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Abstract: Objective: To explore the feasibility of intra-operative cholangiography via the division line of the IV seg-
ment bile duct in gallbladder-sparing left lateral hepatic lobectomy for pediatric living-donor liver transplantation. 
Methods: To perform the gallbladder-sparing left lateral hepatic lobectomy in pediatric living-donor liver transplanta-
tion, the liver parenchyma was dissected in the right of falciform ligament, the relative thick IV segment bile duct 
was dissected and cut off, and the real-time cholangiography was performed through intubation via the proximal 
bile duct division line. From April 2012 to December 2013, 52 cases of donor were implemented left lateral hepatic 
lobectomy with this method. According to the result of chloangiography, the type of bile duct and bile duct division 
line were determined to observe the changes of the donor maximum gallbladder emptying rate. Results: 52 cases 
of donor intraoperative cholangiography images were clear, with no operation complications, and the mean postop-
erative hospital stay was 7 days. The maximum gallbladder emptying rate of preoperative and postoperative 1, 3, 
6 months were respectively 81.3%, 81.6%, 75.9% and 79.2%. Conclusion: By the intraoperative cholangiography 
through the division line of the IV segment bile duct, we can obtain clear image, which may replace the angiography 
via the cystic gall duct to perform living-donor gallbladder-sparing left lateral hepatic lobectomy.
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Introduction

Due to the intrahepatic bile duct has many vari-
ations [1], it is in need of performing intraopera-
tive cholangiography in living donor liver trans-
plantation operation, to accurately determine 
the division line of bile duct, so as to ensure the 
donor safety, and reduce the complications of 
donor bile duct [2-4], which also be conducive 
to reduce the difficulty of recipient operation. 
Magnetic resonance cholangiopancreato-gra- 
phy can be used to evaluate the donor bile duct 
anatomy before operation [5], but can’t be used 
for the positioning of division line of bile duct. 
Researches have shown that intraoperative 
cholangiography may not affect the postopera-
tive recovery of donor liver function [6], so real-
time intraoperative cholangiography is neces-
sary for living donor liver transplantation op- 

eration. The general cholangiography method is 
to perform the real-time intraoperative cholan-
giography through bile duct intubation after the 
resection of gallbladder [7]. However, in recent 
years, along with the progress and develop-
ment of medical technology, it is found out that 
the gallbladder has complex and extremely 
important function, which is indispensable and 
irreplaceable, and there are a large number of 
clinical reports about various side effects after 
cholecystectomy, such as indigestion reflux 
gastritis, diarrhea, decreased immune function, 
and mental disorders [8-10]. It is unknown 
whether the gallbladder sparing is suitable for 
living-donor liver transplantation. We have tried 
to perform gallbladder-sparing left lateral 
hepatic lobectomy and use intra-operative chol-
angiography via the division line of the IV seg-
ment bile duct in instead of the traditional 
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method. The objective of this study is to explore 
the feasibility of this method, and to observe 
the postoperative donor gallbladder function.

Subjects and methods

Subjects

From April 2012 to December 2013, our hospi-
tal had a total of 62 children living-donor left 
lateral hepatic lobectomy with biliary atresia, 
including 52 cases of donor with gallbladder 
sparing. Of the 52 cases of donors there was 
14 cases males, 38 cases females, with the 
average age of 32 years old. 

Intraoperative real-time cholangiography 

To precise dissect the bile duct, we dissected 
the IV segment bile duct after split of the liver 

ment wasn’t dissected. The liver parenchyma 
was dissected with cut ultrasound aspiration 
(CUSA) in 0.5 cm right to the falcoform liga-
ment, isolating the thicker IV segment of 
Glission branches, undergoing distal ligation or 
suture and cut off the proximal, suturing the 
division line of the IV segment portal vein and 
hepatic artery, isolating the IV bile duct division 
line, inserting the angiography catheter, clamp-
ing the lower end of the common bile duct with 
the artery clamp, and performing the intraop-
erative real-time cholangiography through the C 
arm to determine the position of bile duct divi-
sion line. The liver parenchyma was continued 
to be dissected, not isolating the surrounding 
tissue of the bile duct, the bile duct and its sur-
rounding tissue was underwent dissection at 
predetermined position, and if a predetermined 

Figure 1. Diagram of cholangiography via the IV bile duct division line.

Figure 2. Intraoperative cholangiography images.

parenchyma, and inserted the 
catheter from the proximal IV 
segment bile duct (Figure 1) 
to perform the intraoperati- 
ve real-time cholangiography 
with C arm, which could obta- 
in clear image (Figure 2), to 
determine the type of bile 
duct and the precise division 
line of the bile duct. Type of 
bile duct was classified with 
Nakamura biliary classifica-
tion system [11].

This study was conducted in 
accordance with the declara-
tion of Helsinki. This study 
was conducted with approval 
from the Ethics Committee  
of Tianjin Medical University. 
Written informed consent  
was obtained from all parti- 
cipants.

Operation procedure

Taking epigastric median inci-
sion with the upper end to the 
xiphoid, length 10-12 cm, 
adjacent to the first hepatic 
portal, the left hepatic artery 
and portal vein left branch 
was isolated, to explore 
whether there was variant left 
hepatic artery in the hepato-
gastric ligament, and if there 
was no variant left hepatic 
artery, the hepatogastric liga-
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bile duct division line is difficult to be deter-
mined, it should be performed the cholangiog-
raphy again to confirm. The left hepatic artery, 
portal vein and left hepatic vein was in turn cut 
off for the completion of left lateral lobe hepat-
ic lobectomy.

Postoperative treatment and observation 
parameters

Donors were transferred to the ICU after opera-
tion, and then transferred to a general ward in 
the next day, which were given routine antibiot-
ics to prevent infection in postoperative 24 
hours. The donors were drawn blood to test the 
blood routine, blood coagulation function and 
liver function in the postoperative days 1, 3, 7. 
The patients were performed ultrasound to 
measure the gallbladder contraction rate to 
evaluate the gallbladder contraction function at 
the preoperative and postoperative 1, 3, 6 
months. The subjects were performed B-ultra- 
sound measurement of fasting gallbladder 
length, width and maximum transverse diame-
ter, which were repeated measurement at 30 
minutes, 60 minutes, 90 minutes after eating 
fat meal, and the rate of gallbladder emptying 
(%) = (1-product of minimal three postprandial 
sizes/product of three fasting sizes)*100%.

Statistical methods

Comparison of preoperative and postoperative 
gallbladder contraction function was used the 

(260-400 minutes); the average time of cholan-
giography was 18 minutes (8-31 minutes); the 
average graft weight was 198 ± 50 g. The donor 
had no surgical complications, such as postop-
erative bile leakage, bile duct stenosis, with the 
average postoperative hospitalization time of 7 
days.

Classification of bile duct

52 cases were performed the intraoperative 
real-time cholangiography, and the determined 
type of bile duct was shown in Table 1, in which 
2 cases of donors had 2 bile duct openings 
after dissection of the bile duct, and the other 
donors had 1 bile duct opening.

Maximum rate of gallbladder emptying

The maximum gallbladder emptying rate of 52 
cases donors measured by ultrasound in pre-
operative and postoperative in 1, 3, 6 months 
were respectively 81.3%, 81.6%, 75.9% and 
79.2%, as shown in Table 2, and there was no 
significant difference between the preopera-
tion and postoperation (P>0.01).

Discussion

Living-donor liver is an important source of liver 
transplantation, especially in pediatric liver 
transplantation, and it is mainly the left lateral 
lobe for living-donor liver transplantation. The 
premise for living donor transplantation is oper-

Table 1. Type of the donor bile duct

Anatomic classification Cases (%)
The number of bile duct  

opening in the liver division line
The number of donor-recipient 

anastomosis stoma
1 2 3 1 2

Type I, II, III 45 (86.5) 45 0 0 45 0
Type IV 5 (9.6) 5 0 0 5 0
Type V 2 (3.8) 0 2 0 0 2
Total 52 (100) 50 2 0 50 2

Table 2. Evaluation of gallbladder contraction function before 
and after operation

Time of follow up The mean maximum gallbladder 
emptying rate (%) ± SD? P value

Preoperation 81.3 ± 9.7
1 month after operation 81.6±7.9 P>0.01
3 months after operation 75.9 ± 12.4
6 months after operation 79.2 ± 12.7

variance analysis of multiple sam-
ples, and P<0.05 was taken as sig-
nificant differences.

Results

The donor operation and postop-
erative basic situation: the opera-
tion process of 52 cases donors 
were successful, with the average 
operation time of 325 minutes 
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ation safety in absolute assurance, which also 
should fully consider the recipient operation 
risk. However, although the surgical techniques 
continue to improve, preoperative assessment 
is more and more accurate, and postoperative 
management is quite mature, it is still not pos-
sible to completely avoid the donor complica-
tions [12], and the postoperative complication 
of left lobe graft can reach 18.8% [13]. Bile 
duct anatomic variations is the main reason for 
the high incidence of bile duct complications, 
therefore, detailed preoperative evaluation of 
variant anatomy, and not excessive dissection 
of the surrounding tissue of the bile duct for 
protection of peribiliary blood supply are the 
keys to reduce the complications of bile duct. 
Application of real-time intraoperative cholangi-
ography can accurately determine the precise 
division line of the bile duct [3], and reduce the 
incidence of postoperative bile duct complica-
tions of donors and recipients.

As reported in the literature, with the use of real 
time intraoperative cholangiography and corre-
sponding improved surgical techniques, the 
donor bile duct complication rate decreased 
from 6.4% to 1.8%, bile duct complication rate 
of the recipients decreased from 25.9% to 
10.5% [14]. According to the Nakamura bile 
duct classification [11], type 1, 2, 3 bile duct 
variations may not influence the division of bile 
duct for the left lateral lobe hepatic lobectomy, 
but type 4 and 5 bile duct exist multi-branches 
bile duct, in which the type 4 bile duct poses 
higher requirement for the position of bile duct 
division line. There were 5 cases of type 4 bile 
duct in this group, under the precise guidance 
of intraoperative cholangiography, we can 
undergo the single branch division to reduce 
the operation difficulty and risk in the premise 
to ensure the safety of donors. For the type 1, 
2, 3 of bile duct, because of clearly intraopera-
tive angiography, we can distinguish the cau-
date lobe and four segments bile duct branch-
es in the operation to pick out the proper 
position of bile duct division line, so as to 
achieve the single branch division, to reduce 
the operation difficulty.

The traditional approach of intraoperative chol-
angiography is to perform cholangiography 
through cystic duct, but this method must per-
form cholecystectomy. Whether the healthy 
people will or not lead to specific abdominal 

symptoms after cholecystectomy are not yet 
clear. 27% patients with cholecystolithiasis 
who performed cholecystectomy will have clini-
cal symptoms [9], such as abdominal pain, diar-
rhea, and nausea etc. It has been reported that 
due to intraoperative cholecystectomy, 31% 
(26/84) donors are postoperative intolerance 
to fatty meal, and there is nausea, vomiting, 
abdominal distension, diarrhea and other sy- 
mptoms [10]. Another study showed that 11% 
living-donor liver donors may have postopera-
tive diarrhea [15], and which may be related to 
the resection of gallbladder.

In view of the above complications, we began to 
perform gallbladder-sparing left lateral hepatic 
lobectomy in April 2012. As for the IV bile duct 
of liver must be cut off in left lateral lobe hepat-
ic lobectomy, we chose the cholangiography via 
the IV bile duct division line, which retained the 
gallbladder, and avoided blind division of bile 
duct. 52 cases donors of this group were per-
formed cholangiography through this way, 
which had received satisfactory effect.

Gallbladder contraction and emptying function 
is regulated by neural and humoral factors. It is 
not clear that whether the gallbladder function 
will be affected after the gallbladde-sparing left 
lobe hepatic lobectomy. Fan [16] believes that, 
due to the dominant gallbladder nerve was cut 
off, it may likely develop the secondary gall-
stone formation, so that the retention of the 
gallbladder may lost value. For the preservation 
of gallbladder function, we took the following 
measures in the operation: (1) without division 
of the hepametogastric ligament, vagus nerve 
stimulation can promote gallbladder contrac-
tion and emptying, while the vagal hepatic 
branches run in the hepatogastric ligament; (2) 
when we dissected the first hepatic portal, we 
tried to manipulate close to liver parenchyma, 
only isolated the left hepatoduodenal ligament, 
and just dissected the left hepatic artery and 
portal vein. Through the above method, we 
tried to preserve the gallbladder nerve as far as 
possible. Donors of this group were evaluated 
of the gallbladder contraction function through 
the ultrasound, the maximum gallbladder emp-
tying rate of preoperation, and postoperative 1, 
3, 6 months were respectively 81.3%, 81.6%, 
75.9% and 79.2%, compared with the preoper-
ative, gallbladder contraction function did not 
decrease, but the follow-up time was short, and 
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long term postoperative gallbladder function 
remained to be further observed.

The patient’s quality of life may be directly 
affected after cholecystectomy, and the side 
effect should be attached great importance to 
the doctor. Intraoperative cholangiography 
through intubation via the IV bile duct division 
line is technically feasible, which can get clear 
cholangiography image, and this method can 
replace the traditional method of cholangiogra-
phy through cystic duct, and provide technical 
support for living-donor gallbladder-sparing left 
lateral hepatic lobectomy. How the gallbladder 
function after operation of living-donor gall-
bladder-sparing left lateral hepatic lobectomy 
will be, and whether there is risk of secondary 
gallstones, still need further observation.
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