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INTRODUCTION
Left hemihepatectomy is one of the classical surgical 

procedures to treat bile duct stones and benign and malignant 
tumors in the left lobe of the liver clinically [1]. When left 
hemihepatectomy is performed to cut off the left hepatic duct 

(LHD), the caudate lobe bile duct (CLD) that drains into the 
LHD is easily damaged or directly transected, and the CLD 
can cause a series of complications of bile duct injury, such as 
bile duct stenosis or atresia. These complications increase the 
chance of CLD stone formation, which may further progress 
to cause atrophy, fibrosis, and even carcinogenesis of the liver 

Purpose: This study was performed to analyze the rule of confluence of the caudate lobe bile duct (CLD) into the left 
hepatic duct (LHD) and to discuss the protective strategy during left hemihepatectomy.
Methods: MRI of 400 patients and T-tube angiography images of 100 patients were collected, and the imaging rules 
of the confluence of the CLD into the LHD were summarized. The clinical data of 33 patients who underwent left 
hemihepatectomy using the protective strategy were analyzed.
Results: MRI and T-tube angiography images showed that the length from the confluence point of the CLD into the LHD 
to the confluence of the left and right hepatic ducts was 1.19 ± 0.40 cm and 1.26 ± 0.39 cm, respectively. The average 
angle between the longitudinal axis of the 2 bile ducts was 68.27° ± 22.59° and 66.58 ± 22.88°, respectively. Coronal and 
cross-sectional images showed that inflow from the foot side to the cranial side was noted in 79.8% and 82.0% of patients, 
respectively, and inflow from the dorsal to the ventral side was observed in 84.5% and 88.0%, respectively. Based on these 
imaging rules, the safe transection length and plane were summarized, and the CLD was effectively protected in 33 cases 
of left hemihepatectomy.
Conclusion: In left hemihepatectomy, the LHD should be transected at least 1.5 cm away from the confluence of the left 
and right hepatic ducts, and the plane of transection should be oblique to the dorsal side at an angle of 45° with the LHD, 
these parameters represent an effective strategy to protect the CLD.
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tissue [2,3]. One of the author’s patients with hepatobiliary 
stone disease underwent left hepatectomy after the first illness, 
and the hyperplasia and hypertrophy of the caudate lobe 
provided a compensatory function after the operation so that 
right hepatectomy was available after the second illness. There 
have been several studies of right and left hepatectomy with 
caudate lobe preservation alone, all of which have shown the 
importance of protecting caudate lobe function [4,5]. Protecting 
the CLD is the most important part of protecting the caudate 
lobe in the left hemihepatectomy.

At present, many relevant studies at home and abroad 
focus on exploring the resection modality of the caudate lobe. 
Reports about protecting the CLD during left hemihepatectomy 
are limited, and effective strategy to protect the CLD is not 
currently available. Imaging data were analyzed to summarize 
the rule that the CLD converges into the LHD, providing the 
possibility of bile duct protection by the caudate lobe. We 
conducted this study precisely based on this rule.

In this study, the MRI data of 400 patients in our unit and 
the T-tubulogram data of 100 patients were retrospectively 
analyzed to summarize the imaging rules of the CLD entering 
the LHD, to provide a basis for a protection strategy of the CLD 
intraoperatively, and to verify the efficacy and safety of this 
strategy in 33 left hemihepatectomies in the Second Affiliated 
Hospital of Nanchang University.

METHODS
This study was approved by the Medical Research Ethics 

Committee of the Second Affiliated Hospital of Nanchang 
University (No. 2020-123).

General imaging information
Data from hepatobiliary pancreatic MRI of hepatobiliary 

patients and T-tube cholangiography images of patients after 
bile duct exploration in the authors’ unit between January 
2018 and December 2021 were collected. The inclusion criteria 
were as follows: the CLD was clear on imaging data, and the 
data could be measured. Exclusion criteria: data from CLD that 
were indistinct on visualization of bile ducts were excluded; 
patients under the age of 18 years. MRI data of 400 patients (200 
patients of both sexes) and T-tube cholangiography images of 
100 patients (50 patients of both sexes) were finally collected.

Imaging examination

Magnetic resonance imaging 
The MRIs of 400 patients were obtained by GE 3.0T MRI 

scanning (General Electric Healthcare) in the Second Affiliated 
Hospital of Nanchang University. Specifically, MRI hydrographic 
imaging sequence and two-dimensional/three-dimensional 

magnetic resonance cholangiopancreatography image data were 
analyzed.

T-tube cholangiography 
First, mix meglumine diatrizoate with normal saline at a 1:1 

ratio. Second, draw an appropriate amount of contrast agent, 
and slowly inject it into the T-tube. Perform multiposition 
fluoroscopy and collect images. Third, analyzed the image data 
from the T-tube cholangiography.

Imaging observation index
The following measurements were obtained using MRI and 

T-tube cholangiography imaging data. First, the length from the 
confluence point of the CLD into the LHD to the confluence 
of the left and right hepatic ducts; the angle between the 
longitudinal axis of the CLD entering the LHD and the 
longitudinal axis of the initial segment of the LHD (Fig. 1). 
Second, coronal plane and cross-section in the direction of the 
CLD flowing into the LHD (Fig. 2).

Clinical data
Based on the imaging rules of the confluence of the CLD into 

the LHD, we adopted a CLD protection strategy in 33 cases of 
left hemihepatectomy. All patients underwent abdominal MRI 
before surgery and were informed of the treatment details, 
including surgical methods, risks, and complications. Finally, 
the general data of 33 patients, the data on CLD injury, and 
the change in the volume of the caudate lobe 1 year after 
the operation were compared with preoperation values. 
The following method was used to calculate the volume: 
The sectional area of the caudate lobe is outlined using the 
imaging system software. The sectional area is multiplied by 
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Fig. 1. Schematic diagram for measuring the length and 
angle of the caudate lobe bile duct (CLD) flowing into the left 
hepatic duct (LHD). CHD, common hepatic duct; RHD, right 
hepatic duct.
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the sectional thickness to obtain the sectional volume, and the 
volume of the caudate lobe is the sum of the sectional volumes.

Statistical methods
IBM SPSS Statistics ver. 23.0 (IBM Corp.) was used for 

relevant statistical analysis. Measurement data with a normal 
distribution are expressed as the mean and standard deviation; 
counting data are expressed as the frequency (%). In addition, 
the median (interquartile range) was reported for measurement 
data with a nonnormal distribution. The Wilcoxon signed 
rank sum test of paired samples was used for comparisons 
between groups. A P-value of <0.05 was considered statistically 
significant.

RESULTS

Imaging results
MRI data from 400 patients and T-tube cholangiography data 

from 100 patients were successfully collected. The data obtained 
from the 2 examinations were statistically analyzed. In MRI and 
T-tube cholangiography, the average length from the confluence 
point of the CLD into the LHD to the confluence of the left 
and right hepatic ducts was 1.19 ± 0.40 cm and 1.26 ± 0.39 cm, 
respectively. The average angle between the longitudinal axis 
of the CLD entering the LHD and the longitudinal axis of the 

initial segment of the LHD was 68.27° ± 22.59° and 66.58° ± 
22.88°, respectively. The patients were divided into 5 groups 
based on 0.5-cm intervals of duct length. The duct length was 
1.01–1.50 cm in 51.0% and 61.0% of the patients based on MRI 
and T-tube cholangiography data, respectively (Table 1). Patients 
were divided into 4 groups based on 45° intervals for the 
measurements of angle between the longitudinal axis of the 
CLD entering the LHD and the longitudinal axis of the initial 
segment of the LHD. The angle was 45.1°–90.0 in 62.75% and 
70.0% of the patients based on MRI and T-tube cholangiography 
images, respectively (Table 2). These results indicate that the 
CLD mostly converged into the LHD at an acute angle. In MRI 
and T-tube cholangiography, the following directions of the 
CLD confluence into the LHD were noted: coronal plane mainly 
(MRI, 79.8%; T-tube, 82.0%), confluence from the foot side to 
the cranial side, and cross-section mainly with confluence from 
the dorsal side to the ventral side (MRI, 84.5%; T-tube, 88.0%) 
(Table 3). Fig. 3 presents the images of data acquisition in MRI 
and T-tube cholangiography respectively. Supplementary Fig. 1 
depicts 8 types of schematic diagrams of the CLD converging 
into the LHD at acute and obtuse angles on the coronal plane 
and cross-section. Here, A depicts convergence from the foot 
side and dorsal side at acute angles; B depicts confluence 
from the cranial side and dorsal side at acute angle; C depicts 
confluence from the foot side and dorsal side at an obtuse 
angle; D depicts confluence from the foot side and ventral side 

Table 1. Data after length grouping in MRI and T-tube 
cholangiography

Length (cm) MRI T-tube cholangiography

0–0.50 21 (5.3) 3 (3.0)
0.51–1.00 75 (18.8) 15 (15.0)
1.01–1.50 204 (51.0) 61 (61.0)
1.51–2.00 95 (23.8) 19 (19.0)
>2.00 5 (1.3) 2 (2.0)
Total 400 (100) 100 (100)

Values are presented as number (%).

Table 2. Data after angle grouping in MRI and T-tube 
cholangiography

Angle (°) MRI T-tube cholangiography  

0–45.0 73 (18.3) 15 (15.0)
45.1–90.0 251 (62.8) 70 (70.0)
90.1–135.0 71 (17.8) 13 (13.0)
135.1–180 5 (1.3) 2 (2.0)
Total 400 (100) 100 (100)

Values are presented as number (%).
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Fig. 2. Schematic diagram of the 
direction of the caudate lobe bile 
duct flowing into the left hepatic 
duct. (A) The coronal plane 
and (B) the cross-section. CLD, 
caudate lobe bile duct; LHD, left 
hepatic duct; RHD, right hepatic 
duct; CHD, common hepatic 
duct.
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at an acute angle; E depicts entry from the foot side and ventral 
side at an obtuse angle; F depicts confluence from the cranial 
side and ventral side at an acute angle; G depicts entry from 
the cranial side and dorsal side at an obtuse angle; H depicts 
entry from the cranial side and ventral side at an obtuse angle. 
In the MRIs of 400 patients, A–H inflow modes were noted in 
54.3%, 15.0%, 13.3%, 9.8%, 2.5%, 2.0%, 2.0%, and 1.3% of patients, 
respectively.

The CLD protection strategy was adopted in 33 cases of left 
hemihepatectomy based on imaging rules. All the operations 
achieved the treatment purpose. After an operation, all patients 
recovered uneventfully, and no damage to the CLD was noted 
in any of the operations at present. To determine whether 
compensatory hyperplasia or atrophy of the caudate lobe 
occurred postoperatively, we reviewed MRI or CT data 1 year 
after surgery to compare the volume of the caudate lobe with 
the preoperative volume. Finally, 2 patients exhibited volume 
reduction of the caudate lobe (further examination suggested 
that caudate lobe atrophy was caused by the residue of bile 
duct stones located in the caudate lobe, which was not due to 
the CLD injury). Eleven of the remaining 31 patients presented 
with significant compensatory enlargement of the caudate lobe 
volume of >30% (Supplementary Fig. 2), and 20 patients had a 

slightly enlarged caudate lobe volume that increased by <30% 
(Table 4). The volume changes before and after surgery were 
statistically significant (P < 0.001) (Table 5). According to the 
above results for left hemihepatectomy, this protective strategy 
could achieve effective protection of the CLD.

DISCUSSION
Similar to other liver segments, the caudate lobe has a good 

blood supply and blood return, and damage to a few blood 
vessels will not have a considerable impact on liver tissue. 
The bile duct system is a tree-like structure. If one bile duct 
is damaged and blocked, its distal branch drainage will also 
be blocked. Therefore, if the bile duct in the caudate lobe is 
damaged, the liver tissue in the drainage area will exhibit 
atrophy or even fibrosis, causing greater damage to the caudate 
lobe [6]. Protection of the CLD plays an important role in the 

Table 3. Data of the confluence directions on the coronal 
plane and cross-section

Variable MRI T-tube cholangiography

Coronal plane
Cranial side→foot side 81 (20.3) 18 (18.0)
Foot side→cranial side 319 (79.8) 82 (82.0)

Cross-section
Ventral side→dorsal side 62 (15.5) 12 (12.0)
Dorsal side→ventral side 338 (84.5) 88 (88.0)

Values are presented as number (%).

Table 4. Clinical data of patients

Variable Data

No. of patients 33
Sex, male:female 18:15
Age (yr) 45.2 ± 13.5
Surgery type, open:laparoscopic 12:21
Type of disease

Hepatolithiasis 24 (72.7)
Malignant tumor 6 (18.2)
Benign tumor 3 (9.1)
Caudate lobe bile duct injury 0 (0)

Volume of caudate lobe 1 yr after surgery
Reduction 2 (6.15)
Enlargement <30% 20 (60.6)
Enlargement >30% 11 (33.3)

Values are presented as number only, mean ± standard deviation 
or number (%).

A B

Fig. 3. The images of data acqui-
sition in MRI (A) and T-tube 
cholangiography (B).
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protection of caudate lobe function. Relevant research on how 
to transect the LHD to avoid injury to the CLD during left 
hemihepatectomy is lacking. 

The caudate lobe of the liver comprises 3 parts: the left Spiegel 
lobe, the middle paravena cava, and the right caudate process 
[7]. Many studies show that most bile ducts in the Spiegel 
lobe flow into the LHD [8-10]. During left hemihepatectomy, 
the CLD that flows into the LHD is easily damaged or directly 
transected in the process of disconnecting the LHD, resulting 
in a series of complications [11]. However, research on how 
far away from the confluence and at what angle to transect 
the LHD is lacking. Different imaging methods such as MRI 
and T-tube cholangiography, can provide us with information 
regarding the structure of the hepatobiliary tract, which is of 
great significance in judging the distance, course, and angle of 
the CLD flowing into the LHD [12,13]. This study summarized 
the imaging rule of the CLD confluence into LHD by analyzing 
MRI images of 400 patients and T-tube angiography images 
of 100 patients. This rule provides an important basis for the 
strategy of CLD protection during left hemihepatectomy.

The key to the protection strategy of the CLD is to select 
a reasonable LHD transection mode. The key point of the 
transection mode is the length from the junction of the left and 
right hepatic ducts and the plane of transection. Research shows 
that the LHD should be transected at the left side of the sagittal 
part of the portal vein and should not be transected at the 
root of the LHD so that the complete left CLD opening can be 
retained. In addition, the left CLD, the right anterior lobe, or the 
right posterior lobe bile duct with abnormal confluence cannot 
be transected [14]. However, the above study did not specify the 
relevant length and plane. We summarized the imaging data 
and found that most of the CLDs flow into the LHD within 1.5 
cm from the junction of the left and right hepatic ducts, and 
most of the CLDs flow into the LHD at an acute angle from 
the foot side to the cranial side, and from the dorsal side to 
the ventral side. However, in clinical practice, most surgeons 
are accustomed to vertically disconnecting the left hepatic 
pedicle with an endoscopic gastrointestinal anastomosis stapler 
after it is separated, which may lead to injury to the confluent 
bile duct [15]. Compared with the vertical section, the oblique 
section can make the residual end of the posterior wall of the 
bile duct slightly longer than the residual end of the anterior 
wall, so that the posterior wall has a longer separation distance. 

In addition, the oblique section allows the operator to better 
explore whether bile ducts are flowing into the posterior wall 
after opening the anterior wall of the bile duct.

Therefore, in left hemihepatectomy, the LHD should be 
transected at least 1.5 cm away from the confluence of the left 
and right hepatic ducts, and the plane of transection should 
be oblique to the dorsal side at an angle of 45° with the LHD, 
which can effectively protect the CLD (Figs. 4, 5). Subsequently, 
our team adopted this CLD protection strategy in 33 cases of 
left hemihepatectomy, and the results showed that the CLD and 
its function were effectively protected without corresponding 
bile duct injury. A limitation of this study is the lack of complete 
records on the injury rate of CLDs during surgery in our unit. 
Thus, a control group for corresponding controlled studies is 
not available. In the relevant literature, there is a similar lack 
of statistics about the injury rate of the CLD. However, other 
studies mentioned that the incidence of bile duct injury was 
2.6%–12.0% in open hepatectomy, and this value was higher in 
laparoscopic surgery [16]. However, there was no injury of the 
CLD noted in 33 cases in the present study.

The CLD exhibits the same complexity and diversity of 
anatomical variation as other bile ducts [17]. In cases of CLD 
anatomical variation or other uncommon confluence modes, 
such as cranial and ventral, bile duct injury may also occur 
when employing the transection mode described in this study. 
Therefore, it is necessary to analyze the rule of the confluence 
of the CLD in combination with relevant imaging data before 
surgery and conduct fine anatomy during surgery. If necessary, 
more information on the confluence of the CLD can be obtained 
by combining intraoperative ultrasound and indocyanine green 
fluorescence cholangiography to determine the safe length 
and plane of disconnection [18]. In cases of corresponding 
bile duct injury in the caudate lobe, absorbable sutures can 
be directly used for small ruptures of <3 mm. In addition, 
T-tube support is recommended for repair of lacerations >3 
mm, and the T-tube placement time should be more than 3 
months [19,20]. When the continuity of the CLD is interrupted 
due to transection, it can be repaired by tension-free end-to-
end cholangiostomy. The T-tube should be placed at the time of 
anastomosis, and the placement time is recommended to be at 
least 6 months [21-23].

In left hemihepatectomy, the LHD should be transected 
at least 1.5 cm away from the confluence of the left and 

Table 5. The volume changes of the caudate lobe before and after surgery

Variable Preoperation (n = 33) Postoperation (n = 33) Z-value P-value

Volume of the caudate lobe (cm3) 15.66 (9.82–22.39) 20.19 (14.32–26.57) –3.9 <0.001*

Values are presented as median (interquartile range).
*Significant difference.

Zhengyi Wu, et al: Protecting the caudate lobe bile duct
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right hepatic ducts, and the plane of transection should be 
oblique to the dorsal side at an angle of 45° with the LHD. Left 
hemihepatectomy based on these parameters represents an 
effective strategy to protect the CLD.

SUPPLEMENTARY MATERIALS
Supplementary Figs. 1 and 2 can be found via https://doi.

org/10.4174/astr.2023.105.6.369.
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