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Purpose: To investigate the association between the size of bony 

nasolacrimal duct (NLD) section and surgical outcomes of nasolacrimal 

silicone intubation in incomplete primary acquired nasolacrimal duct 

obstruction (PANDO).

Subjects and methods: Forty two patients who underwent nasolacrimal 

silicone intubation and also had facial computed tomography (CT) were 

included. The smallest area, smallest major and minor axis diameter of 

the elliptic NLD sections were measured in 1 or 1.3 mm-thick axial CT 

images. Surgical success was assessed with the epiphora improvement 

and tear meniscus height normalization (<300 ㎛) at 3 months after 

tube removal. The size of bony NLD were analyzed for the association 
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with surgical outcomes. The area under the receiver operating 

characteristic curve (AUROC) was calculated to set a cut-off value for 

the surgical outcome prediction.

Results: The smallest area and smallest minor axis diameter were 

significantly larger in the success group (35 eyes) compared to those in 

the failure group (p = 0.007, 0.003, Mann-Whitney test). The AUROCs 

of minor axis diameter were larger than the AUROCs of area. 

Sensitivity and specificity of the smallest minor axis diameter were 

0.800 and 0.706 as a predictor of surgical success with a cut-off value 

3.9 mm. There was also a tendency for the epiphora improvement and 

tear meniscus height normalization to increase as these two bony NLD　

parameters became larger.

Conclusions: Surgical outcomes of nasolacrimal silicone intubation in 

incomplete PANDO are associated with the smallest area and smallest 

minor axis diameter of the bony NLD. CT assessment of smallest minor 

axis diameter can be helpful to predict outcomes of nasolacrimal 

silicone intubation for incomplete PANDO. 

keywords : Nasolacrimal duct obstruction; Computed tomography; 

Nasolacrimal silicone intubation; Surgical outcome

Student Number : 2013-22602
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Introduction

Primary acquired nasolacrimal duct obstruction (PANDO) is 

characterized by chronic inflammation of the nasolacrimal duct (NLD) 

without any definite cause.1) Several etiologic factors have been 

suggested for the development of PANDO,2-4) and the bony NLD 

morphology was considered an important etiologic factor. A narrower 

and flatter NLD in women might be an explanation for the female 

predominance in PANDO.1,5,6) Some authors measured the NLD 

parameters of PANDO patients using computed tomography (CT) and 

reported that the smallest diameter and the distal end transverse NLD 

diameter of PANDO patients were significantly narrower compared to 

those of the control group.7,8) In contrast, the anteroposterior and 

transverse diameter of the NLD showed a lack of significant 

differences between the PANDO group and the control group in Asian 

patients.9)

  Surgical options preserving natural lacrimal drainage, such as balloon 

dacryoplasty and nasolacrimal silicone intubation, have been applied for 

incomplete PANDO with comparable results against the 

dacryocystorhinostomy (DCR).10,11) One report briefly mentioned the 

relationship between the bony NLD diameter and surgical outcomes of 

balloon dacryoplasty;7) the mean smallest diameter of the bony NLD 

was larger in the PANDO patients who were successfully treated by 

balloon dacryoplasty than in the patients whose surgery was 

unsuccessful. However, there has been no study about morphometric 

evaluation of the NLD and surgical outcomes of nasolacrimal silicone 

intubation in incomplete PANDO.

   In this study, we investigate the association between the size of 

axial bony NLD section and surgical outcomes of nasolacrimal silicone 
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intubation in incomplete PANDO.
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Subjects and methods

Among the patients who underwent nasolacrimal silicone intubation for 

epiphora at Seoul National University Hospital and Seoul National 

University Bundang Hospital from January 2008 to September 2016, the 

patients who had a diagnosis of incomplete PANDO and had 1 or 1.3 

mm-thickness axial facial CT scan taken within 5 years for various 

head and neck’s problems were searched via retrospective review of 

electronic medical records and included in this study. This study 

protocol was approved by the institutional review boards.

  At the initial visit, patients with epiphora were evaluated by slit 

lamp examination, lacrimal irrigation and anterior segment optical 

coherence tomography (ASOCT). Spectralis optical coherence 

tomography (Heidelberg Engineering GmbH, Heidelberg, Germany) with 

the anterior segment module enabled the precise measurement of tear 

meniscus height (TMH).12,13) The exported image of lower 

eyelid-limbus-cornea were loaded to Photoshop CS6 (Adobe Systems, 

San Hose, CA, USA). After manual outlining of the tear meniscus, TMH 

was measured automatically with the embedded tools. To avoid the 

effect of hydrodynamic pressure, ASOCT was performed at least an 

hour after lacrimal irrigation. 

Incomplete PANDO was defined as subjective epiphora (Munk score 

≥ 2),14) increased TMH (≥ 300 ㎛),12,13,15-17)  and partial passage with 

some amount of reflux on lacrimal irrigation, the absence of punctal 

abnormality and eyelid malposition. Dacryocystography (DCG) was 

routinely performed to confirm the diagnosis. Data on the patient’s 

exposure to topical anti-glaucoma drugs and history of sinusitis were 

collected. The presence of combined canalicular stenosis was excluded 

from evaluation by canalicular probing and DCG. Dacryocystitis, history 
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of facial bone fracture, facial nerve palsy, and eyelid malposition such 

as entropion and ectropion were also excluded. Patients younger than 

40 years of age were also excluded in consideration of progressive 

bony NLD enlargement until 40 years old.5,18) Among 688 patients who 

underwent nasolacrimal silicone intubation during study periods, only 42 

patients met inclusion criteria. 

  A Brilliance 64-slice or iCT 256-slice scanner (Philips Healthcare, 

Cleveland, OH, USA) was used for CT scans. Scans were obtained with 

two protocols: the oromandibular unit or 3-dimensional facial protocol. 

Both protocols produced non-contrast, continuous sections covering from 

frontal sinuses to the atlas in the axial plane with acquisition 

parameters of 1.0 or 1.3 mm slice thickness, 120 kV tube voltage, and 

200 mAs tube current. 

  For measurement of bony NLD size, we chose 5 contiguous sections 

including the grossly narrowest bony NLD. The chosen images were 

loaded to the DICOM viewer (INFINITT PACS, INFINITT Healthcare Co., 

Ltd., Seoul, Korea) with a preset bone window algorithm (width: 2000 

Hounsfield units; HU, level: 400 HU). After image sharpening, images 

were saved as Tagged Image File Format files with high resolution 

(1600 dot per inch). Calipers of Photoshop CS6 (Adobe Systems, San 

Hose, CA, USA) were adjusted with a calibration bar on the image. 

  Because the axial section of the bony NLD could be considered as 

an ellipse, the major axis diameter was defined as the longest diameter, 

and the minor axis diameter was the longest line segment perpendicular 

to the major axis. The area, major and minor axis diameter of the 

bony NLD were measured per section with the embedded tools (Figure 

1). The averaged values of four repeated measurements were listed 

according to the section order. The three smallest values in the list 

and their mean value of each parameter were adopted for further 
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analysis.

All surgical procedures were performed by two surgeons (N.K, S.I.K) in 

the same manner. The method of intubation was similar to the method 

of Quickert and Dryden.19) We used a silicone bicanalicular tube 

(canaliculus intubation set 8590450; Beaver-Visitec International Inc., 

Waltham, MA, USA) instead of the Quickert intubation probes. 

Follow-up examinations were scheduled for 1 week, 1 month, 3 

months, and 6 months after intubation. A slit lamp examination and 

ASOCT were performed at each visit. The silicone tube was usually 

removed at 3 months. Surgical outcomes were judged as successful 

when two conditions were achieved at 3 months after tube removal: 

epiphora improvement (decrease of Munk score to 0~1) and the 

achievement of normal TMH (<300 ㎛)12,13,15-17) on ASOCT. If surgeries 

were successful or unsuccessful in both eyes of a patient, only one eye 

was randomly selected for analysis. In case of unilateral improvement 

after bilateral nasolacrimal silicone intubation, each eye was separately 

sorted for analysis. 

All eyes sorted for analysis were divided into two groups according 

to surgical outcomes (success group and failure group). The clinical 

characteristics and NLD parameters of two group were compared with 

Mann-Whitney test, Fisher’s exact tests, and Wilcoxon test.

The area under the receiver operating characteristic curve (AUROC) 

of surgical outcome prediction was also calculated for each parameter. 

Superiority between AUROCs was estimated using MedCalc version 

9.6.4.0 (MedCalc Software, Mariakerke, Belgium). Sensitivity and 

specificity were calculated for parameters showing superior AUROCs. 

The cut-off value was determined with the Youden’s index and 

Euclidean method. 

Also, all eyes were divided into 4 groups according to each of the 
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smallest area, smallest major axis diameter and smallest minor axis 

diameter. The rates of epiphora improvement and TMH normalization (< 

300 ㎛) at 3 months after tube removal were calculated for each 

group. Fisher's 2 x 4 test was applied to compare improvement rates 

between 4 groups. A p value < 0.05 was considered statistically 

significant.  
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Figure 1 In the axial image from computed tomography, the inner rim 

of the right nasolacrimal duct (NLD) was outlined with a lasso tool. The 

area of the right NLD was calculated in calibrated units (mm2) 

according to the adjusted measurements scale (black arrowheads). The 

major axis diameter of the left NLD was the longest diameter measured 

with the ruler tool (asterisk). The minor axis diameter was the longest 

line segment perpendicular to the major axis (double asterisks). Both 

parameters were calculated in calibrated units (mm) 
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Results

Fifty two eyes of 42 patients were selected for evaluation in this 

study. 20 eyes of 10 patients　were selected  because of unilateral 

success after bilateral nasolacrimal silicone intubation. Twenty five eyes 

were selected from 25 patients whose all surgeries (bilateral or 

unilateral) were successful. Seven eyes were selected from 7 patients 

whose all surgeries (bilateral or unilateral) were unsuccessful. The 

demographics and preoperative clinical findings of 42 patients with 52 

eyes were in Table 1.

Totally, 35 eyes of 35 patients were classified to the surgical success 

group and 17 eyes of 17 patients were classified to the surgical failure 

group. Surgical outcomes were determined at 5.8 ± 2.0 months after 

surgery. The clinical characteristics of each group are shown in Table 

2. Age at surgery, sex, topical anti-glaucoma eye drops exposure, 

history of sinusitis, preoperative degree of epiphora and tear meniscus 

height were not significantly different between the success and failure 

groups.

The smallest area and minor axis diameter were significantly larger in 

the success group compared to those in the failure group. The second, 

third smallest values and mean of the three smallest values for the 

area and minor axis diameter were also larger in the success group 

with statistical significance. The AUROCs of the minor axis diameter 

exceeded 0.75 and were larger than the AUROCs of the area and 

major axis diameter (Table 3). 

Analyses for the patients with unilateral success after bilateral surgery 

showed similar results (Figure 2). The smallest, second smallest and 

mean of the three smallest areas were significantly larger in the 

successful eyes. The smallest major axis diameter was significantly 
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larger in the successful eyes. As for the minor axis diameter, all the 

values were significantly larger in the successful eyes. The AUROCs of 

the minor axis diameter were approximately 0.7 and larger than the 

AUROCs of the area and major axis diameter (Table 4).

Although the superiority was not statistically significant, the AUROCs 

of the minor axis diameter were larger than the AUROCs of area and 

major axis diameter for every smallest value. We presented sensitivity, 

specificity and cut-off value of the minor axis diameter for the surgical 

outcome prediction (Table 5). 

The epiphora improvement and TMH normalization were found in 35 

and 37 eyes at 3 months after the tube removal. As the smallest NLD 

parameters increase, the epiphora improvement and TMH normalization 

rates are increased per each group (Table 6, Figure 3,4). However, 

only the area and minor axis diameter showed statistically significant 

differences of the rates change according to the groups (p = 0.01, 0.21, 

respectively, Fisher's 2 x 4 tests). 
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Figure 2 A 42-year-old male underwent nasolacrimal silicone intubation 

for bilateral incomplete primary nasolacrimal duct obstruction. Epiphora 

of the left eye recurred at 2 months after tube removal. Endoscopic 

endonasal dacryocystorhinostomy was performed in his left eye at 12 

months after the initial surgery. a Preoperative dacryocystography 

showed a dilated nasolacrimal duct (NLD) in the right eye and stenosis 

of the sac-NLD junction in the left eye. b In a preoperative computed 

tomography axial image, the smallest minor axis diameter of the right 

eye was larger than that of the left eye (5.6 mm vs 4.2 mm)
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Figure 3 Rate of epiphora improvement at 3 months after tube removal 

according to the smallest bony nasolacrimal duct size in 52 eyes of 42 

patients. P values were derived by Fisher’s 2 x 4 tests
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Figure 4 Rate of tear meniscus height normalization (< 300 ㎛) on 

anterior segment optical coherence tomography at 3 months after tube 

removal according to the smallest bony nasolacrimal duct size in 52 

eyes of 42 patients. P values were derived by Fisher’s 2 x 4 tests
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Table 1 The demographics and preoperative clinical findings of 42 

patients with 52 eyes  

Sex (M : F) 6 : 36 

Age at surgery (years ± SD) 59.7 ± 12.2

Topical anti-glaucoma eye drops exposure (%) 2   (3.8)

History of sinusitis (%) 4   (7.7)

Preoperative epiphora (Munk score) 2.8 ± 0.8

Preoperative tear meniscus height (㎛) 426 ± 82 

SD standard deviation
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Success group

(n = 35 eyes, 

35 patients)

Failure group

(n = 17 eyes, 

17 patients)

p valuea

Sex (M : F) 10 : 25 6 : 11 0.751

Age at surgery 

(years ± SD)
59.1 ± 12.5 62.0 ± 10.7 0.513

Topical anti-glaucoma  

eye drops exposure 
2   (5.7) 0   (0) 0.551

History of sinusitis 3   (8.6) 1   (10.5) 1.000

Table 2 The clinical characteristics of the success and failure groups in 

52 eyes of 42 patients  

SD standard deviation

Data are presented as n (%) or mean ± standard deviation

ap values derived from Mann-Whitney test in continuous variables, and 

Fisher’s exact test in categorical variables
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Bony NLD size parameters

Success 

group 

(n = 35)

Failure 

group 

(n = 17)

p 

value

AUROC 

(95% CI)

Area (mm2)

Smallest values 29 22 0.007
0.731 

(0.590-0.845)

Second smallest values 30 22 0.006
0.735 

(0.595-0.848)

Third smallest values 31 24 0.018
0.704 

(0.561-0.823)

Mean of the three

smallest values
30 23 0.008

0.729 

(0.588-0.843)
Major axis diameter (mm)

Smallest values 6.6 6.1 0.149
0.624

(0.479-0.755)

Second smallest values 6.9 6.4 0.149
0.624 

(0.479-0.755)

Third smallest values 7.1 6.6 0.238
0.602 

(0.457-0.735)

Mean of the three

smallest values
6.8 6.4 0.170

0.618 

(0.473-0.750)

Minor axis diameter (mm)

Smallest values 4.7 3.9 0.003
0.758 

(0.619-0.866)

Second smallest values 4.8 4.0 0.003
0.756 

(0.617-0.865)

Third smallest values 5.1 4.1 0.002
0.773 

(0.636-0.878)

Mean of the three

smallest values
4.9 4.0 0.002

0.770 

(0.632-0.875)

Table 3 Comparison of the three smallest values and their mean value 

of bony NLD size parameters between the success and failure groups 

using Mann-Whitney test in 52 eyes of 42 patients

AUROC area under the receiver operating characteristic curve, CI

confidence interval
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Bony NLD size 

parameters

Success 

group

(n=10)

Failure 

group

(n=10)

p 

value
AUROC (95% CI)

Area (mm2)

Smallest values 28 22 0.029 0.630 (0.389-0.831)

Second smallest 

values
29 23 0.038 0.635 (0.393-0.835)

Third smallest values 30 25 0.057 0.580 (0.342-0.793)

Mean of the three

smallest values
29 23 0.047 0.590 (0.351-0.801)

Major axis diameter 

(mm)

Smallest values 6.7 6.3 0.042 0.525 (0.293-0.749)

Second smallest 

values
6.9 6.5 0.070 0.535 (0.302-0.757)

Third smallest values 6.9 6.8 0.847 0.500 (0.272-0.728)

Mean of the three

smallest values
6.8 6.5 0.258 0.500 (0.272-0.728)

Minor axis diameter 

(mm)

Smallest values 4.4 3.8 0.012 0.690 (0.477-0.874)

Second smallest 

values
4.6 4.0 0.011 0.680 (0.437-0.867)

Third smallest values 4.9 4.2 0.011 0.740 (0.498-0.907)

Mean of the three

smallest values
4.7 4.0 0.006 0.740 (0.498-0.907)

Table 4 Comparison of the three smallest values and their mean value 

of bony NLD size parameters between both eyes of 10 patients with 

unilateral success after bilateral surgery using Wilcoxon test  

AUROC area under the receiver operating characteristic curve, CI

confidence interval
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Minor axis diameter 

of the bony NLD

AUROC 

(95% CI)

Cut-off 

value (mm)
Sensitivity Specificity

Smallest value
0.758   

(0.619-0.866)
3.9 0.800 0.706

Second 

smallest value

0.756   

(0.617-0.865)
4.4 0.824 0.629

Third 

smallest value

0.773   

(0.636-0.878)
4.5 0.824 0.657

Mean of the three 

smallest values

0.770   

(0.632-0.875)
4.1 0.706 0.771

Table 5 Sensitivity, specificity and cut-off value of the minor axis 

diameter of the bony NLD for the surgical outcome prediction in 52 

eyes of 42 patients 

AUROC area under the receiver operating characteristic curve, CI 

confidence interval
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Range (mm2) <18 18-23 23-28 28< p value*

Smallest

Area

Improved epiphora 4 9 12 10
0.010

Sustained epiphora 8 5 2 2

Improvement rate 0.33 0.64 0.86 0.83

TMH < 300 ㎛ 5 9 12 11
0.014

TMH ≥ 300 ㎛ 7 5 2 1

Rate of 

TMH <　300 ㎛
0.42 0.64 0.86 0.92

Smallest

Major 

axis

diameter

Range (mm) <5.5 5.5-6.3 6.3-7.1 7.1<

Improved epiphora 7 9 8 10
0.555

Sustained epiphora 6 5 4 2

Improvement rate 0.54 0.64 0.67 0.83

TMH < 300 ㎛ 7 10 9 10
0.410

TMH ≥ 300 ㎛ 6 4 3 2

Rate of 

TMH < 300 ㎛
0.54 0.71 0.75 0.83

Smallest

Minor 

axis

diameter

Range (mm) <3.8 3.8-4.4 4.4-5.0 5.0<

Improved epiphora 5 8 10 12
0.021

Sustained epiphora 8 5 2 2

Improvement rate 0.38 0.62 0.83 0.86

TMH < 300 ㎛ 6 8 10 13
0.020

TMH ≥ 300 ㎛ 7 5 2 1

Rate of 

TMH < 300 ㎛
0.46 0.62 0.83 0.93

Table 6 Rate of epiphora improvement and tear meniscus height 

normalization (< 300 ㎛) at 3 months after tube removal according to 

the smallest bony nasolacrimal duct section size in 52 eyes of 42 

patients.

TMH tear meniscus height

* Fisher’s 2 x 4 test. 
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Discussions

In this study, we found that the larger area and minor axis diameter 

of the NLD sections were associated with better surgical outcomes. 

Previous studies aimed to find factors associated with the success of 

nasolacrimal silicone intubation; canalicular obstruction, younger age, 

and good passage without resistance or regurgitation were reported as 

good prognostic factors.11,20,21) We analyzed our results while controlling 

these confounding factors to clearly document the impact of NLD 

morphology; only the patients who showed partial passage with some 

amount of reflux on lacrimal irrigation were included. The mean age 

was not significantly different between the success and failure groups.

We measured the size of bony NLD section directly from CT axial 

images. Several studies have shown that the narrowest part is located 

in the middle and upper portion of the bony NLD.9,22,23) However, the 

section with the smallest anteroposterior diameter and the section with 

the smallest transverse diameter do not always coincide.9,20) In the 

Japanese cadaver study, the section with the smallest anteroposterior 

diameter lies 3.6 ± 2.3 mm from the entrance of bony NLD, which 

was 2.0 mm closer in compared to the section with the smallest 

transverse diameter.18) Hence we chose 5 contiguous axial sections 

including the grossly narrowest bony NLD to cover 5.0 or 6.5 

mm-length of bony NLD.

The parameters may be overestimated if the included NLD was not 

parallel to the sagittal and horizontal reference lines. As the angle 

between the NLD and reference line increases, the error also increases 

.24) The angles of the bony NLD relative to the aesthetic horizontal 

line and sagittal line were 19.2°and 0.1°in Asian cadaveric 

studies.25,26) This slope of the bony NLD in Asians allows the 
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transverse diameter to be free from overestimation, as it is in 

Caucasians.7) The minor axis diameter of an oval-shaped NLD in most 

images lay transversely rather than anteroposteriorly. Hence, in our 

measurements, the minor axis diameter was more precise than the 

major axis diameter. 

The larger area and minor axis diameter of the NLD sections were 

associated with surgical success. Two factors for determining success, 

epiphora improvement and TMH normalization, also appear at higher 

rates as the smallest bony NLD area and minor axis diameter increase. 

For the major axis diameter, only the smallest value was significantly 

larger in the successful eye than in the contralateral eye in patients 

with unilateral success, though it was not significantly larger in the 

success group compared to the failure group. 

This discrepancy between the two analyses of major axis diameter may 

result from the measurement error mentioned above; if the distribution 

of the anteroposterior slope angle is unequal in the success and failure 

groups, selection bias may have occurred. However, by comparing both 

NLDs in the same patient, the selection bias was minimized due to the 

symmetric slope angle of both NLDs. To make sure the smallest major 

axis diameter is also a prognostic factor, more precise error correction 

based on the NLD slope angle is mandatory.

The AUROC of the minor axis diameter was larger than that of the 

area. This indicated that the minor axis diameter has stronger ability to 

predict surgical outcomes. Among 4 kinds of the smallest values, the 

AUROC was largest for the third smallest minor axis diameter. 

However, the smallest minor axis diameter yields a comparable AUROC 

and is easier to measure in a workstation. Hence, we suggest using the 

smallest minor axis diameter as a predictor of nasolacrimal silicone 

intubation success with a cut-off value 3.9 mm. 
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Previously, similar results were also reported in complete or 

incomplete PANDO patients treated with balloon dacryoplasty;7) the 

smallest diameter of the bony NLD was larger in the success group 

than in the failure group, though not by a statistically significant 

amount. Our study documented the statistical significance of the minor 

axis diameter for surgical success. In addition, our study also 

demonstrated the significance of the second and third smallest values 

and their mean value of the minor axis diameter. This superiority may 

result from our pursuit of population homogeneity by including only 

patients with incomplete PANDO and because our patient population 

was much larger than Janssen’s. We also measured the NLD 

diameters more precisely with 1.0 or 1.3 mm slice thickness CT. 

If PANDO development and surgical failure share the risk factor of a 

narrow bony NLD, a similarity between the two processes can be 

suggested. The success rates after a nasolacrimal silicone intubation 

usually decrease with time after the surgery.27) In a long-term 

follow-up study, the success rates were decreased to 51%.11) It seems 

that the idiopathic inflammation of the NLD continued even after the 

surgery and the NLD became stenotic again.28) A narrow bony NLD 

aggravates tear flow stagnation and debris accumulation around the 

silicone tube in this restenosis process.6,7,9) 

Unlike a narrow NLD, other known risk factors of PANDO, such as 

topical anti-glaucoma eye drops exposure and a history of sinusitis, 

were not associated with surgical failure in our study. The effects of 

topical anti-glaucoma eye drops and sinusitis were less than those in 

studies dealing with PANDO development because postoperative NLD 

inflammation was suppressed with tobramycin/dexamethasone eye drops 

and the follow-up period was relatively shorter than the duration of 

PANDO development. 
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There were several limitations in our study. First, our study was 

retrospectively designed. Second, the single ophthalmologist measured 

the parameters on CT. Third, only Koreans were included in our study. 

The mean diameters of our groups overlapped with Asian results rather 

than Caucasian results.5,7,9,24) Further prospective study that includes a 

large number of patients is needed to support our results.

Our study revealed that surgical success of nasolacrimal silicone 

intubation is associated with the larger area and minor axis diameter of 

the bony NLD sections in incomplete PANDO. This finding aids the 

understanding of the pathophysiology of surgical failure after 

nasolacrimal silicone intubation. The smallest minor axis diameter 

measured with CT will be helpful to predict outcomes of nasolacrimal 

silicone intubation for incomplete PANDO. 



- xxiii -

References

1. Linberg JV, McCormick SA (1986) Primary acquired nasolacrimal duct  

   obstruction. A clinicopathologic report and biopsy technique.         

   Ophthalmology 93:1055-1063.

2. Ohtomo K, Ueta T, Toyama T, Nagahara M (2013) Predisposing       

   factors for primary acquired nasolacrimal duct obstruction. Graefes   

   Arch Clin Exp Ophthalmol 251:1835-1839. 

3. Seider N, Miller B, Beiran I (2008) Topical glaucoma therapy as a    

   risk factor for nasolacrimal duct obstruction. Am J Ophthalmol       

   145:120-123. 

4. Choi SC, Lee S, Choi HS, Jang JW, Kim SJ, Lee JH (2016)           

   Preoperative Computed Tomography Findings for Patients with       

   Nasolacrimal Duct Obstruction or Stenosis. Korean J                 

   Ophthalmol 30:243-250. 

5. Shigeta K, Takegoshi H, Kikuchi S (2007) Sex and Age Differences in  

   the Bony Nasolacrimal Canal: an anatomical study. Arch Ophthalmol  

   125:1677-1681. 

6. Groessl SA, Sires BS, Lemke BN (1997) An anatomical basis for      

   primary acquired nasolacrimal duct obstruction. Arch Ophthalmol     

   115:71-74.

7. Janssen AG, Mansour K, Bos JJ, Castelijns JA (2001) Diameter of the  

   Bony Lacrimal Canal: Normal Values and Values Related to          

   Nasolacrimal Duct Obstruction: Assessment with CT. AJNR Am J     

   Neuroradiol 22:845-850.

8. Bulbul E, Yazici A, Yanik B, Yazici H, Demirpolat G (2016)           

   Morphometric Evaluation of Bony Nasolacrimal Canal in a Caucasian  

   Population with Primary Acquired Nasolacrimal Duct Obstruction: A   

   Multidetector Computed Tomography Study. Korean J Radiol         



- xxiv -

   17:271-276.

9. Takahashi Y, Nakata K, Miyazaki H, Ichinose A, Kakizaki H (2014)    

   Comparison of Bony Nasolacrimal Canal Narrowing With or Without  

   Primary Acquired nasolacrimal Duct Obstruction in a Japanese       

   Population. Ophthal Plast Reconstr Surg 30:434-438.

10. Couch SM, White WL (2004) Endoscopically assisted balloon         

    dacryoplasty treatment of incomplete nasolacrimal duct obstruction.  

    Ophthalmology 111:585-589.

11. Connell PP, Fulcher TP, Chacko E, O’Connor MJ, Moriarty P       

    (2006) Long term follow up of nasolacrimal intubation in adults. Br  

    J Ophthalmol 90:435-436. 

12. Park DI, Lew H, Lee SY (2012) Tear meniscus measurement in      

    nasolacrimal duct obstruction patients with Fourier-domain optical   

    coherence tomography: novel three-point capture method. Acta     

    Ophthalmol 90:783-787.

13. Zhou S, Li Y, Lu AT, Liu P, Tang M, Yiu SC, Huang D (2009)      

    Reproducibility of tear meniscus measurement by Fourier-domain    

    optical coherence tomography: a pilot study. Ophthalmic Surg       

    Lasers Imaging 40:442-447.

14. Munk PL, Lin DT, Morris DC (1990) Epiphora: treatment by means  

    of dacryocystoplasty with balloon dilatation of the nasolacrimal      

    drainage apparatus. Radiology 177:687-690.

15. Shen M, Wang J, Tao A, et al (2008) Diurnal variation of upper and  

    lower tear menisci. Am J Ophthalmol 145:801-806.

16. Canan H, Altan-Yaycioglu R, Ulas B, Sizmaz S, Coban-Karatas M 　　

　 (2014) Interexaminer reproducibility of optical coherence 　　　　　　

　 tomography for measuring the tear film meniscus. Curr Eye Res    

    39:1145-1150.

17. Bitton E, Keech A, Simpson T, Jones L (2007) Variability of the     



- xxv -

    analysis of the tear meniscus height by optical coherence          

    tomography. Optom Vis Sci 84:903-908.

18. Lee H, Ha S, Lee Y, Park M, Baek S (2012) Anatomical and        

   Morphometric Study of the Bony Nasolacrimal Canal Using           

   Computed Tomography. Ophthalmologica 227:153-159.

19. Quickert MH, Dryden RM (1970) Probes for intubation in lacrimal    

   drainage. Trans Am Acad Ophthalmol Otolaryngol 74:431-433.

20. Baek JS, Lee S, Lee JH, Choi HS, Jang JW, Kim SJ (2016)          

   Predictors of Silicone Tube Intubation Success in Patients with       

   Lacrimal Drainage System Stenosis. Korean J Ophthalmol            

   30:157-162.

21. Park JS, Ha SW, Lew HL (2011) Factors affecting the long-term    

   outcome of silicone tube intubation in patients with nasolacrimal   

   duct obstruction. J Korean Ophthalmol Soc 52:129-135. 

22. Takahashi Y, Nakamura Y, Nakano T et al (2013) The Narrowest    

   Part of the Bony Nasolacrimal Canal: An Anatomical Study. Ophthal  

   Plast Reconstr Surg 29:318-322. 

23. Groell R, Schaffler GJ, Uggowitzer M, Szolar DH, Muellner K (1997)  

   CT-anatomy of the nasolacrimal sac and duct. Surg Radiol Anat     

   19:189-191.

24. Ramey NA, Hoang JK, Richard MJ (2013) Multidetector CT of       

   Nasolacrimal Canal Morphology: Normal Variation by Age, Gender,   

   and Race. Ophthal Plast Reconstr Surg 29:475-480.

25. Takahashi Y, Nakamura Y, Nakano T, Asamoto K, Iwaki M, Kakizaki  

   H (2013): Horizontal Orientation of the Bony Lacrimal Passage: An   

   Anatomical Study. Ophthal Plast Reconstr Surg 29:128-130. 

26. Park J, Takahashi Y, Nakano T et al (2012) The Orientation of the  

   Lacrimal Fossa to the Bony Nasolacrimal Canal: An Anatomical      

   Study. Ophthal Plast Reconstr Surg 28:463-466.



- xxvi -

27. Aritürk N, Oge I, Oge F, Erkan D, Havuz E (1999) Silicone         

    intubation for obstruction of the nasolacrimal duct in adults. Acta   

    Ophthalmol Scand 77:481-482.

28. Kwon YH, Lee YJ (2008) Long-term results of silicone tube   

    intubation in incomplete nasolacrimal duct obstruction (NLDO). J    

    Korean Ophthalmol Soc 49:190-194. 



- xxvii -

요약 (국문초록)

목적:　 부분 코눈물길 폐쇄 환자에서 코눈물길 실리콘관 삽입술의 

삽입술 수술 결과와 골성 코눈물길 크기의 관계를 알아보고자 한다. 

대상과 방법: 부분 눈물길 폐쇄로 진단받고 눈물길 실리콘관 삽입술을 

시행하였으며 안면부 전산화단층촬영 (CT) 결과가 있는 42명의 환자를 

포함하였다. 수술의 성공은 관 제거 3개월 후 눈물 증상의 호전과 

전안부 광간섭 단층 촬영을 이용한 눈물층 높이의 감소로 판정하였다. 1 

또는 1.3 mm 두께의 축성 CT 이미지에서 코눈물길의 면적, 장경 및 

단경을 측정하여 수술 성공군과 실패군 사이의 차이를 비교하였다. 성공 

예측의 절단값을 구하기 위해 각 변수에 대해 area under the receiver 

operating characteristic curve (AUROC)를 계산하였다. 

결과:　면적과 단경의 최소값은 성공군 (35안)에서 실패군보다 유의하게 

컸다 (p = 0.007, 0.003, Mann-Whitney test). 각각의 변수에 대해 

AUROC를 계산하였을 때 단경의 AUROC가 면적 및 장경에서보다 컸다. 

최소단경을 기준으로 설정하였을 때의 민감도/특이도는 0.800/0.706로 

성공 예측의 절단값은 3.9mm 였다. 또한, 면적 및 단경의 최소값이 

증가할수록 눈물증상의 호전 및 눈물층 높이의 감소의 비율도 증가하는 

양상을 보였다. 

결론: 부분 코눈물길 폐쇄 환자에서 코눈물길 실리콘관 삽입술의 결과는 

코눈물길의 면적 및 단경과 연관성이 있다. 전산화단층촬영을 시행하여 

코눈물길의 최소 단경을 측정하여 실리콘관 삽입술의 수술 결과 예측에 

도움을 받을 수 있을 것으로 사료된다.

주요어: 코눈물길 폐쇄, 전산화 단층촬영, 코눈물길 실리콘관 삽입술 
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