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PURPOSE: To retrospectively evaluate the relationship between local tumor recurrence and iodized oil deposition in the
portal vein by using ultraselective transcatheter arterial chemoembolization (TACE) for small hepatocellular carcinoma.

MATERIALS AND METHODS: One-hundred twenty-three tumors smaller than 5 cm in diameter (mean diameter, 1.9
cm; median diameter, 1.6 cm) were treated with TACE by using a 2-F tip microcatheter at a distal portion of the
subsegmental artery of the liver. Portal vein visualization at spot radiography during TACE was divided into three
grades, as follows: 0 � not visualized, 1 � limited near the tumor, and 2 � whole or extended to the embolized area.
Local recurrence rates of each grade group were compared. The recurrent pattern was divided into intratumoral and
peritumoral recurrence. Complications were also analyzed.

RESULTS: Of the 123 tumors, 53 (43.1%) were classified as grade 2, 52 (42.3%) were classified as grade 1, and 18 (14.6%)
tumors were classified as grade 0. Overall local recurrence rates at 12, 24, and 36 months were 25.6%, 34.7%, and 34.7%,
respectively. The local recurrence rates for the grades 2, 1, and 0 groups were 7.9%, 24.8%, and 85.7%, respectively, at
12 months and 17.7%, 38.9%, and 85.7% at 24 months. Recurrence rates in the grade 2 group were significantly lower
than those in the grades 1 and 0 groups (P � .0485 and P < .0001, respectively). Intratumoral recurrence was observed
in 21 tumors, most of which were in the grade 0 group. Peritumoral recurrence was noted in 16 tumors, most of which
were in the grade 2 group. There were no major complications.

CONCLUSION: Ultraselective TACE was safe and effective in a significant number of tumors. In particular, local
recurrence was significantly lower when a greater degree of portal vein visualization was demonstrated during TACE.
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Abbreviations: CTAP � CT during arterial portography, CTHA � CT during hepatic arteriography, HCC � hepatocellular carcinoma, PIVKA-II � protein in-
duced in vitamin K absence II, TACE � transcatheter arterial chemoembolization

HEPATOCELLULAR carcinoma (HCC)
is one of the most common malignant

tumors in East Asia. The prognosis of
patients with inoperable HCC has im-

proved with advances in therapeutic
options (eg, local ablation therapies) in
addition to transcatheter arterial che-
moembolization (TACE) (1–8). In gen-
eral, it believed that radiofrequency
ablation has a stronger therapeutic ef-
fect than TACE (6–8). Rossi et al (6)
reported that the local recurrence rate
of HCCs with diameters smaller than 3
cm treated with radiofrequency abla-
tion was 0% at 1 year, 4% at 2 and 3
years, and 16% at 4 and 5 years. Con-
versely, we previously reported that
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the local recurrence rate of HCCs
smaller than 4 cm in diameter treated
with subsegmental TACE was 18% at
1 year, 30% at 2 years, and 33% at 3
and 4 years (3). Tumors located near
dangerous architectures, however,
such as a main portal vein, inferior
vena cava, gallbladder, or alimentary
tract, are not usually candidates for
radiofrequency ablation (8). In addi-
tion, in most patients with HCC ini-
tially treated by some therapeutic op-
tions other than TACE, TACE may be
required during the subsequent course
due to the high incidence of tumor
recurrence. Therefore, TACE still
plays an important part in the treat-
ment of inoperable HCC, and the ad-
vancement of TACE technology re-
mains crucial.

It has been reported that portal
blood supply to tumors after TACE is
one of the main causes of tumor recur-
rence (9,10). Several techniques to en-
hance the therapeutic effect of TACE
have also been reported (11–13). We
used a 2-F tip microcatheter for TACE
of small HCCs and injected embolic
materials into a limited area via a cath-
eter navigated distally into the subseg-
mental artery to achieve the blockage
of both arterial and portal blood flow
by overflowed embolic materials into
the portal vein. Herein, we analyze the
preliminary results of our ultraselec-
tive TACE procedure with a 2-F tip
microcatheter, especially with regard
to the relationship between tumor re-
currence and portal vein visualization
during TACE.

MATERIALS AND METHODS

We performed a retrospective
study to evaluate the therapeutic ef-
fects of ultraselective TACE by using a
2-F tip microcatheter, particularly with
regard to the relationship between lo-
cal tumor recurrence and visualization
of the portal vein during TACE. Pa-
tients were included in the study if
they (a) had fewer than three hyper-
vascular tumors smaller than 5 cm in
diameter; (b) had newly developed
HCC without any previous treatment,
including new HCC lesions in patients
who had previously undergone treat-
ment for HCC; (c) had HCC supplied
by the hepatic artery and underwent
TACE at the distal portion of the sub-
segmental artery; and (d) had tumors
that were treated with TACE alone.

Written informed consent was ob-
tained from each patient before TACE.
Institutional review board approval
was not required at our institution for
this type of study.

Patients

Between October 2002 and Septem-
ber 2004, 637 TACE procedures were
performed with a 2-F tip microcatheter
(Progreat �; Terumo, Tokyo, Japan) in
299 patients with HCC at our hospital.
From these 299 patients, we selected
72 who met the aforementioned crite-
ria. There were 43 men and 29 women
with a mean age (�standard devia-
tion) of 69.4 years � 8.4 (range, 49–86
years). All patients had chronic hepa-
titis or liver cirrhosis, which was re-
lated to hepatitis C in 64 patients, hep-
atitis B in three patients, and alcohol
abuse in one patient. The cause of
chronic hepatitis or liver cirrhosis was
unknown in four patients. In total,
there were 123 tumors with a mean
diameter of 1.9 cm � 0.9 (range, 0.6–
4.7 cm; median, 1.6 cm). Fifty-three
tumors were initially revealed and 70
were newly developed during the fol-
low-up period after HCC treatment.
The diagnosis of HCC was made by
means of imaging findings in addition
to high serum levels of tumor markers
(14). The imaging studies included dy-
namic computed tomography (CT) (n
� 72), magnetic resonance (MR) imag-
ing (n � 17), angiography (n � 72), CT
during hepatic arteriography (CTHA)
(n � 21), and CT during arterial por-
tography (CTAP) (n � 72). The diag-
nosis of HCC was made by means of
nodular staining at dynamic CT, dy-
namic MR imaging, angiography, or
CTHA and nodular perfusion defects
at CTAP in addition to low attenua-
tion at delayed-phase CT and high sig-
nal intensity at T2-weight MR imaging
(15). The serum �-fetoprotein level
was elevated (�200 ng/mL [200 �g/
L]) in 53 patients, the serum protein
induced in vitamin K absence II
(PIVKA-II) level was elevated (�40
�g/L) in 43 patients, and both were
elevated in 24 patients.

TACE Procedure

After confirmation of the tumor
stain at angiography, a 2-F tip micro-
catheter was inserted into the distal
portion of the tumor-feeding subseg-

mental artery through a 4-F catheter
placed in the celiac artery, superior
mesenteric artery, or common hepatic
artery. To navigate the microcatheter,
a 0.016-inch guide wire (GT-wire;
Terumo) was routinely used in all pa-
tients. When the selection of the feed-
ing branch with the 0.016-inch guide
wire was difficult, a 0.012-inch guide
wire (GT-wire) was also used.

After the microcatheter was in-
serted into the target branch, 0.5 mL of
2% lidocaine (Xylocaine; Fujisawa,
Osaka, Japan) was intraarterially in-
jected to prevent pain and vasospasm.
First, a mixture of 0.5–5 mL of iodized
oil (Lipiodol; Andre Guerbet, Aulnay-
sous-Bois, France), 10–20 mg of epiru-
bicin (Farmorbicin; Kyowa Hakko, To-
kyo, Japan), and 2–4 mg of mitomycin
C (Mitomycin; Kyowa Hakko) was
slowly injected through the catheter
until the portal veins in the embolized
area appeared. The total amount of
iodized oil was determined on the ba-
sis of tumor size (almost equal to the
diameter of the tumor, eg, 3 mL of
iodized oil was used for a 3-cm tu-
mor). Second, gelatin sponge particles
(Gelfoam; Upjohn, Kalamazoo, Mich),
which were cut into approximately
0.5-mm cubes and crushed into parti-
cles smaller than 0.2 mm by pumping
with a three-way stopcock valve and
two 2.5 mL syringes, were injected to
completely obstruct the tumor-feeding
branch. In patients with multiple tu-
mors, all tumors were sequentially
treated during one TACE session. A
spot radiograph was obtained just af-
ter the TACE procedure for each tu-
mor to evaluate the degree of portal
vein visualization. The TACE proce-
dure was terminated when the tar-
geted tumor stain was not seen at an-
giography. If other feeding branches
were demonstrated at angiography,
TACE was also performed through
these branches.

End Points of TACE

The end point of the TACE proce-
dure was portal vein visualization in
the entire embolized area and com-
plete blockage of the tumor-feeding
branch. Iodized oil injection was
stopped when the portal vein extend-
ing to the embolized area appeared,
and TACE was ended after the tumor-
feeding branch had been completely
obstructed with injection of the gelatin
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