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Predictive factors for cholangiocarcinoma associated with
hepatolithiasis determined on the basis of Japanese

Multicenter study

Yutaka Suzuki, Toshiyuki Mori, Nobutsugu Abe, Masanori Sugiyama and Yutaka Atomi

Department of Surgery, Kyorin University School of Medicine, Tokyo, Japan

Aim: The aim of this study was to delineate predictive
factors for cholangiocarcinoma in patients with hepatolithi-
asis, and to establish optimal management for hepatolithiasis
from the viewpoint of carcinogenesis on the basis of a Japa-
nese nationwide survey for hepatolithiasis.

Methods: The Hepatolithiasis Research Group was orga-
nized in 2006 by the Ministry of Health, Labour and Welfare of
Japan, and conducted a nationwide survey. The research
group collected data on 336 cases of hepatolithiasis in 2006, in
a cross-sectional survey involving 2592 institutions in Japan.
Predictive factors for cholangiocarcinoma associated with
hepatolithiasis were analyzed by univariate and multivariate
analyses of clinicopathological and therapeutic factors.

Results: Twenty-three patients had cholangiocarcinoma.
Histories of choledocoenterostomy and liver atrophy were

found to be significantly predictive factors by multivariate
analysis. In 87.5% of cases of cholangiocarcinoma with liver
atrophy, cholangiocarcinoma was located in the atrophic
lobes. The method of reconstruction did not affect the inci-
dence of cholangiocarcinoma (choledochojejunostomy vs.
choledochoduodenostomy; side-to-end vs. side-to-side
anastomosis).

Conclusions: Choledocoenterostomy and liver atrophy may
increase the risk of developing cholangiocarcinoma. Chole-
docoenterostomy is thus contraindicated in patients with
hepatolithiasis. An aggressive resection strategy is recom-
mended for an atrophic segment.

Key words: cholangiocarcinoma, hepatolithiasis,
manhagement

INTRODUCTION

EPATOLITHIASIS IS CHARACTERIZED by its

intractable nature and frequent recurrence, requir-
ing multiple operative interventions. In addition to fre-
quent occurrences of cholangitis and chronic sepsis, it is
widely known that long-standing hepatolithiasis leads
to cholangiocarcinoma.! Development of cholangiocar-
cinoma is a major problem, and highly indicates a worse
prognosis and treatment outcomes. Diagnosis of cho-
langiocarcinoma associated with hepatolithiasis by
imaging studies is difficult, because of stone artifacts in
the intrahepatic bile duct.

In 2006, the Hepatolithiasis Research Group was
organized by the Ministry of Health, Labour and Welfare
of Japan to investigate the epidemiology, pathogenesis,
carcinogenicity, and therapeutic options of hepatolithi-
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asis. The Hepatolithiasis Research Group conducted a
nationwide, multi-institutional, cross-sectional survey
of hepatolithiasis cases, and analyzed the clinicopatho-
logic features.

The aims of this study were to delineate predictive
factors for cholangiocarcinoma in patients with hepa-
tolithiasis, and to establish an optimal management
strategy for hepatolithiasis from the viewpoint of
carcinogenesis.

METHOD

N 2006, THE research group performed a nationwide,

cross-sectioned survey by sending a questionnaire to
2592 institutions in Japan regarding hepatolithiasis
patients who have a history of hospital visits and treat-
ment history in 2006, and received replies from 319
institutions including 336 patients. Collected data
included gender, age, period from onset to treatment,
other malignant neoplasms, history of biliary tract dis-
eases, history of choledocoenterostomy, complications,
symptoms, location of stones, stone classification, bile
duct stenosis, bile duct dilatation, liver atrophy,

© 2011 The Japan Society of Hepatology
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administration of ursodeoxycholic acid (UDCA),
residual stones after treatment, symptoms after treat-
ment and stone recurrence. Atrophy was defined as a
>50% reduction in liver volume as determined by
imaging studies.” Patients with unclear demography
were excluded. A total of 325 patients were included and
analyzed in this study. Patients consisted of 168 male
and 157 female patients with a median age of 65 (range,
2-98 years). Collected data were subjected to further
analysis to determine predictive factors for cholangio-
carcinoma associated with hepatolithiasis. Risk factors
for cholangiocarcinoma were determined by univariate
analysis using the y” test or Mann-Whitney analysis.
Factors with a P-value <0.25 in the univariate analysis
were then included in a forward stepwise multiple logis-
tic regression model. Statistical analysis was carried out
using SAPW Statistics ver.18 (SPSS Japan Inc., Tokyo,
Japan). In multivariate analysis, a P-value of <0.05 was
considered statistically significant.

RESULTS

'WENTY-THREE PATIENTS had cholangiocarci-

noma. Among 36 potential risk factors shown in
Table 1, six showed P<0.25 in univariate analysis,
namely, other malignant neoplasms, history of chole-
docoenterostomy, bile duct dilatation, liver atrophy,
UDCA administration, and symptoms after treatment
(Table 1). Among these six factors, two (history of cho-
ledocoenterostomy and liver atrophy) remained signifi-
cant in the multivariate analysis (Table 2).

Eight cases of hepatolithiasis with liver atrophy were
complicated by cholangiocarcinoma. In seven of eight
cases (87.5%), cholangiocarcinoma was located in the
atrophic segments of the liver (Table 3). The relation-
ship between the method of reconstruction and devel-
opment of cholangiocarcinoma was not clear. There was
no significant difference in the incidence of cholangio-
carcinoma between choledochoduodenostomy and
choledochojejunostomy (Table 4). Furthermore, the
incidence was not significantly different between end-
to-side and side-to-side anastomosis (Table 5). In cases
without liver atrophy, history of choledocoenterostomy
was a significant predictive factor for cholangiocarci-
noma associated with hepatolithiasis (Table 6).

DISCUSSION

HE PRESENT STUDY showed that liver atrophy
(odds ratio: 4.424) and history of choledocoen-
terostomy (odds ratio: 3.718) were found to be predic-
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tive factors for cholangiocarcinoma associated with
hepatolithiasis in multivariate analysis. Previous reports
showed that bilirubin stones,? irregular ductal stricture
or obstruction, liver atrophy,* portal obstruction in por-
tograms,® being over 40 years old, having a long history
of hepatolithiasis with weight loss, a high level of serum
alkaline phosphatase, a low level of serum albumin, a
high level of the serum carcinoembryonic antigen,
and/or hepatolithiasis in the right or both lobes® were
predictive factors for cholangiocarcinoma associated
with hepatolithiasis. On the other hand, Chijiiwa et al.
described that the incidence of cholangiocarcinoma
associated with hepatolithiasis was significantly higher
in patients with cholesterol stones than in those with
brown pigment stones.” However, age, symptoms, stone
classification, and stone location were not significantly
predictive in the present series.

In this study, liver atrophy was a predictive factor
for cholangiocarcinoma associated with hepatolithiasis.
Ohta et al. reported the presence of fibrosis periportal
tissue, portal vein narrowing, and mild atrophy of the
liver.® In 87.5% of cases of cholangiocarcinoma with
liver atrophy, cholangiocarcinoma was located in the
atrophic lobes. Hepatectomy is recommended for
hepatolithiasis with liver atrophy. Regarding the out-
comes of hepatectomy for hepatolithiasis, many
authors reported about the usefulness and safety of
hepatectomy. Uenishi described that hepatectomy
might thus offer another advantage in eliminating the
risk of new development of cholangiocarcinoma.’ In
patients with hepatectomy, the incidences of stone
recurrence, postoperative cholangitis, cholangiocarci-
noma, and mortality were lower than in those without
hepatectomy.’®1?

Choledocoenterostomy was a predictive factor for
cholangiocarcinoma associated with hepatolithiasis in
this study. The method of reconstruction did not affect
the incidence of cholangiocarcinoma (choledochojejun-
ostomy vs. choledochoduodenostomy; side-to-end
anastomosis vs. side-to-side anastomosis). Xiao-Feng
et al. described that the incidence of severe cholangitis
after choledochoduodenostomy was significantly higher
than that in the preoperative state.”® Furthermore, Li
et al. reported that 24% of patients who underwent
choledochojejunostomy showed postoperative cholan-
gitis." Kusano etal. reported that the incidence of
cholangitis was significantly higher in patients who
underwent choledocojejunostomy than in those who
underwent noncholedocoenterostomy.'® By histopatho-
logic analysis, Ohta etal. observed hyperplasia of
varying degrees in the epithelium of large bile ducts in

© 2011 The Japan Society of Hepatology
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Table 1 Univariate analysis between patients with and without cholangiocarcinoma

With Without P-value
cholangiocarcinoma cholangiocarcinoma
n=23 (%) n=302 (%)
Gender
Male 11 (47.8) 157 (52.0) 0.829
Female 12 (52.2) 145 (48.0)
Age (median) (range) 67 (37-81) 65 (2-98) 0.724
Period from onset to treatment (month, median) (range) 6 (0-480) 3 (0-564) 0.799
Other malignant neoplasms 0 (0) 26 (8.6) 0.236
History of biliary tract diseases 16 (69.6) 189 (62.6) 0.655
History of choledocoenterostomy 10 (43.5) 70 (23.2) 0.042
Complications
Viral hepatitis 0 (0) 13 (4.3) 0.610
Liver cirrhosis 0 (0) 12 (4.0) 1.000
Diabetes mellitus 3 (13.0) 30 (9.9) 0.716
APBJ 2 (8.7) 19 (6.3) 0.652
Heart disease 2(8.7) 30 (9.9) 1.000
Hyper tension 0 (0) 22 (7.3) 0.384
Obesity 2 (8.7) 14 (4.6) 0.315
Total 14 (60.9) 173 (57.3) 0.829
Symptoms
Abdominal pain 13 (56.5) 170 (56.3) 1.000
Fever 11 (47.8) 131 (43.4) 0.671
Jaundice 5(21.7) 52 (17.2) 0.572
Nausea 1(4.3) 9 (3.0) 0.525
Total 19 (82.6) 236 (78.1) 0.794
Location of stones
Intrahepatic duct only 14 (60.9) 165 (54.6) 0.666
Both intra- and extrahepatic ducts 9 (39.1) 137 (45.4)
Right lobe 6 (26.1) 66 (21.9) 0.608
Left lobe 9 (39.1) 150 (49.7) 0.390
Both lobes 8 (34.8) 86 (28.5) 0.486
Stone dlassification
Bilirubin stones 12 (52.2) 133 (44.0) 0.517
Cholesterol stones 1(4.3) 20 (6.6) 1.000
Black pigment stones 4 (17.4) 32 (10.6) 0.302
Hybrid stone 0 (0) 14 (4.6) 0.610
Mixture stones 0 (0) 3 (1.0) 1.000
Bile duct stenosis 5(21.7) 69 (22.8) 1.000
Bile duct dilatation 9 (39.1) 82 (27.2) 0.232
Liver atrophy 8 (34.8) 46 (15.2) 0.035
UDCA administration 15 (65.2) 152 (50.3) 0.198
Residual stones after treatment 3 (13.0) 38 (12.6) 1.000
Symptoms after treatment 6 (26.1) 40 (13.2) 0.114
Stone recurrence 2 (8.7) 26 (8.6) 1.000

APBJ, Anomalous pancreatobiliary junction; UDCA, ursodeoxycholic acid.

association with areas of chronic proliferative cholangi-
tis in the vicinity of the impacted stones, and mucosal
dysplasia may be a precursor to the cholangiocarci-
noma.' In this study, abdominal pain, fever, and jaun-

© 2011 The Japan Society of Hepatology

dice were found not to be significant factors. We suggest
that choledocoenterostomy induces inflammatory
changes of the bile duct even without symptoms,
and continuous inflammation may lead to the risk of
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Table 2 Predictive factors for cholangiocarcinoma associated with hepatolithiasis determined by logistic regression analysis

P-value 0dd ratio 95% confidence interval
History of choledocoenterostomy 0.007 3.718 1.431-9.659
Liver atrophy 0.004 4.424 1.618-12.095

Table 3 Relationship of location between liver attophy and
cholangiocarcinoma

Case Location
Liver atrophy Cholangiocarcinoma

1 S2,3 B2, 3

2 S5, 8 B5-8

3 §2,3 B2, 3

4 S6 B6

5 S2, 3 Hilar, extrahepatic duct
6 S§2,3 B3

7 52,3 B2, 3

8 S2, 3 B3

cholangiocarcinoma. In cases without liver atrophy,
history of choledocoenterostomy was a significantly
predictive factor for cholangiocarcinoma associated
with hepatolithiasis. Choledocoenterostomy should be

avoided as much as possible for radical treatment of
hepatolithiasis with or without liver atrophy. In patients
without liver atrophy, other procedures, such as
percutaneous transhepatic cholangioscopic lithotomy
(PTCSL) or endoscopy, are recommended.

In' conclusion, choledocoenterostomy may increase
the risk of developing cholangiocarcinoma and should
be avoided as much as possible in patients with hepa-
tolithiasis. An aggressive resection strategy is recom-
mended for an atrophic segment.
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Table 4 Reconstructive techniques for cholangiocarcinoma: choledochoduodenostomy vs. choledocojejunostomy

With cholangiocarcinoma Without cholangiocarcinoma P-value
n=12 (%) n =068 (%)
Choledochoduodenostomy 3 (25.0) 9 (13.2) 0.376
Choledocojejunostomy 9 (75.0) 59 (86.8)
Table 5 Reconstructive techniques for cholangiocarcinoma: end-to-side anastomosis vs. side-to-side anastomosis
With cholangiocarcinoma Without cholangiocarcinoma P-value
n=28 (%) n=>53 (%)
End-to-side anastomosis 6 (75.0) 45 (84.9) 0.607
Side-to-side anastomosis 2 (25.0) 8 (15.1)
19 cases: undlear.
Table 6 History of choledocoenterostomy and cholangiocarcinoma in patients without liver atrophy
With cholangiocarcinoma Without cholangiocarcinoma P-value
n=15 (%) n=256 (%)
With choledocoenterostomy 8 (53.3) 68 (26.6) 0.036
Without choledocoenterostomy 7 (46.7) 188 (73.4)

© 2011 The Japan Society of Hepatology
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Carcinoma After Hepatectomy

Masaki Ueno, MD, Kazuhisa Uchiyama, MD, Satoru Ozawa, MD, Shinya Hayami, MD, Yoshinobu Shigekawa, MD,

Masaji Tani, MD, and Hiroki Yamaue, MD, PhD

Second Department of Surgery, School of Medicine, Wakayama Medical University, Wakayama City, Japan

ABSTRACT

Background. The recurrence of hepatocellular carcinoma
is still high even after surgery. Two general recurrence
patterns occur: intrahepatic metastasis (IM) and multicen-
tric carcinogenesis (MC). The aim of this study was to
investigate the effectiveness of adjuvant chemolipiodoli-
zation for reducing IM or MC recurrences after surgery.
Methods. A retrospective case-control study was carried
out. From April 2005, adjuvant chemolipiodolization was
performed in 63 initial hepatocellular carcinoma patients
3 months after surgery. Sixty-four patients who underwent
surgery between April 2001 and March 2005 were ana-
lyzed as the control group. Recurrence-free and overall
survival as well as prognostic factors were analyzed uni-
variately and multivariately.

Results. The 2-year recurrénce-free survival was 57% in the
chemolipiodolization group and 37% in the control group
(P = 0.02). However, there was no significant difference at
5 years after surgery (P = 0.09). The 5-year overall survival
rates in the chemolipiodolization and the control groups were
82.4 and 55.7%, respectively (P = 0.04). Cox proportional
multivariate analysis revealed that adjuvant chemolipiodo-
lization was an independent favorable prognostic factor for
2-year recurrence-free survival, and the odds ratio [95%
confidential interval] was 0.55 [0.34-0.90] (P = 0.02).
However, adjuvant chemolipiodolization was not an inde-
pendent favorable prognostic factor for 5-year overall
survival.
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Conclusions. Adjuvant chemolipiodolization can reduce
the risk of early recurrences, which would be mainly IM
derived. However, chemolipiodolization did not reduce late
phase recurrences after surgery, which would be mainly
MC derived. To prevent late phase recurrences, another
novel strategy would be needed.

Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world. Although surgical resection is
considered to be a potentially curative treatment, the
recurrence rates of HCC are still high. The recurrence rates
are about 50-60% at 2 years and 80% at 5 years.'™

In HCC, the recurrence pattern is different from other
cancers, and two major origins are thought to underlie the
pattern of recurrence: microscopic intrahepatic metastases
from the primary tumor (IM), and other newly developed
HCCs induced by multicentric carcinogenesis (MC).*® As a
result of these unique recurrence patterns of HCC, there are
two peaks in the incidence of recurrences after surgery.'
Previous studies have revealed that 2 years after surgery
was the inflection point for the disease-free survival
curve.®” Early recurrences that occurred within 2 years of
surgery were mainly thought to be IM recurrences and were
thought to have a worse prognosis. On the other hand, the
late recurrences that occurred more than 2 years after sur-
gery were mainly thought to be MC recurrences and were
thought to be the result of viral hepatitis or cirrhosis of the
remnant liver.

Previous studies identified various risk factors for IM or
MC recurrences. Adverse tumor factors such as tumor size,
number of tumor, vessel involvement, and serum alfa-feto-
protein (AFP) levels were found to be risk factors.>®
Underlying liver status such as serum albumin level, pro-
thrombin time, serum bilirubin level that would be
summarized in Child-Pugh status were also found to be risk
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factors.®® Others reported that operative blood loss or blood
transfusion and anatomical resection would affect the
prognosis after surgery.'%™'?

On the basis of the unique recurrence pattern of HCC
and identified risk factors for recurrence, previous studies
have reported favorable results for various adjuvant ther-
apies such as systemic chemotherapy, Ioc&'egional
chemotherapy, and adoptive immunotherapy.”'18 How-
ever, most of these articles had small sample sizes or a
short duration of observation and did not clearly discuss
their preventive effect by distinguishing IM from MC.
Moreover, meta-analyses did not show any recommenda-
tion for adjuvant anticancer therapy against HCC.'**
However, randomized control trials have demonstrated that
there are some promising treatments, such as lipiodol
injection.'*!"18

The benefits of 131-iodine-labeled lipiodol (**'I-lipiod-
ol) injection into the hepatic artery for reducing
intrahepatic recurrences have been reported in various
countries.'#?122 However, in Japan and other countries
where '*'I-lipiodol was not used, injecting an emulsion of
lipiodol and chemotherapeutic agents into the hepatic
artery (chemolipiodolization) was proposed.”** Consid-
ering the results of the previous studies, our institution has
decided to propose the use of adjuvant chemolipiodoliza-
tion as a new protocol for patients undergoing surgical
resection for HCC.

In this retrospective case-control study, we examined
the validity of adjuvant chemolipiodolization by analyzing
a retrospective series of matched patients treated in our
institution before and after this treatment was administered,
and we estimated whether chemolipiodolization could
reduce IM and/or MC.

METHODS
Patients

This study was designed as a retrospective case-control
study and was conducted in accordance with the Declara-
tion of Helsinki and the ethical guidelines for clinical
studies from the Ministry of Health, Labor and Welfare in
Japan.

Because previous adjuvant lipiodolization studies dem-
onstrated about 20% improvement of recurrence, we
calculated that we would need a sample size of about 120
patients to detect 20% difference in 2-year recurrence-free
survival at 5% type I error and 80% power for a one-tailed
log-rank test.'*?!

From April 2005 to March 2008, 64 patients who
underwent curative resection with no macroscopic residual
tumor for initial HCC at Wakayama Medical University

Hospital were intended to receive adjuvant chemolipiodo-
lization 3 months after surgery. Any patient who
experienced recurrence within 3 months after surgery
would be administered transarterial chemoembolization
(TACE) instead of adjuvant chemolipiodolization and they
were enrolled in this study in an intention-to-treat analysis
fashion. The patients with a Child-Pugh score of C were
excluded from this treatment because of insufficient liver
function. All of the patients were given information about
the adjuvant chemolipiodolization and its probable benefits
and risks. During this period, one patient was determined to
have a Child-Pugh score of C at 3 months after surgery.
Therefore, 63 patients were defined as an adjuvant treat-
ment group and reviewed in this study. Of these patients,
58 patients were RO resection and 5 were R1 resection.
Among them, 6 patients experienced recurrence within
3 months after surgery and underwent TACE instead of
adjuvant chemolipiodolization.

The patients who underwent surgery from April 2001 to
March 2005 with matched criteria were enrolled as the
control group. A total of 64 patients underwent curative
resection with no macroscopic residual tumor for initial
HCC during that period. There was no patient with a Child-
Pugh score of C by 3 months after surgery. Of these
patients, 60 patients’ were RO resection and 4 were R1
resection. Therefore, 64 patients were defined as the con-
trol group in this study. Among them, 5 patients were
diagnosed with a recurrence within 3 months after surgery.

Adjuvant Chemolipiodolization

At 3 months after surgery, the patients were examined
by computed tomography (CT) during arteriography, and
CT during arterial portography to examine the remnant
liver. As previously described, the patients diagnosed with
recurrences by this examination were administered TACE.
Otherwise, adjuvant chemolipiodolization was performed
as follows: 40 mg of epirubicin and 6 mg of mitomycin C
were dissolved in 5 ml of water-soluble contrast medium
(Omnipaque, Daiichisankyo, Japan). The solution was then
mixed with 10 ml of lipid contrast medium (Lipiodol
Ultra-Fluid, Terumo, Japan) and the prepared mixture
emulsions were injected into the proper hepatic artery
through a catheter. The dose of the emulsions was 0.1 ml/
kg body weight in this study. Adjuvant chemolipiodoliza-
tion was administered only one time in this study.

Surveillance

All of the patients were followed up at Wakayama Medical
University Hospital every 2-3 months for more than 2 years.
Blood examinations were performed every 2-3 months.
Ultrasonography and abdominal contrast enhanced dynamic
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CT was also alternately performed every 2-3 months as the
imaging follow-up. If a recurrence was suspected by ultraso-
-nography, contrast enhancement dynamic CT was performed
at that time to reconfirm the lesion.

The image findings were reported by blinded radiolo-
gists and the presence of an intrahepatic recurrence was
determined by the existence of a hypervascular nodule in
early phase with a perfusion defect in the portal phase
under contrast enhancement dynamic CT. If an extra-
hepatic recurrence was suspected, lung CT or bone scin-
tigraphy was performed. An extrahepatic recurrence was
determined by the existence of a tumor. After detecting any
recurrence, appropriate therapeutic modalities were
administered, and the same surveillance was performed.

The primary outcome in this study was defined as the
recurrence-free survival especially within 2 years after
hepatectomy and the secondary outcome in this study was
defined as the overall survival.

Data Collection

The following 16 variables were collected for each
patient as potent risk factors for recurrence and survival:
age, gender, etiology of underlying liver disease (hepatitis
C virus [HCV], hepatitis B virus [HBV], and daily alcohol
intake), Child-Pugh score (A or B), indocyanine green
retention rate at 15 min (ICG R,s), The Cancer of the Liver
Italian Program (CLIP) score (0, 1, 2, or 3), primary tumor
size, number of tumors (single or multiple), vascular
involvement (negative or positive), serum AFP levels, liver
resection procedure (major or minor), resection margin (RO

or R1), tumor differentiation (well, moderate, or poor) and
blood loss during the operation.

Tumor size, number and vascular involvement were
measured by the resection specimen. Resection margin and
tumor differentiation were pathologically defined. More
than sectionectomy and lobectomy were defined as major
liver resection and the others were defined as minor liver
resection.

Additionally continuous variables of age, ICG R, 5, main
tumor size, serum AFP levels, blood loss were also cate-
gorized by cutoff values of 69 years old, 15%, 5 cm,
400 IU/ml, and 880 ml, respectively.

Statistical Analyses

Continuous variables were expressed as the medians
with interquartile ranges and compared by the Mann—
Whitney U-test. Dichotomous variables were compared by
the Chi-square test or Fisher’s exact test. Recurrence-free
survival and the overall survival rate were analyzed by the
Kaplan—-Meier method and log rank test.

In order to adjust for confounding variables, chemoli-
piodolization and 16 collected variables were analyzed
univariately by a Cox proportional hazard model for recur-
rence-free survival and overall survival and then potent
significant variables were entered into multivariate analyses.
P values of <0.05 were considered statistically significant.

RESULTS

The patient backgrounds between those treated with and
without adjuvant chemolipiodolization therapy are

TABLE 1 Patients Variable Chemolipiodolization P value
backgrounds between those
treated with or without (=) (n = 64) ) (n = 63)
chemolipiodolization
Age (year) 67 (63, 73) 70 (65, 76) 0.08
Gender (male/female) 44/20 53/10 0.04
HCV antibody (+/—) 41/23 31/32 0.09
HBs antigen (+/—) 8/56 7156 0.81
Daily alcohol intake (++/—) 19/45 25/38 0.24
Child-Pugh score (A/B) 58/6 60/3 0.31
ICG Ry5 (%) 9.9 (7.6, 14.4) 150 (10.0,20.00  <0.001
CLIP score (0/1/2/3) 30/20/12/2 30/19/13/1 0.94
Primary tumor size (cm) 4.1 (2.8, 6.6) 4.5(2.9,64) 0.96
No. of tumors (single/multiple) 48/16 46/17 0.79
Vascular involvement (-#/—) 11/53 12/51 0.78
Continuous variables are Serum AFP levels (ng/ml) ! 28.6 (6.0, 136.0) 14.3 (6.1, 162.8) 0.75
expressed as the medians (25th, ~ Liver resection (major/minor) 36/28 32/31 0.54
75th percentile) Resection margin (R1/R0) 4/60 5/58 0.74
HBs hepatitis B surface, CLIP Tumor differentiation (well/moderate/poor) 13/48/3 14/38/11 0.06
cancer of the liver Italian 978 (513. 1850) 740 (420, 1335) 0.09

Blood loss (ml)

program
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summarized in Table 1. The distributions of gender and
ICG Ry were different between the two groups. However,
the Child-Pugh score was similar between the two groups.
The tumor status, such as tumor size, number of tumors,
presence of vascular involvement, serum AFP levels, and
tumor pathological differentiation were not statistically
significantly different between the two groups. Therefore,
the distributions of the CLIP scores were similar between
the two groups. The surgical parameters such as operation
procedure, resection margin, and blood loss were not dif-
ferent between the two groups.

There were no complications higher than grade 3 in
Common Terminology Criteria for Adverse Event among
the patients who received adjuvant chemolipiodolization.

The recurrence-free survival curves after surgery for
each group are shown in Fig. 1. At 2 years after surgery,
recurrences were observed in 40 patients (63%) without
chemolipiodolization. On the other hand, 27 patients (43%)
with  chemolipiodolization  experienced recurrence
(P = 0.02). However, at 5 years after hepatectomy, these
curves were no longer significantly different (P = 0.09).

The overall survival curves after hepatectomy for each
group are shown in Fig. 2. Although the duration of
observation was different between the two groups (the
median follow-up period was 35 months in the chemoli-
piodolization-positive group and 53 months in the
chemolipiodolization-negative group), the overall survival
rates of the chemolipiodolization-positive and -negative
groups were 92.1 and 82.8% at 2 years after surgery
(P = 0.12) and were 82.4 and 55.7% at 5 years after sur-
gery (P = 0.04).

Recurrel!ce ~ Chemolipoidolization (+)
f‘r‘ggnsurvnval -~~~ Chemolipoidolization (-)
Lo ) ;‘ + Censored :
: Censored :
0.8 i
06 7 :
T : + l :
02 : :
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0 12 24 36 48 60

Time (months)

FIG. 1 Kaplan-Meier recurrence-free survival curves of patients
with adjuvant chemolipiodolization and those without. The log rank
test was performed at 2 and 5 years after the surgery (P = 0.02 and
0.09, respectively)
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FIG. 2 Kaplan-Meier overall survival curves of patients with
adjuvant chemolipiodolization and those without. The log rank test
was performed at 2 and 5 years after the surgery (P = 0.12 and 0.04,
respectively)

In order to evaluate the independent prognostic factors
for 2-year recurrence-free survival after hepatectomy, a
Cox proportional hazard model was used (Table 2). In
univariate analysis, the number of tumors, blood loss and
chemolipiodolization were recognized as potent prognostic
factors. The odds ratios [95% confidential interval (CI)}
were 2.16 [1.31-3.57], 1.67 [1.03-2.71] and 0.51
[0.29-0.87], respectively. To adjust for confounding fac-
tors, these three variables were entered into multivariate
analysis. The number of tumors and chemolipiodolization
were recognized to be independent factors, and the odds
ratios [95% CI] were 1.57 [1.35-3.73] and 0.55
[0.34-0.90], respectively.

A Cox proportional hazard model was also used in order
to evaluate the independent prognostic factors for overall
survival after hepatectomy (Table 3). In univariate analy-
sis, gender, primary tumor size, number of tumors, poor
differentiation, blood loss and chemolipiodolization were
recognized as potent prognostic factors. The odds ratios
[95% CI] for these factors were 2.22 [1.12-4.40], 2.67
[1.35-5.26], 2.65 [1.31-5.17], 4.14 [1.11-15.5], 2.15
[1.07-4.32] and 0.46 [0.21-0.98], respectively. In this
study, there were 35 survival events. In multivariate anal-
ysis there need to be 10~15 events per variable; therefore,
the top three variables (primary tumor size, number of
tumors and blood loss) were entered into multivariate
analysis. Only the number of tumors was found to be an
independent factor for overall survival, with an odds ratio
[95% CIJ of 2.18 [1.08-4.37].

The patient outcome in terms of recurrence data at
2 years after surgery is shown in Table 4. The recurrence
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TABLE 2 Univariate and
multivariate analyses of
prognostic factors for recurrence Odds ratio 95% CI P value Odds ratio 95% C1 P value
within 2 years after hepatectomy -

Variable N Univariate analysis Multivariate analysis

Age

<69 (year) 64 1

>69 (year) 63 0.88 0.55-1.42 0.61
Gender

Male 97 1

Female 30 1.49 0.87-2.56 0.15
HCV antibody

(=) 55 1

G 72 1.61 0.98-2.65 0.06
HBs antigen

(=) 112 1

) 15 0.54 0.22-1.35 0.19
Daily alcohol intake

(=) 83 1

+) 44 1.03 0.63-1.69 0.90
Child-Pugh score

A 118 1

B 9 1.06 0.39-2.93 0.90
ICG R;5

<15% 78 1

>15% 49 0.93 0.57-1.53 0.78
Primary tumor size

<5cm 75 1

>5 cm 52 1.43 0.89-2.32 0.14
Number of tumors

Single 94 1 1

Multiple 33 2.16 1.31-3.57 0.003 1.57 1.35-3.73 0.002
Vascular involvement

(-) 104 1

+) 23 1.37 0.76-2.48 0.29

Serum AFP levels
<400 ng/ml 105 1

>400 ng/ml 22 1.60 0.89-2.88 0.12
Liver resection
Minor 59 1
Major 68 1.13 0.70-1.83 0.62
Resection margin
RO 118 1
R1 9 1.10 0.45-2.43 0.91
Tumor differentiation
Well 27 1
Moderate 86 1.26 0.68-2.32 0.46
Poor 14 1.35 0.54-3.38 0.52
Blood loss
<880 ml 65 1 1
>880 ml 62 » 167 1.03-2.71 0.04 1.57 0.96-2.56 0.07
Chemolipiodolization -
) 64 ¥ 1
(+) 63 0.51 0.29-0.87 0.01 0.55 0.34-0.90 0.02

HBs hepatitis B virus surface
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TABLE 3 Univariate and

o A Variable N Univariate analysis Multivariate analysis
multivariate analyses of
prognostic factors for overall Odds ratic  95% CI Pvalue  Oddsratio  95% CI P value
survival
Age
<69 (year) 64 1
>69 (year) 63 1.37 2 0.70-2.67 0.36
Gender -
Male 97 1
Female 30 222 1.12-4.40 0.02
HCV antibody
(=) 55 1
(+) 72 1.86 0.91-3.80 0.09

HBs antigen
(=) 112 1

+) 15 0.37 0.09-1.55 0.17
Daily alcohol intake

(=) 83 1

(+) 44 0.64 0.30-1.37 0.25
Child-Pugh score

A 118 1

B 9 1.27 0.39-4.15 0.70
ICG Ry5s

<15% 78 1

>15% 49 0.74 0.35-1.54 0.42
Primary tumor size

<5 cm 75 1 1

>5 cm 52 2.67 1.35-5.26 0.005 2.00 0.98-4.01 0.06
Number of tumors

Single 94 1 1

Multiple 33 2.65 1.31-5.17 0.006 2.18 1.08-4.37 0.03
Vascular involvement

(=) 104 1

(+) 23 1.96 0.94-4.10 0.07

Serum AFP levels
<400 ng/ml 105 1

>400 ng/ml 22 1.66 0.76-3.67 0.21
Liver resection

Minor 59 1

Major 68 1.21 0.62-2.37 0.57
Resection margin

RO 118 1

R1 9 1.13 0.35-3.69 0.84
Tumor differentiation

Well 27 1

Moderate 86 242 0.84-6.95 0.10

Poor . 14 4.14 I.11-155 0.04
Blood loss

<880 ml 65 i 1

>880 ml 62 2.15 1.07-4.32 0.03 1.72 0.84-3.54 0.14
Chemolipiodolization

(=) 64 1

(+) 63 0.46 0.21-0.98 0.04

HBs hepatitis B virus surface
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TABLE 4 Patterns of recurrence at 2 years after hepatectomy

Pattern of recurrence Chemolipiodolization

=) ()

Intrahepatic metastasis

<3 nodules 21 14
>3 nodules 17 9
Extrahepatic metastasis 2

patterns -were mnot statistically significantly different
between the two groups.

DISCUSSION

This study revealed that adjuvant chemolipiodolization
could reduce recurrences at 2 years after surgery, which
implies that it can prevent intrahepatic metastasis (IM).
Moreover, a multivariate Cox proportional hazard model
revealed that adjuvant chemolipiodolizaticn was an inde-
pendent favorable factor for reducing recurrences at
2 years after hepatectomy. However, this effect disap-
peared at 5 years after surgery, which suggests that the
technique does not effectively prevent MC.

Concerning the survival outcome, chemolipiodolization
appeared to improve the overall survival at 5 years after
surgery. The patients with earlier recurrence tend to have a
less favorable outcome.>®% Therefore, reducing IM recur-
rences by adjuvant chemolipiodolization would affect the
overall survival at 5 years after surgery. However, adjuvant
chemolipiodolization was not an independent favorable
prognostic factor for overall survival in this study. This
might be because the duration of follow-up observation in
the chemolipiodolization-positive group was relatively
short, and did not provide sufficient statistical power for the
multivariate Cox proportional hazard model.

Previously '*'I-lipiodol was reported in various coun-
tries as an adjuvant therapy after curative liver resection for
HCC that provided a favorable survival benefit.'“?1?220 In
studies performed in China and France, 1311lipiodol pro-
vided prolonged survival benefit on recurrence-free and
overall survival, and the effect was sustained for 5-7 or
8 years after surgery.%’27 However, in contrast to these
studies, a study from Italy which evaluated the prognostic
impact of 1311 Jipiodol on HCV-associated HCC revealed
that the improvement of disease-free survival rate was only
over the short term, up to 15 months, and that the advan-
tage had faded at 36 months after surgery.? In the previous
Chinese study, more than 80% of the patient population
had HBV infection. In the French study, although’ the
prevalence of viral hepatitis was not described in the
report, alcoholic hepatitis was the leading cause of HCC
and was responsible for 60% of all HCC cases in France.”®

Contrary to the previous studies, the underlying liver dis-
ease in the present study was HCV hepatitis in 56.7% of
patients (72 of 127), HBV hepatitis in 11.8% of patients
(15 of 127) and other nonviral etiology in 33.1% of patients
(42 of 127). As Japanese HCC was primarily the result of
HCV hepatitis, the beneficial effect of adjuvant lipiodoli-
zation would be predicted to be similar to the Italian study,
because it appears that the efficacy of chemolipiodolization
is influenced by the underlying liver disease.

Adjuvant interferon (IFN) therapy is also a candidate for
preventing HCC recurrences. Although IFN was reported
to have direct antitumor effects, most previous studies
administered IFN expecting an additional effect on hepa-
titis C, and reported favorable results.”*! From one
randomized, controlled study for HCV-associated HCC,
adjuvant TFN therapy could not prevent recurrences within
2 years from surgery, but could greatly reduce late recur-
rences that occurred more than 2 years after surgery.>? This
would indicate that treatment of the underlying viral hep-
atitis is more important for reducing late or MC
recurrences. Therefore, a combination of therapeutic
strategies targeted for reducing IM recurrences by using
our approach and for MC recurrences by using IFN should
be examined in order to determine whether the incidence of
intrahepatic recurrences can be further reduced.

This study has some limitations. The most problematic
limitation is that this study is not a randomized prospective
study. Therefore, some confounders might affect our
results. However, multivariate analysis revealed that adju-
vant chemolipiodolization was an independent favorable
factor for reducing early recurrences. Second, the patient
occurred recurrence within 3 months after surgery was
administered TACE instead of adjuvant chemolipiodoli-
zation in this study and which might bias our results.
However, excluding these patients from analysis would
bring another selection bias. Therefore, this study was
performed by intention-to-treat fashion. Third, in survival
analysis, the duration of follow-up observation was not
very long in the chemolipiodolization group. Therefore,
further follow-up will be needed for a more definitive
survival analysis and a prospective study also will be
needed to verify our retrospective result.

In conclusion, adjuvant chemolipiodolization could
reduce the incidence of recurrences for 2 years after
curative resection, and resulted in a favorable overall sur-
vival at 5 years after the surgery. However, this effect was
limited to reducing IM (early) recurrences. In order to
further prevent recurrences, a strategy for reducing MC
(late) tecurrences will be needed. A combination of che-
molipiodolization with antiviral therapy could provide
additional survival benefit in cases where virus-associated
HCC is dominant.

-1390-



Adjuvant Chemolipiodolization

3631

REFERENCES

N

14.

15.

. Imamura H. Matsuyama Y, Tanaka E, et al. Risk factors con-

tributing to early and late phase intrahepatic recurrence of
hepatocellular  carcinoma after hepatectomy. J Hepatol.
2003;38:200~7.

. Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of sur-

gical treatment for early hepatocellular carcinoma: resection
versus transplantation. Hepatology. 1999;30:1434-40.

. Poon RT, Fan ST, Ng IO, Lo CM. Liu CL, Wong J. Different risk

factors and prognosis for early and late intrahepatic recurrence
after resection of hepatocellular carcinoma. Cancer. 2000;89:
500-7.

. Takenaka K, Adachi E, Nishizaki T, et al. Possible multicentric

occurrence of hepatocellular carcinoma: a clinicopathological
study. Hepatology. 1994;19:889-94.

. Chen PJ., Chen DS. Lai MY, et al. Clonal origin of recurrent

hepatocellular carcinomas. Gastroenterology. 1989;96:527-9.

. Portolani N, Coniglio A, Ghidoni S, et al. Early and late recur-

rence after liver resection for hepatocellular carcinoma:
prognostic and therapeutic implications. Ann Surg. 2006;243:
229-35.

. Sakon M, Umeshita K, Nagano H, et al. Clinical significance of

hepatic resection in hepatocellular carcinoma: analysis by dis-
ease-free survival curves. Arch Surg. 2000;135:1456-9.

. A new prognostic system for hepatocellular carcinoma: a retro-

spective study of 435 patients: the Cancer of the Liver Italian
Program (CLIP) investigators. Hepatology. 1998;28:751-5.

. Tateishi R, Yoshida H. Shiina S. et al. Proposal of a new prog-

nostic model for hepatocellular carcinoma: an analysis of 403
patients. Gut. 2005;54:419-25.

. Yamamoto J, Kosuge T, Takayama T, et al. Perioperative blood

transfusion promotes recurrence of hepatocellular carcinoma after
hepatectomy. Surgery. 1994;115:303-9.

. Bguchi S, Kanematsu T, Arii S, et al. Comparison of the out-

comes between an anatomical subsegmentectomy and a non-
anatomical minor hepatectomy for single hepatocellular carci-
nomas based on a japanese nationwide survey. Surgery.
2008;143:469-75.

. Katz SC, Shia J. Liau KH, et al. Operative blood loss indepen-

dently predicts recurrence and survival after resection of
hepatocellular carcinoma. Ann Surg. 2009;249:617-23.

. Yamamoto M, Arii S, Sugahara K, Tobe T. Adjuvant oral che-

motherapy to prevent recurrence after curative resection for
hepatocellular carcinoma. Br J Surg. 1996;83:336-40.

Lau WY, Leung TW, Ho SK., et al. Adjuvant intra-arterial iodine-
131-labelled lipiodol for resectable hepatocellular carcinoma: a
prospective randomised trial. Lancer. 1999;353:797-801.

Izumi R, Shimizu K, Iyobe T, et al. Postoperative adjuvant
hepatic arterial infusion of lipiodol containing anticancer drugs in
patients with hepatocellular carcinoma. Hepatology. 1994;20:
295-301.

. Takenaka K. Yoshida K, Nishizaki T, et al. Postoperative pro-

phylactic lipiodolization reduces the intrahepatic recurrence of
hepatocellular carcinoma. Am J Surg. 1995;169:400-4.

. Li JQ, Zhang YQ, Zhang WZ, Yuan YF, Li GH. Randomized

study of chemoembolization as an adjuvant therapy for primary
liver carcinoma after hepatectomy. J Cancer Res Clin Oncol.
1995;121:364-6.

. Takayama T. Sekine T, Makuuchi M, et al. Adoptive immuno-

therapy to lower postsurgical recurrence rates of hepatocellular
carcinoma: a randomised trial. Lancet. 2000;356:802-7.

20.

21.

23.

24.

25.

26.

28.

30.

3L

32.

-1391-

. Mathurin P, Raynard B, Dharancy S, et al. Meta-analysis: eval-

vation of adjuvant therapy after curative liver resection for
hepatocellular carcinoma. Aliment Pharmacol Ther. 2003;17:
1247-61.

Samuel M, Chow PK, Chan Shih-Yen E, Machin D, Soo KC.
Neoadjuvant and adjuvant therapy for surgical resection of
hepatocellular carcinoma. Cochrane Database Syst Rev. 2009;1:
CD001199.

Boucher E, Corbinais S, Rolland Y, et al. Adjuvant intra-arterial
injection of iodine-131-labeled lipiodol after resection of hepa-
tocellular carcinoma. Hepatology. 2003;38:1237-41.

. Tabone M, Vigano L, Ferrero A, Pellerito R, Carbonatto P,

Capussotti L. Prevention of intrahepatic recurrence by adjuvant
(131)iodine-labeled lipiodol after resection for hepatocellular
carcinoma in HCV-related cirrhosis. Eur J Surg Oncol.
2007;33:61-6.

Shimoda M, Bando T, Nagata T, Shirosaki I, Sakamoto T,
Tsukada K. Prophylactic chemolipiodolization for postoperative
hepatoma patients. Hepatogastroenterology. 2001,48:493-7.
Tanaka K, Shimada H, Togo S, et al. Use of transcatheter arterial
infusion of anticancer agents with lipiodol to prevent recurrence
of hepatocellular carcinoma after hepatic resection. Heparogas-
troenterology. 1999;46:1083-8.

Shimada M, Takenaka K, Gion T, et al. Prognosis of recurrent
hepatocellular carcinoma: a 10-year surgical experience in Japan.
Gastroenterology. 1996;111:720-6.

Lauw WY, Lai EC, Leung TW, Yu SC. Adjuvant intra-arterial
iodine-131-labelzd lipiodol for resectable hepatocellular carci-
noma: a prospective randomized trial-update on 5-year and
10-year survival. Ann Surg. 2008;247:43-8.

. Boucher E, Bouguen G, Garin E, Guillygomarch A, Boudjema K,

Raoul JL. Adjuvant intraarterial injection of 131i-labeled lipiodol
after resection of hepatocellular carcinoma: progress report of a
case-control study with a 5-year minimal follow-up. J Nitcl Med.
2008;49:362-6.

Chevret S, Trinchet JC, Mathieu D, Rached AA, Beaugrand M,
Chastang C. A new prognostic classification for predicting sur-
vival in patients with hepatocellular carcinoma. Groupe d’etude
et de traitement du carcinome hepatocellulaire. J Hepatol.
1999;31:133-41.

. Damdinsuren B. Nagano H, Sakon M, et al. Interferon-beta is

more potent than interferon-alpha in inhibition of human hepa-
tocellular carcinoma cell growth when used alone and in
combination with anticancer drugs. Ann Surg Oncol. 2003;10:
1184-90.

Tkeda K, Arase Y, Saitoh S, et al. Interferon beta prevents
recurrence of hepatocellular carcinoma after complete resection
or ablation of the primary tumor—a prospective randomized
study of hepatitis C virus-related liver cancer. Hepatology.
2000,32:228-32.

Kubo S, Nishigachi S, Hirohashi K, et al. Effects of long-term
postoperative inzerferon-alpha therapy on intrahepatic recurrence
after resection of hepatitis C virus-related hepatocellular carci-
noma. A randomized, controlled trial. Ann Intern Med.
2001;134:963-7.

Mazzaferro V, Romito R, Schiavo M, et al. Prevention of hepa-
tocellular carcinoma recurrence with alpha-interferon after liver
resection in HCV cirrhosis. Hepatology. 2006;44:1543-54.

(|

OO 00 00 00 00 060 00 13 58 09



Langenbecks Arch Surg (2011) 396:1101-1107
DOI 10.1007/500423-011-0778-7

ORIGINAL ARTICLE

Combined intraoperative use of contrast-enhanced
ultrasonography imaging using a sonazoid and fluorescence
navigation system with indocyanine green

during anatomical hepatectomy

Kazuhisa Uchiyama - Masaki Ueno - Satoru Ozawa - Shigehisa Kiriyama -
Yoshinobu Shigekawa - Seiko Hirono - Manabu Kawai - Masaji Tani - Hiroki Yamaue

Received: 15 August 2010 /Accepted: 8 March 2011 /Published online: 29 March 2011

© Springer-Verlag 2011

Abstract

Purpose The clear demarcation line is ideal for real-time
surgical navigation imaging during hepatectomy.

Methods The study population was comprised of 22
patients with moderate liver cirrhosis scheduled to undergo
an anatomical liver resection for the treatment of hepato-
cellular carcinoma. This study set out to assess the clinical
‘value of the concomitant intra-operative use of contrast-
enhanced intra-operative ultrasound using Sonazoid™, and
a fluorescence navigation system (PDE) with ICG, as a
novel tool for patients undergoing an anatomical liver
resection.

Results Following portal pedicle ligation for anatomical
resection, 2 min after injection of ICG, the segments to be
resected were detected as a negative-brightness area using
PDE fluorescence. Sonazoid™ administration provides a
parenchymal transectional line, as the margin of a loss of
blood flow shows a hypo-enhanced image, and the resec-
tional line of the parenchyma can be confirmed by CE-
IOUS. Although the demarcation line of the liver surface

after the portal pedicle ligation was apparent in 17 patients, -

the resection line using PDE was clearly detected in all 22
patients (p<0.018).

Conclusions The combined use of these methods is
therefore considered to be useful and safe for surgeons, as
an additional tool for performing a liver resection.
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Introduction

Intra-operative fluorescent imaging techniques using indoc-
yanine green (ICG) (Diagnogreen Inj., Daiichi Sankyo,
Tokyo, Japan) have been used to assess the detection of
sentinel lymph nodes metastasis in gastric and breast cancer
[1, 2]. Recently, some studies reported that liver tumors such
as hepatocellular carcinoma (HCC) and metastatic carcinoma
exhibited strong fluorescence in patients who had been
administered ICG several days prior to surgery during a
routine preoperative liver function test [3]. Previous studies
of hepatobiliary surgeries using ICG-fluorescent imaging to
identify liver caacers, biliary congested areas, and the biliary
tracts during cholecystectomy have been reported [4, 5].
These techniques are based on the finding that ICG binds to
plasma proteins, and protein-bound ICG emits light with a
peak wavelength of around 830 nm when excited with near-
infrared light 4]. In our department, anatomic hepatic
resection, defined as the complete removal of at least one
Couinaud segment containing the tumor, is the standard
treatment for patients with HCC [6]. Two minutes after
intravenous ICG injection following portal pedicle ligation
via a posterior intrahepatic approach, we found that the
demarcation line on the liver surface was clearly detectable
using Photo Dynamic Eye (PDE).

Intra-operative ultrasonography (IOUS) has been shown to
yield significant new information not identified on preopera-
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tive imaging, which either determines the resectability or
changes the operative plan; it is considered to be the gold
standard, thereby achieving universal usage. Recently, to find
occult metastases during a hepatectomy in patients with HCC
and liver metastases, contrast-enhanced IOUS (CE-IQUS)
was performed using Sonazoid™ (GE Healthcare, Oslo,
Norway), a new second-generation ultrasound perflubutane
microbubbles agent with a median diameter of 2 to 3 nm that
provides a parenchyma-specific conirast image based on its
accumulation in the Kupffer cells in the liver [7]. Sonazoid is
present on the late Kupffer-phase image with a long duration
(approximately 2 h after injection) following vascular- and
sinusoidal-phase images. SonoVue (Bracco Spa, Milan,
Italy) has already been used as a microbubble agent in CE-
I0US, but the duration of the contrast enhancement was
shorter, with a mean duration of 4 to 5 min [8]. After portal
pedicle ligation for anatomical resection, intravascularly
administered Sonazoid™ provides a parenchyma-specific
contrast image based on its accumulation in the Kupffer
cells, and we were able to identify the parenchymal
transactional line as the margin with loss of blood flow
shown as a hypo-enhanced image for over 1 h. Therefore, we
were able to confirm the resectional line of the parenchyma
with JOUS at any time. The aim of the present study was to
assess the clinical value of the combined use of fluorescence
navigation system (PDE) using indocyanine green and CE-
I0US with Sonazoid, as a novel tool in patients undergoing
anatomical liver resection.

Patients and method
Patients' backgrounds

From January 2008 to December 2009, 22 consecutive
patients (mean age, 73.5 years; SD, 9.8 years; range, 43—
82 years of age; 14 males and eight females) were enrolled to
undergo an anatomical liver resection for hepatocellular
carcinoma (HCC) at Wakayama Medical University Hospital
(WMUH). The anatomical resection procedures included a
hemihepatectomy (removal of right lobe in four patients, the
removal of a left section in four patients), a sectionectomy
(removal of the anterior section in three patients, removal of
posterior section in five patients), and a segmentectomy
(removal of 8 in four patients, segment 6 in two patients)
based on Couinaud's classification. The operative procedures
conducted in the anatomic resections are shown in Table 1.
All patients were fully informed of the study design
according to the Ethical Committee on Clinical Investigation
of Wakayama Medical University Hospital and consented in
writing to participate in this study.

In all patients, multi-detective CT scanning (MDCT) and
magnet resonance imaging (MRI) were performed in a
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Table 1 Operative producers of an anatomic resection using
combined PDE and CE-IOUS

No. of cases in which the
demarcation line was detected

Hepatectomy procedure No.

Only ligated in the Adding use
portal pedicle of PDE
Right liver (S5 S6S7S8) 4 4 4
Left liver (S2 S3 S4) 4 3 4
Posterior sector (S6 S7) 5 4 5
Anterior sector (S5 S8) 3 2 3
S8 segment 4 2 4
S6 segment 2 2 2
Total 22 17 22%

*p<0.018 vs. only ligated in the portal pedicle

standardized preoperative examination within 2 weeks
before the hepatic resection. The CT diagnoses were based
on a triphasic contrast-enhanced protocol using a 64-row
multi-detective CT scanner (Aquilion 64, Toshiba Medical,
Japan), and MR imaging was performed using the 1.5 T
MRI system (Philips, Achieva, Netherlands) with an 8-
channel body phased-array coil. The use of MDCT allows
for a three-dimensional image construction of the liver and
a preoperative estimation of the resected liver weight using
the CT-volumeiry software program Virtual Place Advance
(AZE Inc., Tokyo, Japan) [9]. We evaluate the consistency
of the shape and/or weight of the resected specimen with
those estimated based on preoperative 3D-CT using this
software program. Preoperative 3D simulation images taken
during the resection of segment 8 arranging from the
MDCT are shown in Fig. 1.

Fig. 1 Preoperative 3D simulation image during segment 8 resection
arranging from the MDCT using the Virtual Place Advance software
program. Virtual landmark veins were found in the cutting surface: the
right hepatic vein, the middle hepatic vein, and the stump of the
Glisson of segment 8
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Equipment of PDE and CE-IOUS system

Intra-operative fluorescent techniques using the commer-
cially available near-infrared (NR) fluorescence imaging
system (PDE; Hamamatsu Photonics K.K. Hamamatsu,
Japan) activates ICG with emitted light at a wavelength of
760 nm and filters out light with wavelengths below
820 nm. The light source was a light-emitting diode
(LED), and the detector was a charge-coupled device
(CCD) camera. The fluorescence signals were sent to a
digital video processor for display on a TV monitor. When
ICG binds to human plasma, ICG is detectable as a
fluorescent signal using the PDE infrared observation
camera system. A contrast-enhanced (CE-IOUS) system
with Sonazoid™ was performed on an Aloka ProSound
«10 system (Aloka Ltd., Tokyo, Japan) equipped with a
micro-convex 3.5 MHz frequency probe. None of the
authors or Wakayama Medical University Hospital received
any financial benefits by advertising these equipments, and
there are no conflicts of interest to declare.

Surgical technique

Following the portal pedicle ligation via the posterior
intrahepatic approach for anatomical hepatectomy, 1 min
after ICG was injected in the cephalic vein at a dose of
0.5 mg/kg body weight, the negative-brightness area of the
liver area without blood flow was clearly detected on the
liver surface using the PDE system. At the same time, the
contrast agent Sonazoid™ was administered at a dose of
0.0075 ml/kg by a manual bolus injection following a flush
with 3.0 ml of normal saline. This contrast agent is
characterized by prolonged maintenance of its contrast
attributes and allows continuous vascular and postvascular
imaging. Microbubbles of the perflubutane-based contrast
agent are phagocytosed by reticuloendothelial cells in the
liver 10-30 min after injection, enhancing the liver
parenchyma. Intravascular Sonazoid administration pro-
vides a parenchymal transactional line at the margin with
a loss of blood flow, shown on a hypo-enhanced image for
a long duration approximately 1 h, and the resectional line
of the parenchyma could be confirmed with CE-IOUS at
any time during hepatectomy. Following contrast adminis-
tration, the liver parenchyma enhances uniformly, and the
ischemic regions were easily identified appearing as a dark
contrast free. We were able to recognize the resection line
with the intermittent use of CE-IOUS by sandwiching a
piece of gauze between the cutting surfaces of the liver
parenchyma. The resection of the liver parenchyma was
performed using an ultrasonic dissector under intermittent
clamping by means of occlusion of blocd inflow, both
pedicular or selective, 20 min and then release for 5 min
using a rubber tape with a tourniquet.

As for the statistical analyses, the chi-square test was
used to evaluate the differences of the number of patients
by Stat View program (version 5 Hulinks, Tokyo, Japan).
Statistical significance was defined as a P value of <0.05.

Results

The surgical procedures used during the anatomic resec-
tions are shown in Table 1. Although the demarcation line
of the liver surface after the portal pedicle ligation was
apparent in 17 patients, the resection line using PDE was
clearly detected in all 22 patients (p<0.018). The median
blood loss during hepatectomy was 480 ml (range 130 to
1,250 ml) and the median duration of surgery was 280 min
(range 140 to 380 min). There were no problems with the
PDE and CE-IOUS procedure. No postoperative complica-
tions, such as bile leakage, developed as a result of either
type of liver resection in this study. The median hospital-
ization period was 11 days (range 8 to 15 days). The
surgical procedures conducted in the anatomic resections
are shown in Table 1. After the ligation of the portal pedicle
prior to the parenchymal dissection for anatomic resection,
17 of 22 cases (77%) had the demarcation line appear on
the liver surface without using ICG-fluorescent imaging,
but in all cases, the discolored area indicating the ischemic
area of the liver was detected following the use of the PDE
system. The demarcation line of the liver segment was
visible with the PDE camera system, even 10 s after ICG
injection. In our cases, intravenous ICG has not been
associated with any adverse effects apart from occasional
allergic reactions. For example, Fig. 2 shows the time
course of the appearance of the negative-brightness area of
segment 8.

Immediately after the administration of Sonazoid, the
portal veins, hepatic veins, and the normal liver parenchyma,
but not the segment with the loss of blood flow, were
uniformly enhanced following portal pedicle ligation. For
example, segment 8 was due to be removed and was identified
as a filling defect during hepatectomy (Fig. 3). Approximately
60 min after the injection, the remnant liver was identified by
contrast enhancement. Qur standard views are shown after
the anatomic resection of segment 8 (Fig. 4). After
performing the liver resection, we confirmed that the
positive-brightness area on the remmant liver was clearly
detected on the raw liver surface using the ICG-fluorescent
images. With regard to the benefit of using both methods
after clamping of the pedicle, clear discoloration marks on
the liver surface could be confirmed with the PDE system,
and the resectional line of the parenchyma could be
confirmed with CE-IOUS at any time during hepatectomy.

If the metastatic lesion was in the remnant liver, the filling
defects were clearly confirmed with CE-IOUS at any time
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Fig. 2 The time course of the A
appearance of the negative-
brightness area in segment

8 with the intra-operative PDE
image after intravenous ICG
injection. a Normal view of pre-
injection. b One minute after
injection. ¢ Two minutes after
injection. d Ten minutes after
injection

within 30 min after the intravenous injection of Sonazoid.
Figure 5 shows IOUS and CE-IOUS images of an HCC
metastasis with liver cirthosis at segment 7. The metastatic
lesion was unclearly detected as a slightly hypoechoic mass,
which could not be differentiated from fibroid indurations
based on the liver cirrhosis with IOUS; however, the CE-
IOUS view of the same lesion revealed the metastatic lesion
to be a clear hypoechoic mass at the late Kupffer phase.
Two hours after venous ICG injection, its excretion
into the bile was monitored by PDE, and when used with
bile duct imaging was a better choice for detecting the

Fig. 3 IOUS image and CE-
I0US image of the Kupffer
phase using Sonazoid after the
ligation of the segment 8 pedi-
cle. a Non-enhanced IOUS can-
not provide a parenchymal
transactional line. b Sonazoid
administration provides a clear
parenchymal transactional line
as the margin with loss of blood
flow, as shown on the hypo-
enhanced image
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cutting portion of bile duct (Fig. 6). The PDE system for
imaging of the extrahepatic biliary duct can detect the
cutting porticn of the bile duct to permit real-time
monitoring of the resection of liver parenchyma.

We evaluated the correlation of the weight of the
resected specimen with that estimated based on preopera-
tive 3D-CT using this software program. Figure 7 shows
the correlation diagram between the estimated volume of
the resected specimen and the true weight of the removed
specimen. The correlation coefficient showed a satisfactory
result for the estimate (R=0.982).

LUt k10,0 Gdé 036 Al

-1395-



