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that liver resection would be superior to percutaneous 
ablation and TACE.1,2 Although its superiority is not 
confirmed by a randomized controlled trial, liver 
resection should be initially considered as a treatment of 
HCC, if the liver function is well-preserved. Candidates 
with liver function not adequate for liver resection 
and not-so advanced cancer (namely, in accordance 
with the Milan criteria)3 may be good candidates for 
liver transplantation, except for patients more than 60 
years of age. Percutaneous ablation (ethanol injection, 
microwave coagulation, and radiofrequency ablation) 
may be considered in patients who are suitable for 
neither resection nor transplantation. Although TACE 
is inferior to resection and ablation for the local control 
of HCC, it has a great advantage in that it can be 
performed in cases of poor liver function or multiple 
tumors in the bilateral liver lobes. In this article, we 
summarize the recent findings and results regarding 
the surgical management strategies (liver resection and 
transplantation) for HCC.

Liver resection. Liver resection, which is the most 
effective approach for the local control of HCC, is the 
first treatment modality of choice, if liver function is 
well preserved.

Indication. The indications and procedure of liver 
resection are determined primarily by the liver function, 
and the tumor location, and number. The treatment 
algorithm (Figure 1),4,5 recommends that if the degree 
of liver damage is grade A or B, liver resection is the 
first-line indication for HCC with 3 or less nodules, 
regardless of tumor size. It is of utmost importance to 
accurately evaluate the liver functions preoperatively. 
The Child-Pugh classification, which is a rough method 
of such evaluation, is popular in the West. In the East, 
the indocyanine green retention at 15 minutes (ICG- 
R15) value is regarded as important, and allows more 
accurate evaluation.6,7 Especially in Japan, the criteria 
consisting of the ICG-R15 value, ascites and jaundice 
are widely accepted (Figure 2).8 Based on these criteria, 
the maximum permissible volume of the liver that can 

1171

ABSTRACT

Although remarkable progress has been made in the 
treatment of hepatocellular carcinoma (HCC), local 
control is still the most important consideration. 
Liver resection is and will continue to be the first-line 
therapeutic modality for local control of a primary 
HCC, including cases with intrahepatic metastases. 
For a large HCC, or multiple HCCs with vascular 
invasion, aggressive liver resection must be pursued. 
In cases with poor liver functional reserve, liver 
transplantation would be a good therapeutic option, 
after considering age, and tumor-related factors. To 
prevent deterioration of the liver function should be 
the second priority in the treatment of HCC. As for 
liver resection, extensive removal of the non-cancerous 
parenchyma, such as lobectomy and hemihepatectomy, 
should be avoided as much as possible. Anatomic 
resection, which involves systematic elimination 
of the main tumor with its minute metastases and 
preserves liver function, is strongly recommended. 
The treatment algorithm, which is based on evidence 
picked up from published papers, is now available and 
useful to determine the therapeutic choice depending 
on the tumor- and liver function-related conditions.
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Liver resection, liver transplantation, 
percutaneous ablation, and transcatheter arterial 

chemoembolization (TACE) are now established 
as effective treatment modalities for hepatocellular 
carcinoma (HCC). The nationwide survey conducted 
by the Liver Cancer Study Group of Japan indicated 
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Figure 1 - Treatment algorithm for hepatocellular carcinoma (reproduced from reference 4, with permission). *Presence of vascular invasion or extrahepatic 
metastasis to be indicated separately. †Selected when the severity of liver damage is class B and tumor diameter is ≤2cm. ‡Tumor diameter ≤5cm 
when there is only one tumor.

Figure 2 - A decision tree for selection of operative procedures in patients with hepatocellular carcinoma (reproduced from reference 8, with permission).
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Figure 3 - Anatomic resection for hepatocellular carcinoma (HCC) 
(reproduced from reference 17, with permission). A) Schema 
of intrahepatic spread of HCC. (a) An HCC has invaded the 
nearby portal vein branches, and tumor cells are delivered 
to the periphery. (b) Tumor cells form microscopic tumor 
thrombi then metastasize intrahepatically. (c) Tumor thrombi 
become a source of wider disease dissemination. PV, portal 
vein. B) Procedures of anatomic resection for HCC.

be resected is estimated and based, in turn, on this 
estimation, an operative procedure is determined. 

Short-term outcomes. The safety of liver resection is 
now established. According to the 16th report of the 
Liver Cancer Study Group of Japan in 2000-2001, the 
mortality in patients undergoing liver resection for HCC 
was 1.6%.1 Some high-volume centers from the East 
have reported zero mortality.9,10 Accurate preoperative 
evaluation of liver function, appropriate selection of 
the appropriate operative procedure, and advances in 
perioperative management have all contributed to the 
excellent short-term outcomes. 

Long-term outcomes. The overall 3-, 5-, and 10-year 
survival rates after liver resection for HCC have been 
reported as 70.5%, 54.6%, and 28.9%.1 The high 
incidence of recurrence is a serious problem in the 
treatment of HCC. Even after curative resection, the 
incidence of recurrence at 3 and 5 years postoperatively 
has been shown to be approximately 50-60% and 70-
100%,11-16 and in 80% of these cases, the recurrence 
occurs in the liver. Thus, the means to cope with 
intrahepatic recurrences constitutes an important 
consideration in the treatment of HCC. The therapeutic 

choices for recurrence are the same as those for primary 
HCC, namely, liver resection, transplantation, ablation, 
and TACE. As the 3-year survival rate has been shown 
to be acceptable (approximately 80%) after repeated 
resection, liver resection still remains the first-line 
choice.15,16 The indication for repeated liver resection 
and the operative procedure are determined based on 
the same criteria as those for the first surgery, estimation 
of the liver function and tumor-related factors. 

Variations of liver resection. When the liver volume 
resected exceeds the estimated permissible amount, the 
risk of postoperative liver failure is increased, which is 
critical. However, complete and systematic removal of 
a segment entirely containing the tumor-bearing portal 
branches would be desirable to prevent recurrence due to 
dissemination of the cancerous cells through the portal 
venous system (Figure 3a).17 Anatomic liver resection 
satisfies both of the above conflicting propositions 
(Figure 3b).17 Recent retrospective studies have shown 
that anatomic resection is superior to non-anatomic 
resection for a single HCC (Figure 4).18,19 As long as the 
liver function is adequate, anatomic resection should be 
selected as the surgical procedure for HCC. Vascular 
invasion, including portal vein tumor thrombus 
(PVTT) and intrahepatic metastasis, is the strongest 
prognostic factor in patients treated for HCC. Neither 
liver transplantation nor percutaneous ablation is 
contraindicated in cases of advanced HCC with PVTT. 
However, if liver functions are well preserved (ICG-R15 
<20%), the combination of TACE and subsequent liver 
resection can yield a 5-year survival rate of 42%.20 In 
the absence of vascular invasion, 3- and 5-year survival 
rates after liver resection for giant HCCs larger than 
10cm in diameter have been reported to be 51.1% and 
38.2%.21 Liver resection should be aggressively pursued 
in cases of advanced HCC. Portal vein embolization has 
been applied in cases of HCC as a preparative procedure 
before extensive resection of the liver parenchyma.22,23 
This might contribute to the expansion of the indications 
of liver resection for HCC. 

Liver transplantation. Liver transplantation is 
theoretically reasonable, because it can eliminate not 
only the existing HCC, but also involves removal of 
the pre-cancerous damaged liver itself. Candidates with 
liver function not adequate for liver resection and not-
so advanced cancer may be good candidates for liver 
transplantation, except for patients older than 65 years.

Limits of liver transplantation. The most crucial 
problem associated with liver transplantation for HCC 
is recurrence. The incidence of post-transplantation 
recurrence is not rare, and the prognosis in such cases 
of recurrence is rather poor, perhaps attributable to 
immunosuppression. Thus, the indications for liver 
transplantation in cases of HCC should be limited by 
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the tumor-related factors. The Milan criteria (a single 
tumor less than 5cm in diameter or no more than 3 
tumors less than 3cm in diameter each),3 are regarded 
as the gold standard to determine the indication of 
transplantation for HCC. When tumor-related factors 
are within these criteria, the overall survival rate at 
4 years was good (85%). The list of indications for 
transplantation in cases of HCC is, however, likely 
to expand.24 Further studies are needed to determine 
suitable criteria for transplantation in cases of HCC. 
Recurrence of viral hepatitis is another critical problem 
in liver transplantation, because in most cases HCC 
develops in a liver with hepatitis virus B- or C-mediated 
injury. To prevent the recurrence of hepatitis B, 

preoperative elimination of the virus with lamivudine 
and postoperative maintenance of high titer HBsAb 
with γ-globulin are useful. As for hepatitis C, no effective 
therapy has yet been established to eliminate the virus 
before transplantation. Actually, once steatohepatitis 
has occurred, the prognosis of the recipient is dismal. 
Preemptive therapy with ribavirin and interferon alpha 
is now being tried,25 and the preliminary results showed 
that 30% of the sustained viral response was obtained, 
even in patients with genotype 1b. However, a larger 
number of cases and longer follow-up period are needed 
to evaluate the significance of this strategy.

Deceased liver transplantation. Cadaveric liver 
transplantation plays a major role in the treatment of 

Figure 4 - Long-term results after anatomic and non-anatomic resections for hepatocellular carcinoma (reproduced from 
reference 19, with permission). a) Overall survival rates of the patients undergoing anatomic, and non-anatomic 
resections for a solitary HCC. The survival rate after the anatomic resection group is significantly better than 
the non-anatomic group (p=0.01). b) Recurrence-free survival rates of the patients undergoing anatomic, and 
non-anatomic resections for a solitary HCC. The survival rate after the anatomic resection group is highly 
significantly better than the non-anatomic group (p=0.006).

Figure 5 - Procedures of the hanging maneuver (reproduced from reference 41, with permission from American College of 
Surgeons). a) The forceps are inserted in front of the inferior vena cava from the caudal side of the liver. b) The tape 
placed between the liver and the inferior vena cava is lifted up during liver parenchymal transaction.

02surgical20070373.indd   1174 7/18/07   3:12:16 PM



1175www. smj.org.sa     Saudi Med J 2007; Vol. 28 (8) 

Surgical management of HCC ... Hasegawa et al

Figure 6 - Schematic view of the double vena cava technique (reproduced from reference 55, with permission). 
a) All hepatic vein trunks of the recipient liver left hepatic vein (LHV), middle hepatic vein (MHV), 
and right hepatic vein (RHV) are sutured at their roots. b) Three side holes are created in the wall of 
the cryopreserved vena cava graft (CP-VC) for anastomosis with the inferior RHV and the middle 
RHV of the graft. c & d) Another cryopreserved vein graft (CP-IV) can be used for middle hepatic 
vein reconstruction. e) The stump of the venous branch is anastomosed with a jumping vein graft 
to achieve the middle hepatic vein reconstruction. f & g) Side-to-side anastomosis between the 
recipient inferior vena cava and CP-VC with continuous sutures is performed.

Figure 7 - Schematic view of the rectangular shaped patch method (reproduced from reference 55, with 
permission). a) All hepatic vein trunks of the recipient left hepatic vein (LHV), middle hepatic 
vein (MHV), and right hepatic vein (RHV) are cut and one wide single orifice is made. b) The 
cryopreserved vein graft (CP-IV) is used as an interposition graft for MHV reconstruction. A 
proximal part of the CP-IV is cut and used for patching between the orifice of the graft RHV and 
the interposition graft (RV). c & d) The RV patch is anastomosed to the left side of the RHV orifice 
of the graft. The posterior wall of the CP-IV is cut longitudinally, and is anastomosed with another 
edge of the RV patch. e) The right side of the RHV orifice of the graft is anastomosed to the edge 
of the common hepatic vein of the recipient. f & g) The anterior wall of the CP-V, RV patch and 
the edge of common hepatic vein of the recipient are sutured together to make a reservoir for the 
outflow between the liver graft and recipient vena cava.
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HCC, where cadaveric liver grafting is popularly available. 
According to the criteria of the Barcelona group,26 the 
indication for liver resection is limited to a single HCC 
with normal serum bilirubin level, and portal pressure. 
For HCC within the Milan criteria,3 the 5-year overall 
survival rates were reported to be 62-70%,27-29 which is 
satisfactory. However, the high dropout rate from the 
waiting list remains the critical problem, because of the 
severe graft shortage.30 The old graft allocation policy 
in the United States of America (USA), based on the 
Child Turcotte Pugh score, tended to underestimate the 
priority of HCC carrying patients, because this score 
is calculated only by the liver function-related factors, 
not by the tumor-related ones.31 Thus, re-evaluation 
of the allocation policy was needed. From February 
2002, the United Network of Organ Sharing applied 
the new allocation policy based on the model for end-
stage liver disease score. In this new policy, candidates 
with stage T1 (one lesion <2cm) or stage T2 (one lesion 
≥2cm but <5cm, or as many as 3 lesions less than 
3cm each) HCC are given priority beyond the degree 
of their hepatic decompression itself.31 After applying 
the new policy, the 5-month dropout rate was reduced 
from 16.5% to 8.5%.32 The long-term results of liver 
transplantation for HCC are expected to improve. The 
strategy of salvage transplantation has been advocated; a 
respectable HCC is primarily removed by liver resection 
in patients with good liver function, and after that 

secondary liver transplantation is considered if HCC 
recurs or liver function deteriorates.33 This strategy 
seems to be reasonable, in view of the effective usage of 
the limited graft resources. However, some investigators 
insist that the morbidity after salvage transplantation 
is worse than that after primary transplantation.34 

However, there is another opinion that the morbidities 
are similar after salvage and primary transplantation.35 

The clinical significance of salvage transplantation 
remains controversial. The indication of cadaveric liver 
transplantation and the priority of the waiting list are 
affected not only by tumor-related factors, but also by 
social conditions, such as the graft availability.

Living donor liver transplantation (LDLT). Although 
adult-to-adult LDLT was first performed in 1993,36 its 
role remained minor in the liver transplantation field 
in the 1990’s. However, the indication of adult-to-
adult LDLT has been gradually expanded to include 
hepatitis C-related cirrhosis with or without HCC,37 
because of severe graft shortage and establishment of 
the right hemiliver graft techniques. The follow-up 
period is therefore insufficient to evaluate the clinical 
significance of LDLT for HCC based on long-term 
results. The median follow-up period in large studies 
from Japan and the USA was only 16 months in Japan 
and 450 days in the USA.38,39 The 3-year survival rate 
in the Japanese series was 69%.38 Especially in patients 
fulfilling Milan criteria,3 the 3-year recurrence rate was 
very low (only 1.6%). Although further investigation 
with larger numbers of patients and longer follow-up 
periods is needed, the present available data suggest 
that LDLT can provide comparable long-term results 
with those of cadaveric liver transplantation for HCC, 
given appropriate candidate selection. As for donor 
safety, the feasibility of LDLT seems to be acceptable in 
the present situation. A survey of 1,508 living donors 
in the 5 Asian high-volume centers showed that the 
overall complication rate in donors was 15.8%, and the 
mortality was zero.37 A report from Japan also revealed 
no mortality and low morbidity (12%).40 However, a 
donor with non-alcoholic steatohepatitis, from whom 
a right hemiliver graft was harvested in Japan, died of 
liver failure in 2003. Further follow-up of long-term 
outcomes of living donors is needed to evaluate the 
feasibility and maintain donor safety.

New techniques in liver surgery. In the last decade, 
the mortality after liver resection was remarkably 
reduced to approximately 1%,1 which is almost equal 
to those after other abdominal operations. To further 
improve the safety of liver resection, various new surgical 
techniques have been designed. 

Hanging maneuver. In this maneuver proposed by 
Belghiti,41 a surgical tape is first inserted between the liver 
and the anterior surface of the inferior vena cava (Figure 

Figure 8 - Rotating left hepatic vein flap technique (reproduced from 
reference 57, with permission from American College of 
Surgeons).  a) The tumor has invaded the middle and left 
hepatic veins. The resection line of the hepatic veins is 
determined after transection of the liver parenchyma and 
exposure of the venous wall. b) En bloc resection of the tumor 
and the hepatic venous wall is accomplished. c & d) The 
venous wall is closed using a continuous suture. 
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5a). Second, by lifting up the tape, hanging the liver 
is performed during division of the liver parenchyma 
(Figure 5b). This maneuver can reduce blood loss 
through compression effects by the tape, and make it 
easy to determine the proper direction during the liver 
division. In right hepatectomy, especially for a huge 
liver tumor, this maneuver can also avoid mobilization 
of the right liver. In spite of the possible risk that the 
short hepatic veins may be injured, this maneuver is 
useful, and has been applied to liver transaction for 
graft harvesting in LDLT.42

Laparoscopic liver resection. Laparoscopy currently 
plays a major role in the abdominal surgery fields to 
achieve minimal invasiveness. Laparoscopic liver 
resection has been challengingly performed,43-45 

however, its safety is not established. The indication of 
the laparoscopic approach is limited to a small tumor 
(<3cm in diameter) located in the peripheral site of the 
liver,43,45 such as the left and right lateral sectors.

New surgical devices. To reduce intraoperative blood 
loss in liver resection, various surgical devices for liver 
parenchymal transaction have been developed, for 
example, the ultrasonic dissector, water jet, and dissecting 
sealer. Fan46 reported in a historical control study that 
introduction of the ultrasonic dissector remarkably 
reduced blood loss, whereas Takayama47 showed in 
a randomized trial that the quality of the operation 
using the clamp crushing method was superior to that 
performed with the ultrasonic dissector, in spite of a 
similar blood loss volume.47 As for the dissecting sealer, 
both positive and negative opinions have advanced.48,49

Inflow occlusion. Inflow occlusion techniques, such 
as Pringle’s maneuver, hemi-hepatic vascular occlusion, 
and total vascular exclusion, are indispensable in 
liver resection to minimize intraoperative blood loss. 
However, those techniques have disadvantages associated 
with ischemia-reperfusion injury to the liver. Clavian50 

reported that 10 minutes of ischemic preconditioning 
by inflow occlusion could significantly improve the 
postoperative liver function. Imamura51 showed that 
the serum transaminase levels were lowered by the 
combination of the preconditioning and intermittent 
inflow occlusion in LDLT. The superiority of the 
intermittent inflow occlusion over continuous or total 
occlusion is widely accepted. 

Hepatic venous reconstruction. Recently, the clinical 
significance of the area of congestion has been assiduously 
investigated, especially in LDLT.52 The criteria to judge 
the presence or absence of congestion have also been 
established.53 Because the congestion area will atrophy 
and become non-functioning at some stage following 
its formation,52 adequate reconstruction of the hepatic 
vein should be performed to guarantee the maximum 
functional liver volume in LDLT. Various techniques 

of reconstruction using vein auto- and allografts have 
been proposed (Figures 6 & 7).54,55 In liver resection for a 
malignant tumor, hepatic venous reconstruction is also 
recommended if the functional volume of the residual 
liver is not enough. In most cases with HCC, which 
is likely to demonstrate expansive growth, it is easy to 
detach the HCC from the hepatic vein, even if they are 
closely attached to each other. However, if the HCC is 
the mixed or sclerosed type, detachment may be difficult 
due to tumor invasion. In such cases, reconstruction 
techniques using an autologous vein graft obtained 
from the resected liver specimen are useful, as reported 
for metastatic liver tumors (Figure 8).56,57

In conclusion, in the treatment of HCC, surgical 
management strategies, including liver resection and 
transplantation, will play a central role. Surgeons will 
constantly endeavor to achieve further improvement in 
the short- and long- term outcomes after surgery for 
HCC in the future. 
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