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Abstract
Background  Radical resection is the only curative option for patients with hilar cholangiocarcinoma (HCCA) to achieve 
long-term survival. However, due to the fact that radical resection of HCCA has high technical requirements, the safety and 
efficacy of laparoscopic resection for HCCA remains controversial.
Method  From January 2015 to December 2018, 23 cases of HCCA underwent radical resection in our center. Clinical data 
of those patients were collected and analyzed retrospectively.
Results  14 patients underwent laparoscopic resection and 9 cases received open resection. 2 patients in laparoscopic group 
were converted to laparotomy. Operation time in laparoscopic group was significantly longer than that in open group 
(519.4 ± 155.4 min vs 366.7 ± 93.1 min). Estimated blood loss (620.0 ± 681.2 ml vs 821.4 ± 713.8 ml) and incidence of 
intraoperative blood transfusion (5/9 vs 8/14) did not differ significantly between two groups. Pathological outcomes were 
comparable between two groups. Length of postoperative hospital stay (23.4 ± 13.4 days vs 17.8 ± 7.1 days), severe post-
operative morbidity (3/9 vs 5/14), bile leakage of Grade A or B (5/9 vs 5/14), intra-abdominal bleeding (0/9 vs 1/14), intra-
abdominal abscess (1/9 vs 0/14), wound infection (0/9 vs 1/14), pulmonary infection (2/9 vs 0/14), and liver failure (0/9 vs 
0/14) did not differ significantly between two groups. One patient in laparoscopic group died (1/14) at 21 postoperative days 
due to intra-abdominal bleeding, while no 30-day mortality was observed in open group.
Conclusion  Our results demonstrate that laparoscopic radical resection of HCCA is safe and feasible in experienced hands. 
Although laparoscopic resection for HCCA, which is still in initial and exploratory stage, fails to show any advantage over 
open resection in this study, we are optimistic with its wide application in future with the improvement of surgical techniques 
and experience.
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Surgical resection of HCCA remains one of the greatest 
challenges for hepatobiliary surgeons [1]. Radical resection 
of HCCA has high technical requirements that encompass 
lymph nodes dissection, extended hepatectomy with cau-
date lobe, cholangiojejunostomy, and vascular reconstruc-
tion if necessary. Minimally invasive operations, including 
laparoscopic and robotic operations, have been commonly 
performed for the treatment of benign hepatobiliary dis-
eases and result in faster recovery and less postoperative 

complication. However, due to the high technical require-
ments, laparoscopic approach has limited application in 
radical resection of HCCA. Only limited publications 
reported this minimally invasive approach for HCCA. Here 
we reported the experience and data in our center regarding 
the safety and feasibility of laparoscopic radical resection 
for HCCA.

Methods

Patients’ cohort and data collection

From January 2015 to December 2018, 23 cases of HCCA 
received radical resection in our center, of which 14 under-
went laparoscopic surgery. No patient was explored and 
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deemed unresectable during this time period. Clinical data 
were collected and analyzed retrospectively. The protocol 
of this study was approved by the ethics committee of 
Zhejiang Provincial People’s Hospital.

Preoperative management

Ultrasonography, computed tomography, and magnetic 
resonance imaging were routinely performed to evalu-
ate the resectability of HCCA including tumor size, the 
involvement of surrounding blood vessels, and the extent 
of longitudinal involvement. CT scan for the calculation of 
future liver volume was carried out. The function of future 
liver remnant was assessed by liver function test and indo-
cyanine green assay. For patients with elevated total serum 
bilirubin level (> 100 μmol/l), percutaneous trans-hepatic 
biliary drainage (PTBD) was performed prior to operation 
to relieve the obstruction of biliary tract.

Surgical procedure

Laparoscopic and open radical resections of HCCA were 
performed following the same principles and procedures. 
For HCCA patients of type I, resection of extrahepatic bile 
ducts and dissection of lymph nodes were performed. For 
cases of type II, resection of extrahepatic bile ducts and 
caudate lobe along with the dissection of lymph nodes 
was performed. For those classified as type III or type IV, 
resection of hepatic segments, caudate lobe, and extrahe-
patic bile ducts along with the dissection of lymph nodes 
was performed. For laparoscopic approach, a five-port 
method was used and the position of trocars is shown in 
Fig. 1. Intraoperative ultrasound was routinely performed 
to determine and evaluate the potential intrahepatic metas-
tasis. Subsequent to Kocher maneuver for duodenum 
mobilization, dissection of regional lymph nodes (No. 
16 a2/b1 and No. 13, Fig. 2) and transection of the bile 
duct at the upper border of the pancreatic head were per-
formed. Lymph nodes in suprapancreatic area were then 
dissected (Fig. 3). After cholecystectomy, the inflow of 
the right or left liver was occluded and divided. The right 
or left lobes and caudate lobe were completely mobilized 
and transected in an en bloc manner (Fig. 4). Lastly, the 
biliary-enteric reconstruction was performed using end-to-
side anastomosis between segmental ducts and Roux-en-Y 
jejunal loop without any stent. Before intrahepatic cholan-
giojejunostomy, ductoplasty of intrahepatic bile ducts was 
performed if necessary (Fig. 5). Surgical view after laparo-
scopic cholangiojejunostomy was demonstrated in Fig. 6.

Postoperative treatment

Postoperative total parenteral nutrition (TPN) was admin-
istered before restoring oral intake. Patients usually 
restored oral diet at 2 to 3 days after operation. Enhanced 
CT was examined 3 to 5 days after operation to evaluate 
the intra-abdominal condition. Severe complications were 
defined as those of Clavien–Dindo grade III and IV [2]. 
Bile leakage was evaluated and graded according to the 
definition of international study group of liver surgery [3].

Fig. 1   The schematic diagram of distribution of trocar pores for 
HCCA​

Fig. 2   Dissection of regional lymph nodes (No. 16 a2/b1 and No. 13) 
after Kocher maneuver. BD bile duct, UP uncinate process, IVC Infe-
rior vena cava, LRV left renal vein
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Adjuvant therapy

Gemcitabine alone or gemcitabine plus S-1 (tegafur–gimer-
acil–oteracil potassium) [4] was recommended to patients as 
adjuvant therapy after radical resection. No patients received 
postoperative radiation in our study.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 statisti-
cal software (SPSS Inc, Chicago, IL). χ2 or Fisher exact test 
and Mann–Whitney U test were used to evaluate the statisti-
cal difference between groups for categorical variables and 
continuous variables, respectively. Kaplan–Meier method 
and log rank test were employed to compare the overall sur-
vival between two groups. Difference with P values < 0.05 
was considered to be statistically significant.

Results

Preoperative characteristics

A total of 23 HCCA patients was enrolled in this study, of 
which 14 underwent laparoscopic procedure and 9 under-
went open procedure. 2 Patients in laparoscopic group were 
converted to laparotomy due to the fact that the portal vein 
was invaded by the tumor. Preoperative data was presented 
in Table 1. There were 3 male and 6 female patients in 
open group versus 7 male and 7 female patients in laparo-
scopic group (P = 0.67). The mean age was 65.4 ± 6.9 and 
65.4 ± 8.9 years in open and laparoscopic group (P > 0.99), 
respectively. BMI of patients did not differ significantly 
between two groups (22.8 ± 1.9 vs 23.1 ± 3.1, P = 0.75). 
The level of total Bilirubin (231.4 ± 153.1 vs 139.0 ± 115.7, 

Fig. 3   Dissection of lymph nodes in suprapancreatic area. RHA right 
hepatic artery, MHA middle hepatic artery, LHA left hepatic artery, 
PV portal vein, GDA gastroduodenal artery

Fig. 4   Left hemi-liver and total caudate lobe were completely 
removed. RHA right hepatic artery, RPV right portal vein, IVC Infe-
rior vena cava, MHV middle hepatic vein

Fig. 5   Ductoplasty of intrahepatic bile ducts after left hemi-hepatec-
tomy. Here the bile duct orifices of segment VI, VII, and VIII were 
joined together to prepare for a cholangiojejunostomy between right 
hepatic duct and jejunum. B5 bile duct of segment V, B6+7+8 bile 
duct of segment VI, VII, and VIII

Fig. 6   Surgical view after laparoscopic cholangiojejunostomy. Bile 
ducts of segment of VI–VIII were subjected to ductoplasty and anas-
tomosed with the jejunum. Bile duct of segment V was anastomosed 
with jejunum. B5 bile duct of segment V, B6+7+8 bile duct of seg-
ment VI, VII, and VIII
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P = 0.11) and the incidence of preoperative PTBD (6/9 
vs 7/14, P = 0.67) were comparable between groups. The 
distributions of Bismuth types of HCCA were 0/0/8/1 and 
5/0/8/1 for type I/II/III/IV in open and laparoscopic group 
(P = 0.37), respectively.

Intraoperative data

HCCA patients of type IIIa, IIIb, and IV underwent 
extended hemi-hepatectomy combined with caudate 
lobectomy in two groups. Intraoperative data for lapa-
roscopic group and laparotomy group was presented in 

Table 2. Operation time was significantly longer in lapa-
roscopic group than that in open group (366.7 ± 93.1 min 
vs 519.4 ± 155.4 min, P = 0.01). Estimated blood loss was 
comparable between two groups (620.0 ± 681.2  ml vs 
821.4 ± 713.8 ml, P = 0.50). 6 patients had intraoperative 
blood transfusion in open group, while the number was 
8 in laparoscopic group (6/9 vs 8/14, P > 0.99). Patho-
logical outcomes including the incidence of microscopi-
cally R0 margins (7/9 vs 14/14, P = 0.14), tumor diameter 
(2.82 ± 2.04 cm vs 2.26 ± 0.79 cm, P = 0.35), and the num-
ber of dissected lymph nodes (6.13 ± 5.96 vs 9.73 ± 6.76, 
P = 0.21) did not differ significantly between two groups.

Postoperative outcomes

The comparison of postoperative outcomes between two 
groups was demonstrated in Table 3. The length of postop-
erative stay (23.4 ± 13.4 days vs 17.8 ± 7.1 days, P = 0.20), 
the incidence of severe morbidity which was defined as 
Clavien–Dindo grade III–V (3/9 vs 5/14, P > 0.99), bile 
leakage of Grade A or B [3] (5/9 vs 5/14, P = 0.42), 
intra-abdominal bleeding (0/9 vs 1/14, P > 0.99), intra-
abdominal abscess (1/9 vs 0/14, P = 0.39), wound infec-
tion (0/9 vs 1/14, P > 0.99), pulmonary infection (2/9 vs 
0/14, P = 0.14), and liver failure (0/9 vs 0/14, P > 0.99) did 
not differ significantly between the open and laparoscopic 
group. One patient (1/14) died at 21 postoperative days 
in laparoscopic group. This patient had intra-abdominal 
bleeding and underwent relaparotomy. Unfortunately, this 
patient died of abdominal infection subsequent to relapa-
rotomy. No 30-day mortality was observed in the open 
surgery group (P > 0.99).

OS rate of patients treated with open surgery was rela-
tively higher than those who underwent laparoscopic sur-
gery (P = 0.191, Fig. 7), with 1-, 2-year OS rate of 75% 
and 62.5% for open surgery group versus 62.5% and 25% 
for laparoscopic group, respectively.

Table 1   Preoperative data

BMI Body Mass Index

Open surgery (9) Laparoscopic 
surgery (14)

P value

Male/female 3/6 7/7 0.67
Age 65.4 ± 6.9 65.4 ± 8.9 > 0.99
BMI 22.8 ± 1.9 23.1 ± 3.1 0.75
Total Bilirubin 231.4 ± 153.1 139.0 ± 115.7 0.11
Preoperative PTBD 6/9 7/14 0.67
Bismuth type I/II/III/IV 0/0/8/1 5/0/8/1 0.37

Table 2   Intraoperative data

Open surgery (9) Laparoscopic 
surgery (14)

P value

Operation time (min) 366.7 ± 93.1 519.4 ± 155.4 0.01
Blood loss (ml) 620.0 ± 681.2 821.4 ± 713.8 0.50
Intraoperative transfu-

sion
5/9 8/14 >0.99

R0 resection 7/9 14/14 0.14
Tumor diameter (cm) 2.82 ± 2.04 2.26 ± 0.79 0.35
Lymph node received 6.13 ± 5.96 9.73 ± 6.76 0.21

Table 3   Postoperative data

CD Clavien–Dindo classification

Open surgery (9) Laparoscopic surgery 
(14)

P value

Postoperative hospital stay (days) 23.4 ± 13.4 17.8 ± 7.1 0.20
Serious morbidity (CD ≥ 3) 3/9 5/14 > 0.99
Bile leakage 5/9 5/14 0.42
Intra-abdominal bleeding 0/9 1/14 > 0.99
Intra-abdominal abscess 1/9 0/14 0.39
Wound infection 0/9 1/14 > 0.99
Pulmonary infection 2/9 0/14 0.14
Liver failure 0/9 0/14 > 0.99
Mortality (30 days) 0/9 1/14 > 0.99
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Discussion

With the development of laparoscopic devices, accumu-
lated experience of laparoscopic surgery, and improvement 
of surgical techniques, laparoscopic approach has been 
widely used in various abdominal operations. Recently, 
surgeons began to explore laparoscopic approach for the 
radical resection of HCCA. Among 12 HCCA cases who 
underwent laparoscopic resection reported by Yu et al. [5], 
7 cases were type I and 5 cases were type II. Li et al. [6] 
reported 9 cases of patients who underwent laparoscopic 
resection of HCCA, with 1 case of type I, 3 of type II, 2 
of type IIIb, and 3 of type IV. Lee et al. [7] reported 5 
cases of HCCA who underwent laparoscopic resection, 
with 1 case of type I, 1 of type II, 1 of type IIIa, and 2 of 
type IIIb. In addition to these studies, there were several 
case reports describing laparoscopic resection of HCCA 
[8–10]. However, in these publications, hepatic caudate 
lobe resection was not performed, which was believed to 
be crucial for radical resection of HCCAs of Bismuth type 
IIIa, IIIb, and IV [11]. In 2013, Cho et al. [12] performed 
extended laparoscopic resection of HCCA including left 
hepatectomy, caudate lobectomy, and pylorus-preserving 
pancreaticoduodenectomy for an 80-year-old patient with 
advanced HCCA, which was considered as the first case 
of laparoscopic extended hepatectomy combined with 
caudate lobectomy. Lee et al. [7] reported extended hepa-
tectomy combined with caudate lobectomy for HCCAs of 
Bismuth IIIa and IIIb. In 2017, we also reported a HCCA 
case of Bismuth IIIa and performed laparoscopic right 
hemi-hepatectomy combined with caudate lobe resection 
[10]. In the present study, caudate lobe resection was per-
formed in all HCCAs of type III and IV. These patients 
showed acceptable short-term outcomes and postoperative 
survival. Therefore, we believe that laparoscopic radical 
resection for HCCA is technically safe and feasible and 
can achieve satisfactory oncological adequacy in surgeons 
with rich laparoscopic experience.

Since the experience of laparoscopic radical resection of 
HCCA is very limited, there is no consensus on the indica-
tions of this procedure which vary between different cent-
ers and these indications are influenced by laparoscopic 
techniques and surgical experience in each center. In our 
department, the indications for laparoscopic resection for 
HCCA are basically the same as those for open resection. 
Laparoscopic approach is not chosen for HCCA cases who 
may need vascular reconstruction based on preoperative 
evaluation.

There is no doubt that laparoscopic radical resection of 
HCCA is still a technically challenging operation. Techni-
cal difficulties include extended hepatectomy combined with 
caudate lobe resection, meticulous dissection of peri-hilar 
structures, and biliary-enteric reconstruction under laparos-
copy. With accumulated experience of laparoscopic resec-
tion of hepatic caudate lobe, pancreatoduodenectomy, and 
other laparoscopic procedures which showed satisfactory 
safety and efficacy [13, 14], we believe that the required 
surgical techniques during laparoscopic resection of HCCA 
have been mature and reliable. The data in our study which 
showed non-inferior feasibility and safety of laparoscopic 
approach compared with open approach also supported this 
notion.

It is encouraging to mention that laparoscopic surgery 
was associated with relatively higher lymph nodes yield 
and shorter postoperative hospital stay in our study. But the 
differences between groups did not reach statistical signifi-
cance due to the small number of included cases. There was 
no statistical difference regarding the OS between the two 
groups, with relatively lower two-year survival in laparo-
scopic group. We started laparoscopic surgery for HCCA in 
2017. Therefore, the follow-up length for these cases were 
mostly less than 2 years which could lead to a decreased 
2-year survival. On the other hand, our data revealed that 
laparoscopic procedures were associated with prolonged 
operation time. Intraoperative bleeding was relatively higher 
in laparoscopic group. We believe that these disadvantages 
are probably due to the fact that laparoscopic approach for 
HCCA is still at its initial stage. With the improvement of 
surgical techniques and accumulation of laparoscopic expe-
rience, operation time as well as intraoperative bleeding of 
laparoscopic resection of HCCA will gradually decrease. 
This progress is commonly observed in the development 
process of other laparoscopic surgeries. These opinions can 
be further confirmed by comparative studies with a larger 
number of enrolled cases in the future.

It is worth to note here that one patient encountered post-
operative bleeding in laparoscopic group. The reason for 
the postoperative bleeding was found to be hepatic artery 
pseudoaneurysm during relaparotomy. We speculated that 
an excessive dissection of lymph nodes around the hepatic 
artery, which resulted in the mechanical injury of vessel, 

Fig. 7   Comparison of Overall survival (OS) for patients in laparo-
scopic group and laparotomy group
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was probably the reason for the occurrence of hepatic artery 
pseudoaneurysm.

Although laparoscopic cholecystectomy was not widely 
accepted and failed to show any advantage over open surgery 
in its initial stage, it has now become the gold standard for 
cholecystectomy. Similar progresses can also be observed 
in other laparoscopic surgeries including laparoscopic hepa-
tectomy and laparoscopic pancreatoduodenectomy, which 
are now been gradually accepted. Laparoscopic resection 
of HCCA is currently at the initial stage with rapid develop-
ment. Our data reveals that laparoscopic resection of HCCA 
showed acceptable efficacy in most perioperative outcomes 
compared with open surgery. With the improvement of sur-
gical techniques and experience in the future, laparoscopic 
radical resection for HCCA can promisingly become the rou-
tine approach in experienced centers and surgeons.
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