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Abstract

Surgical treatment of hepatocellular carcinoma (HCC) has
developed remarkable for several reasons. The surgical mor-
tality rates of patients with HCC after hepatectomy have
decreased due to appropriate criteria for surgery, refined
surgical techniques and improvement in the pre- and post-
operative management. In preoperative management, re-
finements in liver function tests and strategies for esopha-
geal varices, and the induction of preoperative portal vein
embolization have contributed favorably to the outcome af-
ter hepatectomy for HCC. Furthermore, hepatectomy has
been technically refined by various vascular control meth-
ods and liver transection devices based on the realization
that surgical anatomical information also plays a major role
in improving surgical outcome. Also concomitant splenec-
tomy with hepatectomy might extend the criteria for sur-
gery in HCC patients with hypersplenism. Therefore, hepa-
tectomy is a safe therapeutic approach that could bring
about a favorable outcome in patients with HCC. Nowadays
transplantation is one of the therapeutic options for HCC pa-

tients, even in Japan. Herein the surgical treatment of HCCin
Japan is reviewed and current issues in the surgical treat-
ment of HCC are discussed. Copyright © 2007 S. Karger AG, Basel

Introduction

Surgical treatment of hepatocellular carcinoma (HCC)
has remarkably improved for several reasons. The surgical
mortality rates of HCC patients have decreased after hep-
atectomy due to the appropriate criteria for surgery, re-
fined surgical techniques, and improvement in pre- and
postoperative management. Therefore, hepatectomy has
become a safe therapeutic approach that could bring about
a favorable outcome for HCC patients. Herein, the surgi-
cal treatment of HCC in Japan is reviewed, and current
issues in the surgical treatment of HCC are described.

Preoperative Management
Evaluation of Liver Function

In Japan 90% of HCC patients have chronic liver dys-
function due to hepatitis B or C virus infection [1]. There-
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fore, preoperative evaluation of liver function is very im-
portant to decide the surgical indication in HCC patients
and to perform surgery safely. Several hepatic function
tests have been developed and were applied to patients in
the 1980s and 1990s. At present the most frequently used
assessments are the Child-Pugh classification and indo-
cyanine green (ICG) test. Other tests, such as blood co-
agulation factors (partial thromboplastin time, hepaplas-
tin test, etc.), galactose elimination capacity, and asialo-
scintigraphy, are also useful as additional functional
tests. However, the ICG test cannot evaluate liver func-
tion correctly in patients with obstructive jaundice. In
such cases, the galactose elimination capacity and blood
coagulation factors could be useful parameters. Obstruc-
tive jaundice is seldom found in HCC patients, but is usu-
ally encountered in patients with intrahepatic cholangio-
carcinoma because it often involves the hilar bile duct
and induces obstructive jaundice.

Recently, patients with HCC and liver cirrhosis have
been classified according to newly proposed score sys-
tems such as the Cancer of the Liver Italian Program
(CLIP) score [2] and Japan Integrated Staging (JIP) score
[3]. These scoring systems are related to both tumor stage
and liver function. Although the CLIP scoring system has
been well validated by many authors [4-6] in terms of its
prognostic value in HCC patients, this scoring system has
some problems and limitations when applied to patients
with early-stage HCC. Therefore, a new staging system
based on the Liver Cancer Study Group of Japan, the JIS
score has been proposed in Japan [3]. This staging system
combined the Child-Pugh grade and TNM staging. Fur-
ther reevaluation of these staging systems must be done.

Preoperative Portal Vein Embolization

Portal vein embolization, developed by Makuuchi et
al. [7] and Kinoshita et al. [8], has also been applied not
only to patients with obstructive jaundice but also to cir-
rhotic patients with HCC. Kinoshita et al. [8] and Ab-
dalla et al. [9] have shown the usefulness of portal vein
embolization in patients with liver cirrhosis undergoing
major hepatectomy. Embolization could be indicated in
patients undergoing major hepatectomy when the esti-
mated liver volume after hepatectomy is not enough to
tolerate surgery. A recent report [10] has shown that se-
quential transarterial chemoembolization and portal
vein embolization before surgery increase the rate of hy-
pertrophy of the future remnant liver volume and lead to
a higher rate of complete tumor necrosis associated with
a longer recurrence-free survival. Furthermore, preop-
erative portal vein embolization might bring about the
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benefit of avoiding intraportal venous tumor spreading
into the liver during operation. Portal vein embolization
before hepatectomy for HCC might have beneficial ef-
fects not only on liver functional capacity, but also on
oncological control.

Splenectomy

Most patients with HCC have a cirrhotic liver, and
some of them have concomitant hypersplenism and por-
tal hypertension. It is still controversial whether HCC pa-
tients with thrombocytopenia should undergo surgical
resection or not if liver function is tolerable enough for
them to have hepatectomy. Splenectomy has been advo-
cated for patients with HCC and thrombocytopenia prior
to hepatectomy or synchronously. Sugawara et al. [11] re-
ported that splenectomy can increase the safety of hepa-
tectomy in selected patients with HCC by reducing both
the likelihood of bleeding complications and bilirubin
overload. Chen et al. [12] also reported that simultaneous
hepatectomy and splenectomy is associated with an im-
proved 5-year tumor-free survival in patients with HCC
and hypersplenism. Therefore, patients with HCC and
hypersplenism should not be considered irresectable only
due to thrombocytopenia.

Strategy for Esophageal Varices

If the HCC patient has esophageal varices that could
rupture, preoperative endoscopic treatments such as var-
iceal ligation and sclerotherapy should be performed to
avoid postoperative bleeding after hepatectomy [13, 14].
Partial splenic embolization has also been done preop-
eratively for patients with HCC, especially when accom-
panied by thrombocytopenia [15, 16]. During hepatic re-
section for HCC, the Hassab operation and splenectomy
might be performed concomitantly aiming to control
esophageal varices and thrombocytopenia more effec-
tively [17, 18].

Operative Procedures

Surgical resection for HCC should be done by ana-
tomical hepatectomy according to the inflowing vessels
at the sub-segment level such as segments II, V, etc., ac-
cording to Couinaud’s classification. Systemized hepa-
tectomy with Glisson’s pedicle transection at the hepatic
hilus has commonly been utilized in hepatectomy for
small HCC in cirrhotic patients (fig. 1, 2). Anatomical re-
section has been considered beneficial for complete seg-
mental resection of the cancer burden and the non-valid
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Fig. 1. Segment VIII hepatectomy by systematic Glisson’s pedicle
transection at the hepatic hilus.

hepatic parenchyma. While during transection of the he-
patic parenchyma both Pringle’s maneuver and hemi-
vascular clamp have commonly been utilized to reduce
intraoperative blood loss, no obvious differences in liver
damage, blood loss and operative time have been found
between the two vascular control methods [19-22]. Sev-
eral mechanical devices, such as CUSA, Bipolar electro-
cautery, Water-Jet, Microwave Coagulator and Tissue
Link, etc., have independently been applied during liver
parenchymal transection in various institutions. How-
ever, there is still no clear evidence showing which of the
devices is significantly better than the others [19, 23-
26].

In the case of advanced HCC involving the inferior
vena cava (IVC) with intravenous tumor thrombus, total
hepatic vascular exclusion in the abdominal space should
be required for excision of the tumor thrombus from the
IVC without massive blood loss [27]. The cirrhotic liver
with Child’s A and B liver function can tolerate ischemic
liver damage over a duration of 30 min. The excision of
the tumor thrombus from the IVC commonly takes less
than 30 min because HCC seldom directly invades the
IVC wall, and therefore reconstruction of the IVC using
a graft is usually not required after tumor thrombectomy
from the IVC. However, if the tumor thrombus of the IVC
extends into the supraphrenic IVC or the right atrium,
vascular control at the level of intrathoracic IVC or car-
diopulmonary bypass should be required for removal of
the intravascular tumor thrombus (fig. 3, 4). There have
been some case reports with long-term survivors follow-
ing these aggressive surgical approaches, despite ad-
vanced HCC with extensive intravascular tumor throm-
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Fig. 2. Segment VIII hepatectomy; parenchymal transection fol-
lowing Glisson’s pedicle ligation at the hepatic hilus.

Fig. 3. Total hepatic vascular exclusion for HCC with tumor
thrombus extending into the inferior vena cava at the intra-tho-
racic level.
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Fig. 4. Hepatectomy for HCC with tumor thrombus extending
into the intra-thoracic inferior vena cava under total hepatic vas-
cular exclusion and tumor thrombectomy from the inferior vena
cava.

bus [28, 29]. Recently, Sakon et al. [30] reported that in-
terferon may have remarkable effects on irresectable HCC
with an intravascular tumor thrombus. At present a pro-
spective clinical trial is in progress to clarify the effect of
interferon.

Postoperative Complications and Managements

Many institutions have reported that postoperative
liver failure very rarely occurs after hepatectomy [31-35].
The decrease in the incidence of postoperative liver fail-
ure might be due to appropriate patient selection by excel-
lent evaluation and well-defined criteria for liver func-
tional reserve, and the improvement in surgical tech-
nique. Therefore, hepatic resection for HCC has been
done without blood transfusion in most patients. The cri-
teria of Imamura et al. [36], using the ICG test, is very
popular and easily available to judge the surgical indica-
tion of hepatectomy in cirrhotic patients with HCC. Be-
sides liver failure, there are many other postoperative
complications such as pleural effusion, biliary fistula, bi-
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loma, abdominal abscess, etc. However, hospital stay af-
ter surgery has been shortened without major complica-
tions. Therefore, at present the surgical mortality is re-
ported to be less than 1% in most institutions in Japan.

Survival after Operation

Survival after surgical resection has improved remark-
ably with the recent progress in surgical skills and the use
of appropriate indication criteria. Therefore, the surgical
mortality rate has decreased to less than 2% as shown by
recent reports. However, in 1980 the Liver Cancer Study
Group of Japan reported a high surgical mortality rate of
27% in the patients with HCC [37]. The major cause of
this high surgical mortality was hepatic failure. Several
liver function tests, such as the ICG retention test, asialo-
scintigraphy, and galactose elimination capacity, could
correctly evaluate the preoperative functional reserve of
the liver in cirrhotic patients with HCC. Experience with
a large number of patients undergoing surgical resection
could contribute to the development of appropriate selec-
tion criteria in cirrhotic patients by analyzing the surgical
outcome retrospectively. The 5-year survival after surgi-
cal resection in HCC patients increased from 12 to 55%
between 1980 and 2005 in Japan [1]. Recently liver trans-
plantation was performed as a new form of surgical treat-
ment for HCC. In Japan the number of the patients who
underwent liver transplantation for HCC greatly in-
creased after 2005 [1]. A follow-up survey of primary liv-
er cancer in Japan in 2005 reported that survival rates in
HCC patients were 88, 71, 55, and 29% at 1, 3, 5, and 10
years after surgical resection, respectively [1].

Strategy for Recurrence

One third of the HCC patients who underwent surgi-
cal resection have been reported to have recurrence.
Transcatheter arterial embolization and local ablation
therapy have been utilized mainly for the recurrence of
HCC in the liver. However, a small number of the recur-
rent patients were able to undergo repeat hepatectomy,
which resulted in a favorable outcome [38, 39]. Of course
liver transplantation has also been performed in strictly
selected patients with recurrence of HCC only in the liv-
er [40-42]. Further studies need to be done to clarify the
implications of aggressive surgical treatment for recur-
rent HCC, such as repeat hepatectomy and liver trans-
plantation.
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Conclusion

Surgical resection for HCC in the liver has been de-
fined as a safe and effective treatment. Therefore, surgical

HCC patients, even cirrhotic patients, and appropriate
liver function tests and indication criteria should be used

gery.

resection should be considered the first-line therapy for
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