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Abstract

AIM: To evaluate the feasibility and efficacy of percu-
taneous radiofrequency ablation (RFA) of the feeding
artery of hepatocellular carcinoma (HCC) in reducing
the blood-flow-induced heat-sink effect of RFA.

METHODS: A total of 154 HCC patients with 177
pathologically confirmed hypervascular lesions partici-
pated in the study and were randomly assigned into
two groups. Seventy-one patients with 75 HCCs (aver-
age tumor size, 4.3 £ 1.1 cm) were included in group
A, in which the feeding artery of HCC was identified
by color Doppler flow imaging, and were ablated with
multiple small overlapping RFA foci [percutaneous
ablation of feeding artery (PAA)] before routine RFA
treatment of the tumor. Eighty-three patients with 102
HCC (average tumor size, 4.1 £ 1.0 cm) were included
in group B, in which the tumors were treated routinely
with RFA. Contrast-enhanced computed tomography
was used as post-RFA imaging, when patients were
followed-up for 1, 3 and 6 mo.

RESULTS: In group A, feeding arteries were blocked
in 66 (88%) HCC lesions, and the size of arteries de-
creased in nine (12%). The average number of punc-
tures per HCC was 2.76 £ 1.12 in group A, and 3.36 £
1.60 in group B (P = 0.01). The tumor necrosis rate at

1 mo post-RFA was 90.67% (68/75 lesions) in group A
and 90.20% (92/102 lesions) in group B. HCC recur-
rence rate at 6 mo post-RFA was 17.33% (13/75) in
group A and 31.37% (32/102) in group B (P = 0.04).

CONCLUSION: PAA blocked effectively the feeding
artery of HCC. Combination of PAA and RFA signifi-
cantly decreased post-RFA recurrence and provided an
alternative treatment for hypervascular HCC.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
cancer in the world (564000 cases per year) and the third
most frequent cause of cancer-related death!". Surgical
resection is considered to be potentially curative therapy.
However, only about 20% of HCC patients are eligible
for resection“‘zl; the remainder are ineligible because of
multifocal tumors, advanced tumors, tumor location
precluding complete resection, or poor hepatic functional
reserve. Therefore, a variety of imaging-guided tumor
ablation therapies such as ethanol injection, microwave
coagulation, percutaneous radiofrequency ablation (RFA)
and laser ablation are often considered as alternative
options[}é]. Among them, RFA has been used increasingly
as a safe technique for treating hepatic tumors’ ", However,
for hypervascular HCC, RFA appears less effective because
of a blood-flow-induced heat sink effect, which might
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cause incomplete ablation or recurrence'”. Transcatheter
arterial chemoembolization (TACE) can reduce blood
supply of HCC by occlusion of tumor arteries, and
the efficacy of combination TACE and RFA has been
confirmed""'?. Treatment difficulty remains for those
patients who cannot tolerate or are ineligible for TACE
because of liver cirrhosis or difficulty in manipulation of
vessels with abnormal cutvature that have resulted from
surgical resection and liver transplantation.

We hypothesized that, if percutaneous ablation
of the feeding artery (PAA) of HCC could block or
reduce the blood flow of HCC, the ablation volume of
coagulation necrosis of subsequent RFA of the tumor
would be increased. To the best of our knowledge, the
application of PAA in the treatment of hypervascular
HCC has not been reported in a large number of
patients. In the present study, we evaluated the feasibility
and adjuvant value of PAA performed before routine
RFA treatment (PAA-RFA) of hypervascular HCC.

MATERIALS AND METHODS

Patients

From January 2003 to June 2007, patients with HCC
who met the entry criteria and agreed to participate
were included in the study. The inclusion criteria for the
patients were: pathologically confirmed HCC lesions,
ineligibility for surgical resection or TACE, tumor size
> 3 cm, no significant tumor direct invasion of adjacent
organs, tumor not invading the main bile duct or being
obviously exophytic, tumor’s feeding artery visible on
color Doppler flow imaging (CDFI), prothrombin time
ratio > 50%, or platelet count > 60 X 109/ L. Exclusion
criteria were: tumor thrombus in main or lobar portal
vein system, extrahepatic metastasis, or Child-Pugh class
C liver cirrhosis.

Each patient who participated in the study was
assigned a random number of 1 or 2. The patients with
number 1 were allocated to group A, which was treated
with PAA-RFA, and those with number 2 were allocated
to group B, which was treated with routine RFA!",

This study was performed with the approval of the
ethics committee and informed consent was obtained
from each patient after the nature of the procedure had
been fully explained.

Equipment
The RFA system used in this study was a 460-kHz
generator, 150 W output power (Model 1500; RITA
Medical Systems, Mountain View, CA, USA). The
expandable electrodes consisted of an outer 14-gauge,
15-cm long outer insulated needle, and nine prongs that
were deployed and retracted by a movable hub, with
deployment diameter ranging from 3 to 5cm. Twenty
minutes were required to produce a 5-cm ablation
sphere during RFA. Track ablation was performed when
withdrawing the RFA electrode in all patients, to avoid
implantation metastasis and hemorrhage.

Real-time ultrasound (US) systems (Aloka 5500 and
Aloka a-10, Tokyo, Japan) were used for scanning with

Figure 1 Schematic drawing of PAA using three small ablation foci at the
area where the feeding artery entered the tumor, to block the blood supply
of HCC.

3.5-5.0-MHz convex probes with needle guide devices.
Computed tomography (CT) was performed with a Plus 4
scanner (Siemens, Germany) with 5 mm collimation and
a table speed of 7.5 mm/s. A total of 100 mL of non-
ionic contrast material (300 mg iodine/ml., Omnipaque;
Amersham, Shanghai, China) was administered at a rate
of 3 mL/s with a power injector (OP 100; Medrad,
Pittsburgh, PA, USA). Images were acquired before
contrast material injection and 25 and 60 s after the
administration of intravenous contrast material, during
the hepatic arterial and portal venous phases, respectively.

PAA and RFA

All RFA was performed by two radiologists (M.H.C.
and K.Y.) who had more than 10 years’ experience of
US-guided interventional procedures. Before RFA, the
patients were examined by ultrasound and contrast CT
or magnetic resonance imaging, and the size, shape and
border of the tumor were determined, mainly based on
US scans.

CDFI was used to identify the major feeding artery
and guide the RFA needle to puncture the area where
the artery entered the tumor. This area was ablated with
2-3 ovetlapping, high-energy ablation foci (2-3 cm each
in diameter) in different direction or depths (Figure 1).
The flow rate and vessel size of the feeding artery was
measured before and immediately after PAA to evaluate
the blood supply. After PAA, routine RFA treatment of
the tumor was performed immediately, and the ablated
area covered 0.5-1 cm beyond the tumor margin. As
a result of the hypervascular character of the lesions,
special attention was paid to using a slow withdrawal
process of the electrode needle to avoid bleeding.

Patients in group B underwent routine RFA
treatment using multiple overlapping ablation spheres to
cover the tumor and the safe margin beyond the tumor
of 0.5-1 em!. During RFA, moderate intravenous
sedation was induced with 2.5-5.0 mg midazolam (Roche,
Basel, Switzerland) and 50-100 pg fentanyl (Fentaini;
Renfu, Yichang, China). Local infiltration anesthesia was
induced by 5-15 mL 1% lidocaine (Liduokayin; Yimin,
Beijing, China). If patients with tumors adjacent to the
diaphragm and hepatic hilum experienced local and
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right shoulder pain when the ablation was extended,
intravenous infusion of propofol (Diptivan, 1-2 mg/kg;
Zeneca, Macclesfield, UK) was given for temporary
anesthesia enhancement.

The patients were conscious when the RFA electrode
was placed, and vital signs and oxygen saturation were
monitored continuously during the procedure. After
RFA, the patients underwent close medical observation
and were rescanned within 1-2 h after the procedure to
detect any bleeding in the liver or the peritoneal cavity.
All patients stayed in the hospital overnight.

Any adverse events were evaluated and recorded.
Major complications were defined as those that, if left
untreated, might have threatened the patient’s life, led
to substantial morbidity and disability, or resulted in
hospital admission or a substantially lengthened hospital
stay. All other complications were considered minor.

Assessment of therapeutic efficacy

Treatment response was assessed by contrast-enhanced
spiral CT at 1 mo after RFA and complete response
was considered to be achieved if the CT scans revealed:
(1) the ablation zone was beyond the original tumor
borders; (2) the margin of the ablation zone was
clear and smooth; and (3) no arterial enhancement or
abnormal wash-out was detected within or around the
tumor. Subsequently, the patients were followed-up with
serum alpha-fetoprotein (AFP) measurement, abdominal
US, and contrast-enhanced CT every 2-3 mo in the first
year, and then every 4-6 mo thereafter. All patients were
followed-up for at least 6 mo. Recurrence was defined
as enhancement within or at the periphery of the
ablated area in the follow-up CT scan. Recurrent HCC
was treated with another session of RFA. All CT scans
were reviewed by two radiologists with more > 10 years
experience, who were unaware of patient clinical data or
treatment assignment.

Statistical analysis

Differences in complete necrosis rate at 1 mo and
recurrence rate at 6 mo were analyzed by y” and 7 tests
where appropriate. The recurrence rate was determined
by log-rank tests, and multivariate hazard ratio was
calculated using the Cox proportional hazard model.
The Kaplan-Meier estimate of the cumulative recurrence
rates over time was also carried out. All P values were
two-sided, and P < 0.05 was considered statistically
significant. All analyses were performed with SAS
software, version 6.12.

RESULTS

A total of 154 patients participated in the study from
January 2003 to June 2007. No patient withdrew from the
trial during 6 mo follow-up. Seventy-one subjects were
assigned in group A, whose average tumor size was 4.3 +
1.1 cm. Eighty-three participants were in group B, whose
average tumor size was 4.1 £ 1.0 cm. The characteristics
of the two groups are shown in Table 1. There was no

June 7, 2009 Volume 15  Number 21
Group A Group B P value
n=71) (n = 83)
Age (yr) 59.3+12.0 61.3+12.0 0.28
HCC size (cm) 43+1.1 41+1.0 0.21
Male 63 (88.73) 61 (73.49) 0.02
Cirrhosis 53 (74.65) 72 (86.75) 0.06
Previous surgery 18 (25.35) 14 (16.87) 0.20
Liver disease history
Hepatitis B 54 (76.05) 72 (86.75) 0.06
Hepatitis C 6 (8.45) 1(1.20)
Alcohol-related hepatitis 2(2.82) 0(0)
No 9 (12.68) 10 (12.05)
Child-Pugh class
A 58 (81.69) 61 (73.49) 0.23
B 13 (18.31) 22 (26.51)
TNM staging
T 32 (45.07) 37 (44.58) 0.27
T 19 (26.76) 23 (27.71)
Ts 16 (22.54) 18 (21.69)
Ts 4 (5.63) 5 (6.02)

significant difference between the two groups in patients’
clinical profile except for the gender ratio.

For patients in group A, the feeding artery was
blocked in 66/75 (88%) HCC lesions, and decreased
in size in 9/75 (12%) lesions. The average number
of punctures per HCC was 2.76 + 1.12. Complete
necrosis rate at 1 mo after RFA was 90.67% (68/75),
and recurrence rate at 6 mo was 17.33% (13/75, lesions)
(Figure 2). For patients in group B, the average number
of punctures per HCC was 3.36 = 1.60. Complete
necrosis rate at 1 mo after RFA was 90.20% (92/102),
and recurrence rate at 6 mo was 31.37% (32/102).

No significant difference was found in the necrosis
rate at 1 mo post-RFA. However, there was a significant
different between the two groups in the average number
of punctures per HCC and recurrence rate at 6 mo after
RFA. The recurrence time between the two groups was
also significantly different by the log-rank test (Xz =5.23,
P = 0.02; Figure 3). When adjusted for gender, age and
cirrhosis, it was still significantly different (XZ = 4.58,
P =0.03).

In group A, RFA-related major complications were
seen in five patients (7.04%), including three cases of
pleural fluid collection, one of bowel wall edema, and
one of intrahepatic biliary duct dilation with jaundice,
which were all relieved by conservative therapy. A small
amount of subcapsular hemorrhage around the puncture
site, approximately 0.5-1 cm thick, during RFA was seen
with US in 13 patients (18.31%) (Figure 4). It was not
considered as a major complication because homeostasis
was achieved after injection of hemocoagulase, without
additional intervention and no change in blood pressure.
In group B, major complications were detected in nine
cases (10.84%), including one of pneumothorax with
pleural fluid collection, six of pleural effusion, one of
abdominal wall abscess, and one of intraperitoneal
hemorrhage in a tumor > 5 cm and protruding liver
lateral surface. All complications were controlled
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Figure 2 A 65-year-old man with cirrhosis and Child-Pugh class A liver
function. An HCC lesion was diagnosed during regular US examination. A:
CT showed a tumor with a size of 3.2 cm x 3.0 cm in the right liver lobe; B: US
showed a tumor (arrow) of 4.3 cm x 3.3 cm 3 mo later; C: CDFI showed blood
flow into and around the tumor with a velocity of 56.7 cm/s; D: CDFI-guided
PAA at the area where the feeding artery entered the tumor (arrow), to block the
tumor blood supply; E: After PAA, CDFI showed that the previous feeding artery
disappeared and no flow signal within HCC; F: After PAA, RFA was performed
in the rest of the tumor; G: Contrast-enhanced CT (1 mo after treatment)
showed an ablated area covering the previous tumor, without enhancement;
H: Contrast CT (6 mo after treatment) showed no enhancement of the ablated
area. The patient has survived more than 10 mo without tumor.

with conservative treatment. There was no significant
difference between the incidence of complications
between the two groups.

DISCUSSION

The outcomes of RFA for HCC correlate closely with
the location and blood supply of the tumor. Goldberg
et a" have demonstrated that blood-flow-induced
thermal loss in the tumor and liver tissue is the main
reason for the decreased ablation effect of thermotherapy.
The high-velocity blood flow of the tumor vessels
created a heat sink effect that compromised the ablation
effect, which led to residual and recurrent HCC. For the

0.5

0.2

Recurrence rate

0.1 -

0.0 — | 1 I I | |
0 30 60 90 120 150 180
Recurrence time (d)

Figure 3 The Kaplan-Meier curves for 6-mo recurrence rate in the two
groups.

Figure 4 A 72-year-old man with 10 years of hepatitis B was detected
with HCC during routine examination. This patient could not tolerate most
of the therapies because of old age and poor general condition. A: Contrast-
enhanced CT showed a 3.7 cm x 3.5 cm mass and the feeding vessel (arrow);
B: Contrast-enhanced US 2 mo later showed the tumor enlarged to a size of
5.2 cm x 4.2 cm; C: CDFI showed feeding vessels in and around the tumor with
a flow velocity of 34.5 cm/s. PAA was performed under CDFI guidance; D: During
PAA, a small amount of subcapsular hemorrhage (0.5 cm in depth) was noted;
E: The amount of hemorrhage gradually reduced (arrow) after PAA finished; F:
Contrast-enhanced CT (24 h after treatment) showed a necrotic area covering
the tumor. A small amount of subcapsular hemorrhage was still be noted.

treatment of hypervascular HCC, many studies have
focused on reducing flow perfusion to improve the
thermal effect of RFA. Curley e# /" have used the Pringle
method™”! intraoperatively to reduce liver blood flow,
by temporarily stopping portal vein and hepatic artery
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flow, and improving ablation outcomes. Goldberg e a/"®
have used vascular agents, such as halothane, vasopressin
and adrenaline, to adjust liver blood volume in order to
increase ablation area.

TACE is one of the major interventional methods
for HCC treatment, and when performed before RFA,
it can increase therapeutic efficacy as a result of the
decreased heat sink effect!' . Kitamoto ez a/”" have
compared the therapeutic effects of RFA alone and in
combination with TACE in 21 patients with 26 HCCs
smaller than 3.0 cm. The size of the ablated necrotic
area in the TACE/RFA group was significantly larger
than that with RFA alone. However, repeated TACE
treatment worsened liver function and quality of life®
and then prolonged the interval between TACE and
RFA. Therefore, for those who were ineligible or could
not tolerate TACE treatment, other minimally invasive
methods of reducing tumor blood supply before RFA
were needed.

The study used PAA to ablate the area where the
feeding artery entered the tumor, with small overlapping,
high-energy ablation foci. This procedure was conducted
through one puncture point using three ablations in
different directions or depths. After PAA, the tumor’s
feeding artery was blocked, thus reducing the blood-
flow-induced heat loss, and achieving a similar result
to that with TACE before RFA. PAA avoided damage
to the surrounding liver parenchyma and liver function
compared with TACE, and was well-tolerated by patients.

Recurrence after RFA remains an unsolved problem
for large HCC. Harrison ez al™ reported percutaneous
RFA in 46 HCC patients within 3 years, and only 14 (28%)
of them showed no liver tumor tissue by imaging and
AFP follow-up. Ruzzenete e al” have reviewed RFA of
104 HCCs in 88 patients with an average tumor size of 3.9
* 1.3 cm. The necrotic rate for tumors < 3 ¢cm, 3-5 cm
and > 5 cm was 100%, 87.7% and 57.1%, respectively. In
an average 19.2-mo follow-up period, 17 (19.3%) patients
showed local recurrence. In our study, all the HCCs were
> 3 cm in both groups A. For HCC treated with PAA
and RFA in group A, the local recurrence rate at 6 mo
was 17.33% (13/75), which was significantly lower than
that in group B (31.37%, 32/102), which was treated with
RFA alone (P = 0.0382). Although the proportion of
cirrhosis was higher in group B than in group A, which
might have influenced HCC recurrence, after adjusting for
cirrhosis, the results still showed a significant difference
between the two groups for recurrence time. Thus, PAA
that was performed before routine RFA improved the
treatment efficacy in hypervascular HCC. With the new
strategy of PAA combined with RFA, the number of
percutaneous punctures per HCC was reduced in group A
to an average of 2.76 = 1.12, which was significantly less
than that in group B, 3.36 * 1.60 (P = 0.001), thus injury
to patients was reduced. Kitamoto ef al™ reported that
the average duration between TACE and RFA was 18.2 d.
In our study, RFA could be performed immediately after
blocking of the major feeding artery with PAA, which
could reduce hospital stay.

In group A, 13 (17.33%) patients had a small amount
of bleeding during PAA, most of which was detected
at the first puncture, where the RFA needle punctured
the area where the feeding artery entered the tumor. We
supposed that the bleeding might have been caused by
damage of the feeding vessels and incomplete ablation.
Additional focal ablation in the area was helpful in
stopping bleeding.

One limitation of our study was the short duration of
follow-up. However, our main goal was to demonstrate
the benefit of PAA/RFA in treating hypervascular HCC,
and our data confirmed this. PAA blocked the feeding
artery of the tumor, and then blood-flow-induced heat
loss was reduced during RFA treatment. We think that
the short-term benefits of PAA/RFA compared with
RFA alone for hypervascular HCC provide some insight
for the future wider application of this treatment.

In conclusion, for hypervascular HCC patients who
were unsuitable for surgical resection or TACE, PAA
was an alternative for blocking the feeding artery of the
tumor, and reducing heat loss during subsequent RFA.
The combination of PAA and RFA could significantly
decrease post-RFA recurrence and provide a safe and
effective treatment for hypervascular HCC.
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Background

Hepatocellular carcinoma (HCC) is the most common primary malignant liver
neoplasm worldwide. Although surgical resection is the gold standard for
treatment of HCC, only a limited number of patients are surgical candidates
because of their lack of hepatic reserve that results from coexisting advanced
cirrhosis, widespread intrahepatic involvement, and concomitant diseases.
Therefore, a variety of imaging-guided tumor ablation therapies such as ethanol
injection, microwave coagulation, percutaneous radiofrequency ablation (RFA)
and laser ablation are often considered as alternative options. Among them,
RFA has been used increasingly as a safe technique for treating hepatic
tumors.

Research frontiers
For hypervascular HCC, RFA appears less effective because of the blood-flow-
induced heat sink effect, which might cause incomplete ablation or recurrence.
Previous experiments have shown that mechanical and pharmacological
strategies that are aimed at lowering hepatic perfusion can increase the size of
thermally induced lesions.

Innovations and breakthroughs

Repeated transcatheter arterial chemoembolization (TACE) worsened liver
function and quality of life, and then prolonged the interval between TACE and
RFA. In order to overcome these disadvantages, the study used PAA to ablate
the area where the feeding artery entered the tumor, with small overlapping,
high-energy ablating foci. This procedure was conducted through one puncture
point using three ablations in different directions or depths. After PAA, the
tumor’s feeding artery was blocked, thus reducing the blood-flow-induced heat
loss, and achieving a similar result as that with TACE before RFA. PAA avoided
damage to the surrounding liver parenchyma and liver function compared with
TACE, and was well-tolerated by patients.

Applications

The study results suggested that, for hypervascular HCC patients who
were unsuitable for surgical resection or TACE, PAA was an alternative for
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effectively blocking the feeding artery of the tumor, and reducing heat loss
during subsequent RFA. The combination of PAA and RFA may significantly
decrease post-RFA recurrence and provide a safe and effective treatment for
hypervascular HCC.

Terminology

PAA: Color Doppler flow imaging was used to identify the major feeding artery
and guide the RFA needle to puncture the area where the feeding artery
entered the tumor. This area was ablated with 2-3 overlapping high-energy
ablation foci (2-3 cm each in diameter) in different directions or depths.

Peer review

This is a good original study in which authors performed a new approach to
block the major feeding artery and reduce heat loss during subsequent RFA.
The results are interesting and suggest that the combination of PAA and RFA
significantly decreases post-RFA recurrence and provides a safe and effective
treatment for hypervascular HCC.
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