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Abstract
Purpose This study aimed to retrospectively evaluate the caudate branches (CBs), which are bile ducts originating from the

caudate lobe (CL), using drip infusion cholangiography with computed tomography (DIC-CT).

Methods The confluence patterns of CBs were evaluated in 185 adult patients undergoing DIC-CT. The following bile

duct features were evaluated: (a) number of depicted CBs; (b) identification of the caudate portion from which the CBs

were derived; (c) identification of the confluence site of a CB; and (d) whether there was a difference in the confluence site

of the CBs depending on the position of the right posterior hepatic duct (RPHD) and the portal vein (PV).

Results DIC-CT enabled detection of a total of 640 bile ducts from the CL in 185 patients, and the total number of CBs from

the Spiegel lobe (SP), the paracaval portion, and the caudate process (CP) were 347 (54.2%), 112 (17.5%), and 181 (28.2%),

respectively. In the SP, over 60% of CBs joined the left hepatic duct system (LHDS). The positional relationship between the

RPHD and the PV was divided into a supra-portal course (n = 168) and an infra-portal course (n = 17). The number of CBs

joining the LHDS was significantly different between a supra-portal course and an infra-portal course (p = 0.0484).

Conclusion CBs were depicted by DIC-CT in 98.9% of the subjects, and a detailed evaluation was possible. The number of

CBs joining the LHDS was associated with the position of the RPHD and the PV.
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Introduction

In recent years, the techniques for hepatic surgery have

progressed; however, the surgical operations that include the

caudate lobe (CL) are still challenging due to its deep loca-

tion within the liver and its proximity to hepatic hilar

structures [1–4]. Knowledge of anatomical variations of the

biliary system helps reduce postoperative complications,

which include injury to contralateral biliary ducts and bile

leakage.

Previous reports have described the dissection of bile

ducts and the position of the portal vein and biliary ducts

with respect to each other [5, 6], but they do not include

caudate branches (CBs). Detailed analysis concerning the

CBs has been exclusively performed using liver casts and

drip infusion cholangiography with computed tomography

(DIC-CT) [7–10]. As the CBs are considerably thin, the

depiction of CBs in magnetic resonance cholangiopancre-

atography (MRCP) and gadolinium-ethoxybenzyl-di-

ethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-

enhanced magnetic resonance imaging (MRI) is difficult.

On the contrary, DIC-CT can depict thin bile ducts, such as

CBs [11, 12].

However, DIC-CT is becoming less common because

the intravenous cholangiographic contrast media is avail-

able in only a few countries [5]. Thus, the analysis of CB

using DIC-CT is limited. To the best of our knowledge,

only two reports have evaluated the details of CBs using

DIC-CT [8, 9].

The purpose of this study was to identify the number of

CBs that could be depicted by DIC-CT to evaluate the
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features of CBs, and to examine whether the confluence

sites of CBs were dependent on the course of the portal

vein.

Materials and methods

Ethical considerations

This study complied with the ethical guidelines of the

Declaration of Helsinki, and was approved by the institu-

tional ethics committee (H16082). Written informed con-

sent for participation was not required from the patients as

the study was retrospective and patient records were

anonymously analyzed.

Patients

In total, 197 consecutive adult patients underwent DIC-CT

at our medical center between July 2013 and November

2014. Twelve cases were excluded due to poor depiction of

an entire biliary tree, history of a hepatectomy, or hepati-

cojejunostomy. Finally, 185 patients (85 males, 100

females; mean age 58 years, range 25–90 years) were

evaluated. The reasons for undergoing DIC-CT in this

study were cholelithiasis (124 patients), acute cholecystitis

(29 patients), gallbladder polyps (15 patients), common

bile duct stones (11 patients), bile leakage (three patients),

bile duct stenosis (two patients), and gallbladder cancer

(one patient). Patients were divided into two groups based

on two patterns depicting the positional relationship

between the right posterior bile duct (RPBD) and the portal

vein (PV): a supra-portal course or an infra-portal course.

DIC-CT examinations

A multi-detector row helical CT scanner (Aquilion; Tosh-

iba, Tokyo, Japan) was used. Sixty-four-detector row CT

scans were obtained with the following parameters: 1 mm

collimation, a beam pitch of 0.844, and a tube current of

120 kV with Auto MA. Transverse sections were recon-

structed with 1-mm-thick sections at 0.5-mm intervals. The

reconstruction field of view was set to the area around the

liver to improve spatial resolution. A biliary contrast agent,

consisting of 100 mL of meglumine iotroxate (50 mg/mL

Biliscopin; Schering, Berlin, Germany), was administered

for 30 min, 1 h before scanning. A paging method was

used, in which 1–2-mm slice transverse CT images were

observed by scrolling. In addition, multiplanar recon-

struction images, maximum intensity projection (MIP), and

volume rendering (VR) were also used supplementarily.

Analysis of DIC-CT images

We evaluated the following bile duct features: (a) the

number of depicted CBs; (b) identification of the caudate

portion from which the CBs were derived; (c) identification

the confluence site of a CB; and (d) whether there was a

difference in the confluence site of the CBs depending on

the course of the portal vein (a supra-portal course or an

infra-portal course). When some branches formed a com-

mon canal, each branch was counted. The CL is divided

into three portions: the Spiegel lobe (SP), the paracaval

portion (PC), and the caudate process (CP), according to

Kumon [7, 10] (Fig. 1). A supra-portal course refers to a

pattern in which the RPHD runs on the cranial side of the

PV; it is the common form. On the other hand, an infra-

portal course refers to a pattern in which a part of the

RPHD runs on the caudal side of the PV, as previously

reported [6].

The LHDS included B2, the left lateral segmental ducts

(B2 ? 3), and the left hepatic duct. The middle hepatic

duct system (MHDS) included the common hepatic duct

and trifurcation types. The right hepatic duct system

(RHDS) included the right hepatic duct, the right anterior

hepatic duct, the right posterior hepatic duct, B5, B6, and

B8.

PV 

RPVa 

RPVp 

P4 

IVC 

RHV 
MHV 

LHV 

SP 
PC 

CP 

Fig. 1 Schematic diagrams of the frontal projection. The Spiegel lobe

(SP) is the area to the left of the inferior vena cava (IVC) and

ligamentum venosum (orange areas). The paracaval portion (PC) is in

front of the IVC, and between the middle hepatic vein (MHV) and the

right hepatic vein (RHV), and lies cranial to the portal bifurcation (red

areas). The caudate process is in front of the IVC, caudal to the portal

bifurcation, and dorsal to the right portal pedicle (green areas). SP

Spiegel lobe, PC paracaval portion, CP caudate process, IVC inferior

vena cava, PV main portal vein, RPV right portal vein, LPV left portal

vein, RPVa right anterior segmental portal vein, RPVp right posterior

segmental portal vein, P2 portal vein for hepatic segment II, P3 portal

vein for hepatic segment III, P4 portal vein for hepatic segment IV

[22]
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Statistical analysis

Comparisons between groups were performed using the

Mann–Whitney U test for continuous variables. P\ 0.05

was considered statistically significant. All statistical

analyses were performed with EZR (Saitama Medical

Center, Jichi Medical University, Saitama, Japan), which is

a graphical user interface for R (The R Foundation for

Statistical Computing, Vienna, Austria).

Results

Number of depicted CBs

DIC-CT enabled detection of a total of 640 bile ducts from

the CL in 98.9% (183/185) of cases. Figure 2 demonstrates

typical images of CBs on the DIC-CT. Zero to nine CBs,

with a mean of 3.45, were detected per liver in 185 patients

(Table 1).

Identification of caudate portion from which
the CBs were derived

The total number of CBs from the SP, PC, and CP were

347 (54.2%), 112 (17.5%), and 181 (28.2%), respectively

(Table 1).

Identification of the confluence site of the CB

We identified CBs joined to the RHDS (n = 341), MHDS

(n = 16), and LHDS (n = 283). The confluence sites of the

bile ducts from each portion of the CL are shown in

Table 2. Table 3 shows the percentage of confluence sites

of CBs from each liver portion; half of the CBs joined the

RHDS, and the other half of the CBs joined the LHDS. In

the CP, over 90% of CBs joined the RHDS. In the SP, over

60% of CBs joined the LHDS.

Difference in the confluence site of the CBs
depending on the course of the portal vein
(supra-portal or infra-portal course)

The positional relationship between the RPHD and the PV

was divided into two types: a supra-portal course (n = 168)

and an infra-portal course (n = 17). Figures 3 and 4

demonstrate the typical images of a supra-portal course and

an infra-portal course, respectively.

The number of CBs joining the LHDS was significantly

different between a supra-portal course and an infra-portal

course (p = 0.0484) (Table 4, Fig. 5). Compared with the

supra-portal course, an infra-portal course had more CBs,

which drained into LHDS. The number of CBs joining the

RHDS was mildly different between a supra-portal course

and an infra-portal course (p = 0.0802) (Table 4, Fig. 5).

c d

a b

LHD

RHD

LHD
RHD

RHD
LHD

Fig. 2 A 66-year-old woman

with five CBs (arrows) detected

using drip infusion

cholangiography with computed

tomography. Slab-MIP with

20 mm thickness (a, b coronal

view, c transverse view) and

MIP in the anterior right view

(d) depicts five CBs. Four CBs

join into the RHD and one CB

joins into the LHD. One CB

(yellow arrow) is derived from

the paracaval portion, one CB

(green arrow) is derived from

the caudate process, and three

CBs (black arrows) are derived

from the Spiegel lobe. MIP

maximum intensity projection,

CB caudate branch, RHD right

hepatic duct, LHD left hepatic

duct
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The infra-portal course had less CBs that drained into

RHDS than did the supra-portal course. The number of

CBs was similar between the supra-portal and infra-portal

courses (p = 0.533).

Discussion

In the current study, we have demonstrated that DIC-CT

enabled visualization of one or more CBs in 98.9% of

cases, and that more than half of the CBs were derived

from the SP. In the entire CL and in the PC, almost equal

numbers of CBs drained into RHDS and LHDS. In the SP,

about 30% CBs drained into RHDS; in the CP, over 90% of

CBs drained into the RHDS. The number of CBs that

joined into the LHDS was greater with the infra-portal

course than with the supra-portal course.

With the development of recent image technology, the

biliary tree can be depicted with minimal invasion using

DIC-CT, MRCP, and Gd-EOB-DTPA MRI [5]. As noted in

previous reports, DIC-CT could demonstrate not only the

second-order branches of the bile ducts, but also the third-

order branches [11], and it provided high-resolution three-

dimensional anatomical representation of very small bile

ducts. In recent studies, 3D balanced turbo-field-echo

sequence could depict the bile ducts and portal veins as

well as DIC-CT [13]. However, even now DIC-CT was

superior to conventional MRCP in the detection of the

small non-expanded bile ducts such as CBs or an accessory

hepatic duct [5, 14–16]. Therefore, DIC-CT is frequently

used for preoperative examination of the biliary tract, prior

to laparoscopic cholecystectomy and liver transplantation,

due to its high-quality imaging output; this is the case

despite radiation exposure and the possibility of developing

adverse reactions from the infusion of meglumine iotroxate

[8, 17–19].

In this study, DIC-CT could depict the CBs in 98.9% of

our subjects, and the mean number of CBs detected using

DIC-CT was 3.45 CBs per liver. The CB detection rate

with DIC-CT in previous reports was 77% to 100%, and

the mean number of CBs detected with DIC-CT was

1.86–2.68 branches per liver [8, 9]. The detection capa-

bility and detection number of CBs in this study were

almost equally high or slightly higher than those of pre-

vious reports. One reason why the visualization number of

CBs was slightly higher than that reported in the literature

Table 1 Number of depicted bile ducts from the caudate lobe and

each portion

Number Spiegel

lobe

Paracaval

portion

Caudate

process

Caudate

lobe

0 13 81 31 2

1 46 96 128 12

2 83 8 25 27

3 39 0 1 56

4 3 0 0 48

5 0 0 0 30

6 1 0 0 8

7 0 0 0 1

8 0 0 0 0

9 0 0 0 1

Total 347 112 181 640

Mean (/185

patients)

1.87 0.6 0.97 3.45

Table 2 The confluence site of the bile duct from the caudate lobe

Confluence

site

Spiegel

lobe

Paracaval

portion

Caudate

process

Total

LHDS

B2 24 0 0 24

B2?3 21 2 0 23

LHD 180 44 12 236

MHDS

CHD 12 0 1 13

Tri 3 0 0 3

RHDS

RHD 57 26 25 108

RAHD 3 0 2 5

RPHD 45 38 98 181

B5 0 0 3 3

B6 2 0 40 42

B8 0 2 0 2

Total 347 112 181 640

B2 bile ducts from segment 2, B2?3 proximal to the fusion point of

B2 and the bile duct of segment 3, LHD left hepatic duct, CHD

common hepatic duct, Tri trifurcation, RHD right hepatic duct, RAHD

right anterior hepatic duct, RPHD right posterior hepatic duct, B5 bile

duct from segment 5, B6 bile duct from segment 6, B8 bile duct from

segment 8

Table 3 Percentage of confluence sites of CBs from each liver

portion

Confluence

site

Spiegel

lobe

Paracaval

portion

Caudate

process

Caudate

lobe

LHDS 225 (64.8%) 46 (41.0%) 12 (6.6%) 283 (44.2%)

MHDS 15 (4.3%) 0 1 (0.5%) 16 (2.5%)

RHDS 107 (30.8%) 66 (58.9%) 168 (92.8%) 341 (53.2%)

Total 347 112 181 640

LHDS left hepatic duct system, MHDS middle hepatic duct system,

RHDS right hepatic duct system
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was thought to be related to the detailed observation (ow-

ing to thin slices) performed using the paging method.

More than half of the CBs were derived from the SP.

The results of this study were similar to those of Kitami

et al., in that they reported that 53.7% of the CBs were

derived from SP [9]. However, Kitami et al. divided the CL

into two portions, SP and PC; this differs from the present

study and many other reports. In contrast, this rate was

37.8% in the report by Takamatsu et al. [8], and it was

conceivable that differences in counting methods could

influence the number of bile ducts identified. When the

CBs formed a common canal, Takamatsu et al. counted

each bile duct when the CBs originated from different

portions, and they were counted as one when the CBs

originated from the same area. In this study, each CB was

counted regardless if they formed a common canal.

In our study, over 30% of the CBs that were derived

from the SP joined into the RHDS. The percentage of CBs

that were derived from the PC and joined into the RHDS

and LHDS were 58% and 41%, respectively; over 90% of

the CBs that were derived from the CP joined into the

RHDS. According to two reports on DIC-CT [8, 9], the

frequencies of CBs from the SP that joined into the RHDS

widely ranged between 10.4% and 30.1%. The frequencies

of CBs from the PC that joined into the RHDS and the

LHDS were 63–64% and 32–34%, respectively, and the

frequencies of CBs joined into the RHDS were 93% in the

CP. The results of the present study were similar to those of

previous studies. Additionally, our results are similar to

those of other previous reports, which analyzed CBs using

percutaneous transhepatic CT cholangiography and corro-

sion liver casts [7, 10, 20] and, respectively, found that

35.5% and 29.2% of CBs from the SP joined into the

RHDS. Percutaneous transhepatic CT cholangiography

revealed that 41.2% and 58.7% of CBs from the PC joined

RAHD

RPHD

RAHD

RPHD

LHD
RHA

RPV
RPV

RHA
LHA

CHD
RH
DB5

B6

RPV

RHA

RPHD

RHA RPV

a b c

d e f

RPHD

RAHD
RPHD

RAHD

GBGB

LHD LHD

Fig. 3 A 46-year-old man with a right posterior bile duct following

a supra-portal course, as detected using drip infusion cholangiog-

raphy with computed tomography. Transverse images arranged in

a cranial to c caudal order, d the sagittal multiplanar image of

reconstruction, e maximum intensity projection (MIP) in the anterior

view, and f the volume-rendered (VR) image in the left posterior

view are demonstrated. These images (a–d) show that the RPHD

runs on the cranial side of the RPV. MIP and VR images show that

RAHD and RPHD form a common canal as the RHD. The black

arrows point to the caudate branches; one is derived from the

paracaval portion (a), and the other is derived from the caudate

process (c). RAHD right anterior hepatic duct, RPHD right posterior

hepatic duct, LHD left hepatic duct, RHA right hepatic artery, LHA

left hepatic artery, RPV right portal vein, B5 bile duct from segment

5, B6 bile duct from segment 6, CHD common hepatic duct, LHD

left hepatic duct, GB gallbladder
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into the RHDS and LHDS, respectively, and 100% of CBs

joined into the RHDS in the CP.

The number of CBs that joined into the LHDS was

greater with the infra-portal course than with the supra-

portal course. There are currently no reports on the rela-

tionship between CB and running pattern of RPHD. Kitami

et al. [6] evaluated the relative position between the bile

ducts and the portal vein in their study on anatomical

characteristics of bile ducts, which did not include CBs.

The findings from this study demonstrate the tendency of

the confluence site of CBs to differ depending on the

course of RPHD, which is important anatomical knowledge

for safe surgical operation of the CL.

However, this study had some limitations. First, it was a

retrospective and single-center study. Therefore, in the

selection of patients, the possibility of unwilling selection

bias could not be amply excluded. Second, the confluence

pattern of CBs was not confirmed at dissection or surgery.

However, DIC-CT was superior to other imaging modali-

ties, such as MRCP, in the detection of small non-expanded

bile ducts [5, 11, 14].

In our study, DIC-CT was performed by administering

meglumine iotroxate, which is a relatively safer

RAHD

RPV

LHD

LPV

LHD+RAHD

RPV PV

CHDRPHD

B6

a b c

d e f

PV

RPHD

RPV

RPHD

RAHD

LHD

RAHD

RPHD

LHD

Fig. 4 A 41-year-old man with a right posterior bile duct following an

infra-portal course, as detected using drip infusion cholangiography

with computed tomography. Transverse images arranged in a cranial

to c caudal order, d the sagittal multiplanar image of reconstruction,

e maximum intensity projection (MIP) in the anterior view, and f the
volume-rendered (VR) image in the posterior view are demonstrated.

These images (a–d) show that the RPHD runs on the caudal side of

the RPV, and MIP and VR images show RAHD and RPHD join into

the LHD, respectively, without forming the RHD. RAHD the right

anterior hepatic duct, RPV the right portal vein, LHD the left hepatic

duct, LPV the left portal vein, proximal to the fusion point of LHD

and RAHD, PV the main portal vein, B6 the bile duct from segment 6,

CHD the common hepatic duct

Table 4 Comparison of the number of each confluence site between

both groups

A supra-portal

course

An infra-portal

course

p

n 168 17

Number of CBs joining each area

LHDS 1 (0-5) 2 (0-5) 0.0484

MHDS 0 (0-0) 1 (0-1) 0.446

RHDS 2 (0-5) 1 (0-4) 0.0802

Mann–Whitney

U test

LHDS left hepatic duct system, MHDS middle hepatic duct system,

RHDS right hepatic duct system
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intravenous biliary contrast medium than that used before

[21]. Although the meglumine iotroxate agent is not

available in some countries, it is widely used in the

European and Asian countries. DIC-CT has some disad-

vantages in that it cannot aid in visualizing the bile duct

without using intravenous biliary contrast medium, and

there is radiation exposure. However, accurate prediction

of CB anatomy is important to reduce postoperative biliary

complications. Therefore, DIC-CT provides an essential

improvement due to its ability to depict tiny bile ducts such

as CBs [22, 23]. The technological innovation of CT

imaging has been progressing, and future improvement of

image quality and reduction of radiation exposure are

expected to be achieved through low-tube-voltage CT, full

interactive construction, and ultrahigh-resolution CT.

In conclusion, our results confirmed that DIC-CT was

effective in visualizing small non-expanded bile ducts such

as CBs. This study revealed that the confluence site of CBs

from the SP was the RHDS in about 30% of the CBs, and it

was much more frequent than had been previously repor-

ted. Other findings of CBs were similar to those in previous

reports. A novel finding of this study was that the number

of CBs that joined into the LHDS was greater in the group

with an infra-portal course than in the group with a supra-

portal course. These findings provide further insight into

the anatomical variations of the biliary system, which may

help reduce surgical complications in the CL.
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