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Objectives: In patients with epiphora, imaging of the nasolacrimal duct is essential not only for differential diagnosis, but
also for preoperative planning. Advances in imaging technology and introduction of cone beam computed tomography (CB-CT)
enable the combination of contrast agent-based imaging with a three dimensional tomography with low radiation exposure. How-
ever, the value of CT/CB-CT as an alternative to conventional dynamic dacryocystography (DCG) has not been evaluated yet.

Study Design: Retrospective study.
Methods: Conventional DCG was performed preoperatively in 72 consecutive patients treated for epiphora between 01/2013

and 04/2015 in our department. CB-CT or conventional CTwas performed afterwardwith the contrastmedia still in place. Three sep-
arate experts (two radiologists and one otorhinolaryngologist) analyzed the radiographic images without any information about the
respective clinical or surgical findings. The presence of further findings in the CT/CB-CT (eg, septal deviation, sinusitis) that were not
detected in DCG and the overall visibility of the lacrimal duct system in bothmodalities were evaluated.

Results: Good delineations of bone, soft tissue, and contrast agent in the lacrimal system were achieved with both
methods. No side effects were noted. Beside the pathology of the lacrimal duct, CT/CB-CT scans enabled the additional diagno-
sis of pathologies in the nose and the sinus system in 65.7% of the patients. Accordance in the identified level of obstruction
between the two modalities was achieved in 71.4% of the patients.

Conclusion: Thus, CT/CB-CT should be used in conjunction with contrast agent to reliably identify the level of obstruc-
tion as preoperative standard and can be used as diagnostic tool in addition to or even instead of conventional DCG.
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INTRODUCTION
The main purpose of the nasolacrimal apparatus is to

provide adequate moisturization and lubrication of the cor-

nea and the conjunctiva. It consists, therefore, of a secretory

and a drainage part. Obstruction or insufficient drainage of

the nasolacrimal duct causes epiphora and this is the most

common complaint that leads the patient to the specialist’s

office. To adequately address this condition, a thoroughdiag-

nosis is of importance. Besides functional assessment in a

physiological and nonphysiological setting,1,2 imaging of the

nasolacrimal duct is the key for proper diagnosis and preop-

erative assessment. Conventional radiography with the use

of contrast agent termed dacryocystography (DCG) with or

without a dynamic examination or the possibility of digital

subtraction is hitherto the standard diagnostic tool.3 It

seems the adequate method to recognize and to localize the

obstruction of the nasolacrimal duct and to depict its ana-

tomical course. Nevertheless, its ability to display informa-

tion beyond that of the drainage lumen is very limited.

A study in 1999 emphasized on several surprises during sur-

gery of the lacrimal drainage system that could have been

avoided by the use of proper diagnostic imaging of the sur-

rounding structures prior to surgery.4 The authors analyzed

more than 100 cases undergoing lacrimal drainage surgery

by preoperative evaluation with computed tomography and

found that most cases exhibited local nasal or sinus pathol-

ogy that led to the obstruction of the lacrimal system. How-

ever, the authors did not recommend routine screening with

computed tomography with respect to the increased radia-

tion exposure. In the age ofmodern technology, the introduc-

tion of the cone-beam computed tomography allows detailed

analysis of the nasal and paranasal spaces with lower radia-

tion exposure dosewhen compared to standard conventional

multi detector computed tomography (MDCT) protocols. A

similar study of phantoms with dental implants suggests

this conclusion,5 but optimization of MDCT-protocols can

lead to low dose examinations comparable to cone beam

computed tomography (CB-CT).6

Studies emerged to investigate if CT with DCG is a use-

ful alternative to conventional DCG for the diagnostic evalu-

ation of patients with epiphora. In combination with CT,

DCG was considered to be a safe and time-efficient method

for assessing the nasolacrimal duct system in patients with
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epiphora.7–9 It provides detailed analysis of the nasolacrimal

drainage system aswell as the surrounding soft and hard tis-

suewithin one setting.Wilhelm8 analyzed in his study a total

of 45 patients using the direct syringing technique for appli-

cation of the contrast agent. He found significant lower dose

levels on the eye lens with his technique in comparison with

a standard CT of themidface. For a further reduction of radi-

ation, Tschopp et al10 performed a DCG with a modern CB-

CT, which can deliver very low doses of radiation onto the

midface region.5

In Tschopp’s investigation,10 10 patients with epiphora

were evaluated either with a passive technique for contrast

medium application or with the direct syringing technique.

The site of resistance was identified in all patients. The pas-

sive contrast medium application technique is used to be

more sensitive since it also identifies patientswith functional

obstruction of the lacrimal system.10 Thus, this technique

has been proven useful for the diagnosis of patients with

epiphora prior to surgery.

The goal of the present study was to compare conven-

tional DCG with MDCT/CB-CT (both with contrast agent

still in place) in a larger cohort of patients with epiphora. To

examine the conformity of DCG andMDCT/CB-CT images of

the same area, three different experts (two radiologists and

an otolaryngologist) without any knowledge about clinical or

surgical features of the patients delivered their assessments.

PATIENTS AND METHODS
The study was approved by the ethics commission of

Hannover Medical School. The analysis was performed on

72 patients with epiphora who were evaluated by DCG and

subsequent surgery. Inclusion criteriawere age of 18 years or

older, a volumetric scan (MDCT or CB-CT) with the contrast

media still in place as well as endonasal dacryocystostomy.

Patients evaluated only by DCG or DCG and CT (without

contrast media) were excluded. The retrospective analysis

was conducted in accordance to the guidelines of the World

Medical AssociationDeclaration of Helsinki.

All DCG procedures were performed with a flat-panel

angiography system (Axiom Artis dBA, Siemens, Erlangen,

Germany). All patients included in the study received a DCG

and a subsequent MDCT/CB-CT. The patients were investi-

gated lying in supine head position during the DCG. Local

anaesthesia of the conjunctiva was performed. Catheteriza-

tion of the inferior aswell as superior punctumof the affected

eye was achieved with a 0.016 inch polyvinyl microcatheter

(Rabinov SCS-P-16-L, Cook Medical, USA). Thereafter, a

Fig. 1. Obstruction of the right lacrimal pathway by several stones (arrows) in the caudal part of the lacrimal sac and duct, slight deviation of
nasal septum. (A) Dacryocystography; (B) cone beam computed tomography (CB-CT) axial; (C) CB-CT sagittal; and (D) CB-CT coronal.
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slow injection of 1–2 mL of the nonionic, water-soluble con-

trast medium (Imeron-300, Bracco Imaging, Germany) was

performed while acquiring the posterior–anterior DCG

image series. Thereafter, MDCT/CB-CT was performed with

the patient in a lying or sitting position, respectively. The

acquired raw data were reconstructed in axial, coronal, and

sagittal images.

Imageswere analyzed retrospectively by three blinded

examiners (S.P. and P.R., radiologists and T.K., otolaryn-

gologist), on a subjective level. Neither gender nor clinical

information were known to the examiners. According to the

DCG and MDCT/CB-CT images, the examiners first had to

evaluate retrospectively the visibility of the structures of

the lacrimal pathway (upper, lower and common canaliculi,

saccus, ductus), and, if visible, the quality of their presenta-

tion (bad, good, excellent). Second, they had to look for fur-

ther pathologic structures in the MDCT/CB-CT images

(septal deviation, sinusitis, polyps, concha bullosa, Keros

classification of olfactory fossa, surgical defects) and third,

the level of obstruction in the lacrimal pathway had to be

identified (canaliculi, saccus, ductus, inferior ostium at the

level of the inferior turbinate) in both examination tech-

niques. The results were analyzed and depicted using

Graph Pad Prism.

RESULTS
A total of 72 patients were analyzed by two radiolo-

gists and an otorhinolaryngologist as listed above.

The visibility of the anatomical structures (examples:

Figs. 1–3) was judged by all examiners for the volumetric

scans and the DCG. The examiners agreed inmore than 80%

of the cases concerning information between the modalities

(Fig. 4A). The cases with disagreement between the experts

usually showed their differences only in the rating of the

quality of the presentation, that is, between bad and good or

good and excellent.

Pathologic structures in the lacrimal system (stenosis,

occlusion, stones, fractures) in MDCT/CB-CT and DCGwere

determined with the same results by all examiners in 97.2%

of the cases, in 2.8% (two patients), the judgment was differ-

ent (Fig. 4B).

Concerning possible additional pathologies of the nose

or the paranasal sinuses in the volumetric scans, all exam-

iners agreed in 97.2% of the cases (Fig. 4B). The remaining

2.8% (two patients) confined cases with a possible slight dif-

ference (ie, a slight septal deviation that could be judged as

pathologic or still in the normal range).

According to all examiners, additional pathologies were

definitely found in the volumetric scans in 46 patients (66%)

Fig. 2. Complete obstruction of the caudal lacrimal sac on the left side (arrow shows congestion), sinusitis of the ethmoidal cells on both sides.
(A) Dacryocystography; (B) cone beam computed tomography (CB-CT) axial; (C) CB-CT sagittal; and (D) CB-CT coronal.
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(Fig. 5). Among these, septal deviation (n = 29) was most

common, followed by hypertrophy of the inferior turbinates

(n = 25), Keros III classification of the olfactory fossa (n = 24),

concha bullosa (n = 23), polyps (n = 11), and sinusitis (n = 10).

Concerning the level of obstruction of the lacrimal path-

way, the experts agreed in 71.4% of the cases (50 patients) on

the same level in DCG and volumetric scans. In 28.6%

(20 patients), the level was different (Fig. 6).

Also for the judgment of the overall quality of the

images, all examiners ruled in a similar way: in about

60% of the cases, the examiners assessed the DCG better

concerning the visibility of the structures of the lacrimal

system, whereas the volumetric scans offered the possibil-

ity of a better overview of the nearby structures of the

nose and the paranasal sinuses.

DISCUSSION
In the present study, we evaluated the preoperative

results of 72 consecutive patients with epiphora, who

were referred to the ENT Department of our hospital for

surgery of the nasolacrimal duct.

All examiners gained almost the same results in

their tables after evaluation of all the acquired images

(Figs. 4–6). This is a strong hint that both techniques,

correctly performed, deliver comparable images of the lacri-

mal pathway in a similar quality.

Concerning the level of obstruction, all examiners

agreed on the same level betweenDCG and volumetric scans

in 71.4% of the cases (Fig. 6), a similar agreement was

reached concerning DCG and CT,6 DCG and magnetic reso-

nance imaging (MRI),11 and CT and MRI.12 To detect and to

localize a nasolacrimal obstruction, “DCG was considered to

be the gold standard.”11 Sincemeanwhile researchers agreed

that the dosage of radiation in CB-CT can be lower compared

to a standard MDCT8 in the investigation of the paranasal

sinuses, the CB-CT might be favored in the diagnostics of

nasolacrimal problems. In so far, the aim of this studywas to

find out if an additional volumetric CT scan with contrast of

the nasolacrimal system could replace a classicDCG.

Although the level of obstruction as identified in the vol-

umetric scans and inDCGwas identical in 71.4%, in 28.5% of

the cases, the localization of the lacrimal obstruction was

completely different between the volumetric scans and DCG.

This might be caused by the short time difference between

both investigations, the difference in patient position and the

transport of the patient, which could be responsible for a local

shift of the contrast media. In the rest of the cases, the differ-

ence in the level of obstruction was localized into adjacent

structures (ie, lacrimal sac vs. lacrimal duct). Overall, the

Fig. 3. Several stones in the left lacrimal sac (arrow), secondary occlusion of the sac following surgery of the ethmoidal cells and the lateral
nasal wall on the same side. (A) Dacryocystography; (B) cone beam computed tomography (CB-CT) axial; (C) CB-CT sagittal; and (D) CB-CT
coronal.
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localization of obstruction was judged as consistent in more

than 70% of the cases in the volumetric scans and DCG

images.

According to the examiners, a significant portion of the

patients (65.3%) included in the present study showed addi-

tional pathologies in the nose or the paranasal sinuses in the

volumetric scan, which were not detected using DCG. These

pathologies (septal deviation, hypertrophy of the turbinates,

sinusitis, concha bullosa) can aggravate the symptoms of a

lacrimal stenosis. At any rate, knowledge of these factors is

useful for the planning of a surgical procedure.13 Francis

et al4 demonstrated the importance of a preoperative CT to

rule out pathologies in the nose and paranasal sinuses in a

studywith 107 cases of dacryostenosis.

All examiners agreed that the quality of presentation of

the lacrimal system itself was superior in DCG compared to

the volumetric scan. Nevertheless, the information about the

reason of the obstruction (stones, stenosis) and the level of

obstruction (canaliculi, lacrimal sac or duct) was sufficient

with both techniques.

In terms of economic considerations, it has to be men-

tioned that the CB-CT scan is more expensive than

conventional DCG. According to the German federal health

insurance association KBV-EBM, the DCG comes to €40.80

and the CB-CT (EMB number 34320) to €80.52. However, if

the patient requires surgical intervention, a CB-CT scan has

to be performed anyway as preoperative standard investiga-

tion. Thus, the costs for DCG and an additional CB-CT scan

are higher than performing only a CB-CT with contrast

agent for diagnosis and preoperative assessment.

An important advantage of the DCG over volumetric

CT scanning is the dynamic investigation of the lacrimal

system. The passage of the contrast agent can be observed

by the investigator starting from the lacrimal punctae and

throughout the whole system or until the passage stops at

the point of the pathology. In this retrospective analysis,

however, the judgment on the DCG was performed by ana-

lyzing static pictures instead of the dynamic investigation.

Despite the slightly better identification of the struc-

tures of the lacrimal duct system in DCG, a tomographic

investigation of the midface, such as CB-CT or MDCT

scan, is clearly superior in terms of the identification of

Fig. 4. Accordance of the presentation of the different structures of the lacrimal pathway by all examiners. (A) In the CB-CT and in the DCG (n = 72).
(B) Cause of obstruction in the lacrimal pathway (eg, stones, stenosis) in DCG and CB-CT and the finding of additional pathology (septal deviation,
sinusitis, concha bullosa, hypertrophy of conchae) in theCB-CT (n = 72). CB-CT = cone beamcomputed tomography; DCG= dacryocystography.

Fig. 5. Additional pathology found by all examiners in the cone
beam computed tomography (n = 70). In two cases, the judgment
was divergent (see Fig. 4B).

Fig. 6. Level of obstruction found in DCG and cone beam com-
puted tomography by all examiners (n = 70). In two cases, the judg-
ment was divergent (see Fig. 4B). DCG = dacryocystography.
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further pathologies affecting the bony structures and the

soft tissue of the nose and the paranasal sinuses, thereby

aiding the planning of a surgical procedure.

The information about the lacrimal pathway in a

tomographic scan with contrast media is sufficient for

surgery and adequate information about nose and par-

anasal sinuses can be gained simultaneously. Therefore,

a tomographic scan could be an alternative to classic

DCG. However, this requires further investigation.

CONCLUSIONS
Based on the results of the present study, we could

show that both techniques, DCG and volumetric CT scan-

ning with contrast media, deliver images of the lacrimal

pathway in a good quality. Since the information on addi-

tional pathology besides the lacrimal pathway, such as

sinusitis, septal deviation, or nasal polyposis, is useful prior

to surgery and can be better identified on tomographic CT

images, a low dose tomographic scan with contrast media

might therefore be an alternative to DCG in selected cases.

Acknowledgment
The authors would like to thank Athanasia Warnecke, MD

andMelanie Steffens, PhD for their kind assistance in man-

uscript preparation and in the construction of the figures.

BIBLIOGRAPHY

1. Jones LT. Lacrimal fluorescein test. Am J Ophthalmol 1977;83:762–764.
2. Kühnel T. Erkennung und Vermeidung von Schwierigkeiten bei der

Tränenwegschirurgie. HNO 2018;66(6):432–437.
3. Maliborski A, Ró _zycki R. Diagnostic imaging of the nasolacrimal drainage

system. Part I. Radiological anatomy of lacrimal pathways. Physiology of
tear secretion and tear outflow. Med Sci Monit 2014;20:628–638.

4. Francis IC, Kappagoda MB, Cole IE, Bank L, Dunn GD. Computed tomogra-
phy of the lacrimal drainage system: retrospective study of 107 cases of
dacryostenosis. Ophthalmic Plast Reconstr Surg 1999;15:217–226.

5. Chau ACM, Fung K. Comparison of radiation dose for implant imaging
using conventional spiral tomography, computed tomography, and cone-
beam computed tomography. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2009;107:559–565.

6. Neubauer JC, Neubauer A, Gerstmair T, et al. Comparison of the radiation
dose from cone beam computed tomography and multidetector computed
tomography in examinations of the hand. Rofo 2016;188(5):488–493.

7. Freitag S, Woog J, Koussoubris P, Curtin H. Helical computed tomographic
dacryocystography with three-dimensional reconstruction: a new view of
the lachrymal drainage system. Ophtalmic Plast Reconstr Surg 2002;18(2):
121–132.

8. Wilhelm KE, Rudorf H, Greschus S, et al. Cone-beam computed tomography
(CBCT) dacryocystography for imaging of the nasolacrimal duct system.
Clin Neuroradiol 2009;19:283–291.

9. Limongi R, Magacho L, Matayoshi S, Carneiro H, Avila M. Computed tomo-
graphic dacryocystography in children undergoing ballon dacryoplasty.
J AAPOS 2012;16:464–467.

10. TschoppM, Bornstein MM, Sendi P, Jacobs R, Goldblum D. Dacryocystography
using cone beam CT in patients with lacrimal drainage system obstruction.
Ophthalmic Plast Reconstr Surg 2014;30:486–491.

11. Cubuk R, Tasali N, Aydin S, Saydam B, Sengor T. Dynamic MR dacryocysto-
graphy in patients with epiphora.Eur JRadiol 2010;73:230–233.

12. Manfrè L, de Maria M, Todaro E, Mangiameli A, Ponte F, Lagalla R. MR
dacryocystography: comparasion with dacryocystography and CT
dacryocystography. Am J Neuroradiol 2000;21(6):1145–1150.

13. Al-Afif S, Hermann EJ, Hatipoglu Majernik G, et al. Severe cerebral compli-
cations secondary to perforation injury of the anterior skull base during
sinonasal surgery: an underappreciated problem? World Neurosurg 2017;
108:783–790.

Laryngoscope Investigative Otolaryngology 4: August 2019 Papathanassiou et al.: Dacryocystography

398


	 Computed Tomography Versus Dacryocystography for the Evaluation of the Nasolacrimal Duct-A Study With 72 Patients
	INTRODUCTION
	PATIENTS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	Acknowledgment

	BIBLIOGRAPHY


