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To compare the performance of two contrast agents, barium sulfate and lipiodol, in the performance 
of 3D CT-DCG. A prospective interventional radiological study was performed on 15 lacrimal drainage 
systems of 14 patients who clinically presented with nasolacrimal duct obstructions. All patients 
underwent CT-DCG, traditionally first using lipiodol and a week later by barium sulfate. CT-DCG data 
was used to construct 3D models as per standard published protocols. A 3D software was used to 
calculate the volume (which reflects the filling ability of the dye) and the number of details (counted 
by the number of different faces creating the object) of the 3D CT-DCG of the studied lacrimal drainage 
systems. The analysis was performed in R, version 4.3.2. The overall mean volume of the dye (filling 
feature) in the 3D CTDCG reconstructed models of the lacrimal system following lipiodol injection 
was 55.2 mm3 vs. 244.2 mm3 with barium sulfate (p < 0.001). A minimum of 94% gain was noted 
in volume with barium sulfate contrast (p < 0.001). The barium sulfate was superior to lipiodol for 
the same lacrimal drainage system and provided a better appreciation of lacrimal drainage details. 
The visualization of the stenosis and obstructions of the nasolacrimal duct were better delineated. 
The filling defects in cases of dacryoliths were more pronounced with barium sulfate with intricate 
visualization of the presumed shape and size of the dacryolith. The present study is the first to 
highlight the advantages of barium sulfate over the traditional contrast agent, lipiodol, for the 
acquisition of 3D CT-DCG images. Barium sulfate is a viable alternative and an economically more 
feasible option for performing 3D CT-DCG.
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Dacryocystography was first performed in 1909 using bismuth subnitrate for assessing the lacrimal sac abscess 
cavity1. It took 81 years since then (1990) when the first computed tomography-dacryocystography (CT-DCG) 
was performed2. The rapid-paced evolution of three-dimensional imaging techniques using CT and MRI 
has helped surgeons create 3-dimensional models (3D) which gives them a significant edge in planning and 
performing complex surgeries.

Several contrast agents are used in dacryocystography, including bismuth subnitrate, lipiodol, iohexol, 
iopamidol, sinograffin, and gadolinium3. An ideal contrast agent is expected to be non-irritant, non-toxic, and 
homogenous with optimal viscosity. Lipiodol is a common agent used for CT-DCG, but its oil-soluble nature 
makes it immiscible with tears and can rarely cause granulomas3. Barium sulfate is a common agent used for 
contrast studies of the gastrointestinal tract via barium swallow or barium enema4–6. To the best of the authors’ 
knowledge, its use for lacrimal drainage imaging has been reported in veterinary literature in a single case of 
a horse7. The present study aimed to evaluate the techniques and outcomes of performing 3D CT-DCG using 
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barium sulfate and comparing the imaging obtained in the same patients with the traditional contrast agent, 
lipiodol.

Methods
The study was conducted at the tertiary Ophthalmology Care unit at the Military Institute of Medicine- National 
Research Institute, Warsaw, Poland. The study followed the Tenets of the Declaration of Helsinki and was 
approved by the bioethics committee at the Military Medical Chamber. Informed consent was obtained from 
all the patients. A prospective interventional radiological study was performed on 15 lacrimal drainage systems 
of 14 patients who clinically presented with nasolacrimal duct obstructions. All patients underwent CT-DCG, 
traditionally first using lipiodol and a week later by barium sulfate. CT-DCG data was used to construct 3D 
models as per standard published protocols8.

Technique
After application of topical anesthesia, Lipiodol (Lipiodol Ultra Fluide, 480 mg/ml, Guerbet, France) (Fig. 1A) 
was slowly injected into the lacrimal sac through a lacrimal cannula mounted on a luer-lock syringe. The 
endpoint was the first sign of regurgitation of the dye from the punctum. A CT scan was performed, and 
0.6 mm axial, coronal, and reconstructed sagittal images were obtained. The lacrimal system was then irrigated 
with saline to remove the contrast. A week later, the same lacrimal system was injected with barium sulfate 
(Barium sulfuricum medana, 1 gm/ml, Polpharma SA, Starogard Gdanski, Poland), and similar CT imaging was 
obtained. The modified preparation of barium sulfate (Fig. 1B) was a mixture of one part each of commercial 
barium sulfate and sodium hyaluronate (1.4%, EyefillR C Cohesive, Bausch & Lomb, Berlin, Germany). The 
sodium hyaluronate is commonly used in several ophthalmic preparations.

3D reconstructions
These are performed using earlier published protocols8. In brief, once the CT-DCG images are obtained in axial, 
coronal, and sagittal sections, they were analyzed in HorosTM radiology software (Purview, USA) (Fig. 2A). 3D 
reconstructions were then performed and exported from the HorosTM in a 3D file format (.STL) for further 
processing with the MeshLabR software (Visual Computing Lab & ISTI-CNR, Italy) for model cleaning and 
simplification. The final processing is using the software BlenderR (Blender Foundation, Netherlands), where 
materials, colors, and textures are assigned before rendering high-resolution 3D images as .PNG image files 
(Fig. 2B). Four 3D images with both contrast agents were constructed for each of the fifteen lacrimal systems. 
They were assigned letters A-D (A-anterior view, B-posterior view, C-medial view, and D-lateral view) (Fig. 3). 
Barium sulfate and lipiodol images were assigned blue and yellow colors, respectively (Fig. 3).

Parameters assessed
A three-dimensional object consists of a mesh of vertices (orange and black lines, Fig. 4A and B) connected by 
edges (red arrow, Fig. 4A). Edges create numerous defined faces on the surface of the 3D object (blue area, Fig. 4A; 
red area, Fig. 4B). The described structure enables the 3D software (BlenderR) to calculate the object volume 
(which reflects the filling ability of the dye) and the number of details (counted by the number of different faces 
creating the object) of the lacrimal drainage system (Fig. 4B), which were compared using lipiodol and barium 
for each of the fifteen lacrimal drainage system enrolled in the current study. Other parameters assessed include 

Fig. 1.  External image demonstrating the contrast agents used: Lipiodol (A) and barium sulfate suspension 
(B).
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demographics, clinical presentation, complexities of the nasolacrimal duct obstruction, radiological features of 
CTDCG, and comparison outcomes between the contrast agents.

Statistical analysis
The analysis was performed in R, version 4.3.2. The analysis of quantitative variables (expressed in numbers) 
was performed by calculating descriptive statistics such as mean, standard deviations, median, quartiles, and 
minimum and maximum values. A comparison of the values ​​in two repeated measurements was performed 
using the Wilcoxon test for pairs. The analysis of qualitative variables (not expressed in numbers) was carried out 
by calculating the absolute frequencies and percentages of all values ​​that these variables could assume. A p-value 
of < 0.05 was considered statistically significant.

Results
Fifteen lacrimal drainage systems (LDS) of 14 patients were assessed in the study. The mean age at presentation 
was 54.27 years (range: 18–83 years). There was no gross predisposition to gender or laterality (Table 1). Most 
patients (60%, 9/15) had varying degrees of nasolacrimal duct stenosis and obstruction; the remaining 40% 
(6/15) of the lacrimal systems demonstrated dacryoliths. The overall mean volume of the dye (filling feature) 
in the 3D CTDCG reconstructed models of the lacrimal system following lipiodol injection was 55.2 mm3 vs. 
244.2 mm3 with barium sulfate (p < 0.001) (Table 2). A minimum of 94% gain was noted in volume with barium 
sulfate contrast (p < 0.001). The overall mean ‘faces’ on the surface of the LDS reconstructed models with lipiodol 
and barium were 607.1 and 1779.9, respectively (Table 2). A minimum of 54.9% gain was noted with barium 
sulfate compared to lipiodol (p < 0.001). Figure 5A and B demonstrate improvement in the filling and surface 
details with barium sulfate and show several lines, with each line representing individual LDS that were studied 
using both contrast agents.

If the LDS with dacryoliths is separately analyzed, the mean volume of filling following lipoidol injection was 
65 mm3 vs. 297.9 mm3 (Table 3). A minimum of 172.2% gain for LDS filling and 126.5% for LDS faces was noted 
with barium sulfate compared to lipiodol (p < 0.031) (Table 3). Figure 5C and D demonstrate the improvement 
in the filling and surface details with barium sulfate compared to lipiodol for LDS with dacryoliths. For the same 
LDS, barium sulfate was superior to lipiodol and provided a better appreciation of lacrimal drainage details 
(Figs. 3 and 6). The visualization of the stenosis and obstructions of the nasolacrimal duct were better delineated 
(Fig. 6). The filling defects in cases of dacryoliths were more pronounced with barium sulfate, with intricate 
visualization of the presumed shape and size of the dacryolith (Fig. 3). The details of the dacryolith could be 
reconstructed using barium sulfate, which was inaccurate when using lipiodol (Fig. 2B).

Discussion
Dacryocystography aided by computed tomography and magnetic resonance imaging has significantly aided in 
the management of lacrimal drainage disorders secondary to maxillofacial trauma, diverticula, and malignancy. 
Several contrast agents have been used to highlight the details of the lacrimal drainage. The commonly used 
lipiodol is an oil-soluble agent that provides good-quality CT-DCG images but has a few disadvantages. It is 
immiscible in tears, can cause granuloma formation, and lead to persistent tissue reaction in cases of accidental 
extravasation9,10. The other contrast agents used are those with high iodine content like iohexol and iopamidol 
300, which provide good images but are known to cause patient discomfort3. Low-iodine water-soluble contrast 
agents like omnipaque and amipaque have been successfully employed for digital subtraction DCG11.

Barium sulfate is an odourless white crystalline substance found in the natural mineral barite and is a good 
contrast agent because of its ability to absorb X-rays. It was first used for gastrointestinal imaging in 1904 by 

Fig. 2.  CT-DCG sagittal section of a patient with a large nasolacrimal duct dacryolith reflected as a filling 
defect (red arrow, A). 3D-CTDCG reconstructed model demonstrating the accurate reconstruction of the 
dacryolith (B).
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Cannon. It was in clinical use as a standard by 19105. Barium sulfate is available in powder or liquid (suspension) 
forms and is considered superior to water-soluble contrast agents because of its resistance to dilution and the 
desirable ability to coat the mucosal surfaces for better delineation4. Several refinements in the past 100 years 
have enabled it to become one of the frequently used contrast agents during imaging. Latimer et al.7 used barium 
sulfate to obtain a dacryocystorhinography of a horse and found it to provide good radiographic contrast and a 

Fig. 3.  3D reconstructed CT-DCG of a patient with nasolacrimal duct stenosis (Left Panel, C12 A-D). Note the 
blue images are with barium sulfate and the yellow ones with lipiodol. Reconstructed images of a patient with 
dacryolith (Right Panel, C13 A-D). Compare the superiority of barium sulfate over lipiodol.
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precise delineation of anatomical features of the nasolacrimal duct. The potential advantage of barium sulfate to 
coat the lacrimal drainage mucosa and highlight the abnormalities was assessed in humans in the present study 
and compared with the traditional and routine contrast agent, lipiodol.

The present study demonstrated that the comparative dye filling and facets assessment reflected the superiority 
of barium sulfate over lipiodol in assessing lacrimal drainage disorders (Fig.  5A and D). Anatomical details 
were better delineated with barium sulfate, and the dacryolith filling defects could be better evaluated (Figs. 3 
and 6). Both these features would aid in subsequent patient management. Besides the imaging advantages (as 
demonstrated in the present study) of barium sulfate, it is also significantly cheaper (more than ten times) than 

Parameter Contrast Mean SD Median Min Max

Gain with 
Barium 
compared to 
Lipidol [%]

pMedian Min

Filling [mm³]
Lipidol 55.2 30.1 58.5 0.2 91.8

364.6 94.0 p < 0.001 *
Barium 244.2 71.2 253.1 100.8 352.1

Detail (surfaces)
Lipidol 607.1 346.6 557.0 44 1292

180.2 54.9 p < 0.001 *
Barium 1779.9 650.0 1778.0 908 2927

Table 2.  Lipiodol versus barium—all study cases.

 

Parameter Total no (%)

Age [years] (n = 14)

 Mean (SD) 54.27 (19.98)

 Median (quartiles) 61 (37.5–66)

 Range 18–83

Gender (n = 14)

 Female 8 (53.33%)

 Male 6 (46.67%)

LDS laterality (n = 15)

 Left 7 (46.67%)

 Right 8 (53.33%)

Obstruction cause revealed in CT-
DCG (n = 15)

 Dacryolith 6 (40.00%)

 NLD stenosis 9 (60.00%)

Table 1.  Study patient characteristics.

 

Fig. 4.  Characteristics of a 3D object. Note the vertices (orange lines), edges (red arrow) and faces (blue 
triangle) (A). The comparative filling and face details between the contrast agents being demonstrated in a 3D 
CT-DCG model (B).
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lipiodol. This may have a bearing on the lacrimal drainage system where the volume to be injected is much less 
and makes barium sulfate a better economic product. It would make more economic sense in Eastern European 
countries like Poland and developing countries like India.

The present study first assessed a lacrimal drainage system with lipiodol and irrigated the system following 
imaging. Since lipiodol is immiscible in tears, a gap of one week was given so that it does not interfere with the 
subsequent CT-DCG. In one week, the same lacrimal system was reassessed with barium sulfate to obtain a 
direct comparison with the same patient.

Parameter Contrast Mean SD Median Min Max

Gain with 
barium 
compared to 
Lipidol [%]

pMedian Min

Filling 
[mm³]

Lipidol 65.0 21.4 60.2 43.3 91,7
413.8 172.2 p = 0.031 *

Barium 297.9 33.7 295.9 249.5 352.1

Detail
Lipidol 857.2 337.0 878.0 432.0 1292.0

168.6 126.5 p = 0.031 *
Barium 2359.5 441.9 2383.0 1780.0 2927.0

Table 3.  Lipiodol versus barium—subset analysis of patients with Dacryoliths.

 

Fig. 5.  Direct and head-on comparison of the filling and detail characteristics between lipiodol and barium for 
all the cases together (A and B) and those patients with dacryoliths (C and D). Each of the blue lines represents 
one lacrimal drainage system. Note how barium sulfate improved the filling and detail characteristics 
compared to lipiodol.
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The present study has several limitations. These include a smaller sample size, lack of standardization of 
the ideal concentration of barium sulfate for CT-DCG, the utility of adding hyaluronate, and the unknown 
complications of barium sulfate CT-DCG (although none were noted in the present). The strengths of the 
present study are the head-on comparison between a new contrast agent and a traditional one in the same 

Fig. 6.  3D reconstructed CT-DCG of a patient with distal severe nasolacrimal duct stenosis (Left Panel, C10 
A-D). Note the blue images are with barium sulfate and the yellow ones with lipiodol. Reconstructed images of 
a patient with a complete post-saccal obstruction (Right Panel, C11 A-D). Compare the superiority of barium 
sulfate over lipiodol.
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lacrimal drainage system, the exploration of more sustainable and economically viable options, and comparative 
three-dimensional CT-DCG models. The future research can be directed towards standardization of the ideal 
concentration of barium sulfate for CTDCG and testing in larger cohorts from different geographical regions 
and exploring the feasibility in several lacrimal drainage disorders like dacryolithiasis.

Conclusions
The present study is the first to demonstrate the utility of barium sulfate as a viable alternative contrast agent 
for CT-DCG. Further exploration is required to assess the optimal concentration of barium sulfate needed for 
dacryocystography and compare it with iodine containing contrast agents.
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