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ABSTRACT

This study was performed to evaluate the feasibility of ultrasound-guided computed
tomography (CT) cholecystography and to establish an optimal protocol. In 8 healthy beagles,
CT cholecystography was conducted using four contrast formulas; two dilution ratios (1:1

vs. 1:3) and two total volumes (8 mL vs. 16 mL) of 300 mgl/kg iohexol after ultrasound-
guided percutaneous contrast injection into the gallbladder. CT images were obtained at 3,
10, and 30 min after injection and assessed qualitatively and quantitatively. For all contrast
formulas, CT cholecystography showed the gallbladder and the intra- and extrahepatic bile
ducts. The volume of the gallbladder and size of bile duct were significantly larger when
using a volume of 16 mL iohexol than an 8 mL volume regardless of the dilution ratio. The
distinction between the common bile duct and duodenum, the filling of the gallbladder, and
the patency of bile duct were effectively assessed using a 16 mL volume of contrast agent with
either dilution ratio. Beam-hardening artifacts deteriorated CT image quality for visualizing
the biliary system when using the dilution ratio of 1:1. Patency of the bile tract could be easily
evaluated using a curvilinear planar reconstruction. There was no significant difference in
CT scan time among the different conditions. Minor leakage of contrast agent temporarily
occurred after contrast injection in 30% of 32 sets of CT cholecystography. Ultrasound-
guided percutaneous cholecystography can visualize both gallbladder and biliary tract with
minimal artifacts using a contrast agent volume of 16 mL with a 1:3 dilution ratio.

Keywords: Biliary tract; CT; contrast media; dog; patency

INTRODUCTION

Various diseases associated with the biliary system, including extrahepatic biliary duct
obstruction (EHBO) due to stones, tumors, pancreatitis, inflammation, mucocele,
perforation, and rarely avulsion of the bile duct, can induce vague clinical signs and result in
nonspecific laboratory results [1-4].

Ultrasonography is the most commonly used technique for investigating the biliary tract in
animals, but ultrasonographic images are influenced by intraluminal gas, food remnants in
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Ministry of Science, ICT, and Future Planning the intestine, depth of structure, and lesions related to adjacent organs. In cases with ascites
(NRF-2018RIA2BE006775). and bile peritonitis induced by bile duct perforation or avulsion, it is difficult to localize the
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Availability of computed tomography (CT) is increasing in veterinary medicine. CT can be
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just bile duct dilation but bile duct patency needs to be evaluated for diagnosing EHBO.

Indirect CT cholangiography is invasive and uses biliary-specific contrast agents for imaging
the biliary tract [8]. However, in patients with biliary obstruction, hepatocellular disease,
and others, hepatic concentrations of the contrast agent can be insufficient to visualize the
biliary system clearly because the contrast agents are absorbed by hepatocytes and excreted
through the bile duct into the intestines [9]. Therefore, indirect CT cholangiography has little
diagnostic value for differentiating between hepatic and post-hepatic jaundice. Ultrasound
contrast agent (SonoVue) has been percutaneously injected into the gallbladder to assess

the patency of the common bile duct by observing the microbubbles from the duodenal
papilla in dogs [9]. This procedure required simultaneous scanning of the gallbladder for
contrast injection and the duodenum for microbubbles and used two ultrasound machines.
Ultrasonographic evaluation of the microbubbles could be interrupted by various artifacts
related to food in the duodenum. Endoscopic retrograde cholangiopancreatography (ERCP)
provides excellent delineation of ductal structure with high spatial resolution [7,10-12]. ERCP
has been applied to healthy dogs and dogs with chronic gastrointestinal problems [7,12,13].
However, the success rate of ERCP is influenced by the experience of the investigator and

the size of the dog [13-15]. Moreover, ERCP can cause complications including pancreatitis,
bleeding, perforations, and infections which can lead to 6.85% mortality and morbidity rates
in patients undergoing ERCP [13]. Thus, even in humans, CT transhepatic cholangiography
is now used for accessing the biliary tree in cases where ERCP is unsuccessful or for anatomic
evaluation of complications.

Transhepatic cholecystography is a radiographic contrast technique in which the biliary tract
is examined after direct injection of an iodinated contrast agent into the gallbladder with
ultrasound, fluoroscopy, or peritoneoscopy guidance [3,16-18]. This technique allows the
assessment of the biliary tract by direct detailed visualization of the gallbladder and bile duct
and has high sensitivity and specificity for diagnosing biliary obstruction [3,4,16-18]. However,
transhepatic cholecystography has not been widely used in practice because it is invasive and
can lead to complications such as bile peritonitis, gallbladder rupture, or hepatic hemorrhage.
In addition, it can be difficult to evaluate the structure of the biliary tract using this method
because of bile tract summation on radiographs [3,18]. Most of those risks are similar for CT
transhepatic cholangiography, but CT allows tomographic imaging and reconstruction. This
study was performed with the hypothesis that CT transhepatic cholecystography can detect
the biliary tract without summation of bile tracts, and can be used to evaluate tract structure
and patency. The purpose of this study was to investigate the feasibility of CT transhepatic
cholecystography and to optimize the use of this technique in dogs.
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MATERIALS AND METHODS

Animals

In this crossover study design, 8 intact male, purpose-bred beagles (35 years old),
weighing 9-11 kg, were used. All dogs were clinically healthy based on systemic arterial
blood pressure, physical examination, complete blood count, serum biochemistry, and
abdominal radiography and ultrasound results. Dogs were cared for in accordance with the
Laboratory Animal Research Center Guide for Care and Use, and the experimental protocol
was approved by the Institutional Animal Care and Use Committee at Chonnam National
University (CNU IA-YB-R-2017-09).

CT cholecystography

After food deprivation for 12-18 h, general anesthesia was induced by intravenous injection
of a combination of 0.03 mg/kg of medetomidine hydrochloride (Domitor; Orion Corp.,
Finland) and 1.5 mg/kg of zolazepam hydrochloride-tiletamine hydrochloride (Zoletil;
Virbac, France), and maintained with isoflurane (Terrell; Piramal Critical Care, USA). After
placing the dog in the sternal recumbency position on the CT table, pre-contrast CT scanning
was performed using a 16-row multidetector CT scanner (Somatom Emotion; Siemens
Medical Systems, Germany) with a setting of 16 rows x 0.5-mm collimation, helical pitch of
0.8, rotation duration of 600 msec, 1 mm slice thickness, tube voltage of 130 kV, and tube
current of 120 effective mA. Then, without changing the position of the dog, transhepatic
cholangiography was performed by one examiner (KDE). Under ultrasonography (ProSound
Alpha 7; Hitachi-Aloka, Japan), a 22-gauge catheter (Angiocath Plus; Becton Dickinson
Infusion Therapy Systems Inc, Singapore) was percutaneously passed into the gallbladder
through a subcostal or intercostal approach depending on the need to provide a proper
window of the gallbladder each time. The catheter was connected to a 3-way stopcock and
as much bile juice was aspirated from the gallbladder as possible. Then, the iodinated
contrast medium, iohexol (Omnipaque 300; GE Healthcare, Norway), was slowly injected
into the gallbladder over 60 sec through the 3-way stopcock. Transhepatic cholecystography
was performed in dogs with maintenance of spontaneous breathing. Post-contrast CT
scanning was performed at 3, 10, and 30 min after injection of the contrast medium into the
gallbladder using the same protocol as that for pre-contrast CT scanning. All CT images of
the pre-contrast and CT cholangiography were reconstructed into 1 mm increments with

an 0.8 pitch. In each dog, CT cholecystography was conducted four times at a minimum of
one-week intervals using four different contrast formulas; 8 mL and 16 mL of total contrast
medium volumes and 1:1 and 1:3 dilution ratios between iohexol and saline. During or after
the procedure, the dog was treated or considered removed from the experiment if the dog
exhibited depression, abdominal discomfort, restless, or pain. After each CT cholecystography,
the dog was given an intravenous injection of 2 mg/kg tramadol (Tamadol; Dongkwang
Pham, Korea) and 20 mg/kg cefazolin (Cefozol; Hankook Korus Pharm, Korea) for 3 days.
Complications related to cholecystography were monitored based on clinical signs such as
abdominal pain, vomiting, anorexia, and depression and on complete blood count results.
Ultrasonography for bile leakage or rupture of the gall bladder, peritonitis, hemorrhage, and
others was conducted at 1 week after cholangiography by one examiner (KDE).

CT cholecystography images evaluation

In all post-contrast series of CT scans, 2-dimensional (2D) or 3-dimensional (3D)
reconstructions of the biliary tract were created using curvilinear planar reconstruction
(CPR), maximum intensity projection (MIP), shaded surface display (SSD), and volume

https://doi.org/10.4142/jvs.2019.20.e37 3/M
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rendering technique (VRT). CT images were transferred to a workstation (Infinitt PACS;
Infinitt Healthcare, Korea) and blind assessment of each CT image set was performed by two
examiners (KDE, PSJ), separately.

For qualitative evaluations, filling of the gallbladder, visibility of the biliary tract, and the
quality of CT images including artifacts were assessed (Table 1). Contrast medium in the
lumen of the duodenum was evaluated based on the absence or presence of contrast medium
and used to assess bile duct patency. Distinction of the gallbladder and cystic duct and
distinction of the common bile duct and duodenum were evaluated based on whether the
cystic duct or common bile duct could be identified separately from the gallbladder or from
the duodenum. The distinction of these two bile ducts was evaluated to assess sufficient
filling of the biliary system with contrast medium. For quantitative evaluations, the volume
of the gallbladder, and diameters of the cystic duct and common bile duct were measured.
Regions of interest were drawn over the gallbladder in each transverse CT image by setting
the threshold between 400 and 2000 Hounsfield units. The volume of the gallbladder was
measured by using CT volume measuring software (Somatom Emotion; Siemens Medical
Systems, USA). The diameter of the cystic duct was measured as the widest short axis of the
cystic duct, perpendicular to the bile duct wall, at the junction of the bile duct and gallbladder
(Fig. 1). The diameter of the common bile duct was measured at the duodenal papilla region
where the region of the duodenal-common bile duct was observed after finding the maximal
diameter of the common bile duct by using paddle-wheel reconstruction.

Statistical analysis

Differences in quantitative and qualitative evaluation factors were investigated by performing
repeated measures analysis of variance (ANOVA). The p values less than or equal to 0.05

were considered significant. Analysis of reproducibility between reviewers was performed by
using an intra-class correlation coefficient test. All statistical tests were performed with SPSS
statistical software for Windows (Release 23.0; standard version; SPSS Inc., USA).

RESULTS

A total of 32 sets of CT cholecystography images were obtained from the 8 beagles with four
contrast formulas. Both 2D- and 3D-reconstructed CT images using CPR, MIP, SSD, and VRT
were obtained for each CT image set. CT cholecystography was performed reliably under

Table 1. Qualitative analysis of CT cholangiography evaluation factors

Evaluation factor Score
Filling of gallbladder
> 20% hypoattenuated region in the gallbladder 1
10-20% of hypoattenuated region 2
0-10% of hypoattenuated region 3
Filling completely 4
Visibility of bile duct
Low filling of the biliary tract with contrast medium (< 10% of the bile duct) 1
Medium filling of the biliary tract with contrast medium (10% < and < 90%) 2
Complete filling of the biliary tract from the cystic duct to common bile duct with contrast medium 3
Image quality
Hard to interpret CT images due to artifacts 1
Fairly good CT images with some artifacts 2
Optimal CT images 3
CT, computed tomography.
https://doi.org/10.4142/jvs.2019.20.e37 4/1
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Fig. 1. Quantitative measurement of the volume of the gallbladder and diameter of the bile duct in a dog with 16 mL of 1:3 diluted contrast formula. (A) On
transverse CT images, a region of interest (dashed curve) was drawn over the gallbladder and the volume of the gallbladder was measured using CT volume
measuring software with a threshold setting between 400 and 2000 Hounsfield units. (B) Diameter of the cystic duct was measured as the widest short axis of
the cystic duct (arrow), perpendicular to the bile duct wall, at the junction of the bile duct and gallbladder. (C) The maximal diameter (arrow) of the common
bile duct was measured at the duodenal papilla region (arrowhead) using paddle-wheel reconstruction.

CT, computed tomography.

ultrasound-guidance. Mild bile leakage was observed in 10 CT image sets obtained at 3 min
after transhepatic cholangiography; however, no associated clinical signs nor changes in
complete blood count were observed in any dog.

CT cholangiography was evaluated according to the contrast formula that was used and the
time of CT acquisition (Tables 2 and 3). The volume and dilution ratio of the contrast agent
significantly affected the filling of the gallbladder (p =0.034) and the quality of CT images and
artifacts (p =0.02). It also influenced the absence or presence of contrast medium in the lumen
of the duodenum (p =0.018), distinction of common bile duct and duodenum (p =0.03), and the
volume of the gallbladder (p= 0.005). However, CT cholecystography features did not significantly
differ according to the time of acquisition, except for the diameters of the cystic duct (Fig. 2).

Compared to the 8 mL volume of the contrast agent, the evaluation factors including volume

of gallbladder (p =0.021), diameters of cystic (p =0.035) and common bile ducts (p =0.026),
filling of gallbladder (p = 0.021), visibility of biliary tract (p =0.046), and distinction of common
bile duct and duodenum (p = 0.045) were significantly greater when the contrast agent volume

Table 2. Qualitative assessment of evaluation factor scores for CT transhepatic cholangiography using different volumes and dilution ratios of the contrast agent,
as well as different CT scan times in 8 normal Beagle dogs

Dose (mL) Dilution  Scantime  Filling of the Visibility of the Distinction of GB Distinction of CBD  Contrast medium Image quality
ratio (min) GB biliary tract and CD and duodenum in the duodenum and artifacts
8 11 3 2.50 £1.12 2.95+ 0.97 113+ 0.33 1.25+0.43 1.88+0.33 1.38 £ 0.48
10 2.50 £1.12 2.25 + 0.97 113 +0.33 1.25 £ 0.43 1.88 £ 0.33 1.38 £ 0.48
30 2.63 +0.99 2.25+0.97 113+ 0.33 1.25 £ 0.43 1.88 £ 0.33 1.38 £ 0.48
1:3 3 3.25+0.83 2.13+0.78 1.00£0 1.50 = 0.50 2.00+0 2.13+0.78
10 3.25+0.83 2.13+0.78 1.00+0 1.50 = 0.50 2.00+0 2.13+0.78
30 3.25+0.83 2.13+0.78 1.00+£0 1.50 £ 0.50 2.00+0 2.13+0.78
16 1] 3 3.25+1.09 3.00£0 1.00 £0 1.00 £ 0 1.38 + 0.48 1+0
10 3.25+1.09 3.00+0 1.00£0 1.00+0 1.38 £ 0.48 10
30 3.25+1.09 3.00+0 1.00 £ 0 1.00 £ 0 1.38 +0.48 1+0
3 3 3.50 £1.00 2.88 + 0.33 1.00 £ 0 113+ 0.33 1.38 £ 0.48 1.75 + 0.66
10 3.50 +1.00 2.88 +0.33 1.00£0 1.13 +0.33 1.38 £ 0.48 1.75 £ 0.66
30 3.50 £1.00 2.88 + 0.33 1.00 £0 113+ 0.33 1.38 + 0.48 1.75 £ 0.66

Data are expressed as mean + standard deviation of the score.
CT, computed tomography; GB, gallbladder; CD, cystic duct; CBD, common bile duct.

https://vetsci.org https://doi.org/10.4142/jvs.2019.20.e37 5/M


https://vetsci.org

-gui i Journal of (
il;ltbr"a::gll:angcé:lded transhepatic computed tomography cholecystography Veterinary Science JV)

Table 3. Quantitative evaluation of CT transhepatic cholangiography using different volumes and dilution ratios of the contrast agent and different CT scan timing
in 8 normal Beagles

Dose (mL) Dilution ratio Scan time (min) Volume of the GB (cm?) Diameters of the CD (mm) Diameters of the CBD (mm)
8 11 3 12.93 + 3.47 4.37 + 0.48 2.98 + 0.72
10 12.89 + 3.34 4.19 +0.63 3.04 £0.73
30 12.87 +3.43 4.03 £ 0.64 3.01+£0.75
1:3 3 12.59 +2.48 3.66 + 0.93 2.62 = 0.61
10 12.53 £2.29 3.54£0.88 2.68 + 0.63
30 12.37 £2.27 3.52 +1.02 2.65 + 0.74
16 1:1 3 23.05 = 3.56 5.1+1.38 4.11+0.96
10 22.95+ 3.6 4.8+1.34 4.04 £ 0.88
30 22.97 + 3.48 4.54 + 0.94 4.03+0.89
1:3 3 21.11 £ 3.7 4.93 +1.39 3.63+0.55
10 20.9 +3.36 4.96 +1.23 3.39+0.74
30 20.95 £ 3.17 4.82 £1.27 3.45+ 0.58

Data were expressed as mean + standard deviation.
CT, computed tomography; GB, gallbladder; CD, cystic duct; CBD, common bile duct.

Fig. 2. Reconstructed shaded surface display computed tomography images after transhepatic cholangiography using 16 mL volume and 1:1 dilution ratio of
contrast medium in a dog. There were no significant differences in opacification between the gallbladder and common bile duct according to scan time; at 3 min
(A), 10 min (B), and 30 min (C). Long arrow = cystic duct, thick long arrow = extrahepatic duct, short arrow = intrahepatic bile duct. Left side of the image is the
right side of the dog.

was 16 mL, regardless of scan time or contrast dilution ratio. The gallbladder and biliary tract
appeared larger and were well visualized when the contrast agent volume was 16 mL (Fig. 3).

Significant differences were identified in the quality of CT images and artifacts at all scan
times and contrast volumes (p = 0.01) between the different contrast medium dilution
ratios. When the dilution ratio of the contrast medium was 1:1, beam-hardening artifacts
deteriorated the CT image quality; thus, the 1:3 dilution ratio was deemed optimal for
achieving acceptable CT images (Fig. 4).

In comparison to transverse CT scan images, CPR could assess the biliary tract intuitively
with one image by its ability to reconstruct the bile duct linearly in all dogs and using a 16-
mL contrast volume (Fig. 5). MIP reconstructions helped to visualize the biliary tract and
provided a sharp contrast to surrounding structures. SSD provided a realistic-looking 3D view
of the surface of the biliary structure of interest. VRT facilitated, not only assessment of the
anatomical biliary structure, but also evaluation of the anatomic relationship between the
biliary system and the surrounding organs.

With regards to inter-observer agreement, there was an excellent, statistically significant

agreement between the examiners (KDE, PSJ) for all evaluation factors except one for which
the agreement was considered good (Table 4).

https://vetsci.org https://doi.org/10.4142/jvs.2019.20.e37 6/M
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Fig. 3. Reformatted shaded surface display computed tomography images after transhepatic cholangiography
with 1:3 dilution ratio and 8 mL (A) or 16 mL (B) of contrast volume in the same dog. The gallbladder and bile
ducts are well visualized with 16 mL of contrast medium. Left side of the image is the right side of the dog.

Fig. 4. Transverse computed tomography image after transhepatic cholangiography with 8 mL contrast volume
and 1:3 (A) or 1:1 (B) dilution ratios in the same dog. Dark streaks induced by beam hardening artifact are
observed in the image using a 1:1 dilution ratio. Left side of the image is the right side of the dog.

DISCUSSION

The feasibility of CT transhepatic cholecystography in dogs was evaluated in this study. The
approach provided detailed cross-sectional, reconstruction, and 3D images of the gallbladder,
cystic duct, and common bile duct. These structures could be distinguished from the liver
parenchyma, adjacent vessels, duodenal lumen, and pancreas. Comprehensive visualization

https://vetsci.org https://doi.org/10.4142/jvs.2019.20.e37 7/
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Fig. 5. Reconstructed computed tomography transhepatic cholangiography images. (A) The entire biliary duct from the cystic duct to the orifice to the
duodenum (arrow) is clearly visualized on a curvilinear planar reconstruction image. (B) On a maximum intensity projection, enhanced gallbladder and bile duct
are differentiated from the liver in detail and the lumen of the bile duct is well visualized at the extremities. (C) Outlining of the gallbladder and bile duct are
shown on a shaded surface display. However, the internal structure is not delineated. (D) On volume rendering, the three-dimensional relationship between the
biliary system and adjacent organs is clearly defined. Left side of the image is the right side of the dog.

Table 4. Inter-observer correlation coefficients for evaluation factor scores provided by two examiners

Intraclass correlation  Filling of  Visibility of the  Quality of CTimages Contrast medium Distinction of Distinction of CBD  Diameters of ~ Diameters of
coefficient the GB biliary tract and artifacts in the duodenum  GBand CD and duodenum the CD the CBD

Inter-observer 0.90 0.96 0.95 0.96 0.80 0.95 0.74 0.81

Data between 0.61to 0.79, and greater than 0.9 are indicative of good, and excellent reliability, respectively, based on 95% confidence intervals.
GB, gallbladder; CT, computed tomography; CD, cystic duct; CBD, common bile duct.

of the anatomic relationship between the biliary system and adjacent structures was improved
by using the 3D reformatted CT transhepatic cholangiography images. The 16 mL contrast
medium volume and the 1:3 dilution ratio of contrast medium and saline provided optimal
quality images of CT transhepatic cholangiography. CT image acquisition timing was not a
significant parameter for evaluating the biliary system via CT transhepatic cholecystography.

In CT transhepatic cholecystography, the lumen of the bile duct can be observed distinctly
due to the homogeneous filling by the contrast agent. The diameter of the common bile
duct was consistently measured as approximately 3.36 mm at the duodenal papilla. After
linear reconstruction of the bile duct by CPR, the patency of the biliary tract range to the
orifice of the bile duct could be clearly evaluated. The distinction between the gallbladder
and cystic duct and between the common bile duct and duodenum could be visualized,
especially via paddle-wheel reconstruction. MIP allowed for easy evaluation of the biliary
lumen and tributaries and also the relationship between the contrast-filled structures and
the densities of other surrounding structures. Thus, MIP is used in cases of stenosis and
choledocholithiasis in humans [19-21]. SSD provided a realistic 3D image of the surface of
the biliary structure while obscuring intraluminal structures. SSD is suitable for intuitively
outlining the gallbladder and bile duct [4,19,20,22]. VRT provided the 3D anatomic
relationship between the biliary system and adjacent structures. In human study, VRT
allows for overall assessment of patients with biliary obstruction by depicting the biliary
tree, vessels, and adjacent organs such as the liver, pancreas, and duodenum, which cannot
be clarified with conventional cholangiography or even in some cases that underwent
endoscopic retrograde cholangiography (ERCP) [8,15,23].

The volume and dilution ratio of the contrast agent and the scan time of CT transhepatic
cholecystography were investigated in this study because the protocol for transhepatic
cholecystography has not been established, even in radiographic studies. The gallbladder
can accommodate a volume of approximately 1 mL/kg of body weight [24]. The volume of

https://vetsci.org https://doi.org/10.4142/jvs.2019.20.e37 8/Mm


https://vetsci.org

C

-gui i Journal of
iL’r:g::;ll:anddogls"ded transhepatic computed tomography cholecystography Veterinary Science JV)

contrast agent was set at 8 mL and 16 mL after considering the mean weight of dogs used in
this study, which was about 10 kg. Sufficient filling of the gallbladder and the entire biliary
tract could be achieved using 16 mL of contrast agent when evaluated based on volume of
the gallbladder, and diameters of the cystic and common bile duct. In addition, the common
bile duct was more distinctly identified from the duodenum using this volume. A diluted
contrast agent was used during cholecystography in this study to reduce artifacts associated
with high-density contrast agents in order to improve image quality. A dilution ratio of 1:3
provided better CT transhepatic cholecystography imagery compared to that from a 1:1 ratio
with minimal artifact presence. Contrary to indirect CT cholangiography, which requires
about 30 to 60 min to provide optimal CT images after metabolizing oral contrast agent in
the liver [8], in this study, the gallbladder and bile duct were effectively filled with contrast
agent immediately after direct injection into the gallbladder. The degree of filling of the
gallbladder and bile duct was not significantly changed according to CT scan time, although
there was some difference in the degree of filling of the biliary tract in each dog. Gallbladder
distensibility, the resistance of the sphincter of Oddi, and the volume of the bile duct in the
gallbladder can induce individual differences in dogs [18].

Similar to radiographic cholecystography, in CT transhepatic cholecystography bile leakage
can occur after direct contrast injection. Bile leakage was reported in about 10% of human
patients in a radiographic cholecystography study [2]. In the present study, about 30% of all CT
transhepatic cholecystography episodes showed bile leakage; however, leakage-related clinical
signs were not detected in any dog. The resolution of CT transhepatic cholecystography is
higher than that of radiography; thus subclinical bile leakage can be detected [23].

In the present study, only two volumes of contrast agent, 8 mL and 16 mL, were compared

in order to establish a protocol for CT transhepatic cholecystography and only healthy dogs
of the same breed were used. Despite those limitations, this study investigated the effects of
volume and dilution ratio of the contrast agent, as well as CT scan time, on CT transhepatic
cholecystography results. The clinical usefulness of this method was confirmed by the results
of the comprehensive evaluation.

In conclusion, ultrasound-guided CT transhepatic cholecystography was effectively and safely
used to examine the gallbladder and bile duct in dogs, and various reconstruction techniques
employed in this study improved the anatomic elucidation of the biliary system. A total
volume of 16 mL of contrast agent with a 1:3 contrast medium dilution ratio was optimal for
visualizing the gallbladder and biliary tract with minimal artifact development. Although
percutaneous CT cholecystography is not the first choice among diagnostic tools for patients
with biliary disease, it is considered a useful diagnostic imaging method for identifying
obstructions in the biliary tree, determining patency of the duct, and differentiating surgical
candidates from medically treatable cases in dogs with jaundice.

REFERENCES

1. Neer TM. A review of disorders of the gallbladder and extrahepatic biliary tract in the dog and cat. ] Vet
Intern Med 1992;6:186-192.
PUBMED | CROSSREF

2. OkudaK. Thin needle percutaneous transhepatic cholangiography - historical review. Endoscopy
1980;12:27.
PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2019.20.e37 9/1


http://www.ncbi.nlm.nih.gov/pubmed/1619596
https://doi.org/10.1111/j.1939-1676.1992.tb00335.x
http://www.ncbi.nlm.nih.gov/pubmed/6986266
https://doi.org/10.1055/s-2007-1021701
https://vetsci.org

Journal of (

Ultrasound-guided transhepatic computed tomography cholecystography Veterinary Scionce V )

in beagle dogs

https://vetsci.org

3. Richardson NG, Mcintosh NA, Sarre RG. Percutaneous transcholecystic cholangiography during
laparoscopic cholecystectomy. Aust N Z J Surg 1999;69:501-504.
PUBMED | CROSSREF

4. Smith SA, Biller DS, Kraft SL, Gorggin JM, Hoskinson JJ. Diagnostic imaging of biliary obstruction.
Compend Contin Educ Vet 1998;20:1225-1234.

5. Chen]J, Tang Y, Wang Z, Wang Q, Wang D. Clinical value of ultrasound in diagnosing pediatric
choledochal cyst perforation. AJR Am J Roentgenol 2015;204:630-635.
PUBMED | CROSSREF

6. Xanthakos SA, Yazigi NA, Ryckman FC, Arkovitz MS. Spontaneous perforation of the bile duct in
infancy: a rare but important cause of irritability and abdominal distension. J Pediatr Gastroenterol Nutr
2003;36:287-291.
PUBMED | CROSSREF

7. Spillmann T, Schnell-Kretschmer H, Dick M, Grondahl KA, Lenhard TC, Riist SK. Endoscopic retrograde
cholangio-pancreatography in dogs with chronic gastrointestinal problems. Vet Radiol Ultrasound
2005;46:293-299.
PUBMED | CROSSREF

8. Ahmetoglu A, Kosucu P, Kul S, Ding¢ H, Sari A, Arslan M, Alhan E, Glimele HR. MDCT cholangiography
with volume rendering for the assessment of patients with biliary obstruction. AJR Am J Roentgenol
2004;183:13271332.
PUBMED | CROSSREF

9. Mehler S, Bennett RA. Canine extrahepatic biliary tract disease and surgery. Compend Contin Educ Pract
Vet 20006;28:302-314.

10. Sohns]JM, Staab W, Dabir D, Spiro JE, Bergau L, Schwarz A, Sohns C. Current role and future potential of
magnetic resonance cholangiopancreatography with an emphasis on incidental findings. Clin Imaging
2014;38:35-41.

PUBMED | CROSSREF

11. Sommer CM, Schwarzwaelder CB, Ramsauer S, Stampfl U, Stiller W, Nickel F, Omri W, Kenngott HG,
Gehrig T, Meinzer HP, Kauczor HU, Radeleff BA. Intravenous 64-multi-detector row CT-cholangiography
of porcine livers: a feasibility study with definition of the temporal window for optimal bile duct
delineation. ] Hepatobiliary Pancreat Sci 2010;17:666-672.

PUBMED | CROSSREF

12. Spillmann T, Willard MD, Ruhnke I, Suchodolski JS, Steiner JM. Feasibility of endoscopic retrograde
cholangiopancreatography in healthy cats. Vet Radiol Ultrasound 2014;55:85-91.
PUBMED | CROSSREF

13. Andriulli A, Loperfido S, Napolitano G, Niro G, Valvano MR, Spirito F, Pilotto A, Forlano R. Incidence
rates of post-ERCP complications: a systematic survey of prospective studies. Am J Gastroenterol
2007;102:1781-1788.

PUBMED | CROSSREF

14. Evans HE, Lahunta A. Bile passages and gallbladder. In: Evans HE, Lahunta A (eds.). Miller's Anatomy of
the Dog. 4th ed. Pp. 331-333, Elsevier-Saunders, Philadelphia, 2013.

15. Spillmann T, Happonen I, Kdhkonen T, Fyhr T, Westermarck E. Endoscopic retrograde cholangio-
pancreatography in healthy Beagles. Vet Radiol Ultrasound 2005;46:97104.

PUBMED | CROSSREF

16. JiS,Jung S, Kim B, JungJ, Yoon J, Choi M. Feasibility of percutaneous contrast ultrasound-guided
cholecystography in dogs. Vet Radiol Ultrasound 2015;56:296-300.
PUBMED | CROSSREF

17. Teplick SK, Haskin PH, Pavlides CA, Vanden Eykel C. Percutaneous transcholecystic cholangiography:
experimental study. AJR Am ] Roentgenol 1985;144:1059-1063.
PUBMED | CROSSREF

18. Wrigley RH, Reuter RE. Percutaneous cholecystography in normal dogs. Vet Radiol Ultrasound
1982;23:239-242.
CROSSREF

19. Cabada Giadas T, Sarria Octavio de Toledo L, Martinez-Berganza Asensio MT, Cozcolluela Cabrejas R,
Alberdi Ibafiez I, Alvarez Lopez A, Garcia-Asensio S. Helical CT cholangiography in the evaluation of the
biliary tract: application to the diagnosis of choledocholithiasis. Abdom Imaging 2002;27:6170.

PUBMED | CROSSREF

20. HongKC, Freeny PC. Pancreaticoduodenal arcades and dorsal pancreatic artery: comparison of CT
angiography with three-dimensional volume rendering, maximum intensity projection, and shaded-
surface display. AJR Am J Roentgenol 1999;172:925-931.

PUBMED | CROSSREF
https://doi.org/10.4142/jvs.2019.20.e37 10/M


http://www.ncbi.nlm.nih.gov/pubmed/10442921
https://doi.org/10.1046/j.1440-1622.1999.01611.x
http://www.ncbi.nlm.nih.gov/pubmed/25714296
https://doi.org/10.2214/AJR.14.12935
http://www.ncbi.nlm.nih.gov/pubmed/12548069
https://doi.org/10.1097/00005176-200302000-00024
http://www.ncbi.nlm.nih.gov/pubmed/16229427
https://doi.org/10.1111/j.1740-8261.2005.00053.x
http://www.ncbi.nlm.nih.gov/pubmed/15505298
https://doi.org/10.2214/ajr.183.5.1831327
http://www.ncbi.nlm.nih.gov/pubmed/24120879
https://doi.org/10.1016/j.clinimag.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/20703845
https://doi.org/10.1007/s00534-010-0263-7
http://www.ncbi.nlm.nih.gov/pubmed/23919246
https://doi.org/10.1111/vru.12086
http://www.ncbi.nlm.nih.gov/pubmed/17509029
https://doi.org/10.1111/j.1572-0241.2007.01279.x
http://www.ncbi.nlm.nih.gov/pubmed/15869151
https://doi.org/10.1111/j.1740-8261.2005.00020.x
http://www.ncbi.nlm.nih.gov/pubmed/25403172
https://doi.org/10.1111/vru.12224
http://www.ncbi.nlm.nih.gov/pubmed/3872563
https://doi.org/10.2214/ajr.144.5.1059
https://doi.org/10.1111/j.1740-8261.1982.tb01289.x
http://www.ncbi.nlm.nih.gov/pubmed/11740611
https://doi.org/10.1007/s00261-001-0043-6
http://www.ncbi.nlm.nih.gov/pubmed/10587122
https://doi.org/10.2214/ajr.172.4.10587122
https://vetsci.org

Journal of (

Ultrasound-guided transhepatic computed tomography cholecystography Veterinary Scionce V )

in beagle dogs

https://vetsci.org

21.

22.

23.

24.

Hunter TB, Fon GT, Berk RN, Capp MP. Concentration and excretion of contrast agents during oral
cholecystography as measured by computed tomography in dogs. Gastrointest Radiol 1981;6:349-352.
PUBMED | CROSSREF

Kinami S, Yao T, Kurachi M, Ishizaki Y. Clinical evaluation of 3D-CT cholangiography for preoperative
examination in laparoscopic cholecystectomy. ] Gastroenterol 1999;34:111-118.
PUBMED | CROSSREF

Persson A, Dahlstrom N, Smedby O, Brismar TB. Three-dimensional drip infusion CT cholangiography
in patients with suspected obstructive biliary disease: a retrospective analysis of feasibility and adverse
reaction to contrast material. BMC Med Imaging 2006;6:1.

PUBMED | CROSSREF

Aguirre A. Diseases of the gallbladder and extrahepatic biliary system. In: Ettinger SJ, Feldman EC. (eds.).
Textbook of Veterinary Internal Medicine: Diseases of the Dog and the Cat. 7th ed. pp. 1286-1295, WB
Saunders Co., Philadelphia, 2017.

https://doi.org/10.4142/jvs.2019.20.e37 11/M


http://www.ncbi.nlm.nih.gov/pubmed/7308718
https://doi.org/10.1007/BF01890284
http://www.ncbi.nlm.nih.gov/pubmed/10204620
https://doi.org/10.1007/s005350050225
http://www.ncbi.nlm.nih.gov/pubmed/16630362
https://doi.org/10.1186/1471-2342-6-1
https://vetsci.org

	Ultrasound-guided transhepatic computed tomography cholecystography in beagle dogs
	INTRODUCTION
	MATERIALS AND METHODS
	CT cholecystography
	CT cholecystography images evaluation
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


