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Introduction

Hepatic resection for liver cancer is widely accepted due
to its remarkably low operative morbidity and mortal-
ity, and its proven impact on prognosis.1,2 Improved
knowledge of hepatic anatomy and advances in imaging
technologies have facilitated an approach based on the
resection of individual hepatic segments.3–5 Anatomical
hepatectomy is preferred for hepatocellular carcinoma
(HCC) because of the tumor’s tendency to invade
the portal veins and spread along their intrasegmental
branches.6 Anatomical hepatectomy also has the advan-
tage that it may reduce the ischemic area, congestion,
and bleeding. But questions remain as to whether
anatomical resection (AR) provides more favorable
recurrence-free survival and operative morbidity rates
than nonanatomical resection (NAR).

Therefore, the purpose of this study was to determine
current trends of hepatic resection for small HCC and
to investigate whether the hepatic resection method
influenced patient survival and the pattern of tumor
recurrence.

Methods

Ten major Korean hospitals performing hepatectomy
for HCC were surveyed. Patient numbers, sex, age, and
type of operation were investigated, and a question-
naire also ascertained surgeons’ opinions concerning
systematic hepatectomy.

As well as this survey, an analysis of patients with
HCC who underwent curative hepatic resection at
Seoul National University Hospital between January
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2000 and December 2002 was carried out. There were
214 of these patients and 119 patients with a tumor size
less than 5 cm were enrolled in this study. The anatomi-
cal definitions of segments and lobes according to
Couinaud were used to describe ARs. Non anatomical
resection (NAR) was defined as the resection of a lesion
without regard to segmental or lobar anatomy. Ana-
tomical resection (AR) was performed in 74 patients
(AR group) and NAR in 45 (NAR group). The follow-
ing parameters were compared in the two groups: pa-
tient age, sex, Child-Pugh classification, serum hepatitis
B surface antigen (HBsAg), underlying hepatic cirrho-
sis, serum a-fetoprotein, number and size of tumors,
and tumor-free resection margin. The maximum diam-
eter of the largest tumor, if there were multiple tumors
was used to describe tumor size. Postoperative analysis
of variables included number and type of complications
and length of hospital stay. We also examined patterns
of recurrence, recurrence-free survival rates, and over-
all survival rates. Recurrence-free survival was defined
as the time elapsed until recurrence, and overall sur-
vival time was determined from the date of hepatic
resection until death. The c2 test, Fisher’s exact test, and
Student’s t-test were used for group comparisons, as
appropriate. Overall survival rates and cumulative
recurrence-free survival rates were evaluated using the
Kaplan-Meier method and compared using the log-rank
test. For univariate analysis of the risk factors for recur-
rence, patients who experienced recurrence during the
follow-up period were compared with those who did
not, with respect to the clinicopathologic variables listed
in Table 1. The Cox stepwise regression model was used
for multivariate analysis. A difference of P £ 0.05 was
taken to be significant. Numerical data are expressed as
means ± SDs unless otherwise specified. SPSS statistical
software (SPSS, Chicago, IL, USA) was used for the
statistical calculations.

Results

Survey

Ten major hospitals participated in the survey, and the
total number of patients who underwent hepatic resec-
tion between January 2000 and December 2002 was
1107 (male/female ratio, 3.03; average age, 53.4 years;
range, 10–79 years), and 592 of these involved a tumor
of less than 5 cm. Either AR or NAR was performed in
879 of these 1107 patients, with 729 (82.9%) receiving
an AR and 150 (17.1%) receiving an NAR. Of the 729
AR patients, major resection involving a hemiliver or
more was performed in 344 patients (47.2%).

Surgeons’ opinions concerning preferences and the
method of systematic hepatectomy were also elicited.
Eight of ten surgeons performed systematic hepatec-
tomy whenever possible, and considered that it aided
prognosis. To determine the resection boundary for sys-
tematic hepatectomy, six surgeons used the Glissonian
approach, two preferred intraoperative sonography,
and two used ultrasound-guided selective portal venous
dye injection.

Analysis of patients at Seoul National University
Hospital who received curative hepatectomy for
small HCC

The clinical and pathologic features of the patient
groups with AR and NAR are summarized in Table 1.
No significant differences were observed in host or
tumor factors, except that the frequency of underlying
hepatic cirrhosis was significantly higher in the NAR
group (P < 0.05). Operative procedures performed in
the AR group are summarized in Table 2: 13 of the 74
patients had a resection involving more than two liver
sections.

The lengths of hospital stay for the AR group and
NAR group were 24.3 ± 12.3 days and 26.0 ± 16.1 days,

Table 1. Patient clinical and pathological data

Anatomical Nonanatomical
group group

Variables (n = 74) (n = 45) P

Age (years), mean ± SD 57.0 ± 9.7 57.7 ± 7.9 0.675
Sex (male/female) 56/18 37/8 0.402
Child grade (A/B) 70/4 43/2 0.815
HBsAg (positive/negative) 53/21 32/13 0.952
Hepatic cirrhosis (positive/negative) 36/38 32/13 0.016
a-fetoprotein (>25 ng/£25ml) 25/49 22/23 0.082
Tumor number (single/multiple) 62/12 41/4 0.256
Tumor size (cm), mean ± SD 3.4 ± 1.1 3.1 ± 1.1 0.281
Resection margin (cm), mean ± SD 1.04 ± 0.88 0.98 ± 0.78 0.695

HBsAg, hepatitis B surface antigen
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respectively (P > 0.05). Postoperative complications af-
ter each type of hepatic resection are listed in Table 3.
The complication rate was higher in the NAR group
(33.3%; 15/45) than in the AR group (27.0%; 20/74), but
the difference was not significant. Two cases of post-
operative bleeding requiring operative intervention
occurred in each group. No operation-related death
occurred.

Altogether, 58 (48.7%) patients experienced tumor
recurrence: 56 had an intrahepatic recurrence and 2 an
extrahepatic recurrence. No significant differences were
observed in the pattern of recurrence in terms of the
number of recurrent tumors (Fig. 1). Table 4 shows the
recurrence pattern in relation to the site of recurrent
tumors. At a median follow-up of 30 months, the recur-
rence rates of the two groups were similar. Local recur-
rence at the resection margin only occurred in 5 patients
(6.8%) in the AR group and in 2 (4.4%) patients in the
NAR group. The frequency of recurrence in an oppo-
site lobe was high in both groups, at 18.9% in the AR
and 20.0% in the NAR group.

The 1- and 3-year recurrence-free survival rates were
78.1% and 49.7% in the AR group and 68.9% and

46.5% in the NAR group, respectively (P = 0.80; Fig. 2).
The corresponding 1- and 3-year overall survival rates
were 88.8% and 80.8% in the AR group and 91.0% and
74.1% in the NAR group (P = 0.50; Fig. 3). The 1- and
3-year cumulative recurrence rates of these 119 patients
were 25.4% and 51.6%, respectively. According to
univariate analysis of the factors listed in Table 1, two
factors were significantly associated with recurrence —
underlying hepatic cirrhosis (P = 0.006) and tumor

Table 2. Operative procedures for anatomical resection

Anatomical resection Number of patients (%)

Monosegmentectomy 19 (25.7%)
Bisegmentectomy 40 (54.0%)

Right superior bisegmentectomy 5 (6.8%)
Right inferior bisegmentectomy 3 (4.1%)
Right anterior sectionectomy 4 (5.4%)
Right posterior sectionectomy 18 (24.3%)
Left lateral sectionectomy 10 (13.5%)

Hepatectomy 15 (20.3%)
Central hepatectomy 2 (2.7%)
Right hemihepatectomy 5 (6.8%)
Left hemihepatectomy 8 (10.8%)

Table 3. Operative mortality and morbidity

Anatomical Nonanatomical
group group

(n = 74) (n = 45) P

Operative mortality 0 0
Postoperative complication

Postoperative bleeding 2 2
Bile leakage 1 1
Pneumonia 0 1
Hyperbilirubinemia 2 0
Fluid collection 8 4
Ascites 5 2
Pleural effusion 1 4
Wound problem 1 1

Total 20 (27.0%) 15 (33.3%) NS

NS, not significantly different

Table 4. Pattern of recurrence in relation to the site of recur-
rent tumor

Anatomical Nonanatomical
group group

Recurrence site (n = 74) (n = 45) P

Resection margin 5 (14.3%) 2 (8.7%)
Same lobe 7 (20.0%) 6 (26.1%)
Opposite lobe 14 (18.9%) 9 (20%)
Both lobes 8 (22.9%) 5 (21.7%)
Extrahepatic 1 (2.8%) 1 (4.4%)

Total 35 (47.3%) 23 (51.1%) NS

NS, not significantly different
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number (P = 0.018). The results of multivariate analyses
of these factors showed that only underlying hepatic
cirrhosis was identified as an independent risk factor for
recurrence.

Discussion

Two possible explanations may be tendered for the
intrahepatic metastasis of HCC. First, metastasis
originates from tumor invasion of the portal venous
branches. With a sudden increase in intrahepatic pres-
sure, such as that caused by a cough, tumor cells may be
detached, and, as a result of the reversal of blood flow,
may be carried into an adjacent portal venous branch
that supplies a hepatic region proximal to the tumor.7

Second, portal vein branches inside the liver can act as
efferent vessels,8 which may facilitate the spread of
tumor cells from satellite metastases in the immediate
vicinity of a large tumor (i.e., lying within the same
segment) to the corresponding part of the same sector,
and ultimately to the complete hemiliver (bilateral
spread). With respect to the resection technique, it
seems important to understand that early satellite me-
tastases lie in the same segment as the macroscopically
identifiable main tumor mass. Because satellite me-
tastases can spread by invading portal vein branches at
an early stage, to decrease the chance of leaving behind
satellite metastases, an anatomical resection (AR)
based on Couinaud’s liver segments is preferred. From
this point of view, systematic hepatectomy has an onco-
logical rationale.

Fig. 1. Pattern of recurrence in relation to the number of
recurrent tumors. No significant differences were observed
between the two groups (P > 0.05). Oligonodular means two
or three tumor nodules; multinodular means four or more
tumor nodules. IHR, intrahepatic recurrence; EHR, extrahe-
patic recurrence. Light bars, anatomical resection (n = 74);
dark bars, nonanatomical resection (n = 45)

Fig. 2. Cumulative recurrence-free survival after hepatic re-
section in relation to the type of operation. No significant
difference was observed in patient survival between the ana-
tomical (solid line; n = 74) and the nonanatomical (dashed line;
n = 45) groups (P > 0.05)

Fig. 3. A comparison of overall patient survival after anatomi-
cal (solid line; n = 74) or nonanatomical (dashed line; n = 45)
resection. No significant difference was observed between the
groups (P > 0.05)
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Many surgeons in Korea believe that systematic
hepatectomy for small HCC is beneficial for prognosis,
and therefore, they seem to choose it whenever pos-
sible. Anatomical resection is also our policy for hepatic
resection in HCC, but for patients with cirrhosis and
impaired liver function, we have chosen limited resec-
tion, although it is nonanatomical. As for the type of
operation, the rate of AR in our survey was 73.9%, and
for AR the rate of major resection was 34.4% and that
of limited resection 65.6%.

In terms of the surgical treatment of HCC, the bal-
ance between surgical curability and hepatic functional
preservation is of importance. The cirrhotic liver has a
limited capacity to regenerate, and limited resection is
an important aspect of preserving liver function, and
thus reducing the possibility of hepatic failure.9,10 The
preservation of hepatic functional reserve may also
enhance the long-term prognosis by allowing effective
treatment options to be used if recurrence should de-
velop.11 Ochiai et al.12 reported that the surgical margin
had no relationship with recurrence or the recurrence
pattern. Of the recurrent patterns of HCC, multiple
tumors in both lobes of the remnant liver have been
reported to be common.13–15 Poon et al.16 also reported
that the width of the resection margin did not influence
postoperative recurrence rates after hepatectomy for
HCC. This is because intrahepatic recurrence can arise
from multicentric carcinogenesis in the remnant liver,
which cannot be prevented by a wide resection margin.
In our study, the rate of recurrence at the resection
margin or in the same lobe was 34.3% (12/35) in the AR
group and 34.8% (8/23) in the NAR group. In contrast,
the recurrence rate in the opposite lobe or diffuse recur-
rence in both lobes was 62.9% (22/35) in the AR group
and 60.8% (14/23) in the NAR group. No difference in
the pattern of recurrence was observed between the two
groups, and in particular, anatomical resection did not
decrease the ipsilateral recurrence rate. Furthermore,
no significant intergroup difference was observed in
recurrence-free and cumulative survival rates, given a
median follow-up of 30 months. Therefore, the type of
operation (i.e., AR vs NAR) was not found to be re-
lated to recurrence. Thus, NAR with an adequate resec-
tion margin may be used as an alternative in patients
with impaired liver function when a tumor is located at
a border between several liver segments.

The only prognostic factor associated with recurrence
was underlying hepatic cirrhosis, which means that
metachronous de-novo tumor recurrence is more im-
portant than intrahepatic metastasis. Poon et al.16 re-
ported that most recurrences occurred in a distal
segment or in multiple segments, rather than at the
resection line — even in patients with a positive margin.
Shirabe et al.17 showed that patients with a better liver
function, as demonstrated by preoperative indocyanine

green retention, were more likely to live for 10 years
after surgery than patients with poor liver function.
Yamanaka et al.18 found that patients with hepatitis
C-related chronic liver disease were more likely to
develop HCC 3 or more years after resection. These
authors concluded that the “carcinogenic potential” of
the chronically damaged liver was responsible for the
appearance of new lesions.

In conclusion, although systematic hepatectomy is
superior to NAR from oncological and anatomical
respects, it does not seem to be related to the tumor
recurrence pattern, or to recurrence or survival rates.
Rather, postoperative recurrence is likely to be related
to the underlying liver condition.
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