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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most 
common neoplasm and the third most frequent cause 
of cancer death in the world.[1] Because of the specific 
characteristics of HCC, including its high recurrence 
rate and the frequent presence of chronic hepatitis and 
cirrhosis, HCC treatment should focus on both curability 
and invasiveness.

Liver resection is the preferable initial treatment option for 
solitary or limited multifocal HCCs with no extrahepatic 

spread.[2-6] The mortality and morbidity of liver resection 
have significantly decreased in the last two decades 
because of improvements in patient evaluation, surgical 
technique, and perioperative care. Resection is the 
ideal treatment, as it allows for complete removal and 
pathological confirmation of lesions. However, it is more 
invasive than other locoregional therapies such as 
transarterial chemoembolization, tumor ablative therapy, 
and radiation therapy.[7-10]

Laparoscopy has been used extensively and continues to 
improve as a surgical option. Laparoscopic liver resection 
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Liver resection is the preferred initial treatment option for solitary or limited multifocal 
hepatocellular carcinoma (HCC). However, because of the characteristics of HCC, including its 
high recurrence rate and the frequent presence of chronic hepatitis and cirrhosis, both curability and 
invasiveness must be considered when selecting a treatment for HCC. Laparoscopic liver resection 
(LLR) is minimally invasive and increasingly performed worldwide as a curative surgical option 
for treatment of liver tumors. The 2014 International Consensus Conference on LLR concluded 
that minor LLRs are now standard practice. Meta-analyses suggest that, as compared with open 
hepatectomy, LLR for patients with HCC, including those with cirrhosis, resulted in less blood loss, 
lower postoperative hospitalization rates, and similar oncological outcomes. Although candidates 
for this procedure should be carefully evaluated, LLR appears to be a feasible option for treatment 
of HCC with liver cirrhosis. This review describes the indications for LLR in this patient subgroup 
and offers guidance on appropriate surgical technique. 
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(LLR), a minimally invasive treatment for liver cancer, is 
now increasingly performed worldwide.[11] However, few 
studies have investigated LLR for HCC patients with liver 
cirrhosis, and its applicability for this population is thus 
unclear. This review describes the indications for LLR in 
this patient subgroup and offers guidance on appropriate 
surgical technique.

CURRENT STATUS OF LLR IN THE 
TREATMENT OF HCC

LLR was initially described by Reich et al.[12] Subsequent 
studies showed that it offered minimal invasiveness with 
no reduction in safety or disease curability for primary and 
metastatic liver tumors in selected patients.[13,14] However, 
because of the technical difficulty of this procedure, 
it was not performed until the 1990s. Development 
of surgical devices and technical refinements in the 
early 2000s increased surgical interest. In the First 
International Consensus Conference (Louisville 
Consensus), convened in 2008, LLR was described as 
a safe and effective surgical approach for management 
of liver disease when performed by trained surgeons 
with experience in both hepatobiliary and laparoscopic 
surgery.[15] In addition, a small number of studies reported 
that LLR was useful for cirrhotic patients.[16,17] With the 
subsequent uptake of LLR, the Second International 
Consensus Conference on LLR, held in 2014, concluded 
that minor LLRs, which were performed for left lateral 
sectionectomies or resections of anterior and lateral 
segments (Couinaud’s segments II, III, IVb, V, and VI), 
had become standard practice.[11] Despite encouraging 
findings from high-volume centers,[18,19] the efficacy of LLR 
for patients with cirrhosis remains inconclusive because 
of the low sample sizes of published studies. The most 
recent meta-analysis indicated that the benefits of LLR 
would lead to expansion of its indications to include HCC 
with chronic liver disease.[20]

SURGICAL INDICATIONS

Resection of HCC in patient with liver cirrhosis
In patients with HCC with liver cirrhosis, careful 
selection of surgical candidates is essential in order 
to avoid treatment-related complications, e.g. liver 
failure. Because of differences in the characteristics of 
cirrhosis between Asian and Western countries, there 
is considerable variability regarding the indications 
for HCC resection. Therefore, surgical indications 
for HCC associated with portal hypertension remain 
controversial. Surgery is contraindicated for patients 
with encephalopathy, uncontrollable ascites, or 
jaundice (serum total bilirubin level > 2.0 mg/dL).[21]

Asian centers have been more aggressive than Western 

centers in resecting HCC. In Western countries, 
treatment is driven by the Barcelona Clinic Liver Cancer 
algorithm,[22,23] in which evidence of portal hypertension 
is a contraindication for surgical resection. Clinically 
relevant portal hypertension is defined as the presence 
of esophageal varices or splenomegaly associated with a 
platelet count lower than 100 × 10⁹/L.[22]

In East Asian countries, the best candidates for resection 
are identified by using indocyanine green retention rate 
as part of a detailed assessment of preoperative hepatic 
functional reserve.[24,25] Additionally, use of volumetric 
computed tomography for assessment of remnant liver 
volume after resection is as important as estimation 
of hepatic functional reserve.[26] Therefore, patients 
with signs of portal hypertension can be candidates 
for resection if they receive adequate perioperative 
management, e.g. endoscopic treatment of esophageal 
varices to minimize risk of rupture and pre-hepatectomy 
or concomitant splenectomy to improve hypersplenism.[21] 
Anatomic resection, which can remove the tumor-bearing 
portal territory, is preferred from an oncological perspective 
for radical treatment of HCC.[24] Outcomes of liver resection 
for patients with HCC and cirrhosis has been dramatically 
improved with parenchyma-preserving technique.[21]

Percutaneous ablation therapies are another treatment 
of choice for small nodular HCC in patients with 
cirrhosis located deep inside the liver; however, such 
treatment is not suitable for superficially located HCC, 
because of the increased risk of bleeding,[27] tumor 
seeding,[28] and thermal injury to adjacent organs.[29] 
Therefore, surgical resection might be the ideal option 
for superficial small HCCs.

Patient selection for LLR
The selection of candidates for LLR is the most important 
consideration in safely performing LLR. With respect to 
host factors, an LLR candidate should have liver function 
sufficient for the same procedure performed as open liver 
resection. With respect to tumor factors, the classical 
indications for LLR are that the tumor should have a 
diameter less than 5 cm and be located in areas with 
easy technical access to laparoscopy, i.e. in the left lateral 
section (Couinaud’s segments II and III) or on the surface 
of the inferior region of the liver (Couinaud’s segments 
IVb, V, and VI).

Partial liver resection or left lateral sectionectomy are the 
typical procedures for such tumors. With accumulating 
experience and technical advancement, LLR has been 
performed for tumors larger than 5 cm and for lesions 
located in the posterior-to-superior region of the liver 
(Couinaud’s segments VII, VIII, and IVa), including 
advanced non-anatomical and anatomical LLR such 
as major hepatectomy (involving the abovementioned 
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three Couinaud’s segments), at high-volume centers.

In patients with cirrhosis, parenchyma-preserving limited 
anatomical resection along a demarcation line on the 
liver surface (formed by division of the Glissonean sheath 
at the hepatic hilus) is now achievable using laparoscopic 
technique. A recent modality, laparoscopic near-infrared 
fluorescence imaging,[30] allows for precise anatomic 
resection [Figure 1].

LLR has a steep learning curve; therefore, the technical 
ability of a particular surgical team should be considered 
when assessing the applicability of LLR. A recent study 
proposed a difficulty scoring system for stepwise 
application of LLR, which was based on experience at 
high-volume Japanese centers.[31] The proposed system 
predicts surgical difficulty by considering tumor location, 
extent of liver resection, tumor size, proximity to major 
vessels, and existing chronic liver damage.

SURGICAL TECHNIQUE FOR LLR

Patient position and setting
Under general anesthesia, the patient is positioned 
depending on the location of the tumor. In general, 
resection of the left hemi-liver or right anterior region of 
the liver is performed with the patient in conventional 
supine position. Resection of the right posterosuperior 
region of the liver is performed with the patient in a 
left hemilateral decubitus position, especially for 
resections requiring mobilization of the right liver from 
the retroperitoneum. In the left hemilateral position, the 
patient’s body is fixed using a negative pressure bag 
packed with plastic beads, which is placed under the 
patient, and several support arms to prevent slipping 
during abrupt position changes.

The laparoscopic tower contains the light source, 
camera, and insufflators and is positioned to the right 
of the patient. Monopolar and bipolar generators for 
electrocautery devices, a microwave tissue coagulator, 

and ultrasonically activated devices are placed on the 
right or left. An ultrasound diagnostic system is also 
positioned to the left of the patient.

Trocar placement
After pneumoperitoneum is achieved by means of 
an umbilical incision, the laparoscope is inserted. For 
operative manipulation in partial hepatectomy, three or 
four trocars are placed in a concentric circle radiating 
from the tumor. In left lateral sectionectomy, three 
trocars are placed at the right hypochondrium and 
bilateral abdomen. For anatomical hepatectomies other 
than left lateral sectionectomy, four trocars are usually 
necessary: at the epigastrium, right hypochondrium, 
and bilateral abdomen. Intercostally inserted trocars are 
useful for manipulation during resection of the superior 
region of the liver. A 5-mm trocar is placed in the upper 
abdomen for Pringle’s maneuver, when it is needed.

During trocar insertion, surgeons should attempt to 
preserve collaterals on the abdominal wall in patients with 
liver cirrhosis. This may require use of ultrasonography to 
identify collateral vessels.[32]

Hepatic parenchymal transection
For this procedure, laparoscopic ultrasound is performed 
using a flexible-angle ultrasound probe, to confirm the 
location of the tumor in relation to the vascular anatomy 
and identify other lesions in the liver. Although surface 
roughness from cirrhosis may impede ultrasound 
inspection, use of a water drip around the ultrasound 
probe can improve penetration of the ultrasound signal 
into the liver parenchyma.

Because of the risk of CO2 gas embolism caused by 
pneumoperitoneum,[33,34] intra-abdominal pressure should 
be maintained below 8-12 mmHg during the procedure.[35]

Chronic liver disease is characterized by significant 
alterations in the intra- and extrahepatic vasculature. 
Division of collaterals within the falciform ligament or 

Figure 1: Laparoscopic limited anatomical resection in segment 6 in a patient with hepatocellular carcinoma (HCC) and Child-Pugh class B 
cirrhosis. (A) HCC and liver cirrhosis in segment 6; (B) illumination by indocyanine green fluorescence imaging shows the inflow preserved area 
after occlusion of the Glissonean pedicle of segment 6. Dotted line shows liver transection line; (C) liver resection plane

A B C
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hepatoduodenal ligament, which develop as a result 
of portal hypertension, should be minimized in the 
cirrhotic liver.

Parenchymal transection in cirrhotic liver is more 
hemorrhagic than in non-cirrhotic liver, because of 
loss of elasticity due to fibrosis and regeneration of 
liver tissue, the weakness of the altered intrahepatic 
vasculature, difficulty in identifying intraparenchymal 
structures, coagulative disorders caused by liver 
dysfunction, portal hypertension, and hypersplenism. 
Therefore, reduction of blood loss is a key to successful 
LLR. Although controversial in laparoscopic surgery, 
temporary or intermittent application of Pringle’s 
maneuver, use of a vessel tape tourniquet or vessel 
clamp, can help reduce blood loss during liver 
parenchymal transection. While performing Pringle’s 
maneuver, surgeons should be careful not to injure 
collaterals around the hepatoduodenal ligament.

Pre-coagulation technique, in which the resection line 
is diathermically coagulated using a microwave tissue 
coagulator or monopolar electrocautery before liver 
parenchymal transection, can help reduce blood loss in 
cirrhotic liver. In anatomical hepatectomy, hepatic inflow 
vessels are isolated with tape traction and occluded 
before liver parenchymal transection, to identify optimal 
segmental territory before liver transection. In liver 
parenchymal transection, laparoscopic coagulating 
shears are used to divide the superficial layer of the liver. 
Deeper transection should be performed by meticulously 
exposing intraparenchymal structures with an ultrasonic 
surgical aspirator or clamp-crushing technique. Vessels 
with a diameter of 3-7 mm are divided with vessel-sealing 
devices or clips. Then, vessels with a diameter of 2 mm 
or less are diathermically sealed using bipolar sealing 
devices and then divided. Hemostasis of the resection 
plane is achieved with monopolar or bipolar cautery. 
A laparoscopic stapler is used to divide major hepatic 
vessels and for simple transection of liver parenchyma 
with a thickness of 1-1.5 cm.[36]

LLR is usually performed by pure laparoscopic procedure; 
however, there are options for a minimally invasive 
approach. Hand-assisted and laparoscopy-assisted 
procedures are also occasionally used in technically 
challenging cases. A hand-assisted procedure is suitable 
for resection of tumors located in the posterosuperior 
regions of the liver, to verify tumor margins in the limited 
operative field and control bleeding. The laparoscopy-
assisted procedure divides the liver attachment by 
laparoscopy and transects the liver parenchyma through 
a small upper abdominal incision under direct vision. It 
can be used for major hepatectomy or LLR when dense 
adhesion is present in the abdomen.[37] These approaches 
may serve as a bridge to pure laparoscopic procedure. 

Robot-assisted technique in LLR has been attempted, 
although the population of patients with liver cirrhosis 
is quite limited.[38] A recent report suggested that the 
augmented dexterity and greater range of motion provided 
by endowristed instruments are helpful, especially in LLR 
of posterosuperior segments of the liver.[39]

Specimen retrieval
After liver resection is completed, the removed specimen 
should be placed in a plastic bag, to avoid seeding and 
implantation of tumor cells in the operative field. Small 
specimens can be retrieved from a trocar wound made 
at the umbilical site. Larger specimens are retrieved from 
an extended umbilical incision, suprapubic incision, or an 
incision made at an incision site for a previous surgery.

OPERATIVE OUTCOMES OF LLR FOR HCC 
WITH LIVER CIRRHOSIS

Short-term outcomes
Liver resection for HCC can be performed in some 
patients with advanced liver disease. Post-hepatectomy 
morbidity is reported to be high, and long-term prognosis 
is poor in patients with portal hypertension.[40-42] Such 
patients might be better served by liver transplantation 
or ablation.[43] However, some recent studies reported 
encouraging liver resection outcomes, even in patients 
with portal hypertension.[21,44,45] Therefore, hepatic 
resection may be regarded as the primary treatment 
option for patients with mild portal hypertension, if liver 
transplantation is not possible.

Systematic reviews and meta-analyses of 
nonrandomized comparative or case-control studies of 
HCC suggest that LLR results in less blood loss and 
shorter postoperative hospital stays[46-49] as compared 
with open hepatectomy.[50-54] With respect to technical 
considerations, the reported conversion rate to open 
surgery for LLR is 0-19.4%.[49,53,54] Hemorrhage during 
hepatic parenchymal transection is the most frequent 
reason for conversion.[49,53,54] To control hemorrhage 
during liver parenchymal transection, it is essential 
to select the appropriate surgical devices, including 
diathermy precoagulation of the resection plane before 
liver transection.[55]

A clear benefit of minimally invasive surgery is that it 
minimizes abdominal wall trauma. LLR preserves collateral 
formation in the abdominal wall and thus results in lower 
incidences of ascites accumulation and postoperative 
liver failure, as compared with open surgery.[18,51,54] Less-
incisional procedures, such as single-port endoscopic 
surgery, are likely to be less destructive when performed 
for carefully selected patients.[56]

Additionally, repeat hepatectomy for recurrent HCC 
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may be indicated, with or without prior local ablation 
therapy, if abdominal adhesion is limited and tumor 
location and characteristics are suitable for a 
laparoscopic approach.[57]

Long-term outcomes
With respect to oncological considerations, evidence from 
meta-analyses suggests that surgical tumor margins are 
adequately maintained during LLR.[46,47,50-54] In addition, an 
analysis of long-term outcomes showed no oncological 
disadvantage as compared with open liver resection 
in relation to disease-free or overall survival in meta-
analyses of LLR for HCC, especially in well compensated 
(Child-Pugh class A) liver cirrhosis.[49,51,53]

The rate of HCC recurrence is positively associated 
with cirrhosis progression; therefore, long-term 
outcomes of HCC patients with substantial liver 
cirrhosis (Child-Pugh class B or C) remain poor. Liver 
transplantation is the most effective treatment for 
end-stage liver disease and localized malignancy.[58] 
Current evidence indicates that liver transplantation 
is the only suitable treatment for HCC in patients with 
Child-Pugh class C disease.[59] Unfortunately, this 
optimal procedure is rarely performed because of the 
severe shortage of donor organs. A study comparing 
liver resection and liver transplantation for HCC with 
liver cirrhosis found that liver resection resulted in 
comparable overall survival in patients with solitary 
HCC less than 3 cm and cirrhosis.[58] Interestingly, LLR 
may be better than open liver resection as a bridge 
to liver transplantation in patients with superficial HCC 
accompanied by liver cirrhosis, because of the ability 
of LLR to control disease while limiting postoperative 
abdominal adhesion.[60] Because of the necessity of 
careful maintenance of liver function and oncological 
control, LLR could play an important role in treating 
small peripherally located HCC in patients with 
advanced liver cirrhosis.[51-53] However, the effects of 
liver resection for HCC on subsequent suitability for 
liver transplantation are not well clarified.

CONCLUSION

Existing evidence suggests that LLR is an important 
alternative treatment option for HCC in patients with 
substantial liver cirrhosis, although this hypothesis will 
require further evaluation in future studies. Candidates 
for this procedure should be carefully evaluated. Use of 
proper technique would maximize the benefits of LLR 
and make it an ideal treatment option for this patient 
subgroup.
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