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Abstract
AIM: To explore the feasibility and therapeutic effect 
of total laparoscopic left hepatectomy (LLH) for hepa-
tolithiasis.

METHODS: From June 2006 to October 2009, 61 con-
secutive patients with hepatolithiasis who met the in-
clusion criteria for LLH were treated in our institute. Of 
the 61 patients with hepatolithiasis, 28 underwent LLH 
(LLH group) and 33 underwent open left hepatectomy 
(OLH group). Clinical data including operation time, 
intraoperative blood loss, postoperative complication 
rate, postoperative hospital stay time, stone clearance 
and recurrence rate were retrospectively analyzed and 
compared between the two groups.

RESULTS: LLH was successfully performed in 28 pa-
tients. The operation time of LLH group was longer 
than that of OLH group (158 ± 43 min vs  132 ± 39 
min, P  < 0.05) and the hospital stay time of LLH group 
was shorter than that of OLH group (6.8 ± 2.8 d vs  
10.2 ± 3.4 d, P  < 0.01). No difference was found in in-
traoperative blood loss (180 ± 56 mL vs  184 ± 50 mL), 
postoperative complication rate (14.2% vs  15.2%), 
and stone residual rate (intermediate rate 17.9% vs  
12.1% and final rate 0% vs  0%) between the two 

groups. No perioperative death occurred in either 
group. Fifty-seven patients (93.4%) were followed up 
for 2-40 mo (mean 17 mo), including 27 in LLH group 
and 30 in OLH group. Stone recurrence occurred in 1 
patient of each group.

CONCLUSION: LLH for hepatolithiasis is feasible and 
safe in selected patients with an equal therapeutic ef-
fect to that of traditional open hepatectomy. 

© 2010 Baishideng. All rights reserved.

Key words: Hepatolithiasis; Laparoscopy; Hepatectomy; 
Complication; Therapeutic effect

Peer reviewer: Giuseppe Currò, MD, University of Messina, 
Via Panoramica, 30/A, 98168 Messina, Italy

Tu JF, Jiang FZ, Zhu HL, Hu RY, Zhang WJ, Zhou ZX. 
Laparoscopic vs open left hepatectomy for hepatolithiasis. 
World J Gastroenterol 2010; 16(22): 2818-2823  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v16/i22/2818.htm  
DOI: http://dx.doi.org/10.3748/wjg.v16.i22.2818

INTRODUCTION
Hepatolithiasis refers to the stone in branching bile ducts 
above the confluence of  left and right hepatic ducts. It 
may occur alone or with extrahepatic bile duct stones and 
is a prevalent disease in Southeast Asia and its incidence 
is also higher in Chinese coast areas, southwest region, 
Hong Kong and Taiwan. Hepatectomy is a definite and 
effective approach for hepatolithiasis[1,2]. With the refine-
ment of  laparoscopic instruments and accumulated expe-
rience in both laparoscopic surgery and hepatic surgery, 
laparoscopic hepatectomy has been used in treatment of  
hepatic benign and malignant tumors and donor hepa-
tectomy of  live donor liver transplantation[3,4]. However, 
few studies are available on laparoscopic hepatectomy 
for hepatolithiasis[5-8]. We successfully used total laparo-
scopic left hepatectomy (LLH) to treat hepatolithiasis in 
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8 patients between November 2003 and May 2006, and 
have preliminarily accumulated surgical experience with 
it and considered this operation safe and feasible[9]. To 
further explore the therapeutic effect of  total LLH on 
hepatolithiasis, clinical data about 61 consecutive patients 
with hepatolithiasis who underwent LLH or open left 
hepatectomy (OLH) were retrospectively analyzed and 
compared. 

MATERIALS AND METHODS
Inclusion criteria and patients
The inclusion criteria for LLH for hepatolithiasis include 
(1) multiple stones in the left or left lateral intrahepatic 
ducts with fibrosis and atrophy of  hepatic lobes or he-
patic segments; (2) possibly combined with extrahepatic 
bile duct stones or a few stones in the right intrahepatic 
ducts, but with no extrahepatic bile duct stricture or stone 
incarceration in the lower part of  common bile duct; 
and (3) liver function of  Child A to B classification, with 
no portal hypertension, coagulation disorder, structural 
disease in the heart, lungs, liver and kidneys, intrahepatic 
biliary cancer, and abdominal surgical histories.

From June 2006 to October 2009, 61 consecutive pa-
tients with hepatolithiasis who met the inclusion criteria 
for LLH were treated in our institute. Of  the 61 patients 
with hepatolithiasis, 28 underwent LLH (LLH group) 
and 33 underwent OLH (OLH group). Before opera-
tion, all patients had a complete medical evaluation, in-
cluding liver function, renal function, electrocardiogram 
and chest X-ray. Preoperative ultrasonography, CT and 
MRCP were performed to identify the distribution of  
stones and changes in the bile duct tree. Of  the 28 pa-
tients in LLH group, 10 were men and 18 women, with 
a mean age of  47 years (range 25-63 years). Twenty-
one patients had left hepatolithiasis and 7 left and right 
hepatolithiasis. Twelve patients were accompanied with 
cholecystolithiasis, 13 with choledocholith, and 6 with 
mild jaundice. Liver function was classified as Child A 
and B in 22 and 6 patients, respectively. Two patients had 
a history of  biliary surgery. Of  the 33 patients in OLH 
group, 12 were men and 21 women with a mean age of  
49 years (range 31-68 years). Twenty-three patients had 
left hepatolithiasis and 10 left and right hepatolithiasis. 
Twelve patients were accompanied with cholecystolithia-
sis, 15 with choledocholithiasis, and 9 with mild jaundice. 
Liver function was classified as Child A and B in 25 and 
8 patients, respectively. Three patients had a history of  
biliary surgery. No significant difference was found in 
age, sex, stone distribution, liver function and surgical 
history between the two groups.

Operative techniques
Patients in LLH group, placed in supine position, un-
derwent general anesthesia. The chief  surgeon stood on 
the left of  the patient and the first assistant on the right. 
Another surgeon who supported the mirror stood on 
the left of  the chief  surgeon. Two monitors were placed 
above each side of  the patient’s head. A 10-mm cut was 

made below the umbilicus and a CO2 pneumoperito-
neum was established at a pressure of  14 mmHg. A 30° 
angled laparoscope was introduced. Under direct vision, 
two 12-mm trocars were respectively inserted below the 
xiphoid bone and the costal margin of  the left mid-cla-
vicular line, and a 5-mm trocar was also inserted below 
the costal margin of  the right mid-clavicular line. 

Left lateral segmentectomy: Laparoscopy was per-
formed with the round and falciform ligaments tran-
sected using an ultrasound knife (Johnson and Johnson, 
USA). By meticulous dissection, the artery and vein of  
left lateral segment were visualized, clamped with ab-
sorbable clips and divided. Interrupted bile ducts were 
not clamped temporarily. Left triangular and coronary 
ligaments were divided with the trunk or branch of  the 
left hepatic vein carefully dissected properly away from 
the second hepatic portal. If  the confluence point of  left 
hepatic veins and inferior vena cava was very close to the 
posterior border of  the left liver, the left hepatic veins 
were clamped extremely near the posterior border of  
the left liver, but not divided until complete removal of  
Couinaud. If  the confluence point of  left hepatic veins 
and inferior vena cava was away from the liver parenchy-
ma, the left hepatic vein was dissected, clamped with ab-
sorbable clips and divided (Figure 1). Liver parenchyma 
was transected from left of  the round ligament to liver 
inferior border of  sagittal portion, vessels and bile ducts 
in the transection plane were bluntly dissected, clamped 
and divided. Dilated intrahepatic bile ducts in the tran-
section plane were opened. According to the size, num-
ber and position of  residual stones, stone forceps were 
introduced below the xiphoid bone to directly remove 
stones, or a fiber choledochoscope (Olympus, Japan) 
was used to remove stones from the transection plane. 
If  the stones were near the distal common bile duct or 
bigger, or combined with right hepatolithiasis, com-
mon bile duct exploration was performed to remove the 
stones. Cholecystectomy was done routinely. Continuous 
or interrupted suture was performed for the transection 
plane with 3-0 Vicryl. Water was injected via a T tube to 
determine whether the suture was tight. The transection 
plane was coagulated with fibrin glue to seal capillary 
vessels or covered with absorbable hemostatic gauze. 
The integral specimen was packed into a plastic bag and 
removed via an extended trocar hole. A drainage tube 
was left in vicinity of  the transection plane through the 
costal margin of  the left mid-clavicular line. Whether a 
drainage tube is left near the first hepatic portal depends 
on the intraoperative conditions.

Left hemihepatectomy: In the first hepatic portal, the 
left hepatic artery and the left branch of  portal vein 
were dissected. The proximal end of  left hepatic artery 
was clamped with two absorbable clips, the left hepatic 
artery was clamped with a mental soft clip 2-3 mm away 
from the absorbable clips, and the left hepatic artery was 
divided between mental and absorbable clips. The left 
branch of  portal vein was treated with the same method 
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(Figure 2). Other surgical procedures were the same as 
those in left lateral segmentectomy.

In OLH group, an oblique incision was made along 

the right costal margin or along the right rectus abdomi-
nis with the patients in supine position under general an-
esthesia. Cholecystectomy was done routinely. Common 
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Figure 1  Laparoscopy showing dissected LHV (A, arrow), clamped LHV (B and C, arrow), and transected LHV (D, arrow). LHV: Left hepatic vein.
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Figure 2  Laparoscopy showing dissected LBHA (A, arrow), exposed LBHV (B, arrow), dissected and clamped LBHV (C, arrow), and dissected left hepatic 
duct (D, arrow). LBHA: Left branch of hepatic artery; LBHV: Left branch of hepatic vein.
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bile duct exploration was performed to remove stones. 
Couinaud was removed with a T drainage tube left. 

Residual stones were completely removed by fiber 
choledochoscopy via the T tube sinus tract after opera-
tion in both groups. 

Clinical data including operation time, intraoperative 
blood loss, postoperative complication rate, postoperative 
hospital stay time, and stone clearance and recurrence rate 
were compared between the two groups. Follow-up data 
were obtained from hospital charts or by telephone.

Statistical analysis
Categorical parameters of  each group were compared by 
χ2 test, and continuous parameters were compared using 
independent-sample t test. All analyses were performed 
using SPSS 12.0. P < 0.05 was considered statistically 
significant.

RESULTS
Laparoscopic left hepatectomy was successfully per-
formed in 28 patients. Of  the 28 patients, 3 underwent 
laparoscopic left hemihepatectomy, cholecystectomy, 
common bile duct exploration and T tube drainage, 18 
underwent left lateral segmentectomy, cholecystectomy 
and common bile duct exploration. Of  the 18 patients, 
6 underwent primary suture of  common bile duct, 12 
underwent T tube drainage, 5 underwent left lateral seg-
mentectomy with cholecystectomy, 1 underwent left lat-
eral segmentectomy, common bile duct exploration and 
T tube drainage, and 1 underwent left lateral segmen-
tectomy. All the 28 patients in LLH group underwent 
intraoperative cholangioscopic bile duct exploration or 
stone removal. Of  the 33 patients in OLH group, 5 un-
derwent open left hemihepatectomy, cholecystectomy, 
common bile duct exploration and T tube drainage, 23 
underwent left lateral segmentectomy, cholecystectomy 
and common bile duct exploration. Of  the 23 patients, 4 
underwent primary suture of  common bile duct, 19 un-
derwent T tube drainage. Twenty-eight patients in OLH 
group underwent cholangioscopic bile duct exploration 
with stones removed (Table 1). Intraoperative findings 
and postoperative pathology displayed hepatolithiasis, 
cholangiectasis of  Couinaud, chronic inflammation and 
fibration in all patients.

The mean operation time was longer in LLH group 
than in OLH group (158 ± 43 min vs 132 ± 39 min, P < 
0.05). The intraoperative blood loss in two groups was 
similar (180 ± 56 mL vs 184 ± 50 mL). One patient in 
OLH group was transfused with 2 units of  concentrated 
red blood cells, no patient in LLH group received blood 
transfusion. Bile leakage occurred in 2 patients of  LLH 
group, and healed automatically 3 and 5 d after operation. 
Pleural effusion, observed in 2 patients, disappeared after 
thoracentesis. In OLH group, seroperitoneum occurred 
in 1 patient, hepatic abscess in 1 patient and infection of  
incision in 3 patients. No significant difference was found 
in complication rate (14.2% vs 15.2%) and intermediate 
stone residual rate (17.9% vs 12.1%) between the two 
groups. The mean postoperative hospital stay time was 
shorter in LLH group than in OLH group (6.8 ± 2.8 d 
vs 10.2 ± 3.4 d, P < 0.01), and the serum transaminase 
was transiently increased and jaundice disappeared at dis-
charge with no death occurred in both groups (Table 2).

Of  the 16 patients in LLH group discharged with 
their T tubes, 11 underwent T extubation 28-35 d after 
operation, 5 underwent it 42-60 d after operation when 
residual stones were completely removed by choledo-
choscopy. Of  the 27 patients in OLH group discharged 
with their T tubes, 23 underwent T extubation 28-40 d 
after operation, 4 underwent it 50-60 d after operation 
when residual stones were completely removed by cho-
ledochoscopy. Fifty-seven patients (93.4%) including 27 
in LLH group and 30 in OLH group were followed up 
for 2-40 mo (mean 17 mo). Stone recurrence was found 
in 1 patient of  LLH group and in 1 patient of  OLH 
group. Intrahepatic biliary cancer occurred in 1 patient 
of  OLH group 29 mo after operation, and was surgically 
removed in another hospital.

DISCUSSION
In 1991, Reich et al[10] used laparoscope to remove a be-
nign tumor located at the edge of  liver, raising the curtain 
on laparoscopic hepatectomy. In 1993, Wayand et al[11] 
performed laparoscopic segmentectomy (segments Ⅵ) 
for metastatic carcinoma. In 1996, Azagra et al[12] first 
performed laparoscopic left lateral lobectomy (segments 
Ⅱ and Ⅲ) for hepatic adenoma in 1 patient. With the 
refinement of  laparoscopic instruments and accumulated 
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Table 1  Surgical procedure for hepatolithiasis in 61 patients

Variables LLH (n  = 28) OLH (n  = 33)

Left hemihepatectomy   3   5
Left lateral segmentectomy 25 28
Combined with cholecystectomy 26 30
Combined with CBD exploration 22 31
    T tube drainage 16 27
    Primary suture of CBD   6   4
Intraoperative choledochoscope 28 28

LLH: Laparoscopic left hepatectomy; OLH: Open left hepatectomy; CBD: 
Common bile duct.

Table 2  Comparison between LLH and OLH for hepatol­
ithiasis  n  (%)

Variables LLH (n  = 28) OLH (n  = 33)

Operating time (min) 158 ± 43 132 ± 39
Intraoperative blood loss (mL) 180 ± 56 184 ± 50
Intraoperative blood transfusion 0 (0)    1 (3.0)
Postoperative complications      4 (14.2)      5 (15.2)
Postoperative hospital stay (d)   6.8 ± 2.8 10.2 ± 3.4
Intermediate residual stone      5 (17.9)      4 (12.1)
Final residual stone 0 (0) 0 (0)
Stone recurrence    1 (3.6)    1 (3.0)
Perioperative mortality 0 (0) 0 (0)
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experience in laparoscopic hepatectomy, indications for 
laparoscopic hepatectomy have gradually expanded from 
small, peripheral and benign diseases to large, central 
and malignant diseases[13,14]. Lesions located in Couinaud 
including Ⅱ, Ⅲ, Ⅳa, Ⅴ and Ⅵ segments are the best 
indications for laparoscopic hepatectomy, and regular left 
lateral lobectomy is expected to become its gold stan-
dard[8,15]. Most intrahepatic bile duct stones, especially 
left intrahepatic bile duct stones, manifested as a regional 
distribution, are usually combined with liver fibrosis and 
atrophy, which is also a good indication for laparoscopic 
hepatectomy[8,16]. The inclusion criteria for LLH for hepa-
tolithiasis in this study were (1) multiple stones in the left 
or left lateral intrahepatic ducts with fibrosis and atrophy 
of  hepatic lobes or segments, possibly combined with 
extrahepatic bile duct stones or a few stones in the right 
intrahepatic ducts; and (2) except for lots of  stones in the 
right intrahepatic ducts, severe acute cholangitis, hepatic 
abscess, stone incarceration in the lower part of  common 
bile duct and bile duct neoplasms. We believe that only 
LLH rather than common bile duct exploration is re-
quired for simple left hepatolithiasis. Chen et al[16] has de-
scribed that endoscopic retrograde cholangiopancreatog-
raphy (ERCP) and endoscopic sphincterotomy (EST) for 
left hepatolithiasis with extrahepatic bile duct stones, can 
completely remove common bile duct stones followed by 
laparoscopic hepatectomy. However, ERCP easily causes 
acute pancreatitis, thus making cholelithiasis heavier 
and EST destroys the integrity of  duodenal papilla and 
sphincter Oddi, easily leading to biliary tract infection and 
difficulty to remove the stones with a diameter > 1.5 cm. 
Preoperative hospital stay time is significantly increased 
and secondary operation is required. In this study, com-
mon bile duct exploration was performed to remove 
stones followed by T-tube drainage or primary suture of  
common bile duct, which is suitable for different sizes 
of  common bile duct stones, but is time-consuming and 
may lead to bile leakage. External drainage of  bile may 
lead to electrolytical and digestive unbalance, which is not 
beneficial to postoperative recovery. Choledochoscopy 
can remove the stones through the stump of  the left he-
patic duct without cutting open the common bile duct, 
thus avoiding the above disadvantages. However, it is 
only suitable for a small number of  patients. In this study, 
a few stones in the right hepatic bile duct were removed 
by intraoperative choledochoscopy through the common 
bile duct or by postoperative choledochoscopy via the 
T-tube sinus tract.

The liver possesses dual blood supply from hepatic 
artery and portal vein. Blood supply is abundant and 
bleeding easily occurs. During laparoscopic hepatec-
tomy, since hepatic portal occlusion, hand pressure and 
saturation cannot be used for hemostasis, it is not easy 
to control intraoperative bleeding[17]. Therefore, how to 
prevent, control and reduce intraoperative bleeding is 
a key to surgical success and postoperative recovery[18]. 
In our study, full preoperative preparation was done for 
each patient. The patients with normal liver function 
and coagulation test were selected. Preoperative ultra-

sonography, CT or MRCP was performed to determine 
the distribution, location and size of  stones and liver 
morphology. The stones were located in Couinauds Ⅱ 
and Ⅲ. The operators had rich experience in traditional 
hepatectomy and skilled laparoscopic technique. Excel-
lent surgical instruments such as ultrasonic bleeding 
knife, vascular closure device and Ligasure vessel sealing 
system were provided. Each segment of  the left liver was 
dissected in the first hepatic portal, and blocked with 
clips. The portal vascular structure of  left liver was dis-
sected outside Glisson sheath, and the branches of  por-
tal vein and hepatic artery were clamped with absorbable 
clips. The left hepatic vein trunk was dissected, clamped 
with clips and divided after transection of  liver paren-
chyma. The transaction of  liver parenchyma resulted in 
less tissue damage, less bleeding and good exposure of  
hepatic duct system. It was reported that Peng’s multi-
functional operative dissector can reduce bleeding and 
operation time[19]. The ideal level of  regular left lateral 
lobectomy is at the sagittal plane 1 cm away from the left 
of  falciform ligament. The main vessels at this plane in-
clude superior and inferior segment branch of  Couinaud 
of  portal vein, trunk of  left hepatic vein, left and upper 
branches of  left hepatic vein, which are distributed in 
2/3 of  the superior part. Choledochoscope can enter 
the common bile duct or the right hepatic duct through 
the broken end of  left hepatic duct or incisional anterior 
wall of  the common bile duct to remove stones[6,7]. If  no 
biliary tract stricture is identified, small stones may not 
be completely removed, and then a T tube is left. The re-
sidual small stones can be removed by choledochoscopy 
6 wk after operation.

Hepatolithiasis is common in China, accounting for 
about 10% of  calculosis, or 40%-50% in some areas. 
Stone clearance rate for open hepatectomy can reach 
81.7% with a reliable long-term therapeutic effect[20]. 
Laparoscopic hepatectomy can achieve the same stone 
clearance rate in the left liver[6]. Zhang et al[8] reported 
that the therapeutic effect of  laparoscopic left lateral lo-
botomy for left hepatolithiasis and choledocholith is bet-
ter than that of  traditional open stone removal. Machado 
et al[21] reported one patient who underwent laparoscopic 
right hepatectomy for hepatolithiasis, showing that the 
learning curve can influence the feasibility and repeat-
ability of  laparoscopic hepatectomy[22]. In this study, the 
therapeutic effects of  laparoscopic and open hepatec-
tomy on intrahepatic and extrahepatic bile duct stones 
were compared as previously described[9]. Although 
randomized controlled trial data are lack, the blood loss, 
blood transfusion rate, complication rate and mortality 
in laparoscopic hepatectomy were equal to those in open 
hepatectomy. It was reported that the evacuating time, 
fasting time, use of  analgesics, hospital stay time, time 
to return to work and degree of  satisfaction are better 
in laparoscopic hepatectomy than in open hepatectomy, 
while operation time is longer and cost is higher in lapa-
roscopic hepatectomy than in open hepatectomy[5,23,24]. 
In our study, the mean operation time of  LLH group 
was longer than that of  OLH group, the mean blood 
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loss and postoperative complication rate were similar in 
the two groups, the mean hospital stay time was signifi-
cantly shorter in LLH group (6.8 ± 2.8 d) than in OLH 
group (10.2 ± 3.4 d) possibly due to the mini-invasive 
advantages, such as small incision, postoperative light 
inflammatory response, less interference with immune 
function. In addition, intermediate and final stone clear-
ance rate and long term stone recurrence rate for the 
two groups were also similar with no CO2 gas embolism 
occurred in patients of  LLH group. Air embolism is a 
potential risk factor for laparoscopic hepatectomy.

In summary, LLH for hepatolithiasis is safe and feasible 
in selected patients if  it is performed by surgeons with ex-
perience in laparoscopic and hepatic surgery. Its therapeu-
tic effect is equal to that of  traditional open hepatectomy. 
Laparoscopic hepatectomy has the advantages such as 
mini-invasion, less postoperative pain and rapid recovery. 
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