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Laparoscopic left hemihepatectomy for left intrahepatic 
duct stones

Chi-Young Jeong, Ka-Jeong Kim, Soon-Chan Hong, Sang-Ho Jeong, Young-Tae Ju, Young-Joon 
Lee, Sang-Kyung Choi, Woo-Song Ha, Soon-Tae Park, Eun-Jung Jung

Department of Surgery, Gyeongsang National University School of Medicine, Jinju, Korea

Purpose: The feasibility of laparoscopic left hemihepatectomy for the management of intrahepatic duct (IHD) stones was 
evaluated. Methods: The clinical data of 26 consecutive patients who underwent total laparoscopic left hemihepatectomy for 
IHD stones at Gyeongsang National University Hospital between January 2009 and June 2011 were reviewed retrospectively. 
Results: The mean operation time was 312.1 ± 63.4 minutes and the mean postoperative hospital stay was 11.8 ± 5.0 days. 
There were 2 cases of postoperative bile leakage and 3 cases of intra-abdominal fluid collection, which were successfully 
managed conservatively. Remnant stones were detected in 2 patients. The initial success rate of stone clearance was 92.3% (24 
of 26). The remnant stones were located in the common bile duct in both cases and were removed by endoscopic retrograde 
cholangiopancreatography and endoscopic sphincterotomy. Therefore, the final success rate of stone clearance was 100% (26 
of 26). During a mean follow-up of 22 months (range, 7 to 36 months), there was no patient with recurrent stone. Conclusion: 
Laparoscopic surgery could be an effective treatment modality for the management of IHD stones in select patients. 
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INTRODUCTION

Intrahepatic duct (IHD) stone is a common disease in 
Southeast Asia and it is occasionally associated with se-
vere stricture of intrahepatic biliary trees. Stone removal 
and maintenance of adequate biliary flow are the bases of 
its treatment. Although there are various treatment mo-
dalities for IHD stones [1-4], hepatectomy seems to be the 
definitive procedure as it can remove IHD stones and 
stricted bile duct, simultaneously [4,5]. There have been 
difficulties in laparoscopic liver resection for IHD stones 

because of adhesion of adjacent tissue or distorted anat-
omy resulting from recurrent inflammation. Improve-
ments of laparoscopic instruments and increasing experi-
ence with laparoscopic surgery have made laparoscopic 
hepatectomy a new procedure for various liver lesions in-
cluding IHD stone [6].

In this study, we analyzed our experience with laparo-
scopic surgery for left IHD stone to evaluate its feasibility. 
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Fig. 1. Position of trocars. The operator used 3rd and 4th trocar on 
the right side of the patient and the assistant used 2 trocars on the 
left side. 

METHODS

Patients 
From January 2009 to June 2011, a total of 26 consecutive 

patients underwent total laparoscopic left hemihepatecto-
my for left IHD stones at Gyeongsang National University 
Hospital. The indications for performing laparoscopic left 
hepatectomy were 1) impacted stone in the left liver, 2) 
stones associated with stricture or dilatation of the left 
IHD, and 3) left IHD stones associated with parenchymal 
atrophic changes. Before operation, all patients had com-
plete medical evaluation, including liver function, renal 
function, electrocardiogram and chest X-ray. Preoperative 
ultrasonography or abdominal computed tomography 
(CT) was performed in order to identify the distribution of 
stones and changes in the bile duct trees. In cases where 
common bile duct (CBD) stones were found in pre-
operative image, we performed endoscopic retrograde 
cholangiopancreatography (ERCP) and endoscopic 
sphincterotomy (EST) and removed the CBD stones. All of 
the patients underwent abdominal CT or ultrasonography 
at 7 days after operation for detection of any remnant 
stones. We retrospectively reviewed the clinical outcomes 
and the stone clearance rates of the 26 patients in this 
study. Informed consent was obtained from all the pa-
tients before surgery. 

Operative technique
Under general anesthesia, the patients were placed in 

the supine position with a 30o reverse Trendelenburg 
position. Both legs were separated at about 60 degrees. 
The position was changed according to resection plane.

A pneumoperitoneum was established through a 
10-mm umbilical port, and this was maintained below 12 
mmHg. 

The second 10-mm trocar was placed on the left side of 
the upper midline to facilitate liver retraction. The third 
5-mm trocar was inserted at the right lateral side below the 
right costal line. The forth 12-mm trocar was inserted be-
tween the second and the third trocar about 3 cm caudal to 
the third trocar. The fifth 5-mm trocar was placed on the 
left lateral side above the umbilical line (Fig. 1).

Trocars were basically placed at the above-described 

positions, subject to slight variations according to in-
tra-abdominal conditions of the patient. It is better for the 
operator’s trocar to be placed close to the resection line and 
for the resection line to be positioned in front of the 
operator. In cases of total laparoscopic left hemihepatecto-
my, the operator always stood at the right side of the pa-
tient to perform the operation and used the third and the 
forth trocar. The cameraman sat between the patient’s legs 
and the operator was able to secure an unobstructed space 
with a stable field of vision throughout the long hours of 
operation. The assistant used 2 trocars on the left side and 
performed proper liver retraction and suction of bleeding 
sites as in open hepatectomy to enable the operator to have 
a full field of vision.

Cholecystectomy was initially performed in the usual 
manner. Before hepatic parenchymal dissection, dissec-
tion at the porta hepatis was performed and the left hep-
atic artery and left portal vein were isolated and ligated 
individually. Then, for mobilization of the left liver, the lig-
aments around the left liver, including the left triangular 
ligament and the falciform ligament, were dissected until 
the left hepatic vein was exposed.

The superficial hepatic parenchyma was transected us-
ing ultrasonic shears (Harmonic scalpel, Ethicon, Cincin-
nati, OH, USA; Sonosurg, Olympus, Tokyo, Japan) and the 
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Fig. 2. Procedures of laparoscopic left hemihepatectomy. (A) Hepatic artery had been dissected and ligated by hem-O-lock. (B) Left portal vein 
was dissected and clamped. (C) Intraoperative choledochoscopy was performed to confirm residual stone. (D) The duct was closed with 
intracorporeal sutures.

deeper portion of the parenchyma was dissected using a 
laparoscopic cavitron ultrasonic surgical aspirator (CUSA, 
Valleylab, Boulder, CO, USA). The left hepatic vein was 
divided with a vascular endo-GIA. After dissection of the 
liver parenchyma, the left hepatic duct was isolated. In the 
preoperative study, if the stones were presumed to be lo-
cated close to the resection line, then the duct was divided 
and the stones were extracted. Intraoperative choledocho-
scopy was performed to confirm residual stone. Then the 
duct was closed with intracorporeal sutures (Fig. 2). In the 
preoperative image, if stones were located far from the re-
section line, then the duct was transected with an en-
do-GIA. Once the resected specimen was completely div-
ided, it was inserted into a vinyl bag and left in the 
right-side intra-abdomen.

After careful hemostasis, a fibrin glue sealant (Green-
plast, Green Cross Co., Seoul, Korea) was applied to the 
raw surface. After irrigating the surgical field, a silastic 

drain was inserted. Finally, a surgical specimen was ex-
tracted though a small incision that was created by extend-
ing the wound at the umbilical port site and the wound 
was closed in layers.

RESULTS

Patient characteristics and perioperative outcome
The mean age of the patients was 58 ± 10.72. The patients 

were 6 men (23.1%) and 20 women (76.9%). Six patients 
had a history of abdominal surgery including chol-
ecystectomy (n = 3), choledochojejunostomy (n = 1), ap-
pendectomy (n = 1), and cesarean section (n = 1). Total lapa-
roscopic left hemihepatectomy was performed success-
fully in all 26 patients (Table 1). 

The mean operation time was 312.1 ± 63.4 minutes. 
Intraoperative transfusion was needed for 23 patients 
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Table 1. Clinical features (n = 26)

Variable Value

 Age (yr), mean ± SD 58 ± 10.72
 Gender (male:female) 6:20
 Past history of abdominal surgery
   Cholecystectomy
   Choledochojejunostomy
   Appendectomy
   Cesarean section

3
1
1
1

Table 2. Perioperative outcomes

Variable Value

 Operating time (min) 312.1 ± 63.4
Intraoperative transfusion (unit)  3.76 ± 1.48
Intraoperative choledochoscopy  9 (34.6)
Postoperative fasting time (day)  3.35 ± 0.79
Postoperative hospital stay (day) 11.8 ± 5.0
Postoperative complication
  Bile leakage 2 (7.7)
  Intra-abdominal fluid collection  3 (11.5)

Values are presented as mean ± SD or number (%).

Table 3. The outcome of stone clearance (n = 26)

Variable Value

 Initial clearance rate 24 (92.3)
Final clearance rate 
   after postoperative ERCP and EST

 26 (100.0)

Recurrent stone 0 (0)

Values are presented as number (%).
ERCP, endoscopic retrograde cholangiopancreatography; EST, 
endoscopic sphincterotomy.

(88.5%). The causes of transfusion were bleeding and anes-
thetic principles of our institution (hemoglobin ＜ 10 g/dL 
during operation, intraoperative central venous pressure 
was lower than initial central venous pressure). The mean 
duration of postoperative hospital stay was 11.8 ± 5.0 days. 
Intraoperative choledochoscopy was performed in 9 cases 
(34.6%). There were 2 cases of postoperative bile leakage 
and 3 cases of intra-abdominal fluid collection that needed 
additional management including percutaneous drainage 
and antibiotics (Table 2).

Cholangiocarcinoma was combined in 1 case. In this 
case, cholangiocarcinoma was suspected in the surgical 
specimen and laparoscopic lymph node dissection was 
performed simultaneously. The resection margin of the 
bile duct was not involved by the tumor. The patient is 
alive without recurrence after 17 months. 

Outcome of stone clearance
Remnant stones, as confirmed by abdominal ultra-

sonography or abdominal CT at 7 days postoperation 
were detected in 2 patients. The initial success rate of stone 
clearance was 92.3% (24 of 26). The remnant stones were 
located in the CBD in both cases and were removed by 
ERCP and EST. Therefore, the final success rate of stone 
clearance was 100% (26 of 26) (Table 3). 

During a mean follow-up of 22 months (range, 7 to 36 
months), there was no patient with recurrent stone. 

DISCUSSION

IHD stones are a prevalent disease in Southeast Asia 
and the incidence in the Korean population has been re-

ported to be 15% of all biliary tract stones, which is rela-
tively higher than the data reported for Western pop-
ulations [7].

Hepatectomy was considered the most effective and 
safe procedure with a high stone clearance rate, low mor-
bidity and a low long-term stone recurrent rate. For treat-
ment of IHD stones, hepatectomy is a safe and useful treat-
ment that can remove stones and associated pathologic 
changes, including ductal stricture, microabscess, and fib-
rosis by a single operation [4,5].

Laparoscopic liver resection has developed more slow-
ly than others because of the complex anatomy of liver, the 
technical difficulty, the risk of massive bleeding, air embo-
lism and the relatively long learning curve [8,9]. However, 
with the accumulated experience of surgeons and the im-
provement of laparoscopic instruments, an increasing 
number of reports on laparoscopic liver resection for vari-
ous hepatic lesions have been reported. However, there 
have been only a few reports on laparoscopic liver re-
section for IHD stones [10-13].

From 2008, laparoscopic procedures have been per-
formed for IHD stones in Gyeongsang National Universi-
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ty Hospital. 
In the early period, 11 patients with IHD stones under-

went laparoscopy-assisted hepatectomy. For mobilization 
of the left liver, the ligaments around the left liver were 
sharply dissected laparoscopically until the left hepatic 
vein was exposed. Then, an approximately 10 to 15 cm 
sized upper midline skin incision was created. Hepatic pa-
renchymal transection was performed in the same manner 
as open technique. Based on these experiences, total lapa-
roscopic liver resection was performed in the late period.

Most laparoscopic liver resection is performed using 4 
to 7 trocars. Selecting the positions of the trocars is crucial 
for liver retraction to secure an accurate field of vision and 
for facilitating handling of laparoscopic instruments. We 
used 5 trocars (three 10-mm trocars and two 5-mm trocars) 
in all patients.

Laparoscopic liver resection for IHD stones is more 
technically demanding because of severe perihepatic ad-
hesion and anatomic distortion resulting from the re-
current inflammation. 

In addition, parenchymal transection is often difficult 
because of parenchymal fibrosis.

Difficulty of hemostasis is a major concern in laparo-
scopic liver resection and is a major cause of open con-
version [6]. To avoid massive bleeding during paren-
chymal transection, the Pringle's maneuver has been used 
in some laparoscopic liver resections [9,14-16]. Pringle's 
maneuver was not used in our cases. Before parenchymal 
transection, the hepatic artery and left portal vein were 
isolated and ligated individually. Selective inflow occlu-
sion is more technically demanding than total vascular oc-
clusion in cases of IHD stones because of the peripheral 
adhesion or anatomic distortion resulting from recurrent 
inflammation. But it can prevent complications of ische-
mic reperfusion injury and gastrointestinal congestion 
[17,18]. Furthermore, selective inflow occlusion allows 
surgeons to the take time needed for meticulous dissection 
because it does not require fast liver transaction [19]. To 
prevent complications such as biliary fistula, parenchymal 
dissection should be more carefully performed because of 
parenchymal fibrosis and deformed intraheptaic biliary 
anatomy. 

The stone clearance rate after open surgery has been re-

ported to be 75 to 98% [4,20-22]. Since, by comparison, the 
stone clearance rate after laparoscopic surgery has been 
reported to be higher than 80%, there is no significant dif-
ference between the two groups [10-12]. In our study, the 
initial stone clearance rate was 92.3% and the final stone 
clearance rate was 100%. Our data showed a similar out-
come for the stone clearance rate. The use of intraoperative 
choledochoscopy or intraoperative ultrasonography could 
further raise the stone clearance rate. 

In conclusion, laparoscopic hepatectomy for IHD 
stones is compare to open hepatectomy in results of stone 
clearance rates. Therefore, laparoscopic surgery could be 
an effective treatment option for the management of IHD 
stones in selected patients. 

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article 
was reported.

REFERENCES

1. Huang MH, Chen CH, Yang JC, Yang CC, Yeh YH, Chou 
DA, et al. Long-term outcome of percutaneous trans-
hepatic cholangioscopic lithotomy for hepatolithiasis. Am 
J Gastroenterol 2003;98:2655-62.

2. Lee SK, Seo DW, Myung SJ, Park ET, Lim BC, Kim HJ, et al. 
Percutaneous transhepatic cholangioscopic treatment for 
hepatolithiasis: an evaluation of long-term results and risk 
factors for recurrence. Gastrointest Endosc 2001;53:318-23.

3. Jan YY, Chen MF, Wang CS, Jeng LB, Hwang TL, Chen SC. 
Surgical treatment of hepatolithiasis: long-term results. 
Surgery 1996;120:509-14.

4. Cheung MT, Kwok PC. Liver resection for intrahepatic 
stones. Arch Surg 2005;140:993-7.

5. Han HS, Yi NJ. Laparoscopic treatment of intrahepatic 
duct stone. Surg Laparosc Endosc Percutan Tech 2004;14: 
157-62.

6. Nguyen KT, Gamblin TC, Geller DA. World review of lap-
aroscopic liver resection-2,804 patients. Ann Surg 2009; 
250:831-41.

7. Park YH, Park SJ, Jang JY, Ahn YJ, Park YC, Yoon YB, et al. 
Changing patterns of gallstone disease in Korea. World J 
Surg 2004;28:206-10.

8. Gagner M, Rogula T, Selzer D. Laparoscopic liver re-
section: benefits and controversies. Surg Clin North Am 
2004;84:451-62.



Chi-Young Jeong, et al.

154 thesurgery.or.kr

9. Cherqui D, Husson E, Hammoud R, Malassagne B, 
Stephan F, Bensaid S, et al. Laparoscopic liver resections: a 
feasibility study in 30 patients. Ann Surg 2000;232:753-62.

10. Yoon YS, Han HS, Shin SH, Cho JY, Min SK, Lee HK. 
Laparoscopic treatment for intrahepatic duct stones in the 
era of laparoscopy: laparoscopic intrahepatic duct explora-
tion and laparoscopic hepatectomy. Ann Surg 2009;249: 
286-91.

11. Tu JF, Jiang FZ, Zhu HL, Hu RY, Zhang WJ, Zhou ZX. 
Laparoscopic vs open left hepatectomy for hepatolithiasis. 
World J Gastroenterol 2010;16:2818-23.

12. Cai X, Wang Y, Yu H, Liang X, Peng S. Laparoscopic hep-
atectomy for hepatolithiasis: a feasibility and safety study 
in 29 patients. Surg Endosc 2007;21:1074-8.

13. Lai EC, Ngai TC, Yang GP, Li MK. Laparoscopic approach 
of surgical treatment for primary hepatolithiasis: a cohort 
study. Am J Surg 2010;199:716-21.

14. Descottes B, Glineur D, Lachachi F, Valleix D, Paineau J, 
Hamy A, et al. Laparoscopic liver resection of benign liver 
tumors. Surg Endosc 2003;17:23-30.

15. Lesurtel M, Cherqui D, Laurent A, Tayar C, Fagniez PL. 
Laparoscopic versus open left lateral hepatic lobectomy: a 
case-control study. J Am Coll Surg 2003;196:236-42.

16. Dulucq JL, Wintringer P, Stabilini C, Berticelli J, Mahajna 
A. Laparoscopic liver resections: a single center experience. 
Surg Endosc 2005;19:886-91.

17. Haberstroh J, Ahrens M, Munzar T, Waninger J, Salm R, 
Matern U, et al. Effects of the Pringle maneuver on hemo-
dynamics during laparoscopic liver resection in the pig. 
Eur Surg Res 1996;28:8-13.

18. Malassagne B, Cherqui D, Alon R, Brunetti F, Humeres R, 
Fagniez PL. Safety of selective vascular clamping for major 
hepatectomies. J Am Coll Surg 1998;187:482-6.

19. Cai XJ, Wang YF, Liang YL, Yu H, Liang X. Laparoscopic 
left hemihepatectomy: a safety and feasibility study of 19 
cases. Surg Endosc 2009;23:2556-62.

20. Yang T, Lau WY, Lai EC, Yang LQ, Zhang J, Yang GS, et al. 
Hepatectomy for bilateral primary hepatolithiasis: a cohort 
study. Ann Surg 2010;251:84-90.

21. Sun WB, Han BL, Cai JX. The surgical treatment of isolated 
left-sided hepatolithiasis: a 22-year experience. Surgery 
2000;127:493-7.

22. Chen DW, Tung-Ping Poon R, Liu CL, Fan ST, Wong J. 
Immediate and long-term outcomes of hepatectomy for 
hepatolithiasis. Surgery 2004;135:386-93.


