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Purpose: This study aimed to evaluate the accuracy of the lacrimal syringing test (syringing) in relation to dacryocystography (DCG)
and dacryoendoscopy (DE) in lacrimal pathway (LP) obstruction.

Methods: We retrospectively reviewed 101 patients (188 LPs) who underwent syringing, cone-beam computed tomography (CBCT)-
DCG, and DE to diagnose the degree and site of LP obstruction. The degree of obstruction was classified into patent, partial
obstruction, and complete obstruction. The degree of LP obstruction was determined by combining the findings of DE and CBCT-
DCG and was designated as DCG+DE. When differentiating complete or partial obstruction on DE was uncertain, complete or partial
obstruction was assigned if the DCG showed evidence of contrast media obstruction or passage, respectively. The consistency between
syringing and DCG+DE was evaluated by calculating the weighted kappa coefficient.

Results: The sensitivity and specificity of syringing were 94% and 89%, respectively. The weighted Cohen’s kappa value of
agreement between syringing and DCG+DE was «k = 0.73 (SE = 0.04, 95% confidence interval [CI]: 0.66-0.80, p < 0.01). When
divided into presaccal and postsaccal obstruction categories, the kappa values were k = 0.40 (SE = 0.11, 95% CI: 0.19-0.62, p < 0.01)
and 0.55 (SE = 0.09, 95% CI: 0.37-0.73, p < 0.01), respectively. Furthermore, when limited to common canaliculus obstruction
(stenoses), which accounted for 78% (46 LPs) of the total presaccal obstructions, the kappa value was « = 0.29 (SE = 0.12, 95% CI:
0.05-0.54, p = 0.021), which demonstrated the lowest consistency between syringing and DCG+DE.

Conclusion: Syringing was “substantially” in agreement with DCG+DE in detecting the degree of LP obstruction. Moreover,
syringing was a sufficiently sensitive and specific test when performed by an experienced clinician. However, distinguishing between
complete and partial obstructions by syringing was sometimes difficult, particularly in the common canaliculus obstruction (stenosis).
Keywords: epiphora, nasolacrimal duct, lacrimal passage obstruction, stenosis, lacrimal drainage system, lacrimal sac, lacrimal
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Introduction

The lacrimal syringing test (syringing) is the most frequently performed test to investigate epiphora in clinical practice.'
Syringing is a practical test, providing valuable information on the presence, localization, and nature of the lacrimal
pathway (LP) obstruction. Syringing helps in evaluating whether the canaliculus, lacrimal sac, and nasolacrimal duct
(NLD) are qualitatively patent, partially obstructed, or completely obstructed. Meanwhile, functional epiphora is
a dysfunctional drainage system without an identifiable anatomical obstruction, and syringing has limited reliability in
differentiating partial NLD obstruction from functional epiphora.** Dacryocystography (DCG) is a classic and valuable
test to visualize LP obstruction.®” The basic idea of DCG is to find the site with initial occlusion of the contrast media and
diagnose it as the obstructed level. A normal LP has multiple indentations or narrowings and irregularities; therefore,
differentiating these normal findings from true pathological stenosis is often complicated. Furthermore, DCG is not helpful
in finding the cause of functional epiphora cases because the findings are normal.**? Dacryoendoscopy (DE) is the
investigation method of directly visualizing the lumen of the LP.'” The use of dacryoendoscope, not only for diagnostic
inspections, but also for treatments of LP obstructions, has remarkably increased over the past two decades, especially in
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East Asia, including Japan, Korea, and the Philippines.'''* East Asians have relatively flat facial features, with a less
elevated superior orbital rim than other ethnic groups, which could allow relatively easy usage of a dacryoendoscope.'*'®
Moreover, the development of bent-tip and curved probes facilitate observation until the end of the LP in cases that could

not be observed by conventional straight-type probes (Supplementary Figure 1).'”"'® With advances in fiberoptic systems,

dacryoendoscopes offer image quality of 10,000-15,000 pixels; therefore, mucosal inflammation, granulation, foreign
bodies, and dacryoliths can be visualized.

Syringing is the most commonly used procedure to examine epiphora and is one of the most fundamental and
essential examinations in dacryology. This study aimed to evaluate the accuracy of syringing in relation to DCG and DE.
The degree and site of LP obstruction were comprehensively identified by combining the findings of DE and DCG,
designated as DCG+DE, and the accuracy of syringing was then evaluated.

Methods

Patient Selection

This study retrospectively investigated 101 patients (188 LPs) who underwent syringing, DCG, and DE as preoperative
evaluation of LP obstruction at Ehime University Hospital between January 2021 and March 2022. Syringing was
conducted during the first clinical visit, and DCG and DE were subsequently performed on a different day in that order.
These examinations were conducted or supervised by three trained ophthalmologists, namely, TK, AM, and AS, with 11, 5,
and 15 years of experience in dacryoendoscopic surgeries, respectively. Each clinician was responsible for the series of tests
mentioned above on each patient. Notably, TK and AM performed 106 and 82 LP examinations, respectively. Patients with
a history of systemic chemotherapy with 5-fluorouracil, docetaxel, or idoxuridine and those with a history of radiation
therapy given to the cranial region, posttraumatic bone deformity, or eyelid malposition were excluded from this study.
Eligible patients were evaluated not only on the symptomatic side but also on the asymptomatic side with the above three
tests. The operated side was excluded from the statistical analysis if there was a history of lacrimal recanalization surgery on
one side of the LP. The side without a history of surgery was included in the analysis. Moreover, if the diagnostic DE was
challenging to perform on the other side because of a pain, only one side was evaluated. The degree and site of LP
obstruction were examined, and the degree of obstruction was classified into patent, partial obstruction, and complete
obstruction. The duration of obstruction was defined as the period of chronic epiphora described in the patient’s
questionnaire. The duration of obstruction was expressed in months and set to zero if asymptomatic.

Syringing

All the patients received topical ocular surface anesthesia before the examination. If the punctum was small, a Nettleship
punctum dilator was used. A blunt-tipped 23-G lacrimal cannula on a 2.5-mL syringe with saline solution was inserted
through the upper and lower punctum, and syringing was performed under minimal pressure. The absence of any reflux
was considered patent (true negative). If the saline refluxed totally and did not irrigate into the nose, complete obstruction
was considered; meanwhile, partial obstruction was characterized by partial irrigation into the nose with some extent of
reflux. When serous reflux material was observed, canalicular, common canalicular, or upper lacrimal sac obstruction was
considered. When viscous reflux material was observed, obstruction at the distal sites, such as the lacrimal sac or NLD
was considered. The communication between the upper and lower canaliculi was also determined. The reflux from the
punctum opposite to the injecting side was considered an obstruction in the common canaliculus or more distal
structures. Direct reflux of saline from the injecting punctum with failure to advance the cannula into the lacrimal
fossa was diagnosed as complete obstruction of the canaliculus. Subsequently, a Bowman’s probe was inserted from the

punctum to measure the length of occlusion to the soft stop.' %

DCG

Patients who presented acute dacryocystitis and allergy to contrast media or iodine were excluded from the examination.
After topical anesthesia with 4% lidocaine instillation, the LP was washed with saline. The contrast media was a non-ionic,
water-soluble agent (1-2 mL; Omnipaque 300 [iohexol]; GE Healthcare, Tokyo, Japan). It was manually injected slowly
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through the upper and lower puncta until the patient reported that the solution reached the nose or until the contrast agent
backflow from the punctum. DCG was performed bilaterally to examine both sides of the LP. In capturing the images, cone-
beam computed tomography (CBCT) was initiated shortly after contrast medium injection. Three-dimensional CBCT-DCG
images were acquired using Accuitomo F17 (Morita, Kyoto, Japan). Imaging conditions were a scan time of 17.5 s and
X-ray output of 90 kV and 8.0 mA. Image manipulation was performed using dedicated computer software (i-Dixel 2.0;
Morita, Kyoto, Japan). Partial obstruction was considered if both of the following criteria were met: (1) Apparent thinner
contrast in the LP continuity, and (2) LP dilatation proximal to the thin contrasted area. DCG images were evaluated by an
ophthalmologist and a radiologist; the latter was totally blinded to all other patient information.

DE

Patients with acute dacryocystitis were excluded. Patients were placed in a supine position on the procedural bed, and
topical ocular surface and mucosal surface anesthesia of the LP were administered with 4% lidocaine. If necessary,
subcutaneous infiltration anesthesia around the punctum and inner canthus was added with 2% lidocaine and epinephrine.
The punctum was dilated with a dilator, and a bent-type rigid dacryoendoscope (MT-3 or CK-10, Fibertech, Tokyo) was
inserted through the upper and lower puncta. During the examination, the tip of the probe passed through the canaliculus
and common canaliculus, reaching the lacrimal sac from the internal common punctum. Then, the probe was rotated 90°
inferiorly to view the lacrimal sac and NLD, until the NLD opening on the inferior meatus. DE was bilaterally performed
to examine both sides of the LP. When partial or complete LP obstruction was detected, the site, degree, and
characteristics of the obstructed area were recorded. Complete obstruction was defined as complete obstruction on the
endoscopic view. Patent was defined as the absence of pathological changes in the LP lumen, such as inflammatory or
fibrotic stenosis, granulation, foreign bodies, or dacryoliths. Other cases were classified as partial obstruction.

DCG+DE

The site and degree of obstruction were classified according to the DE findings as the “gold standard”. Meanwhile, in the
following cases, DCG and DE were complementarily integrated to determine the obstruction status. (1) In cases where
DE diagnosed complete obstruction, but DCG showed the passage of contrast media, partial obstruction was considered
based on DCG (Figure 1). (2) In cases such as common canalicular stenosis (CCS) + complete NLD obstruction, CCS
prevents the DE probe from passing through; hence, DE cannot be used to visualize sites beyond the stenotic site.
However, DCG could reveal complete obstruction of the NLD, and the DCG findings were used. (3) When stenosis was

A

Figure | Complementary findings of DE and DCG. (A) DE showed a micro-hole in the center of the obstructed site in NLD. Complete or partial obstruction was not
clearly visible in the endoscopic images. (B) Sagittal DCG image showed contrast passage, and the site was confirmed as a partial obstruction (arrowhead). The original DCG
images were converted to monochrome to facilitate the observation of the contrast media.

Abbreviations: DCG, dacryocystography; DE, dacryoendoscopy; NLD, nasolacrimal duct.
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present at multiple sites along the LP, it prevented diagnostic DE from being visualized beyond the stenotic site.
Conversely, DCG could identify the site of complete obstruction regardless of stenosis; hence, it was used.

Sensitivity and Specificity Analysis

The sensitivity of syringing test corresponded to the rate of LPs with partial or complete obstruction on DCG+DE and
positive in the syringing test (true positives). The specificity of syringing corresponded to the rate of patent LPs on DCG
+DE that were negative (patent) on syringing (true negatives).

Statistical Analysis

Inter-rater reliability analysis was performed between dependent samples of syringing and DCG+DE. Accordingly, the
weighted Cohen’s kappa, a measure of the agreement between two dependent categorical samples, was calculated. To
interpret the calculated kappa values, Landis and Koch’s classification table was used as a guide (Supplementary
Table 1).?' All statistical analyses were performed using the online statistics calculator DATAtab (Graz, Austria; URL

https://datatab.net).

Results

The study included 22 male patients (43 LPs) and 79 female patients (145 LPs). The mean age of the patients was 71.4
(standard deviation [SD] = 13.8) years. The present study included 124 and 64 cases of symptomatic and asymptomatic
LPs, respectively, and the mean duration of LP obstruction was 20.4 (SD = 56.0) months. Among 64 cases of
asymptomatic LPs, 33, 23, and 7 were identified as patent, partial, and complete obstructions in DCG+DE, respectively.

Table | Consistency Analysis Between Syringing and DCG+DE in All Cases (Top), Presaccal Obstruction (Middle), and Postsaccal
Obstruction (Bottom)

Number of LPs by the Degree of Obstruction Weighted Cohen’s Kappa | Standard Error 95% ClI P

All Cases

Syringing Total 0.73 0.04 0.66—0.80 <0.001

Patent | Partial | Complete

DCG+DE Patent 34 4 0 38
Partial 9 33 29 71

Complete 0 | 78 79

Total 43 38 107 188

Presaccal obstruction

Syringing Total 0.40 0.11 0.19-0.62 <0.001

Patent | Partial | Complete

DCG+DE Partial 2 23 18 43
Complete 0 0 16 16
Total 2 23 34 59

Postsaccal obstruction

Syringing Total 0.55 0.09 0.37-0.73 <0.001

Patent | Partial | Complete

DCG+DE Partial 7 10 I 28
Complete 0 | 62 63
Total 7 I 73 91

Notes: The values represent the number of LPs. Partial and complete indicate partial and complete obstructions, respectively.
Abbreviations: DCG, dacryocystography; DE, dacryoendoscopy; LP, lacrimal pathway.
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Table 1 presents the results of consistency between syringing and DCG+DE in all cases (top), presaccal obstruction
(middle), and postsaccal obstruction (bottom). DCG+DE demonstrated 38 patents, 71 partial obstructions, and 79
complete obstructions in a total of 188 LPs (Table 1, top). The consistency of patent, partial obstruction, and complete
obstruction between syringing and DCG+DE was observed in 34, 33, and 78 LPs, respectively. The matching rate of
syringing and DCG+DE was 77%. The sensitivity and specificity of syringing were 94% and 89%, respectively. The
weighted Cohen’s kappa value of agreement between syringing and DCG+DE was « = 0.73 (standard error [SE] = 0.04,
95% CI: 0.66-0.80, p < 0.01), indicating a “substantial” agreement according to Landis and Koch’s classification
(Supplementary Table 1). Of the 86 LPs with complete obstruction on DE, seven showed contrast passage on DCG,
leading to a diagnosis of partial obstruction in DCG+DE. Meanwhile, 29 of 107 LPs (27%) diagnosed with complete
obstruction by syringing revealed partial obstruction by DCG+DE. The breakdown of this discrepancy included 16 LPs

with CCS, 7 LPs with postsaccal stenosis, and 3 LPs with postsaccal dacryolithiasis.

Similarly, the middle and bottom of Table 1 show the subgroup analysis results, which were divided into presaccal
and postsaccal obstruction. Regarding presaccal obstruction, DCG+DE demonstrated 43 partial obstructions and 16
complete obstructions in a total of 59 LPs. The consistency of partial and complete obstructions between syringing and
DCG+DE was observed in 23 and 16 LPs, respectively. The matching rate of syringing and DCG+DE was 66%. The
kappa value was k = 0.40 (SE = 0.11, 95% CI: 0.19-0.62, p < 0.01), indicating a “fair” agreement. Likewise, regarding
the postsaccal obstruction, DCG+DE demonstrated 28 partial obstructions and 63 complete obstructions in a total of 91
LPs. The consistency of partial and complete obstructions between syringing and DCG+DE was observed in 10 and 62
LPs, respectively. The matching rate was 79%, and the kappa value was k = 0.55 (SE = 0.09, 95% CI: 0.37-0.73, p <
0.01), indicating a “moderate” agreement.

Furthermore, we examined the reason behind the consistency reduction in the presaccal obstruction category. Our
results showed that partial or complete obstruction of the common canaliculus, synonymous with CCS and common
canaliculus obstruction (CCO), respectively, accounted for 78% (46 LPs) of the total presaccal obstructions. Therefore,
we aimed to evaluate the consistency in the common canaliculus (Table 2). DCG+DE demonstrated 37 partial obstruc-
tions (CCS) and 9 complete obstructions (CCO) in a total of 46 common canaliculi. The results also showed that the
matching rate was 59%, and only about half of the partial obstructions could be identified by syringing (18 out of 37).
The kappa value was k = 0.29 (SE = 0.12, 95% CI: 0.05-0.54, p = 0.021).

Discussion

Syringing is the most frequently performed test in clinical practice and the most fundamental and essential examination
in diagnosing lacrimal drainage system obstruction.' Various studies have attempted to evaluate the accuracy of
syringing in contrast to other examination methods.'**?*% The present study compared syringing results to the
combined (and complementary) findings of DCG and DE (DCG+DE). To the best of our knowledge, this is the first
study to address the accuracy of syringing in relation to a combination of DCG and DE. Our results showed that
syringing had a sensitivity and specificity of 94% and 89.5%, respectively, with reference to DCG+DE. The kappa value

Table 2 Consistency Analysis Between Syringing and DCG+DE in the Common Canaliculus

Common Canaliculus Obstructions Weighted Cohen’s Kappa | Standard Error | 95% CI P

Syringing Total

Patent | Partial | Complete

DCG+DE Partial 2 18 17 37 0.29 0.12 0.05-0.54 | 0.021
Complete 0 0 9 9
Total 2 18 26 46

Notes: The values represent the number of LPs. Partial and complete indicate partial and complete obstructions, synonymous with CCS and CCO, respectively.
Abbreviations: CCO, common canaliculus obstruction; CCS, common canaliculus stenosis; DCG, dacryocystography; DE, dacryoendoscopy; LP, lacrimal pathway.
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was k = 0.73 (95% CI: 0.66—0.80), indicating “substantial” agreement with DCG+DE. When all the cases were divided
into presaccal and postsaccal sub-categories, the kappa values were k = 0.4 (95% CI: 0.19-0.62) and 0.55 (95% CI: 0.37—
0.73), respectively. To investigate the reason behind relatively low consistencies of presaccal obstructions, we focused on
the common canaliculus, which accounted for the most significant proportion of presaccal cases (78%). Accordingly, we
found a kappa value of x = 0.29 (95% CI: 0.05-0.54). The low consistency was due to the low accuracy of syringing in
diagnosing CCS/CCO. Thus, it was potentially difficult to distinguish partial or complete obstruction in the common
canaliculus by syringing.

Regarding DCG, Nixon et al reported that the sensitivity and specificity of syringing were 86% and 53%,
respectively.”> Further, recently, Shapira et al used the combination of DCG and dacryoscintigraphy to examine
postsaccal obstruction, and they reported that the sensitivity and specificity of syringing were 91% and 65%,
respectively.® According to Bae et al, the sensitivity and positive predictive value of syringing were 86.7% and
92.9%, respectively; nonetheless, the weighted kappa coefficient of syringing and DE was k = 0.55 (95% CI: 0.37—
0.73). Moreover, this group reported the consistency of DE and digital subtraction DCG, with a kappa value of k = 0.60
(95% CI: 0.40-0.81).>* Meanwhile, the consistency between CBCT-DCG and DE in our study was « = 0.58 (95% CI:
0.49-0.66) (Supplementary Table 2). The relatively lower consistency in our study between DCG and DE was

presumably due to the lower sensitivity of CBCT-DCG in detecting partial obstructions compared with real-time digital
subtraction DCG.

Generally, DCG is less sensitive in detecting stenotic lesions; moreover, the normal LP comprises multiple indenta-
tions or apparent narrowings and irregularities. Therefore, differentiating these normal findings from true pathological
stenosis is often complicated (Figure 2).%**** Specifically, CCS is considered challenging to delineate by DCG.* In the

-
L &

Figure 2 Consistency and discrepancy of findings between syringing and DCG+DE. DCG and diagnostic DE images of a 42-year-old female patient with a chief complaint of
epiphora and discharge on her left eye lasting for | year. Syringing showed complete obstruction on the left and patency on the right. (A) Sagittal DCG image of the right LD.
The contrast agent passed through the NLD and reached the nose. (B) Coronal DCG image showed complete obstruction at the middle of the left LD. The right LP allowed
the passage of the contrast media. (C) Sagittal DCG image of the left LD. The left lacrimal sac was dilated, and the contrast media pooled at the middle of the NLD. (D) DE
view of the partially obstructed site (right LP) of the same patient. NLD stenosis was observed due to inflammatory fibrous tissues. DCG+DE detected NLD partial
obstruction, whereas syringing diagnosed this as a patent LP; hence, DCG+DE diverged from syringing on the right side. (E) DE view of the obstructed site (left LP).
Membranous inflammatory complete obstruction was observed in the middle part of the NLD. Thus, DCG+DE was consistent with syringing on the left side. The original
DCG images were converted to monochrome to facilitate the observation of the contrast media.

Abbreviations: DCG, dacryocystography; DE, dacryoendoscopy; LP, lacrimal pathway; NLD, nasolacrimal duct.
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present study, partial obstruction on DCG was barely delineated in the canaliculi or common canaliculus according to our
criteria. On the contrary, direct visualization of the LP lumen by DE allows differentiation between physiological
narrowing and true pathological stenosis. Although some patients were diagnosed with complete obstruction by DE,
on DCG scan, the contrast media reached the nasal cavity, confirming that the lesion was a partial obstruction (Figure 1).
The present study found that among the 86 cases of LPs with complete obstruction on DE, 7 showed passage of contrast
media on DCG scan, leading to the diagnosis of partial obstruction on DCG+DE. This discrepancy indicates that even
though DE reveals visually complete obstruction, the contrast media occasionally passes through the site and can be
visualized as anatomically unobstructed, suggesting that the diagnosis of partial or complete obstruction is contradictory
between DCG and DE and that the combined diagnosis of DCG and DE is complementary.

Shapira et al reported that the efficiency of epiphora improvement after endoscopic dacryocystorhinostomy (DCR) in
NLD stenosis was less favorable than that in complete NLD obstruction.”” Meanwhile, Tlgit et al reported that the functional
success and anatomical patency rate of partial obstruction after transluminal balloon dilation were higher than those of
complete obstruction.”® Moreover, Javate et al reported that compared with complete obstruction, postsaccal partial
obstruction had a better outcome of functional patency after endoluminal lacrimal duct recanalization (ELDR) with silicone
intubation.!’ Recently, Kamao et al analyzed the patency rate 6 months after ELDR. The patency rates of partial and
complete postsaccal obstructions were 100% (8/8) and 83.1% (54/65), respectively. Furthermore, the outcome of ELDR for
postsaccal obstruction was dependent on the preoperative obstruction period and degree of obstruction, proposing that
ELDR was a favorable indication for a relatively early stage of LP obstruction, namely, stenosis or partial obstruction,
before mucosal inflammation and subsequent fibrotic organic obstruction progressed, leading into sclerotic lesions.'*%’

Moreover, this study evaluated both symptomatic and asymptomatic sides simultaneously. According to the responses of the
patients to questionnaire, out of the 188 LPs investigated, 64 sides were asymptomatic. Further, among these 64 asymptomatic
LPs, 33, 23, and 7 were identified as patent, partial, and complete obstructions by DCG+DE, respectively. These findings may
help the clinician to counsel patients regarding an asymptomatic side that can develop epiphora in the future.

This study has several limitations. First, this was a single-center retrospective cohort study. Second, the interpretation
of syringing and DCG has some degree of subjectivity. In particular, syringing is susceptible to the influence of the
clinician’s experience and skill. Therefore, to minimize inter-tester bias in this study, syringing was performed only by
three well-trained ophthalmologists with at least 5 years of experience in dacryoendoscopic surgery. Moreover, DCG
readings were proceeded separately by an ophthalmologist and a radiologist, who was totally blinded to all other patient
information.

In conclusion, syringing was a sufficiently sensitive and specific test when performed by an experienced clinician.
However, distinguishing between complete and partial obstruction by syringing was sometimes difficult, particularly in
the common canaliculus. Accumulating evidence has shown that compared with complete obstruction, those with partial
NLD obstruction have better results after ELDR; hence, a comprehensive evaluation with DCG and DE could become an
indicator to determine whether ELDR or DCR is suitable.

Abbreviations

CBCT, cone-beam computed tomography; CCS, common canalicular stenosis; CCO, common canalicular obstruction;
DCG, dacryocystography; DCR, dacryocystorhinostomy; DE, dacryoendoscopy; ELDR, endoluminal lacrimal duct
recanalization; LP, lacrimal pathway; NLD, nasolacrimal duct; SD, standard deviation; SE, standard error.
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