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Abstract

Hirotatsu Sato”, Hiroki Yamaue”

Here, we report a case of hepatocellular carcinoma detected on computed tomography and treated with la-
paroscopic anatomical liver resection in a 69-year-old woman who was being followed-up for hepatitis C. In-
traoperative liver segmentation is necessary to accomplish laparoscopic anatomical liver resection. Therefore,
the day before surgery, hepatic artery embolization was performed with an indocyanine green-Lipiodol® mix-
ture and Gelpart” containing indocyanine green to mark the region for hepatectomy. The next day, surgeons
visually confirmed the resection segments on indocyanine green fluorescence imaging and performed laparo-
scopic anatomical liver resection. No major complications resulted from this method. In conclusion, hepatic
artery embolization with an indocyanine green-Lipiodol® mixture is effective and safe for liver segment iden-
tification during laparoscopic anatomical liver resection.
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Introduction

Laparoscopic hepatectomy is more difficult compared to
laparotomy because of the utilization of two-dimensional
images (no stereoscopic effect or depth of field) and narrow
visual field. Therefore, intraoperative liver segmentation is
necessary to accomplish laparoscopic anatomical liver resec-
tion (LALR). Ueno et al. reported the usefulness of hepatic
artery embolization (HAE) with indocyanine green (ICG;
Diagnogreen” for injection, 2.5 mg/mL, Daiichi Sankyo, To-
kyo, Japan) to identify the liver segments for resection [1].
They mixed ICG with a water-soluble contrast medium and
had to perform surgery on the same day because ICG
washes out within 24 h after infusion. In the present case,
we mixed ICG with Lipiodol® (Lipiodol 480 injection;

Guerbet Japan, Tokyo, Japan), a lipid-soluble contrast me-
dium, to delay the washout of ICG, enabling us to perform
surgery the next day.

Institutional review board approval was obtained for pub-
lication of this case report, and informed consent was ob-
tained from the patient.

Case Report

A 69-year-old woman was being followed-up for hepatitis
C. Blood tests showed high levels of tumor markers (o
fetoprotein: 174 ng/mL, protein induced by vitamin K ab-
sence or antagonist I[: 50 mAU/mL). Because computed to-
mography (CT) revealed hepatocellular carcinoma (HCC) in
segment VIII, we decided to perform LALR.

The day before surgery, HAE was performed to mark the
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Fig. 1. (a) Computed tomography during arteriography of
the right hepatic artery shows that the tumor’s feeding artery
is A8 (light blue). (b) Computed tomography during arteriog-
raphy of A8 confirms that the tumor is fed by A8 alone.

liver segments for LALR. Under local anesthesia, a 3-Fr
sheath (Radifocus Introducer ITH; Terumo, Tokyo, Japan)
was inserted in the right femoral artery. A shepherd-hook
catheter (1 CJ 70 cm; Medikit, Tokyo, Japan) was inserted
into the celiac artery, and a microcatheter (Veloute 1.7 Fr
125 cm; ASAHI INTECC, Tokyo, Japan) was advanced into
the right hepatic artery and A8 (hepatic artery for segment
VIII). After confirming that A8 was the only feeding artery
for the tumor by CT during arteriography (Fig. 1), A8 was
embolized using 9.5 mL of mixture A (5 mL ICG and 5 mL
Lipiodol®) and mixture B (5 mL ICG and Gelpart® [Gelpart
I mm 80 mg; Nippon Kayaku, Tokyo, Japan] mixed in 5
mL of contrast medium). Mixture A was initially injected
into A8, which was subsequently embolized with mixture B
until blood flow stopped. CT performed immediately after
HAE confirmed that the ICG-Lipiodol® mixture had accu-
mulated in segment VIII, which included the tumor (Fig. 2
a). This procedure took 2 h. The next day, the surgeons
visually confirmed the target area (segment VIII) by ICG
fluorescence imaging and performed LALR (Fig. 3). This
operation took 7 h and 30 min. Postoperative CT revealed
that segment VIII was selectively resected (Fig. 2b). No ma-
jor complications resulted from this method. The pathologi-
cal diagnosis in this case was moderately differentiated HCC
with approximately 85% necrosis of the tumor. Gelpart” was
detected in the hepatic artery around the tumor. It was diffi-
cult to identify Lipiodol® in the portal vein using hematox-
ylin and eosin staining.
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Fig. 2.
after hepatic artery embolization shows accumulation of the

(a) Computed tomography performed immediately

indocyanine green-Lipiodol® mixture in segment VIII, which
includes the entire tumor. (b) Computed tomography after
laparoscopic anatomical liver resection shows that segment
VIII has been selectively resected.

Discussion

The tattooing method [2, 3] or the Glissonian approach
[4] are commonly used to identify hepatic segments in con-
ventional open liver surgery. Using the Glissonian approach,
we can observe ICG fluorescence in the remnant liver by
clamping the target Glissonian pedicle and injecting ICG in-
travenously (counter perfusion method). However, technical
difficulties occasionally arise when performing LALR of
segment V, VI, VII, or VIIL In such situations, the tattooing
method (direct perfusion method) is performed. However, it
is occasionally difficult to inject ICG into the portal vein
under laparoscopic intraoperative ultrasonography (IOUS),
and ICG washes out from the liver rapidly. To overcome
these challenges, Ueno et al. performed HAE using ICG
mixed with a water-soluble contrast medium [1]. In our past
clinical experience with this method, ICG had completely
washed out from the liver within 24 h after HAE. Therefore,
it is necessary to perform HAE and LALR simultaneously
in a hybrid operation room. However, performing angiogra-
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Fig. 3. The day after infusion of the indocyanine green-
Lipiodol® mixture, surgeons detected residual indocyanine
green in segment VIII and performed laparoscopic anatomical
liver resection. The three arrows represent the boundaries of
the resected and non-resected regions.

phy in the operation room restricts the movement of person-
nel, and CT during arteriography cannot be performed in the
operating room. Surgeons also need to wait for radiologists
to complete their procedures and cannot place the patient in
an open-leg or a semi-prone position because the bed is pre-
pared for interventional radiology (IR).

In the present case, we used ICG mixed with Lipiodol'@, a
lipid-soluble contrast medium, to delay the washout of ICG.
Furthermore, the use of additional embolic materials (Gel-
part®) can prevent ICG from being washed out due to blood
flow. This allows surgeons to visualize the target segments
for resection on ICG fluorescence imaging and perform
LALR the day after HAE. Lipiodol® is commonly used as a
carrier of anticancer drugs in transcatheter arterial chemoem-
bolization (TACE) for HCC. In TACE, Lipiodol® is injected
into the hepatic arteries and flows into the portal vein
branches and hepatic sinus through the peribiliary vascular
plexus around the tumor [5, 6]. Lipiodol"™ is a hyperviscous
material that prevents the washout of ICG by blocking mi-
crovessels, including the portal vein branches and peribiliary
vascular plexus, around the tumor. We are now planning ex-
perimental studies including pigs to assess the degree to
which the Lipiodol® infusion delays the washout of ICG
from the liver.

This new method has some limitations. Preoperative HAE

with Lipiodol® could cause tumor necrosis before LALR
contrary to the original technique performed immediately
before surgery. If the entire tumor is necrotic, a pathologic
diagnosis cannot be made. This approach might become
more difficult in patients with significant arteriovenous
shunting or arterial communication around the target region.
IR also increases surgical costs, although laparoscopic he-
patectomy is associated with lower hospital costs compared
to open hepatectomy. The additional time taken to perform
IR is another disadvantage of this method. However, sur-
geons can perform LALR without losing the cutting direc-
tion by using ICG fluorescence imaging. This enables sur-
geons to reduce the frequency of laparoscopic IOUS to con-
firm the cutting direction during hepatectomy. Consequently,
our method might reduce the overall operating time.

In conclusion, HAE with an ICG-Lipiodol® mixture and
Gelpart” containing ICG delays the washout of ICG and
helps surgeons identify the liver segments during LALR.
Further studies including more patients are required to con-
firm the efficacy of this method.
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Abbreviations: CT: computed tomography. HAE: hepatic artery
embolization. HCC: hepatocellular carcinoma. ICG:
green. IR: interventional radiology. IOUS: intraoperative ultrasonogra-
phy. LALR: laparoscopic anatomical liver resection. TACE: transcathe-

indocyanine

ter arterial chemoembolization.
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