or the taxanes, radiation 
therapy, or posttraumatic bone deformity were also excluded. In addition, we excluded patients with unsuccess-
ful surgery, such as cases in which the stent could not be placed due to an occlusion that was too solid or cases 
in which a false passage was created, from the assessment. Patients with a history of lacrimal duct reconstruction 
(i.e., postoperative recurrence) were also excluded; hence, all patients were treated for the first time (Fig. 1).

Figure 1.  Flow diagram for the included cases in this study. Among the 621 ENDI operations, 15 cases had no 
obstruction, 317 cases had presaccal obstruction, and 289 cases had postsaccal obstruction. Of the 289 ENDI 
operations performed for postsaccal obstruction, we identified 16 cases of surgical failure. Of these, 11 were due 
to false passage formation, 3 were due to solid blockage, 1 was a blockage due to dacryolithiasis, and 1 was due 
to deep-set eyes. Abbreviation: ENDI, endoscopic-assisted nasolacrimal duct intubation.
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Treatment protocols. All patients were treated with ENDI as previously  described17,28. In this procedure, 
the surgeons performed lacrimal duct reconstruction while observing the lacrimal duct under the dacryoen-
doscope instead of performing the procedure blindly. Briefly, the procedure was performed as follows: after 
applying infratrochlear anesthesia and topical lacrimal duct and nasal mucosal anesthesia, the upper and lower 
lacrimal punctum were dilated. Dacryoendoscope (FT-201, Fibertech, Tokyo, Japan) was inserted through the 
punctum, and the endoscope was then advanced to the occlusion site while monitoring the lumen. An 18-gage 
catheter (SR-FF1864, Terumo, Tokyo, Japan) attached to the tip of the endoscope was used to release the obstruc-
tion (sheath-guided endoscopic probing technique)29. Self-retaining bicanalicular lacrimal stents were inserted 
using the catheter as a guide after the obstructed area of the lacrimal canal was released. The catheter with the 
tube connected was removed from the open end of the nasolacrimal duct on the inferior meatus under the view 
of a nasal endoscope. The same procedure was performed on the other punctum, and the tube was placed in the 
lacrimal duct (Supplementary file, Video 1). The NST stent used was either a large-diameter 1.5 mm (Lacrifast 
EX; Kaneka Co., Ltd., Osaka, Japan) or a conventional diameter 1.0 mm (Lacrifast or Lacrifast CL; Kaneka Co., 
Ltd.; Fig. 2). The only difference between the 1.0-mm-diameter Lacrifast and Lacrifast CL was whether the tube 
stent had an open end or a blind end, and the rest of the components, including the tube diameter, total length, 
and material, were identical. Since the deployment of the 1.5-mm NST in August 2017, we have adopted an 
indication of intubating 1.5-mm NST for all postsaccal obstruction patients.

All patients were treated with topical 0.1% fluorometholone and 0.3% gatifloxiacin four times a day after 
ENDI surgery. The lacrimal ducts were flushed by saline irrigation periodically until the stent was removed. The 
tube stent was principally removed 10 to 12 weeks after ENDI surgery.

Postoperative outcome assessments. We evaluated patients who were eligible for follow-up for at least 
6 months after tube removal. The present study was designed to assess the patency rate of postsaccal obstruction 
after ENDI treatment; hence, we excluded cases of presaccal obstruction. Recurrence was defined as follows. 
After the tube removal, recurrence was represented as no passage or pus or viscous fluid reflux in the postop-
erative irrigation test with structural reobstruction in the dacryoendoscopic findings. Meanwhile, during tube 
placement, recurrence was regarded as no passage with pus or viscous fluid reflux in the irrigation test accompa-
nying granulomatous reocclusions in the dacryoendoscopic findings, requiring further treatments such as tube 
replacement or DCR surgery. Functional success was defined as a reduction in patients’ epiphora and discharge 
symptoms caused by lacrimal duct obstruction. The success rate was assessed based on a questionnaire routinely 
administrated 6 months after tube removal.

Figure 2.  Two types of different-thicknesses NSTs. Shown at the top is a 1.0-mm-diameter tube, and the 
bottom is a 1.5-mm-diameter tube. The NST is designed with a metal guide probe concealed in the lumen of the 
tube. Abbreviation: NST, Nunchaku-style tube.
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The group intubated with a large-diameter tube (1.5 mm) was designated as the LD group, and the group 
intubated with a normal-diameter tube (1.0 mm) was designated as the ND group. The LD group consisted 
of patients treated (between August 2017 and November 2020) after the deployment of the 1.5-mm NST at 
our institution, and the ND group consisted of patients treated (between August 2013 and July 2017) with the 
1.0-mm NST before the deployment of the 1.5-mm NST (Fig. 3, Supplementary Fig. 1). Gender, age, period of 
obstruction, duration of tube intubation, observation period after removal, number of recurrences, and time 
from tube removal to recurrence for each group were evaluated. With regard to the time from tube removal to 
recurrence, the observation period after removal was regarded as zero in case of recurrence while the tube was 
still in placement. The period of obstruction was denoted based on the duration of chronic epiphora symptoms 
as described in the patient questionnaire. By defining “recurrence” as an event, we created a Kaplan–Meier curve. 
Based on the rationale listed below, the restricted mean survival time (RMST) was compared between the two 
groups with τ = 365 days. (1) Clinically, recurrence is usually observed within 1 year after removal. (2) In our 
institution, postoperative follow-up is usually completed when no recurrence is observed for 1 year after removal; 
accordingly, the censoring rate increases beyond 1 year after removal.

Statistical analysis. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria)30. In comparing the two groups, the ratio of gender, surgery success rate, and number of recur-
rences were tested using Pearson χ2 test. Meanwhile, age, period of obstruction, duration of tube intubation, 
and observation period after tube removal were tested by Mann–Whitney U test. Using the R software survRM2 
package, we analyzed the creation of the Kaplan–Meier curve and comparison of survival rates between the two 
groups using the RMST  method31,32. A p value of < 0.05 was considered statistically significant.

Ethical approval and consent to participate. This study and the data collection protocol were 
authorized by the institutional review board of Ehime University (ethical approval No. 1601003). The research 
was recorded with the University Hospital Medical Information Network Clinical Trials Registry (UMIN 
000,025,180). Each patient provided documented informed consent before registration. All procedures used in 
this study were conducted following the principles of the Declaration of Helsinki.

Results
Among the 621 ENDI operations performed at Ehime University Hospital between August 2013 and November 
2020, we identified 15 cases with no obstruction, 317 cases with presaccal obstruction, and 289 cases with post-
saccal obstruction. Of the 289 ENDI operations for postsaccal obstruction, 16 cases (5.5%) of surgical failure 
were identified. Of these, 11 were due to false passage formation, 3 were due to solid blockage, 1 was due to a 
blockage with large dacryolithiasis, and 1 was due to deep-set eyes (Fig. 1). Table 1 presents an overview of the 
LD and ND groups. The composition of the LD group was as follows. Of the 70 cases and 85 sides (right 47, 
left 38) with postsaccal obstruction, males comprised 23 cases and 29 sides (32.8% and 34.1%, respectively), 
whereas females comprised 47 cases and 56 sides (67.1% and 65.9%, respectively). The mean age of the cases 
was 72.5 years (SD = 11.3). The mean period of preoperative obstruction was 29.6 months (SD = 40.0). The mean 
duration of tube intubation was 88.9 days (SD = 23.7). The mean observation period after tube removal was 
9.8 months (SD = 5.9). In the LD group, recurrence after ENDI treatment occurred in 12 cases (14.0%). Among 
these, four cases experienced recurrence during tube placement (33.3%). The average time from tube removal 
to recurrence was 3.4 months (SD = 4.6).

On the other hand, the composition of the ND group was as follows. Of the 60 cases and 72 sides (right 32, 
left 40) with postsaccal obstruction, males comprised 17 cases and 21 sides (28.3% and 29.2%, respectively), 
whereas females comprised 43 cases and 51 sides (71.7% and 70.8%, respectively). The mean age of the patients 
was 72.9 years (SD = 11.5). The mean period of preoperative obstruction was 63.0 months (SD = 91.8). The mean 
duration of tube intubation was 112.0 days (SD = 53.5). The mean observation period after tube removal was 
14.0 months (SD = 14.7). In the ND group, recurrence after ENDI treatment occurred in 27 cases (37.5%), and 13 
of these cases experienced recurrence during the tube placement (48.1%). The average time from tube removal 
to recurrence was 11.0 months (SD = 16.0).

Figure 3.  Composition of the ND and LD groups. The ND and LD groups are indicated by the white gray 
arrows, respectively. The ND group consisted of patients treated with the 1.0-mm NST before the deployment of 
the 1.5-mm NST (treated between August 2013 and July 2017). Meanwhile, the LD group consisted of patients 
treated after the deployment of the 1.5-mm NST at our institution (treated between August 2017 and November 
2020). Abbreviation: NST, Nunchaku-style tube.
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No statistically significant differences were found between the LD and ND groups in age, gender ratio, or 
observation period after tube removal (p > 0.05). Meanwhile, the period of preoperative obstruction and duration 
of tube intubation were significantly longer in the ND group (p = 0.009 and 0.036, respectively, Supplementary 
Figs. 2 and 3). After ENDI, the number of recurrences was significantly lower in the LD group than in the ND 
group (p = 0.001). Among them, the number of recurrences during tube placement was significantly smaller in 
the LD group than that of the ND group (p = 0.004). The time to recurrence after tube removal was 3.4 months 
(SD = 4.6) in the LD group and 11.0 months (SD = 16.0) in the ND group, with no significant difference between 
the two groups (p = 0.82). The functional success was observed in 72 cases (84.7%) in the LD group and 41cases 
(56.9%) in the ND group, with a significantly higher rate in the LD group (p = 0.0001).

As mentioned in the Method section, Lacrifast has an open end and Lacrifast CL has a blind end, although 
with the same 1.0-mm thickness. We then examined the difference in recurrence rates between the open and the 
blind ends of the same caliber in the ND group. Eighteen of 53 patients who underwent insertion of open end 
Lacrifast experienced a recurrence (34.0%), whereas 9 of 19 patients had the blind end Lacrifast CL inserted had 
a recurrence (47.4%); accordingly, there was no significant difference in the recurrence rates between the open 
and the blind ends of the same caliber (p = 0.30).

Next, since the preoperative obstruction period and the duration of tube intubation were significantly longer 
in the ND group than in the LD group, we conducted a logistic regression analysis with “period of preopera-
tive obstruction,” “duration of tube intubation,” and “group” as explanatory variables and “recurrence” as the 
objective variable to examine whether these factors contributed to the recurrence. The results showed that the 
odds ratio (OR) for “period of preoperative obstruction” was 0.997 (95% confidence interval [CI]: 0.992–1.000, 
p = 0.355), the OR for “duration of tube intubation” was 1.020 (95% CI: 1.000–1.030, p = 0.006), and the OR for 
“group” was 2.92 (95% CI: 1.28–6.69, p = 0.011). Hence, “group” and “duration of tube intubation” were signifi-
cantly correlated with “recurrence”; meanwhile, the “period of preoperative obstruction” was not significantly 
correlated in this cohort.

Figure 4 shows the Kaplan–Meier curve of lacrimal duct patency at 1 year after tube removal. The patency 
rate of the lacrimal duct was 85.7% (95% CI: 75.4, 91.9) in the LD group and 73.9% (95% CI: 61.7, 82.8) in the 
ND group. There were a total of 11 recurrences and 23 censored cases in the LD group, whereas there were 18 
recurrences and 14 censorings in the ND group at 1 year after tube removal. The RMST with τ = 365 days in the 
LD and ND groups was 326.65 and 284.59, respectively. In addition, the restricted mean time lost (RMTL) was 
38.35 and 80.41, respectively. Results showed that RMST (LD)–(ND) = 42.058 (95% CI: 0.996, 83.121, p = 0.045), 
RMST (LD)/(ND) = 1.148 (95% CI: 0.999, 1.319, p = 0.052), and RMTL (LD)/(ND) = 0.477 (95% CI: 0.230, 0.988, 
p = 0.046). Therefore, the patency rate of the LD group was higher than that of the ND group at 1 year after tube 
removal (Fig. 5).

Complications associated with ENDI surgery often involve punctum splitting and granulation on the lac-
rimal duct mucosa. Mucosal granulations are a significant finding because they can contribute to the recur-
rence (Fig. 6). 5 cases (5.9%) and 4 cases (5.6%) of punctum splitting were observed in the LD and ND groups, 
respectively. Meanwhile, 13 cases (15.3%) and 5 cases (5.6%) of mucosal granulations were observed in the LD 
and ND groups, respectively. The incidence of complications was not significantly different between the groups 
(p = 0.93 and 0.12, respectively).

Table 1.  Overview of the LD and ND groups. Data are presented as mean ± standard deviation for age, period 
of preoperative obstruction, duration of tube intubation, and observation period after tube removal. A p value 
of < 0.05 was considered statistically significant.

Group

p-valueLD ND

Tube diameter 1.5 mm 1.0 mm

Number of cases N = 70 N = 60

Number of sides n = 85 (R 47, L 38) n = 72 (R 32, L 40) 0.18

Age (years) 72.5 ± 11.1 72.9 ± 11.5 0.73

Gender (male/female) 23 / 47 17 / 43 0.58

Period of preoperative obstruction (months) 29.6 ± 40.0 63.0 ± 91.8 0.009

Duration of tube intubation (days) 88.9 ± 23.7 112.0 ± 53.5 0.036

Observation period after tube removal (months) 9.8 ± 5.9 14.0 ± 14.7 0.38

Functional success rate 72 (84.7%) 41 (56.9%) 0.001

Total number of recurrences 12 (14.0%) 27 (37.5%) 0.001

Number of recurrences during tube placement 4 (4.7%) 14 (19.4%) 0.004

Number of recurrences after tube removal 8 (9.4%) 13 (18.1%) 0.11

 < 6 months after removal 4 (4.7%) 2 (2.8%) 0.53

 < 1 year after removal 6 (7.1%) 4 (5.6%) 0.70

 < 2 years after removal 8 (9.4%) 9 (12.5%) 0.54

 > 2 years after removal 0 (0%) 4 (5.6%) 0.028

Time from tube removal to recurrence (months) 3.4 ± 4.6 11.0 ± 16.0 0.82
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Discussion
The first-line treatment for PANDO is DCR. In general, the long-term therapeutic outcomes of ENDI are not 
considered to be equivalent to DCR. Nevertheless, shreds of accumulated evidence indicate that the results of 
ENDI are nearly as effective as DCR for canaliculus obstruction and some cases of PANDO (in cases of nonin-
flammatory or partial obstruction)16–18,33–35. However, patients with prolonged preoperative occlusions, extended 
length of postsaccal obstruction, or a history of dacryocystitis tend to relapse after ENDI  surgey17,23,34–36. The 

Figure 4.  Kaplan–Meier curve of lacrimal duct patency at 1 year after tube removal. The Kaplan–Meier curve 
indicates that the lacrimal duct patency rate was 85.7% (95% CI; 75.4, 91.9) in the LD group and 73.9% (95% CI; 
61.7, 82.8) in the ND group at 1 year after the tube removal. There were 11 recurrences and 23 censored cases in 
the LD group and 18 recurrences and 14 censorings in the ND group. The y-axis denotes the patency rate, and 
the x-axis indicates the number of days.

Figure 5.  Comparison of survival rates between the two groups at 1 year after tube removal by the RMST 
method. RMST and RMTL are the areas under and over the Kaplan–Meier survival curve, respectively. 
The RMST and RMTL in the LD and ND groups with τ = 365 days were 326.65, 284.59, 38.35, and 80.41, 
respectively. RMST (LD) − (ND) = 42.058 (95% CI: 0.996, 83.121, p = 0.045), RMST (LD)/(ND) = 1.148 (95% CI: 
0.999, 1.319, p = 0.052), and RMTL (LD)/(ND) = 0.477 (95% CI: 0.230, 0.988, p = 0.046). The y-axis denotes the 
patency rate, and the x-axis shows the number of days after tube removal. Abbreviation: RMST, restricted mean 
survival time; RMTL, restricted mean time lost.
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ENDI success rate declines in cases of postsaccal obstruction complicated by chronic dacryocystitis. A longer 
duration of dacryocystitis leads to more substantial organic changes in the lacrimal duct mucosa, which makes 
reconstructive surgery with ENDI more  complicated17,34,37. Therefore, in cases of postsaccal obstruction com-
plicated by dacryocystitis, DCR is recommended.

ENDI operations are generally performed under local anesthesia and are one of the minimally invasive proce-
dures for treating PANDO (Supplementary file, Video 1). As compared with DCR, ENDI has various advantages 
in terms of surgical time, facial surgical scars, bleeding, and  downtime3,4,11,17,18,23,24,34,38. In addition, because of the 
minimal risk of bleeding, ENDI can also be performed in patients receiving systemic anticoagulation and anti-
platelet therapy. Hence, further studies are required to compare the long-term treatment effects of DCR and ENDI 
in patients with PANDO in terms of their pathological conditions (e.g., site, cause, and duration of obstruction).

There have been limited studies on the contribution of tube caliber to the prognosis of PANDO treatment. 
Several reports have introduced attempts to enlarge the lacrimal ducts using tube stents to prevent restenosis after 
tube removal. For example, double 0.64-mm Crawford tubes were inserted into one  canaliculus10,39,40. These stud-
ies reported a higher patency rate after canaliculoplasty surgeries using double Crawford tubes. Another study 
reported that almost similar therapeutic effects were achieved with double silicone intubation using a 0.64-mm 
Crawford tube and a single wide-diameter 0.94-mm Crawford  tube26. Our current study demonstrated that the 
patency rate was significantly higher with the 1.5-mm NST compared with the standard 1.0-mm NST at 1 year 
after ENDI surgery for postsaccal obstruction.

RMST is a statistical method that has been used for nearly 10 years to evaluate Kaplan–Meier survival curves. 
The methodology of RMST is to compare the areas under the survival curves to a specific time-point (τ) in the 
survival  curve31. RMST is effective when the proportional hazard model is invalid, such as when survival curves 
are crossed. In addition, because τ can be determined arbitrarily, RMST is useful for comparing the effects of 
interventions whose follow-up periods do not  coincide41,42. The 1.5-mm diameter NST was developed and applied 
clinically in recent years. Consequently, the period for determining the outcomes became shorter than that of 
the conventionally used 1.0-mm NST. The RMST method was then applied to compare the treatment efficacy 
between the two groups, because the proportional hazard property was not sustained until the end. In the current 
study, the τ of RMST was determined as 365 days, considering the following conditions. (1) Clinically, recurrence 
was mostly observed within 1 year after tube removal. (2) In our institution, postoperative follow-up was usu-
ally completed 1 year after tube removal when recurrence was not detected. (3) Due to various factors, such as 
completion of follow-up or transfer to other medical facilities, the ratio of censoring in the Kaplan–Meier curve 
increases after 1 year of tube removal. Results showed that the patency rate of the LD group was significantly 
higher at 1 year after removal, suggesting that larger-diameter tubes had more satisfactory outcomes for the 
treatment of postsaccal obstruction.

In addition, when comparing the preconditions between the two groups, the ND group had a significantly 
longer preoperative obstruction period and duration of tube intubation. Previous studies reported that the preop-
erative obstruction period conferred a risk for recurrence after ENDI  surgery35. Therefore, we performed a logistic 
regression analysis to assess the correlation of these factors to recurrence. We found no significant correlation 
between the preoperative obstruction period and recurrence (p = 0.69); however, duration of tube intubation 
was significantly correlated with the recurrence (p = 0.006) in our cohort. This may be because patients with a 
tendency to relapse tended to have tubes intubated for a longer period of time. The current policy is to perform 
DCR without more extended tube placement for patients who have a tendency to relapse.

Several limitations are included in this study. This was a retrospective observational cohort study with certain 
selection biases. The significant extended period of preoperative obstruction and the prolonged duration of tube 
intubation in the ND group certainly contributed to the sampling biases. Furthermore, since the deployment 
of the 1.5-mm tubes in August 2017, we adopted our indication of inserting a 1.5-mm NST for all postsac-
cal obstruction cases (Fig. 3). However, there were cases in which 1.0-mm tubes were inserted for postsaccal 
obstruction even after deploying 1.5-mm tubes. For example, 1.0-mm tubes were inserted when the patient 
complained of severe pain during intraoperative endoscopic manipulation and intubating with 1.5-mm tubes 
was considered challenging. These cases could contribute to sampling biases. Furthermore, not all patients with 

Figure 6.  Complications associated with ENDI surgery. (A) Punctum slitting. The inferior punctum was 
stretched nasally caused by the traction of the tube through the nasolacrimal duct. (B) Endoscopic image of 
mucosal granulation in a nasolacrimal duct. Original image of a case complicated with reobstruction during 
tube placement. (C) Annotation for B. The two yellow circles indicate the space where the tubes were placed 
during the intubation. The orange oval indicates mucosal granulation.
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postsaccal obstruction were treated by ENDI surgeries. For example, we selected DCR over ENDI for patients 
with a history of acute dacryocystitis, lacrimal duct obstruction for longer than 3 years, or full-length postsac-
cal obstruction. Moreover, since the decision to perform ENDI or DCR surgery primarily followed the patient’s 
choice, these selections could also appear to be the factors in the formation of sampling biases.

Next, in terms of lead-time biases, the following points can be considered. First, because 1.5-mm NST was 
developed more recently, the LD group had a relatively shorter postoperative follow-up period than the ND 
group did. This constitutes a lead-time bias because the data collection periods do not coincide in the ND and LD 
groups. Second, we launched the lacrimal duct surgery department at our facility 15 years ago. Over this period, 
the number of cases operated at our facility has changed both qualitatively and quantitatively. In short, there were 
more severe cases and fewer surgeries in the beginning, but the number of surgeries and number of patients with 
milder cases has increased to date. Third, the improvement in the surgeons’ skills over time and the increased 
probability of successful operations could have contributed to the formation of the lead-time bias. Therefore, 
to evaluate whether a larger-diameter tube intubation is more effective for postsaccal obstruction, conducting 
randomized controlled studies with a more significant number of patients in a multicenter study is required.

In conclusion, to the best of our knowledge, this is the first report to compare the postoperative outcomes of 
bicanalicular silicone tube intubation according to the difference in the tube caliber for the treatment of post-
saccal obstruction. The 1.5-mm tube brought significantly less recurrence during the tube placement than the 
conventional 1.0-mm NST did, which critically increased the patency rate of the LD group 1 year after removal. 
Although this retrospective cohort study might include various possible limitations, the present assessment 
elicited data implying the usefulness of 1.5-mm-diameter tube intubation for postsaccal obstruction.

Data availability
The data sets analyzed during the current study are available from the corresponding author (JN) on reasonable 
requests.

Received: 25 December 2021; Accepted: 4 July 2022

References
 1. Mandeville, J. T. & Woog, J. J. Obstruction of the lacrimal drainage system. Curr. Opin. Ophthalmol. 13, 303–309. https:// doi. org/ 

10. 1097/ 00055 735- 20021 0000- 00003 (2002).
 2. Paulsen, F. The human nasolacrimal ducts. Adv. Anat. Embryol. Cell Biol. 170, 1–106 (2003).
 3. Emmerich, K. H., Ungerechts, R. & Meyer Rüsenberg, H. W. Possibilities and limits of minimal invasive lacrimal surgery. Orbit 

19, 67–71 (2000).
 4. Ali, M. J. & Paulsen, F. Human lacrimal drainage system reconstruction, recanalization, and regeneration. Curr. Eye Res. 45, 

241–252. https:// doi. org/ 10. 1080/ 02713 683. 2019. 15803 76 (2020).
 5. Meyer-Rüsenberg, H. W. & Emmerich, K. H. Modern lacrimal duct surgery from the ophthalmological perspective. Dtsch. Arztebl. 

Int. 107, 254–258. https:// doi. org/ 10. 3238/ arzte bl. 2010. 0254 (2010).
 6. Sasaki, T., Nagata, Y. & Sugiyama, K. Nasolacrimal duct obstruction classified by dacryoendoscopy and treated with inferior meatal 

dacryorhinotomy. Part I: Positional diagnosis of primary nasolacrimal duct obstruction with dacryoendoscope. Am. J. Ophthalmol. 
140, 1065–1069. https:// doi. org/ 10. 1016/j. ajo. 2005. 07. 038 (2005).

 7. Sasaki, T., Nagata, Y. & Sugiyama, K. Nasolacrimal duct obstruction classified by dacryoendoscopy and treated with inferior meatal 
dacryorhinotomy: Part II Inferior Meatal dacryorhinotomy. Am. J. Ophthalmol. 140, 1070–1074. https:// doi. org/ 10. 1016/j. ajo. 2005. 
07. 039 (2005).

 8. Wang, Z. et al. Diagnosis and treatment of lacrimal passage obstruction by lacrimal endoscope. J. Huazhong Univ. Sci. Technolog. 
Med. Sci. 27, 593–597. https:// doi. org/ 10. 1007/ s11596- 007- 0530-2 (2007).

 9. Hong, J. et al. Nasolacrimal recanalization as an alternative to external dacryocystorhinostomy for treating failed nasolacrimal 
duct intubation. Medicine (Baltimore) 95, e4350. https:// doi. org/ 10. 1097/ md. 00000 00000 004350 (2016).

 10. Demirci, H. & Elner, V. M. Double silicone tube intubation for the management of partial lacrimal system obstruction. Ophthal-
mology 115, 383–385. https:// doi. org/ 10. 1016/j. ophtha. 2007. 03. 078 (2008).

 11. Bleyen, I., van den Bosch, W. A., Bockholts, D., Mulder, P. & Paridaens, D. Silicone intubation with or without balloon dacryocys-
toplasty in acquired partial nasolacrimal duct obstruction. Am. J. Ophthalmol. 144, 776–780. https:// doi. org/ 10. 1016/j. ajo. 2007. 
07. 030 (2007).

 12. Kashkouli, M. B., Beigi, B., Tarassoly, K. & Kempster, R. C. Endoscopically assisted balloon dacryocystoplasty and silicone intu-
bation versus silicone intubation alone in adults. Eur. J. Ophthalmol. 16, 514–519. https:// doi. org/ 10. 1177/ 11206 72106 01600 402 
(2006).

 13. Ali, M. J. & Naik, M. N. Efficacy of endoscopic guided anterograde 3 mm balloon dacryoplasty with silicone intubation in treat-
ment of acquired partial nasolacrimal duct obstruction in adults. Saudi J. Ophthalmol. 28, 40–43. https:// doi. org/ 10. 1016/j. sjopt. 
2013. 12. 004 (2014).

 14. Hoshi, S. et al. Improvement in dacryoendoscopic visibility after image processing using comb-removal and image-sharpening 
algorithms. J. Clin. Med. https:// doi. org/ 10. 3390/ jcm11 082073 (2022).

 15. Kurihashi, K. A new bicanalicular intubation method: Direct silicone intubation (DSI). Orbit 13, 11–15. https:// doi. org/ 10. 3109/ 
01676 83940 90842 63 (1994).

 16. Javate, R. M., Pamintuan, F. G. & Cruz, R. T. Jr. Efficacy of endoscopic lacrimal duct recanalization using microendoscope. Oph-
thalmic Plast. Reconstr. Surg. 26, 330–333. https:// doi. org/ 10. 1097/ IOP. 0b013 e3181 c7577a (2010).

 17. Kamao, T., Zheng, X. & Shiraishi, A. Outcomes of bicanalicular nasal stent inserted by sheath-guided dacryoendoscope in patients 
with lacrimal passage obstruction: A retrospective observational study. BMC Ophthalmol. 21, 103. https:// doi. org/ 10. 1186/ s12886- 
020- 01678-5 (2021).

 18. Lee, S. M. & Lew, H. Transcanalicular endoscopic dacryoplasty in patients with primary acquired nasolacrimal duct obstruction. 
Graefes. Arch. Clin. Exp. Ophthalmol. 259, 173–180. https:// doi. org/ 10. 1007/ s00417- 020- 04833-2 (2021).

 19. Kim, S. E., Beak, J. U., Paik, J. S., Park, J. & Yang, S. W. Long-term Efficacy of Dacryoendoscopy-guided Recanalization and Silicone 
Tube Intubation. Korean J. Ophthalmol. 36, 185–193. https:// doi. org/ 10. 3341/ kjo. 2021. 0117 (2022).

 20. Whitnall, S. E. Anatomy of the human orbit and accessory organs of vision (Krieger Publishing, 1979).
 21. Gibbs, D. C. New probe for the intubation of lacrimal canaliculi with silicone rubber tubing. Br. J. Ophthalmol. 51, 198. https:// 

doi. org/ 10. 1136/ bjo. 51.3. 198 (1967).

https://doi.org/10.1097/00055735-200210000-00003
https://doi.org/10.1097/00055735-200210000-00003
https://doi.org/10.1080/02713683.2019.1580376
https://doi.org/10.3238/arztebl.2010.0254
https://doi.org/10.1016/j.ajo.2005.07.038
https://doi.org/10.1016/j.ajo.2005.07.039
https://doi.org/10.1016/j.ajo.2005.07.039
https://doi.org/10.1007/s11596-007-0530-2
https://doi.org/10.1097/md.0000000000004350
https://doi.org/10.1016/j.ophtha.2007.03.078
https://doi.org/10.1016/j.ajo.2007.07.030
https://doi.org/10.1016/j.ajo.2007.07.030
https://doi.org/10.1177/112067210601600402
https://doi.org/10.1016/j.sjopt.2013.12.004
https://doi.org/10.1016/j.sjopt.2013.12.004
https://doi.org/10.3390/jcm11082073
https://doi.org/10.3109/01676839409084263
https://doi.org/10.3109/01676839409084263
https://doi.org/10.1097/IOP.0b013e3181c7577a
https://doi.org/10.1186/s12886-020-01678-5
https://doi.org/10.1186/s12886-020-01678-5
https://doi.org/10.1007/s00417-020-04833-2
https://doi.org/10.3341/kjo.2021.0117
https://doi.org/10.1136/bjo.51.3.198
https://doi.org/10.1136/bjo.51.3.198


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:11785  | https://doi.org/10.1038/s41598-022-16018-4

www.nature.com/scientificreports/

 22. Keith, C. G. Intubation of the lacrimal passages. Am. J. Ophthalmol. 65, 70–74. https:// doi. org/ 10. 1016/ 0002- 9394(68) 91031-3 
(1968).

 23. Fulcher, T., O’Connor, M. & Moriarty, P. Nasolacrimal intubation in adults. Br. J. Ophthalmol. 82, 1039–1041. https:// doi. org/ 10. 
1136/ bjo. 82.9. 1039 (1998).

 24. DeParis, S. W., Hougen, C. J., Rajaii, F. & Mahoney, N. R. Bicanalicular intubation with the kaneka lacriflow for proximal lacrimal 
drainage system stenosis. Clin. Ophthalmol. 14, 915–920. https:// doi. org/ 10. 2147/ opth. S2484 23 (2020).

 25. Pratte, E., Cho, J., Short, R., Mellencamp, E. & Petris, C. Lacrimal stenting with nunchaku versus crawford tubes for congenital or 
partial acquired nasolacrimal duct system obstruction. Invest. Ophthalmol. Vis. Sci. 62, 3351–3351 (2021).

 26. Choi, S. C., Choi, H. S., Jang, J. W., Kim, S. J. & Lee, J. H. Comparison of the efficacies of 0.94 mm and double silicone tubes for 
treatment of canalicular obstruction. Korean J. Ophthalmol. 31, 1–8. https:// doi. org/ 10. 3341/ kjo. 2017. 31.1.1 (2017).

 27. Hurwitz, J. J. A new, wider-diameter Crawford tube for stenting in the lacrimal drainage system. Ophthalmic Plast. Reconstr. Surg. 
20, 40–43. https:// doi. org/ 10. 1097/ 01. Iop. 00001 03008. 01277. Be (2004).

 28. Kamao, T., Takahashi, N., Zheng, X. & Shiraishi, A. Changes of visual symptoms and functions in patients with and without dry 
eye after lacrimal passage obstruction treatment. Curr. Eye Res. https:// doi. org/ 10. 1080/ 02713 683. 2020. 17603 05 (2020).

 29. Manabu, S. New sheath-assisted dacryoendoscopic surgery. J. Eye 24(9), 1219–1222 (2007).
 30. Kanda, Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Trans. 48, 452–458. 

https:// doi. org/ 10. 1038/ bmt. 2012. 244 (2013).
 31. Uno, H. et al. Moving beyond the hazard ratio in quantifying the between-group difference in survival analysis. J. Clin. Oncol. 32, 

2380–2385. https:// doi. org/ 10. 1200/ jco. 2014. 55. 2208 (2014).
 32. Tian, L., Zhao, L. & Wei, L. J. Predicting the restricted mean event time with the subject’s baseline covariates in survival analysis. 

Biostatistics 15, 222–233. https:// doi. org/ 10. 1093/ biost atist ics/ kxt050 (2014).
 33. Matsumura, N. et al. Transcanalicular endoscopic primary dacryoplasty for congenital nasolacrimal duct obstruction. Eye (Lond) 

33, 1008–1013. https:// doi. org/ 10. 1038/ s41433- 019- 0374-6 (2019).
 34. Mimura, M., Ueki, M., Oku, H., Sato, B. & Ikeda, T. Indications for and effects of Nunchaku-style silicone tube intubation for 

primary acquired lacrimal drainage obstruction. Jpn. J. Ophthalmol. 59, 266–272. https:// doi. org/ 10. 1007/ s10384- 015- 0381-5 
(2015).

 35. Sugimoto, M. & Inoue, Y. Long-term outcome of dacryoendoscope-assisted intubation for nasolacrimal duct obstruction. J. Eye 
27(9), 1291–1294 (2010).

 36. Koki, I., Naoshi, T., Yoshihiro, N. & Ryoji, Y. Outcome of intubation using lacrimal endoscope at yame general hospital. J. Eye 
32(12), 1773–1776 (2015).

 37. Paulsen, F. P., Thale, A. B., Maune, S. & Tillmann, B. N. New insights into the pathophysiology of primary acquired dacryostenosis. 
Ophthalmology 108, 2329–2336. https:// doi. org/ 10. 1016/ s0161- 6420(01) 00946-0 (2001).

 38. Hussain, R. N., Kanani, H. & McMullan, T. Use of mini-monoka stents for punctal/canalicular stenosis. Br. J. Ophthalmol. 96, 671. 
https:// doi. org/ 10. 1136/ bjoph thalm ol- 2011- 300670 (2012).

 39. Hwang, S. W., Khwarg, S. I., Kim, J. H., Choung, H. K. & Kim, N. J. Bicanalicular double silicone intubation in external dacryo-
cystorhinostomy and canaliculoplasty for distal canalicular obstruction. Acta Ophthalmol. 87, 438–442. https:// doi. org/ 10. 1111/j. 
1755- 3768. 2008. 01292.x (2009).

 40. Paik, J. S., Cho, W. K. & Yang, S. W. Bicanalicular double silicone stenting in endoscopic dacryocystorhinostomy with lacrimal 
trephination in distal or common canalicular obstruction. Eur. Arch. Otorhinolaryngol. 269, 1605–1611. https:// doi. org/ 10. 1007/ 
s00405- 011- 1845-y (2012).

 41. Royston, P. & Parmar, M. K. Restricted mean survival time: an alternative to the hazard ratio for the design and analysis of rand-
omized trials with a time-to-event outcome. BMC Med. Res. Methodol. 13, 152. https:// doi. org/ 10. 1186/ 1471- 2288- 13- 152 (2013).

 42. Hasegawa, T., Uno, H. & Wei, L. J. Zoledronic acid dosing in patients with metastatic breast cancer. JAMA Oncol. 4, 585. https:// 
doi. org/ 10. 1001/ jamao ncol. 2017. 0487 (2018).

Acknowledgements
The study was supported by the Japan Society for the Promotion of Science Postdoctoral Fellowship for Research 
Abroad (Kaitoku-NIH, #24112 to JN). The funding source had no role in the study design, data collection, 
analysis, publication decision, or manuscript preparation.

Author contributions
J.N. contributed to the conception, data extraction, analysis, and drafting. T.K., A.M., and A.S. worked on the 
surgical operations, data extraction, interpretation of the results, and drafting. T.K., A.M., and A.S. provided 
statistical advice. N.M. and A.S. were responsible for the general management of the study and critically revised 
the protocol and main manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 16018-4.

Correspondence and requests for materials should be addressed to J.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1016/0002-9394(68)91031-3
https://doi.org/10.1136/bjo.82.9.1039
https://doi.org/10.1136/bjo.82.9.1039
https://doi.org/10.2147/opth.S248423
https://doi.org/10.3341/kjo.2017.31.1.1
https://doi.org/10.1097/01.Iop.0000103008.01277.Be
https://doi.org/10.1080/02713683.2020.1760305
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1200/jco.2014.55.2208
https://doi.org/10.1093/biostatistics/kxt050
https://doi.org/10.1038/s41433-019-0374-6
https://doi.org/10.1007/s10384-015-0381-5
https://doi.org/10.1016/s0161-6420(01)00946-0
https://doi.org/10.1136/bjophthalmol-2011-300670
https://doi.org/10.1111/j.1755-3768.2008.01292.x
https://doi.org/10.1111/j.1755-3768.2008.01292.x
https://doi.org/10.1007/s00405-011-1845-y
https://doi.org/10.1007/s00405-011-1845-y
https://doi.org/10.1186/1471-2288-13-152
https://doi.org/10.1001/jamaoncol.2017.0487
https://doi.org/10.1001/jamaoncol.2017.0487
https://doi.org/10.1038/s41598-022-16018-4
https://doi.org/10.1038/s41598-022-16018-4
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:11785  | https://doi.org/10.1038/s41598-022-16018-4

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Comparison of the efficacies of 1.0 and 1.5 mm silicone tubes for the treatment of nasolacrimal duct obstruction
	Methods
	Subjects. 
	Treatment protocols. 
	Postoperative outcome assessments. 
	Statistical analysis. 
	Ethical approval and consent to participate. 

	Results
	Discussion
	References
	Acknowledgements


