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Purpose: To assess the usefulness of cone beam CT (CBCT) 
for dacryocystography (DCG) using either direct syringing or 
passive application of contrast medium.
Methods: Ten consecutive patients with epiphora who had 

CBCT-DCG in a sitting position were retrospectively analyzed. 
CBCT-DCGs were performed using 2 techniques: direct 
syringing with contrast medium or using the passive technique, 
where patients received 3 drops of contrast medium into the 
conjunctival sac before CBCT-DCG. Clinical and radiologic 
diagnoses were compared for both groups.
Results: The 10 patients (men = 3) had a mean age of 63.2 

years. Both techniques proved to be simple procedures with 
good delineation of the bone, soft tissue, and the contrast 
medium in the lacrimal system. No side effects were noted.
Conclusions: CBCT-DCG is a useful alternative to determine 

the localization of stenosis in patients with chronic epiphora.

(Ophthal Plast Reconstr Surg 2014;30:486–491)

Dacryocystography (DCG) was the first radiologic tech-
nique to visualize the nasolacrimal system in patients 

with epiphora.1 With ongoing technological development, CT2,3 
and MRI have been adapted for DCG. Disadvantages reported 
with CT-DCG are the lack of a dynamic contrast passage and 
increased radiation exposure.4 MRI-DCG can show the func-
tion of the nasolacrimal apparatus under physiologic conditions 
after topical application of a contrast medium and visualizes 
subtle soft-tissue changes, such as early malignancies.5 Long 
imaging time, poor delineation of bony ductal components, and 
lack of anatomical detail has prevented this imaging technique 
from being routinely used. Both the abovementioned techniques 
also have the drawback of being performed only in the supine 
position. The present investigation presents 10 patients diag-
nosed with epiphora who were evaluated by DCG using cone 
beam CT (CBCT) with 2 different methods of contrast medium 
application (direct syringing versus passive drainage of contrast 
medium) prior to surgical intervention. The primary objective of 

the present study was to evaluate CBCT-DCG as an alternative 
to conventional and CT-based DCG and to compare  CBCT-DCG 
findings to clinical findings on syringing of the lacrimal system.

PATIENTS AND METHODS

Patient Selection. This study comprised 10 consecutive patients referred 
to the university eye clinic Bern in whom a DCG was necessary: 9 patients 
with unilateral and 1 patient with bilateral obstruction of the nasolacrimal 
drainage system. All patients had undergone prior clinical examination 
by 1 experienced ophthalmologist (M.T.) on the basis of symptoms of 
unilateral or bilateral epiphora, suggesting unilateral or bilateral obstruc-
tion of the nasolacrimal drainage system. The region of obstruction was 
assessed clinically by syringing of the nasolacrimal system. A Bangerter 
lacrimal cannula was passed into the punctum and advanced to the medial 
wall of the lacrimal sac fossa. Irrigation with saline solution ensured a 
stenosis, and only patients reporting the absence of saline solution in their 
nasal antrum and/or pharynx (implying an obstruction of the lacrimal 
drainage system) were included in the study. If the cannula reached bone 
(hard stop), the obstruction was classified as postsaccal; if the cannula did 
not reach bone (soft stop), the obstruction was classified as canalicular. 
Informed consent was obtained from all patients for further imaging us-
ing CBCT. Subjects presenting with iodine or contrast material solution 
allergies were excluded. The ophthalmologist referred patients for DCG 
using 2 different techniques for contrast medium application. The first 
patients were examined with the direct syringing method, after which the 
passive method was applied. The first 5 patients examined with each DCG 
method were selected and analyzed. Examinations and data collection 
were performed according to guidelines of the World Medical Association 
Declaration of Helsinki and the ethical committee of the state of Bern.

CBCT Settings. The CBCT images were obtained with a 3-dimensional 
(3D) Accuitomo 170 XYZ Slice View Tomograph (Morita, Kyoto, Ja-
pan). Operating parameters were set at 5.0 to 7.0 mA and 80 kV, and 
exposure time was 17.5 seconds. For all CBCT images, a limited field 
of view (FOV) of 6 × 5 cm or 8 × 5 cm was selected. The data were re-
constructed with slices of 0.5-mm thickness at 0.5-mm intervals. The 
analyses described below were performed using a specialized computer 
software (I-View, Version 2.0.4.5; Morita, Kyoto, Japan).

DCG Procedures. For the direct syringing technique, all patients ini-
tially received 1 drop topical anesthetic (oxybuprocain 0.4%, Novesin; 
OmniVision AG, Neuhausen, Switzerland) into the conjunctival sac of 
OU. Thereafter, the inferior punctum of OU was catheterized with a 
26-G microcatheter (Vasculon Plus; Becton Dickinson AG, Allschwil, 
Switzerland), and 1 to 2 ml of a nonionic, water-soluble contrast medi-
um (Iopamiro 300; Bracco Suisse SA, Manno, Switzerland) was slowly DOI: 10.1097/IOP.0000000000000154

Accepted for publication January 23, 2014.
The authors have no financial or conflicts of interest to disclose.
Address correspondence and reprint requests to David Goldblum, 

M.D., Department of Ophthalmology, University Basel and University 
Hospital Basel, Mittlere Strasse 91, 4031 Basel, Switzerland. E-mail: david.
goldblum@usb.ch

Dacryocystography Using Cone Beam CT in Patients With 
Lacrimal Drainage System Obstruction

Markus Tschopp, M.D.*†, Michael M. Bornstein, D.M.D.‡§, Pedram Sendi, D.M.D., M.D.║,  
Reinhilde Jacobs, D.D.S., Ph.D.§, and David Goldblum, M.D.*

*Department of Ophthalmology, University Basel, University Hospital Basel, Basel; †Department of  
Ophthalmology, University Bern, Inselspital, Bern; ‡Department of Oral Surgery and Stomatology,  
School of Dental Medicine, University of Bern, Bern, Switzerland; §OMFS IMPATH research group,  

Department of Imaging and Pathology, Faculty of Medicine, University of Leuven, Leuven, Belgium; and  
║Institute for Clinical Epidemiology & Biostatistics, University Hospital Basel, Basel, Switzerland

Précis: Cone beam CT–based dacryocystography (DCG) is a 
good alternative to conventional DCG or CT-based DCG (CT-DCG), 
allowing imaging in an upright position with a lower radiation dose 
but similar image quality as CT-DCG.

OriginaL inveSTigaTiOn

mailto:david.goldblum@usb.ch
mailto:david.goldblum@usb.ch


© 2014 The American Society of Ophthalmic Plastic and Reconstructive Surgery, Inc. 487

Ophthal Plast Reconstr Surg, Vol. 30, No. 6, 2014 Dacryocystography Using Cone Beam CT

TABLE 1. Clinical and radiologic parameters of the 5 patients with epiphora who underwent cone beam CT–based 
dacryocystography using a direct syringing technique (patient 5 had bilateral obstruction)

Patient Gender Age Clinical level of obstruction Side Radiographic level of obstruction

1 Female 71 Postsaccal Right Nasolacrimal duct
2 Female 69.5 Postsaccal Left Nasolacrimal duct
3 Male 61.5 Postsaccal Right Canalicular
4 Female 51 Postsaccal Left Nasolacrimal duct
5 Female 64 Postsaccal Right Canalicular
5 Female 64 Postsaccal Left Lacrimal sac

TABLE 2. Clinical and radiologic parameters of the 5 patients with epiphora who underwent cone beam CT–based 
dacryocystography using a passive technique of contrast medium application

Patient Gender Age Clinical level of obstruction Side Radiographic level of obstruction

6 Female 37 Canalicular Left Lacrimal sac
7 Female 71 Canalicular Right Canalicular
8 Male 66 Postsaccal Right Nasolacrimal duct
9 Female 44 Postsaccal Left Nasolacrimal duct
10 Male 45 Canalicular Right Canalicular

FIG. 1. Dacryocystography with direct application of contrast medium using cone beam CT in a 71-year-old female patient with the 
obstruction of the right nasolacrimal duct near the exit at the lower nasal meatus. A, in the axial slice, there is more contrast medium 
visible in the right nasolacrimal duct, indicating a blockage. B, in the coronal slice, the contrast medium is running through the whole 
left nasolacrimal system, with traces of the medium in the nasal antrum. C, Sagittal slice of the obstructed right nasolacrimal system. D, 
Sagittal slice of the patent left nasolacrimal system.
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injected manually until the patients reported either feeling the solution 
in their nasal antrum and/or pharynx or when the liquid refluxed out of 
the lower or upper punctum.

For the passive technique, the patients received a total of 3 drops 
of Iopamiro 300 into the conjunctival sac of OU after 0, 5, and 10 min-
utes, and they were told not to rub their eyes. Thereafter, CBCT was 
immediately performed.

Image Analysis. CBCT images were analyzed by an experienced den-
tomaxillofacial radiologist (M.M.B.) and an ophthalmologist (M.T.). An 
obstruction was considered as present when no contrast medium was 
visible (as a thin hyperdense film or radio-opaque islands) in the nasal 
antrum, suggesting a blockage of the respective nasolacrimal system. 
The location of obstruction was classified into the region of the lacrimal 
canaliculi, the lacrimal sac, or the lacrimal duct according to anatomical 
landmarks of the distribution of the contrast medium. Radiologic find-
ings were related to clinical findings for both groups. Furthermore, the 
diagnostic results obtained with both methods were compared, whereas 
in patients with diseased versus healthy sides, the differences were stud-
ied and radiologic findings described.

Statistical Analysis. Data were first analyzed descriptively.  Between-group 
differences of categorical variables were compared using the chi-square 
test and continuous variables (i.e., age) using the nonparametric Wilcoxon 

rank-sum test. Agreement between measurement techniques was estimat-
ed using Cohen kappa. All statistical analyses were performed using Stata 
11.2 (StataCorp, College Station, TX, U.S.A.).

RESULTS
A total of 10 patients with epiphora referred for further diagnos-

tics using CBCT were included in the present analysis. They included 3 
men and had a mean age of 63.2 years. For each DCG technique (direct 
syringing and passive), the first 5 patients seen at the Section of Dental 
Radiology and Stomatology were selected (Tables 1 and 2). There was 
no statistically significant difference between both groups regarding age 
(p = 0.295), gender (p = 0.424), and the side of obstruction of the naso-
lacrimal system (p = 0.608).

Feasibility of CBCT. No side effects were noted during catheterization or 
application of the contrast medium in both methods. Although the appli-
cation of anesthetic eye drops and the syringing was regarded as slightly 
unpleasant by some patients, the contrast medium did not cause any ir-
ritation. Overall, both methods were well tolerated by all patients. The 
image acquisition time was 17.5 seconds for all patients, and the whole 
procedure was performed in less than 15 minutes (including application 
of contrast medium). Both techniques exhibited good delineation of bony 
structures, soft tissue, and the contrast medium in the lacrimal system.

FIG. 2. Dacryocystography with direct application of contrast medium using cone beam CT in a 64-year-old female patient with 
bilateral obstruction of the nasolacrimal system. A, in the axial slice, no contrast medium is visible, indicating the blockage of both 
nasolacrimal ducts at the canalicular level. B, in the coronal slice, the contrast medium is visible as being pooled in the left lacrimal sac. 
C, Sagittal slice of the right nasolacrimal system exhibiting contrast medium in the common nasolacrimal canaliculus. D, Sagittal slice 
of the left nasolacrimal system showing blockage at the lacrimal sac.
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Descriptive Analysis of the CBCT Findings in the Direct Syringing 
Group. In this group, a total of 6 nasolacrimal systems were found to be 
radiologically obstructed in 5 patients (1 patient had bilateral obstruc-
tion). In 2 patients the obstruction was at the canalicular level and in 
3 patients in the course of the nasolacrimal duct. Only in 1 case, the 
lacrimal sac was diagnosed as the site of obstruction. A detailed analysis 
of the radiologic findings is provided in Table 1 and Figures 1 and 2.

Descriptive Analysis of the CBCT Findings in the Passive Applica-
tion Group. In this group, 5 nasolacrimal systems were found to be 
radiologically obstructed in 5 patients; 2 at the canalicular level and 2 
in the course of the nasolacrimal duct. Similar to the direct syringing 
group, obstruction at the level of the lacrimal sac was seen in only 1 pa-
tient. A detailed analysis of the radiologic findings is provided in Table 2 
and Figures 3 and 4.

Correlation Between Clinical and Radiologic Findings Using the 2 
DCG Techniques. All clinically diagnosed obstructions were detected 
with CBCT-DCG (n = 11). All clinical patent lacrimal systems were 
correctly classified as patent with radiography (n = 9). The overall cor-
relation between the clinical (canalicular or postsaccal) and radiologic 
levels of obstruction (canalicular, lacrimal sac, or nasolacrimal duct) for 

both CBCT techniques used was 72.7% (as clinically it is not possible 
to distinguish between an obstruction in the lacrimal sac or nasolacrimal 
duct, these 2 levels were combined for the analysis). This resulted in a 
Cohen kappa coefficient of 0.38 for both groups, representing a fair cor-
relation. For the direct syringing technique, the correlation was 66.7% 
and the respective Cohen kappa value 0.00, indicating a weak correla-
tion. For the passive technique, the correlation was 80% and the Cohen 
kappa value 0.62, indicating a good correlation.

DISCUSSION
In the present study including 10 patients with epiphora 

due to obstruction of the nasolacrimal system, the site of resis-
tance was found to be 5 times at the level of the nasolacrimal 
duct, 4 times at the level of the canaliculi or common canalicu-
lus, and twice at the level of the lacrimal sac. Because of the low 
sample size, comparisons with reported data in the literature 
were difficult. Moreover, differences and even controversies 
regarding the exact incidence rates of the location of obstruc-
tion in the nasolacrimal system exist in the literature.6

With advancing age, epiphora becomes more frequent 
because of progressive fibrosis resulting from chronic inflamma-
tion leading to stenosis, and it has been more commonly found 

FIG. 3. Dacryocystography after passive application of contrast medium using cone beam CT in a 37-year-old female patient with the 
obstruction of the left nasolacrimal system at the level of the lacrimal sac. A, in the axial slice, no contrast medium is visible in the left 
nasolacrimal duct, indicating a blockage at the distal end of the lacrimal sac. B, in the coronal slice, the contrast medium is observed 
through the whole right nasolacrimal system, with traces in the nasal antrum, whereas on the left site, pooling of the contrast agent 
is visible at the lacrimal sac. C, Sagittal slice of the right nasolacrimal system. D, Sagittal slice of the left nasolacrimal system showing 
blockage at the lacrimal sac.
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in women.7,8 In this study, 70% of the patients were women, and 
the overall average age was 63.2 years. Burning sensation, irri-
tation, and eye dryness has been reported as side effects after 
the instillation of iodinated water-soluble contrast medium.9 In 
the present series of 10 patients, no adverse side effects were 
registered, and DCG was performed as planned in all patients. 
Regarding the 2 different techniques used—direct syringing and 
passive technique—the exact location with classic radiologic 
features such as prestenotic enlargement due to increased con-
trast medium injection could be diagnosed and seen.4

The drainage of tears is actively supported by a physi-
ologic pumping mechanism that occurs with the closure and 
opening of eyes.10 Potential causes of epiphora associated with 
impaired tear outflow may be functional, structural, or both.11 
With the direct syringing technique, the contrast material is 
introduced manually with some pressure into the canaliculi; 
subsequently, the visualization of the lacrimal outflow is not 
considered physiologic, and hence functional tearing may not 
be found.12 With the passive technique, the contrast material is 
administered into the lower conjunctival sac in a physiologic way 
using 3 drops of the contrast medium. As CBCT is performed in 
an upright position, the lacrimal outflow is established in a phys-
iologic way. Thus, the authors expect that functional epiphora 

could be detected with the passive technique, which may offer 
an alternative to dacryoscintigraphy. Although not performed 
in this study, syringing of the lacrimal system with contrast 
medium after image acquisition with the passive method may 
open functional obstructions and discriminate between func-
tional and structural obstruction. Depending on the clinicians 
needs, direct syringing can be carried out to detect structural 
obstruction, and the passive method can be used to detect func-
tional obstruction; in addition, a combination of the 2 methods 
can be used. To the best of the authors’ knowledge, only 1 study 
has described CBCT-DCG in the literature.4 That study applied 
an approach similar to the direct syringing method in the present 
study. In that study, of 45 patients, 8 patients showed a normal 
filling with contrast medium despite severe epiphora. It remains 
an intriguing question whether the passive method might have 
diagnosed a functional stenosis in some of these patients.

In the present study, there was a marked difference regard-
ing the Cohen kappa values, with direct syringing exhibiting a 
weak correlation and the passive technique having a very good 
correlation between clinical and radiologic diagnosis of the site of 
obstruction. These data have to be interpreted with some caution 
because of the limited sample size, and further research with larger 
groups in a prospective randomized design should be conducted.

FIG. 4. Dacryocystography after passive application of contrast medium using cone beam CT in a 44-year-old female patient with 
obstruction of the left nasolacrimal duct. A, in the axial slice, the contrast medium visible in both nasolacrimal ducts. B, in the coronal 
slice, the contrast medium is observed through the whole right nasolacrimal system, with traces in the nasal antrum itself, whereas on 
the left site, it is blocked in the intraosseous portion of the nasolacrimal duct. C, Sagittal slice of the right nasolacrimal system. D, Sagit-
tal slice of the left nasolacrimal system.
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High-resolution thin-section CT has been reported to 
be an appropriate and useful modality for 3D assessment of 
the nasolacrimal drainage system, its surrounding bony struc-
tures, adjacent regions of the orbit, facial skeleton, paranasal 
sinuses, and the nasal cavity.13 One major disadvantage encoun-
tered when using CT is the exposure of radiosensitive ocular 
structures to radiation. This should be avoided whenever pos-
sible because the lens, retina, and optic nerve are among the 
tissues in the head and neck region that are most sensitive to 
ionizing radiation.14 MRI-DCG has the major advantage that 
it prevents the exposure of high-dose ionizing radiation on the 
lens, retina, and optic nerve.15,16 However, because of the long 
imaging time and poor delineation of bony ductal components, 
it is not used on a routine basis. Since its first description in 
1998,17 CBCT has become a popular and valuable technique for 
preoperative diagnosis and various dental indications includ-
ing dental and maxillofacial traumatology.18–27 In a recent study 
measuring radiation doses of DCG performed using CBCT and 
multislice CT, the radiation dose levels in mSv to lens, parotid 
gland, and thyroid gland were substantially less for CBCT.4 For 
dental multislice CT exposures, effective doses up to 1 mSv are 
used, but considerably lower doses are used for single jaw or 
low-dose protocols.28 A recent review article evaluating effec-
tive doses for dental x-ray imaging presented a dose range of 
0.019 to 0.674 mSv for dentoalveolar (small to medium) FOVs 
and 0.030 to 1.073 mSv for a craniofacial (large) FOV com-
pared with a dose range of 0.280 to 1.410 mSv for CT modali-
ties.26 In the present study, a small to medium FOV protocol 
was applied for CBCT-DCG (6 × 5 cm or 8 × 5 cm). The aver-
age dose for all CBCT devices in the market was found to be 
88 μSv and 34 μSv, respectively, compared with 131 μSv for 
large FOVs.29 On the basis of these findings, the authors believe 
that CBCT results in radiation doses well below those reported 
for common multislice CT protocols and that CBCT offers the 
advantage to perform imaging by an appropriate selection of 
exposure parameters and field size, depending on the diagnos-
tic requirements.

In conclusion, the present investigation demonstrated that 
CBCT-DCG has potential for evaluating patients with epiphora 
and a tentative diagnosis of complete obstruction of the naso-
lacrimal system prior to surgical intervention. Advantages of 
the CBCT-DCG include short image acquisition time and good 
delineation of bone and soft tissue at a lower irradiation dose 
than conventional CT. Furthermore, CBCT-DCG is performed 
in an upright position, allowing physiologic examination of the 
lacrimal system.
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