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Experience of laparoscopic liver resection for various liver diseases
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Backgrounds/Aims: We present our experience of laparoscopic liver resection for various liver diseases. Methods: From 
April 2008 to August 2012 in Chungnam National University, 68 of 253 liver resections were performed laparoscopically. 
During the first year, laparoscopy-assisted liver resection was mainly performed and subsequently totally laparoscopic 
liver resection was the main operative type. Surgery type for treatment purposes was decided preoperatively. Clinical 
data were collected retrospectively and analyzed. Results: Preoperatively, 43 patients (63.2%) were diagnosed with be-
nign disease, 19 patients (27.9%) were malignant liver tumors and 6 patients (8.8%) were indeterminate liver tumor 
but favorable towards malignancy. Anatomical major liver resection was performed in 58 cases (85.3%) and 10 cases 
(14.7%) were non-anatomical resection. Left hemihepatectomy was performed in 38 cases (55.8%) followed by left later-
al sectionectomy in 18 cases (26.5%), and segment IV and IVa segmentectomy, were each in 1 case. Mean operation 
time was 235.0 minutes (range, 60-470) and 14 patients (18.6%) had intraoperative transfusion. Mean postoperative 
hospital stay was 10.2 days (range, 4-32). Mean operation time of laparoscopy-assisted left lobectomy was 317 minutes 
and totally laparoscopic left lobectomy was 281 minutes, but there was no significant statistical difference between these 
two operation types. There were 11 episodes of postoperative complications in 8 patients. There was no mortality after 
laparoscopic liver resection. Conclusions: We concluded that laparoscopic liver resection is a feasible operation, but 
needs to be carefully conducted in malignant tumors. (Korean J Hepatobiliary Pancreat Surg 2014;18:112-117)
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INTRODUCTION

During the past 2 decades since the first report of lapa-
rosopic liver resection, there have been major develop-
ments in minimally invasive liver surgical technique, lapa-
roscopic instrumentation, radiologic imaging, intensive 
anesthetics, and postoperative care.1,2 Laparoscopic liver 
resections are now an attractive method for various liver 
diseases in many centers.3 Moreover, oncological safety 
indices, such as disease free survival, and overall survival 
are reportedly comparable to those of open surgery.3-7 
Technical challenges for mobilization of heavy organ, 
transection of parenchyma with its potential for significant 
bleeding, absence of anatomical markers, satisfactory on-
cologic clearance, and difficulties in localization of deep 
seated tumor with underlying liver cirrhosis still make 
laparoscopic liver resection a difficult operation.6,8,10 We 
present our initial experiences of laparoscopic liver re-

section performed for various liver diseases.

MATERIALS AND METHODS

From April 2008 to August 2012 in Chungnam national 
university, 68 cases of laparoscopic liver resection were 
performed among 253 liver resections. Unlooping or mar-
supialization of hepatic cyst was not included in these 
patients. During the first year, laparoscopy assisted liver 
resection was mainly performed and in subsequent years 
totally laparoscopic liver resection was the main operative 
type. Clinical data were collected retrospectively. 

Type of liver resection for treatment purposes was de-
cided preoperatively. Benign liver diseases, especially in-
trahepatic duct (IHD) stones with recurrent pyogenic chol-
angitis (RPC), were considered for laparoscopic liver re-
section but right sided, complex IHD stones with pyo-
genic cholangitis were excluded from laparoscopic 
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Fig. 1. Indication of laparo-
scopic liver resection for benign
liver mass (F/U=follow-up).

Fig. 2. Indication of laparo-
scopic liver resection for benign
liver tumors.

surgery. Benign liver tumors were included for laparo-
scopic liver resection. Laparoscopic liver resection for 
malignant liver tumor was considered according to the 
size of mass, location, and expected number of resections 
(Figs. 1, 2).

Laparoscopic assisted liver resection was defined as 
preoperatively decided, open conversion for liver paren-
chymal dissection. Conversion to open surgery due to any 
incidental problem such as massive bleeding, and severe 
adhesion was regarded as open conversion. Totally laparo-
scopic liver resection was defined as an entire procedure 
that was performed laparoscopically. 

RESULTS

Mean age was 60.5 years (range, 29-85), male-to-fe-
male gender ratio was 1：1.6. Preoperatively 43 patients 
(63.2%) were diagnosed with benign diseases, 19 patients 
(27.9%) were malignant liver tumors and 6 patients 
(8.8%) were indeterminate liver tumor but favorable to 
develop malignancy, such as suspicious hepatocellular 
carcinoma, and metastatic liver tumors. Indeterminate liv-
er tumors were pathologically confirmed as biliary cys-
tadenoma in 3 cases, cavernous hemangioma in 2 cases 
and focal nodular hyperplasia in 1 case on confirmatory 
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Table 2. Operation types

Operation type
Benign disease (n=50)

Malignancy 
(n=18)

Mean operation 
time (min)Intrahepatic 

duct stone (n=37)
Benign 

tumor (n=13)

Laparoscopy-assisted LLS
Laparoscopic LLS
Laparoscopy-assisted LL
Laparoscopic LL
Laparoscopic SIV segmentectomy
Laparoscopic SIVa segmentectomy
Laparoscopic nonanatomical resection
Open conversion 

 1
 2
10
21
 
 
 

 3

 
3
 
1
1
1
6
1

 2
10
 2
 
 
 

 4

258.3
160.9
317.0
281.0
240.0
124.0
133.5

LL, left lobectomy; LLS, left lateral sectionectomy; SIV, segment IV; SIVa, ventral part of the segment IV

Table 1. Characteristics of the patients

Characteristics

Mean age (year) (range)
Gender ratio (M:F)
Mean ASA score (mean)
Pathologic diagnosis (n, %)
 
 
 
 
 
 
 
 
 
 
 
Underlying liver disease

 
 
 
 
Malignant disease (n=18)
  Colorectal cancer liver metastasis
  Hepatocellular carcinoma
Benign disease (n=50)
  Biliary cystadenoma
  Focal nodular hyperplasia
  Hemangioma
  Intrahepatic duct stone 
  Mesenchymal Harmatoma
  Mucinous cystic neoplasm
  Hepatic cyst
Liver cirrhosis
Fatty liver

60.5 (29-85)
1:1.6
1.72

 
 

5 (7.4)
13 (19.1)

 
4 (5.9)
2 (2.9)
4 (5.9)

37 (54.4)
1 (1.5)
1 (1.5)
1 (1.5)

 9 (13.2)
12 (17.6)

ASA, American Society of Anesthesiologists

pathologic diagnosis. Mean American Society of Anesthe-
siologists (ASA) score was 1.72 (range, 1-4). There were 
21 cases with underlying liver diseases. Fatty liver was 
found in 12 cases. Child-Pugh classification Liver cir-
rhosis was found in 9 cases (Table 1).

Among benign diseases (50 cases according to patho-
logic diagnosis, 73.5%), IHD stone with recurrent pyo-
genic cholangitis was the most frequent disease (n=37, 
54.4%) followed by biliary cystadenoma (n=4, 1.5%) and 
hemangioma (n=4, 1.5%). Among malignant liver tumors 
(18 cases according to pathologic diagnosis, 26.5%), hep-
atocellular carcinoma occurred in 13 cases and metastatic 
liver cancer from colorectal cancer in 5 cases (Table 1).

Anatomical major liver resection was performed in 58 
cases (85.3%) and 10 cases (14.7%) had non-anatomical 

resection. Left hemihepatectomy was performed in 38 cas-
es (55.8%) followed by left lateral sectionectomy in 18 
cases (26.5%), and 1 case each had segment IV and IVa 
segmentectomy, respectively. Laparoscopy-assisted liver 
resection was performed in 15 cases (22.1%) and totally 
laparoscopic liver resection in 49 cases (72.1%). Four cas-
es had open conversion during laparoscopic anatomical 
liver resection due to bleeding in 2 cases and severe adhe-
sion with anatomical alteration in 2 cases (Table 2).

Mean operation time was 235.0 minutes (range, 
60-470) and intraoperative transfusion was done in 11 pa-
tients (16.1%). Mean postoperative hospital stay was 10.2 
days (range, 4-32). Mean operation time of laparoscopic 
assisted left lobectomy was 317.0 minutes and totally lap-
aroscopic left lobectomy was 281.0 minutes (p＞0.05). 
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Table 3. Clinical outcomes

Intrahepatic duct stone (n=37) Benign tumor (n=13) Malignancy (n=18)

Mean operation time (min) 
Intra operation transfusion (n)
Complication

Mean hospital stay (days, range)
Underlying liver disease 
  Fatty liver
  Liver cirrhosis

290.9 (165-470)
8 patients

Postoperative bleeding (n=1)
Bile leakage (n=2)
Atelectasis (n=1)
Pleural effusion (n=1)
Indigestion (n=1)
Intraabdominal abscess (n=1)
Delayed gastric emptying (n=1)

12.0 (5-49)
 
3
1

157.0 (60-375)
2 patients

7.6 (3-21)
 
2
1

172.7 (60-410)
1 patients

7.1 (4-16)
 
7
7

Table 4. Operative results of malignant tumors

Location

Segment II, III
Segment V
Segment VI
Resectionmargin (cm)
Tumor size (cm)
Recurrence (n, %)
2-year disease-free survival rate
2-year overall survival rate

16
 1
 1

1.76 (range, 0.8-4.5)
2.26 (range, 1.2-5.0)

4 (22%)
69.8%
90.9%

Laparoscopy-assisted left lateral sectionectomy was per-
formed in 258.3 minutes, but totally laparoscopic left lat-
eral sectionectomy in 160 minutes (Table 2).

Complications occurred in 8 patients. Transient hyper-
bilirubinemia and bile leakage occurred in each of 2 
cases. Pulmonary atelectasis, indigestion, pleural effusion, 
intraabdominal abscess and delayed gastric emptying oc-
curred in 1 of each case. These were conservatively 
managed. However, 1 case of postoperative bleeding re-
quired reoperation. There was no mortality after laparo-
scopic liver resection (Table 3).

Among 18 cases of malignant tumors, sixteen cases are 
located at left lateral section and two case were at seg-
ment V and VI. One case (20%) of colorectal cancer liver 
metastasis and 3 cases (23%) of hepatocellular carcinoma 
were recurrent and 1 patient with colorectal cancer liver 
metastasis expired. Mean resection margin was 1.76 cm 
(range, 0.8-4.5), mean tumor size was 2.26 cm (range, 
1.2-5.0) in diameter. The 2-year disease-free survival was 
69.8% and 2-year overall survival was 90.9% (Table 4).

DISCUSSION

The aim of laparoscopic liver resection is to preserve 
the advantages of the general laparoscopic procedure, 
without compromising the principles of open liver 
surgery. The indication for laparoscopic liver resection 
should therefore follow the same guidelines of open liver 
resection. According to the Louiseville statement, patients 
with solitary lesion, ＜5 cm, and within the peripheral 
segments in malignant tumors may generally be amend-
able to laparoscopic liver resection, and major hepatec-
tomies are reserved for specialized liver centers.11 The in-
dication for laparoscopic liver resection in our study fol-
lowed these guidelines.11,12 Six patients with indeterminate 
liver tumors were postoperatively confirmed as benign 
diseases, but these were more favorable towards malig-
nancy according to repeated radiologic studies. 

The anatomical location of a tumor is the major con-
cern for the applicability of laparoscopic liver resection. 
Some centers have reported safe laparoscopic resection of 
malignant tumor lesions localized to the superior posterior 
segment, deep seated lesions, or close to the hilum, major 
hepatic vein or inferior vena cava.8,9,12,13 It would be safe 
to adopt laparoscopic liver resection for some of these le-
sions, however tumor localization, exposure especially in 
underlying liver cirrhosis and obtaining a safe resection 
margin are more difficult.14 Most early liver resections 
were limited to the peripheral or left segment of the liver 
because of minimal mobilization and less complex 
dissection. Left lateral section was the most common site 
of tumor in the enrolled laparoscopic liver resection cases. 
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Segment IV and anterior inferior segment of right liver 
were removed in 7 and 4 cases, respectively. The reason 
for our result was that individual ligation of the left hep-
atic artery and portal vein is easier than the right sided 
and right glissonian approach, and has more ease of mobi-
lization, and easier laparoscopic sonographic localization 
than that of the right liver.

Laparoscopic liver resection for intrahepatic duct stone 
differs from that of liver tumors because most intrahepatic 
duct stones are combined with RPC and anatomical dis-
tortions, including parenchymal atrophy, bile duct dilata-
tion with or without proximal stricture and multiplicity of 
stone locations. All complication in our cases occurred in 
the IHD stone group despite the low rate of underlying 
liver disease. Operation time was longer in the IHD group 
than others. The treatment must include complete removal 
of stones and resolution of IHD stricture and cholestasis. 
Various modalities of treatment, including percutaneous 
transhepatic cholangioscopic lithotripsy and laparoscopic 
intrahepatic duct exploration were adapted. These modal-
ities are often incomplete, repeated and require combined 
procedures for complete removal of stones. If ductal stric-
tures and RPC were comorbid with IHD stone, definitive 
hepatectomy was necessary. In our study over half (37 pa-
tients) of laparoscopic liver resection were performed for 
IHD stones with RPC, and all of these patients had ana-
tomical left liver resection. Combined common bile duct 
stone or right hepatic duct stone were removed by chol-
edochoscopic stone extraction through the left main duct 
or new choledochotomy. The main concerns in these pro-
cedures were remnant stones and postoperative bile 
leakage. There was no remnant stone, but 2 cases of bile 
leakage occurred postoperatively and were treated by con-
servative management.

Oncological safety is another major concern of laparo-
scopic and open liver resections for malignant tumors. 
Results from several multicenter international group stud-
ies for colorectal cancer liver metastasis showed that the 
5-year survival rate for laparoscopic liver resection was 
50% to 64%, with R0 resection rates similar to that of 
open surgery.6,15-17 Cherqui et al.18 found that the 3-year 
survival rate for patients with peripheral hepatocellular 
carcinoma undergoing laparoscopic liver resection was 
93%, with an acceptable 30% overall recurrence rate. 
During the follow-up period in our study, 1 case (20%) 

of colorectal cancer liver metastasis and 3 cases (23%) 
of hepatocellular carcinoma were recurrent and 1 patient 
with colorectal cancer liver metastasis expired. Mean re-
section margin was 1.76 cm (range, 0.8-4.5), mean tumor 
size was 2.26 cm (range, 1.2-5.0) in diameter. The 2-year 
disease-free survival was 69.8% and 2-year overall surviv-
al was 90.9%, but direct comparison to other studies was 
not meaningful because of the short follow-up period and 
small number of patients.

Reddy et al.1 reviewed worldwide laparoscopic liver re-
section and showed that intraoperative blood transfusion 
and postoperative complications were more frequent in 
open liver resection than laparoscopic liver resection. Cai 
et al.19 reported intraoperative blood loss and higher trans-
fusion rates in the open resection group, but did not show 
statistical differences; moreover, the postoperative compli-
cation and length of stay was not significantly different. 
We did not attempt a comparative analysis between lapa-
roscopic liver resection and open resection, but focused 
instead on parenchymal dissection in left hemihepatectomy 
where there were no significant differences in operation 
time and intraoperative transfusion rates between the lapa-
roscopic assisted group and totally laparoscopic group. 
Moreover in our study underlying liver diseases such as 
liver cirrhosis, fatty liver influenced the transfusion and 
conversion rates.

The results of our initial series of laparoscopic liver re-
sections indicated that laparoscopic liver resection, espe-
cially for the left lobe, is a good candidate treatment that 
is feasible for benign and malignant tumors in select cas-
es, as well as for tumors located in the periphery of the 
liver.
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