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Abstract
AIM: To summarize the clinical experience of laparo-
scopic hepatectomy at a single center. 

METHODS: Between November 2003 and March 
2009, 78 patients with hepatocellular carcinoma (n  = 
39), metastatic liver carcinoma (n  = 10), and benign 
liver neoplasms (n  = 29) underwent laparoscopic 
hepatectomy in our unit. A retrospective analysis was 
done on the clinical outcomes of the 78 patients.

RESULTS: The lesions were located in segments Ⅰ (n  
= 3), Ⅱ (n  = 16), Ⅲ (n  = 24), Ⅳ (n  = 11), Ⅴ (n  = 11), 
Ⅵ (n  = 9), and Ⅷ (n  = 4). The lesion sizes ranged from 
0.8 to 15 cm. The number of lesions was three (n  = 4), 
two (n  = 8) and one (n  = 66) in the study cohort. The 
surgical procedures included left hemi-hepatectomy (n  
= 7), left lateral lobectomy (n  = 14), segmentectomy 
(n  = 11), local resection (n  = 39), and resection of 
metastatic liver lesions during laparoscopic surgery 
for rectal cancer (n  = 7). Laparoscopic liver resection 
was successful in all patients, with no conversion to 
open procedures. Only four patients received blood 
transfusion (400-800 mL). There were no perioperative 
complications, such as bleeding and biliary leakage. The 
liver function of all patients recovered within 1 wk, and 
no liver failure occurred. 

CONCLUSION: Laparoscopic hepatectomy is a safe and 
feasible operation with minimal surgical trauma. It should 
be performed by a surgeon with sufficient experience 
in open hepatic resection and who is proficient in 
laparoscopy.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Laparoscopic hepatectomy (LH) was first described 
in 1995 by Cuesta et al[1] and it remains an appealing 
concept: major surgery with a potential for bleeding, 
carried out using a minimally invasive approach. While 
the laparoscopic approach has been championed, notably 
by Cherqui et al[2]  and Buell et al[3], it is carried out in only 
a few centers and has not become a widely accepted 
surgical technique. In general, laparoscopic liver resection 
offers some advantages over an open approach. There is 
less postoperative pain, early mobilization, minimal ileus, 
earlier resumption of  oral intake and shorter hospital 
stay[4-7]. Initial minor hepatectomy for lesions located in 
superficial segments has been considered possible[8,9], 
with the development of  laparoscopic instruments 
and parenchymal transection devices, combined with 
improved understanding of  the vascular anatomy of  the 
liver, it is now accepted widely that laparoscopy will be 
used increasingly in liver surgery[10].

Between November 2003 and March 2009, we per-
formed total laparoscopic hepatectomy in 78 patients with 
liver neoplasms, the results of  which were encouraging.

MATERIALS AND METHODS
Patients
Between November 2003 and March 2009, 78 LHs were 
performed in the Hepato-biliary Surgery Department 
at Sun Yat-sen Memorial Hospital of  Sun Yat-sen 
University. Seventy-eight patients with liver neoplasms 
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(50 men and 28 women), including primary liver 
carcinoma (n = 39), secondary liver carcinoma (n = 
10), and benign liver neoplasm (n = 29). The mean age 
was 46.6 years (range, 20-82 years). Preoperative liver 
function was as follows: Child classification A (n = 52), 
B (n = 22) and C (n = 4). Evidence of  cirrhosis, based 
on clinical and/or morphological abnormalities, was not 
considered an absolute contraindication in the absence 
of  decompensated cirrhosis. There was no upper limit on 
neoplasm size, and LH was contraindicated if  venous or 
biliary reconstruction was required.

Surgical procedure
All procedures were performed under general endotra
cheal anesthesia and after obtaining informed consent. All 
resections were performed with the patient in the supine 
position. The surgeon stood between the patient’s spread 
legs, the first assistant on the left side of  the patient and 
the camera assistant on the right. The pneumoperitoneum 
was insufflated by umbilicus puncture and controlled 
electronically at a constant abdominal pressure of  12 mmHg.  
A 5mm trocar placed at the umbilical port was used 
for abdominal exploration with a 30° laparoscope. The 
trocar insertion sites depended on the location of  the 
hepatic lesion. The surgical technique was as follows. 
For mobilization of  the liver, the falciform and round 
ligaments were divided by an endoscopic ultrasonic scalpel 
(LLC, Guaynabo, Puerto Rico). In the case of  left hepate-
ctomy, the left liver lobe was mobilized by dividing the left 
triangular, coronary, and hepato-gastric ligaments. In the 
case of  right segmentectomy, the right coronary ligament 
was divided. It was not necessary to divide the ligament if  
the lesion was located at the edge of  the liver. Laparoscopic 
ultrasonography (Esaote Biomedica, Genoa, Italy) was 
used for localization of  the tumor and the supply vessels, 
demonstration of  satellite nodules, and demarcation 
of  an adequate tumor-free margin. To achieve afferent 
blood control in anatomical left liver resection, including 
left segmentectomy, left lateral lobectomy, and left hemi-
hepatectomy, the portal pedicles were dissected outside the 
liver parenchyma, and the portal venous branch, hepatic 
arterial branch, and bile duct were separated, clipped and 
divided. When the branch was too large to apply clips, 
it was divided with an endoscopic linear stapler (Tyco 
Healthcare, Norwalk, CT, USA). In right liver resection, 
the supply vessels of  the target segment were found by 
laparoscopic ultrasonography, and were clipped or divided 
with an endoscopic linear stapler extraparenchymally. To 
achieve efferent blood control, the inferior vena cava and 
left hepatic vein were dissected, and the trunk of  the left 
hepatic vein was clipped with a 12-mm hemoclip, but was 
not divided before parenchymal division. Liver surface 
tissue transection was performed using an endoscopic 
ultrasonic scalpel, while deep parenchyma dissection was 
performed using LigaSure (Valleylab, Boulder, CO, USA); 
larger biliary and vascular radicals were clipped and divided. 
After careful hemostasis, fibrin glue sealant (FibinGluRAAS; 
Shanghai Raas Blood Products, China) was applied to the 
raw surface. The specimen was extracted using a plastic bag 
through an extending port site.

Assessment of operation
Surgical complications included biliary fistula, hemorrhage and 
incisional hernia. All patients underwent liver function tests 
and abdominal computed tomography (CT) before discharge. 
All patients underwent followup examination at 1mo 
intervals after operation, and the follow-up examinations 
included clinical examination, liver function tests, and 
abdominal ultrasonography. No patient was lost at follow-up.

RESULTS
Operative results
Hepatic resection was performed laparoscopically in 
all 78 patients. There were no operative deaths and no 
conversions to laparotomy. The mean operation time was 
165 min (range, 60-390 min). The mean blood loss was 
288 mL (range, 101000 mL); only four patients received 
blood transfusion (400-800 mL). The mean size of  the 
lesions was 6.2 cm (range, 0.8-15 cm) and the mean width 
of  the specimen margins was 1.2 cm (range, 0.5-6 cm). 
The number of  lesions was three (n = 4), two (n = 8), 
and one (n = 66) in the study cohort. Details of  tumor 
sites are summarized in Table 1; Types of  laparoscopic 
hepatectomy are given in Table 2; Details of  histologic 
results are summarized in Table 3.

Postoperative recovery
There were no postoperative deaths or complications, such 
as bleeding and biliary leakage. Liver function returned to 
preoperative levels within 1 wk. Oral intake was begun on 
postoperative day 2. The mean postoperative hospital stay 
was 5.6 d (range, 2-10 d). The patients were discharged 
without narcotic analgesia. At the first postoperative month, 
all patients had resumed normal activities.

Follow-up
The mean follow-up was 30 mo (range, 2-60 mo). No port 
site metastasis was noted during follow-up in any patient 
who had hepatectomy for malignant lesions. Recurrence 
was detected in four patients with primary hepatocellular 
carcinoma and one with intrahepatic cholangiocarcinoma 
within 2 years. Two patients with primary hepatocellular 
carcinoma underwent a second LH for a recurrent 
lesion, and the other patients had transcatheter arterial 
chemoembolization and radiofrequency ablation (RFA). 
New isolated lesions in the liver were detected in two 
patients with rectal carcinoma within 1 year postoperatively, 
and were treated with RFA.

Table 1  Tumor sites in 78 laparoscopic hepatectomy (LH) 
procedures

n
Segment Ⅰ   3
Segment Ⅱ 16
Segment Ⅲ 24
Segment Ⅳ 11
Segment Ⅴ 11
Segment Ⅵ   9
Segment Ⅶ   4
Total 78
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DISCUSSION
Laparoscopic liver resection has been viewed with skep-
ticism because of  concerns regarding parenchymal tran-
section, bleeding control, bile leakage and incomplete 
resection[3,11,12]. The present study suggests that LH may 
be safe and feasible in selected patients. The indication 
for laparoscopic liver resection should be selected with 
care because of  the technical difficulty, and the size 
and location of  the neoplasm must be evaluated before 
surgery. In patients with neoplasms located in the left 
liver lobe and the anterior and inferior liver segments 
(Ⅳb, Ⅴ and Ⅵ), LH has been shown to be safe. On 
the other hand, neoplasms located in the right lobe and 
the posterior and superior liver segments (Ⅰ, Ⅳa, Ⅶ 
and Ⅷ) are technically more demanding and should be 
approached with caution[13,14]. In our cohort, most lesions 
(91%) were located in segment Ⅱ, Ⅲ, Ⅳ, Ⅴ and Ⅵ, and 
no lesion located in segment Ⅶ was treated because of  
the difficulty of  exposure. A neoplasm < 6 cm in size is 
thought to be preferred[15,16]. In fact, we believe the size of  
the neoplasm is not as important as its location for LH. 
We performed laparoscopic left hemi-hepatectomy in four 
patients with 10-15-cm neoplasms in the left liver lobe, 
but without invasion of  the inferior vena cava and the 
root of  the hepatic vein. No conversion to laparotomy in 
our cohort may have been, at least in part, because of  the 
choice of  indication before surgery.

One of  the main concerns during hepatectomy is 
minimizing blood loss and avoidance of  blood trans-
fusion[17,18]. In our experience, laparoscopic surgery may 
provide better visualization of  deep vascular structures 
and more precise and accurate surgery. To avoid injury 

to the hepatic veins, caution should be exercised during 
manipulation of  secondary hilar structures, and the 
hepatic veins should be transected in the parenchyma 
using clips or an endoscopic linear stapler. Conversion 
to laparotomy is mandatory when a large venous injury 
occurs, even if  initial laparoscopic control of  the wound 
has been achieved[11]. In the early stage of  LH, bleeding 
during parenchymal transection due to a lack of  effective 
devices is another important cause of  blood loss, but 
there are now numerous excellent devices for dividing the 
parenchyma, including an ultrasonic scalpel, microwave 
tissue coagulator, water jet dissector, LigaSure, Cavitron 
ultrasonic surgical aspirator, argon beam coagulator, Peng’s  
Multifunction Operative Dissector, and TissueLink[19-26]. 
Based on our experience, using an ultrasonic scalpel and 
LigaSure to transect the liver facilitates good hemostasis, 
clear anatomy, less effusion, and minor damage to liver 
function. The average blood loss was only 200 mL in our 
78 cases. Another concern that occurs during LH when 
resecting a malignant neoplasm involves achieving a disease-
free resection margin[27,28]. We believe a 1-cm free surgical 
margin can be obtained using laparoscopic ultrasonography. 
In our research and a European multicenter study, 
there was no evidence that the use of  a laparoscopic 
technique increases the risk of  local recurrence and port-
site metastases[29,30]. LH carries the potential risk of  gas 
embolism caused by a pneumoperitoneum during hepatic 
vein division[31]. Although this potential complication 

Table 2  Types of LH  n  (%)

n

Anatomical resection         32 (41)
   Left hemi-hepatectomy   7
   Left lateral hepatic lobectomy 14
   Hepatic segmentectomy 11
Local resection         39 (50)
Local liver resection for metastasis and colorectal 
laparoscopic resection

       7 (9)

Total 78

Table 3  Histological results in 78 LH procedures  n  (%)

n

Malignant tumor        52 (67)
   Hepatocellular carcinoma 33
   Intrahepatic cholangiocarcinoma   6
   Colorectal metastasis 10
   Gastric carcinoma metastasis   1
   Ovarian carcinoma metastasis   1
   Kidney carcinoma metastasis   1
Benign tumor        26 (33)
   Haemangioma 21
   Focal nodular hyperplasia   3
   Granuloma   1
   Adenoma   1
Total 78

Figure 1  Computed tomography (CT) image before operation, which 
showed the lesion on the right lobe of the cirrhotic liver.

Figure 2  After laparoscopic hepatectomy (LH), the lesion disappeared 
and the volume of liver increased clearly.
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appears to be rare, we utilized several precautions to avoid 
embolic events, including careful dissection of  the hepatic 
vein, a low-pressure pneumoperitoneum, and preventive 
obstruction of  the left hepatic vein with a 12-mm hemoclip.

LH has the advantage of  minimal scarring and fewer 
adhesions, thereby increasing the feasibility of  repeat 
liver resection. We performed repeat laparoscopic liver 
resections in two patients for recurrent lesions, and 
the results were satisfactory. LH may very well become 
the gold standard for tumor control in patients with 
hepatocellular carcinoma awaiting liver transplantation[32]. 
The choice of  an incision is a dilemma in the colorectal 
cancer patient complicated by liver metastasis. The present 
study has shown that simultaneous laparoscopic resection 
of  colorectal cancer and synchronous liver metastases is 
feasible and safe. Indeed, we performed this operation 
successfully in seven patients with five or six ports, just 
one or two more than laparoscopic resection of  colorectal 
cancer, and no complications occurred. LH also has an 
irreplaceable advantage in patients with poor liver function. 
We performed LH in four patients with cirrhosis and Child 
C liver function in whom liver resection via laparotomy 
carried a high risk of  complications. They all recovered 
rapidly without development of  ascites and jaundice. In one 
hepatocellular carcinoma patient with cirrhosis and hepatitis 
C infection, liver function did not improve following 
medical treatment, yet returned to normal within 5 d after 
local laparoscopic tumor resection. LH might improve 
the postoperative course of  patients with cirrhosis for the 
following reasons: (1) preservation of  the abdominal wall 
and the round ligament avoids interruption of  collateral 
circulation; (2) less mobilization and manipulation of  
the liver reduces liver trauma; and (3) nonexposure of  
abdominal viscera restricts fluid requirements and decreases 
electrolytic and protein losses[33-35]. We suggest that local 
laparoscopic liver tumor resection in patients with cirrhosis 
not only treats the tumor, but also creates a damaged liver 
environment with minimal liver load, which provides ideal 
conditions for regeneration of  remnant liver. In fact, with 
CT scanning, we confirmed that the volume of  the liver 
increased after LH in these patients (Figures 1 and 2).

Lastly, we advocate LH as a complex procedure that 
requires experience and different skills from those of  
open surgery because of  the 2D representation of  the 
operative site, limited tactile feedback, and the need for 
eye-hand coordination skills. The surgeons in our study all 
had sufficient experience with open hepatic resection and 
proficient skills in laparoscopic procedures, and also had the 
ability to manage the various complications of  liver resection.
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