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Abstract

Primary liver cancer and liver metastases are among
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the most frequent malignancies worldwide, with an
increasing number of new cases and deaths every
year. Traditional surgery is only suitable for a limited
proportion of patients and imaging-guided percutane-
ous thermal ablation has achieved optimistic results for
management of hepatic malignancy. This synopsis out-
lines the first clinical practice guidelines for ultrasound-
guided percutaneous microwave ablation therapy for
hepatic malignancy, which was created by a joint task
force of the Society of Chinese Interventional Ultra-
sound. The guidelines aim at standardizing the mi-
crowave ablation procedure and therapeutic efficacy
assessment, as well as proposing the criteria for the
treatment candidates.

© 2013 Baishideng. All rights reserved.
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Core tip: Thermal ablation has undergone rapid de-
velopment as a minimally invasive procedure, with
optimistic results and rapid rehabilitation. This syn-
opsis outlines the first clinical practice guidelines for
ultrasound-guided percutaneous microwave ablation
therapy for hepatic malignancy, which was created by
a joint task force of the Society of Chinese Interven-
tional Ultrasound. The guidelines aim at standardizing
the microwave ablation procedure and therapeutic ef-
ficacy assessment, as well as proposing the criteria for
treatment candidates.
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INTRODUCTION

Primary liver cancer is the sixth most commonly diag-
nosed cancer worldwide and hepatocellular carcinoma
(HCC) accounts for 70%-90% of the total incidence.
There were 748300 new liver cancer cases and 695900
cancer deaths worldwide in 2008 and half of the cases
and deaths were estimated to occur in China as a result
of the high prevalence of chronic viral hepatitis'.
Metastases are another common hepatic malignancy.
Colorectal liver metastasis is one of most common he-
patic metastases. It has been reported that 14.5%-23.0%
of colorectal cancer patients have synchronous liver
metastases at the time of exploration for their primary
tumor and 76.8% eventually develop liver metastases' .
A number of different locoregional therapies for hepatic
malignancy have been performed, including surgical
resection, percutaneous ethanol injection, microwave
ablation (MWA), radiofrequency ablation (RFA), high-
intensity-focus ultrasound and transcatheter arterial
chemoembolization (TACE). Traditionally, surgical resec-
tion is the reference standard for treatment of patients
with hepatic malignancy, however, only a small propor-
tion of them have the chance to be candidates because

of disease progression, anatomical location, and poor
liver function. As an alternative therapy, imaging-guided
percutaneous ablation has been widely applied for man-
agement of hepatic malignancy, owing to its advantages
of minimal invasion, favorable efficacy, and reproduc-
ibility™*". Among thermoablative techniques, RFA is the
most extensively used worldwide. MWA of liver cancer
was first adopted in Japan by Saitsu e @/” and has been
widely applied in China over the past two decades™®”"”.
Several studies'”"” showed that the local tumor control,
complications and long-term survival were equivalent
for RFA and MWA in treatment of hepatic malignancy.
A recent multicenter study from China documented that
1007 patients with primary liver cancer treated by MWA
achieved 1-, 3-, and 5-year survival rates of 91.2%,
72.5%, and 59.8%, respectively™. For liver metastases,
MWA offers a mean 1-, 3- and 5-year survival rate of
73%, 30% and 16%, which represents an advantage over
palliative chemotherapy even in patients with extrahe-
patic disease!"”.

PURPOSE

The purpose of these guidelines is to establish basic
clinical practice guidance to assist physicians with: (1)
evaluating patients with hepatic malignancy, including
primary liver cancer and liver metastases, who may be
candidates undergoing percutaneous MWA under ultra-
sound (US) guidance; (2) providing relevant and updated
technical information for performing this treatment; and
(3) understanding the consequences of this treatment.

A working group including 44 experts from the So-
ciety of Chinese Interventional Ultrasound (SCIU) met
in June 2011 to consider the evidence for developing the
draft guidelines. Additional meetings were conducted via
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teleconference. The guidelines were circulated in draft
form to the full expert panel for review and approval. In
addition, practitioner feedback was obtained from physi-
cians in the province of interventional treatment, and
their comments were incorporated into the guidelines.
These recommendations represent the panel’s attempt to
extract practical guidelines from a combination of pub-
lished evidence and expert opinion where the literature

falls short.

LITERATURE SEARCHES

The expert panel completed the review and analysis
of data published since 1990. Computerized literature
searches of MEDLINE, EMBASE and the Cochrane
Collaboration Library were performed. The searches of
the English-language literature from 1990 to June 2011
combined the terms “hepatic neoplasms” and “liver neo-
plasms”, with the MeSH terms “microwaves” and “cath-
eter ablation”. The searches were limited to human-only
studies and to specific study designs or publication types:
randomized clinical trials, meta-analyses, systematic re-
views, and major clinical trials in MWA of liver tumors.

DESCRIPTION OF MWA

Mechanism

MWA refers to all electromagnetic methods of inducing
tumor destruction by using devices with frequencies =
900 MHZ"". The rotation of dipole molecules accounts
for most of the heat generated during MWAP? Water
molecules are dipoles with unequal electric charge dis-
tribution, and they attempt to reorient continuously at
the same rate in the microwave oscillating electric field.
Therefore, electromagnetic microwaves heat matter by
agitating water molecules in the surrounding tissue, pro-
ducing friction and heat, thus inducing cellular death viz
coagulation necrosis. Another mechanism responsible

for heat generation is ionic polarization, which occurs
when ions move in response to the applied electric field
of microwaves. Displacement of ions causes collision
with other ions, which converts kinetic energy into heat.
However, it is a far less important mechanism than di-
pole rotation in living tissue. Currently, two kinds of
frequencies: 915 and 2450 MHz are used for MWA. A
frequency of 2450 MHz is more commonly adopted,
which is also the frequency used in conventional micro-
wave ovens given optimal heating proﬁlesmj. Microwaves
of 915 MHz can penetrate more deeply than 2450 MHz
microwaves”" therefore, the low frequency MWA may
theoretically yield larger ablation zones.

Technical advantages

MWA shows the following theoretical technique advan-
tages over RFA. (1) active tissue heating of RFA is limit-
ed to a few millimeters surrounding the active electrode,
with the remainder of ablation zone relying on the con-
duction of electricity into the tissue™. Microwaves use
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electromagnetic energy with the much broader field of
power density (up to 2 cm surrounding the antenna) to
rotate rapidly adjacent polar water molecules to achieve
primarily active heating, which can yield a much broader
zone of active heatingm]; (2) RFA is limited by the in-
crease in impedance with tissue boiling and charring[zz],
because water vapor and char act as electrical insulators.
MWA does not seem to be subject to this limitation.
Therefore, temperature > 100 °C is readily achieved””;
(3) Owing to the active heating ability, MWA can achieve
higher intratumoral temperatures, larger ablation vol-
umes, and shorter ablation times™ ™. Because the cool-
ing effect of blood flow is most pronounced within the
zone of conductive rather than active heating, MWA is
less affected by blood-vessel-mediated cooling (the heat-
sink effect). These benefits have the potential to allow
for a more uniform tumor kill in the ablation zone, both
within the targeted zone and perivascular tissue™”; (4)
MWA allows for simultaneously multiple probe deploy-
ment to reduce the duration of therapy and increase the
diameter of ablation zone”"***; and (5) MWA does not
require the placement of grounding pads and the elec-
trical energy is deployed in the target tissue only, which
avoids applied energy loss and skin burns. Moreovet,
MWA is not contraindicated by the metallic matetials
like surgical clips or pacemaker.

However, as one of most recent advances in the field
of thermoablative technology, MWA has a few limita-
tions: (1) The higher thermal efficiency of MWA may
become a double-edged sword to injury easily the ad-
jacent critical tissues because of the tissue surrounding
the antenna being rapidly ablated; and (2) Simultaneous
deployment of multiple probes of mictowave antennae
can significantly increase the diameter of the ablation
zone, whereas recession of the coagulation zone for the
inter-antenna distance may not entirely cover the large
tumor and result in incomplete ablation™”.

Apart from theoretical comparison of technical char-
acteristics, in limited comparative clinical trials between
MWA and RFA, two ablation techniques achieved similar
tumor necrosis effects and survival""””"*?. However,
Japanese researchers thought RFA had a tumor control

33,34]
P However, random-

advantage in small liver lesions
ized controlled trials with large samples and long-term
follow-up are lacking and are strongly recommended to

provide evidence-based medicine.

Equipment

All MWA systems are composed of three basic elements:
microwave generator, low-loss flexible coaxial cable,
and microwave antenna. Microwaves are generated by
a magnetron in the generator. Antennae are connected
via a low-loss coaxial cable to the generator and transmit
microwaves from the magnetron into the tissue. An-
tennae can be classified as three types (dipole, slot, or
monopole), based on their physical features and radiation
properties™. Antenna shape includes straight, loop and
triaxial. Design of the antenna is crucial to the therapeu-
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tic efficacy. Currently, the design has focused largely on
needle-like, thin, coaxial-based interstitial antennae™ ",
for the purpose of achieving larger ablation zones and
being appropriate for percutaneous use. To prevent
over-heating of the shaft, avoid skin injury, and permit
further deposition of energy into tissue with low imped-
ance during ablation, cooled-shaft antennae have been
developed in recent years. The cooled-shaft antennae
have facilitated remarkable progress in obtaining larger
ablation zones”. The diameter of the antenna is from
1.6 to 2.8 mm (10-16 G), while the antenna with a diam-
eter of 14-16 G is clinically commonly used.

Some types of commercially available radiofrequency
devices contain a thermocouple in the nickel-titanium
lateral tine of expandable electrode tip to allow tem-
perature recording during the ablation procedure. The
aim of temperature monitoring is to ensure that the
maximum energy is applied by using the standard algo-
rithm with the system"”
also be equipped with a thermal monitoring system that

. The microwave machine can

continuously measures temperature in real time during
ablation. The thermal monitoring needles are usually
classified into thermocouple and thermistor types, with
a diameter of 0.7-0.9 mm (20-22 G). The thermal moni-
toring needle is inserted into the target area through a
nonconducting needle trocar for real-time temperature
monitoring during ablation under US guidance. The put-
poses of temperature monitoring include the following,
(1) Therapeutic: the temperature monitoring needle is
inserted about 5-10 mm away from the tumor margin.
Total tumor necrosis is considered to be achieved when
the temperature remains at 54 ‘C for at least 3 min or
reaches 60 C instantly; and (2) Protective: for high-risk
localized tumors (< 5 mm from the vital tissues, such as
bile duct, gastrointestinal tract, gallbladder, and blood
vessels), the real-time temperature of the tumor margin
is monitored to ensure that temperature does not reach
damaging levels. The temperature cutting off of ablation
therapy is set at 54 C in the patients without a history
of prior laparotomy, or 50 C in patients with a history
of laparotomy. The emission of microwaves is reactivat-
ed after the temperature decreases to 45 ‘C, and then in
cycles until the entire tumor is completely encompassed
by hypetrechoic water vapor.

DIAGNOSIS AND INDICATIONS

Diagnosis

Pathological diagnosis is necessary for both HCC and
metastatic cancer patients. The specific pathological
result ensures that the tumor ablated is actually malig-
nant, and tumor differentiation will also provide forceful
surveillance guidance for the patients. Furthermore, the

metastatic site can be confirmed to guide future chemo-
therapy and radiotherapy schedules. If the patients need
to undergo biopsy to achieve pathological diagnosis, it
is preferred to perform intraoperative tumor biopsy be-
fore ablation under US guidance. According to several
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‘US guided percutaneous MWA‘

Contraindication

1: Liver failure or severe
other organ failure

2: Prothrombin time

> 30 s, prothrombin activity|
< 40%, platelet count <
30 x 10°/L cells

3: Total tumor volume >
70% of the target liver
volume

4: High extrahepatic
(including BCLC tumor burden (including
B stage HCC) BCLC D stage HCC)

2: Small extrahepatic|| 5: Active inflammation

Curative treatment ‘ ‘ Palliative treatment

1: 1 nodule > 5 cm
or multi-nodules

1: 1 nodule < 5cm
or 3 nodule < 3 cm
(including BCLC 0
and A stage HCC)
2: No portal vein

cancerous thrombus || tumor burden in any organ
3: No extrahepatic 3: Unsuitable for 6: Lesion location
spread other therapy unsuitable

Figure 1 Indications and contraindications of ultrasound-guided percu-
taneous microwave ablation. MWA: Microwave ablation; BCLC: Barcelona
Clinic Liver Cancer; HCC: Hepatocellular carcinoma; US: Ultrasound.

reports with large-volume liver cancer patients treated by
MWA, the neoplastic seeding as a complication of liver
puncture is low risk with a rate of 0.4%-0.6%""*** and
is considered generally acceptable. Ablation immediately
after biopsy might decrease seeding rate after biopsy and
the thermal effect can stop bleeding after biopsy.

If the patient has obtained a histopathological di-
agnosis during previous treatment, or the tumor loca-
tion or the patient’s condition is not appropriate for the
biopsy procedure, a combination of contrast-enhanced
US, contrast-enhanced computed tomography (CT)
and/or magnetic resonance imaging (MRI) associated
with a rising serum tumor marker level is recommended.
Contrast-enhanced imaging should include eatly arterial
phase enhancement and be performed to define bet-
ter the extent and number of primary lesions, vascular
anatomy, vessel involvement, tumor involvement, and
extrahepatic disease ",

Indications
Given the complexity of the hepatic malignancy, multi-
disciplinary assessment of tumor stage, liver function,
and physical status is required for proper therapeutic
planning, In general, the indications for MWA are broad
(Figure 1). One important application is to treat patients
who are not considered surgical candidates. Included in
this category are patients with inadequate liver remnant
to tolerate resection, tumor multinodularity, unresectable
lesions at difficult anatomical locations, or patients who
decline resection. Previous MWA was limited to treat
small liver tumors, but with the improvement of anten-
nae and treatment strategies, lesions 5-8 cm can also be
effectively ablated!""**,

For patients with very eatly stage and eatly stage HCC
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[based on the Barcelona Clinic Liver Cancer (BCLC)
Staging System"] and limited metastases, MWA should
be considered as curative therapy. The inclusion crite-
ria are: (1) a single nodule with a diameter < 5 cm or a
maximum of three nodules with a diameter < 3 cm; (2)
absence of portal vein cancerous thrombus; or (3) no
extrahepatic spread to surrounding lymph nodes, lungs,
abdominal organs, or bone.

Palliative treatment criteria for MWA include patients
(1) with lesions > 5 cm in diameter or multiple lesions
(including BCLC B stage HCC); (2) suffering from a
small extrahepatic tumor burden (including part of
BCLC C stage HCC); or (3) unsuitable for other modali-
ties and capable of tolerating the MWA procedure.

Contraindications

Contraindications include patients who have: (1) clini-
cal evidence of liver failure, such as massive ascites or
hepatic encephalopathy, or with a trance-like state; (2)
severe blood coagulation dysfunction (prothrombin
time > 30 s, prothrombin activity < 40%, and platelet
count < 30 x 10’/L cells); (3) high intrahepatic tumor
burden (tumor volume > 70% of the target liver volume
or multiple tumor nodules) or high extrahepatic tumor
burden (including BCLC D stage HCC); (4) acute or ac-
tive inflammatory and infectious lesions in any organ; (5)
acute or severe chronic renal failure, pulmonary insuf-
ficiency or heart dysfunction; and (6) tumor proximity to
diaphragm, gastrointestinal tract, gallbladder, pancreas,
hepatic hilum and major bile duct or vessels. Successful
treatment of the high-risk localized tumor may require
adjunctive techniques (e.g., artificial fluid infusion or per-
cutaneous ethanol injection) to prevent off-target heat-
ing of adjacent structures during the ablation procedure.

PATIENT PREPARATION AND DATA
REQUIRED

Patients considered for MWA should be accurately evalu-
ated through clinical history, physical examination, labo-
ratory values and performance status. Pre-therapy evalu-
ation of serum liver enzymes, cholinesterase, blood cell
count, coagulation, creatinine, and tumor markers such as
a-fetoprotein/carcinoembryonic antigen should be mon-
itored and known before the procedure. The impaired
liver function and coagulation status need to be corrected
to withstand the ablation procedures. A full pre-ablation
imaging work-up (a combination of contrast-enhanced
imaging including US, CT or MRI) should be performed
to stage, locate the lesions and exclude portal venous
thrombosis and metastases accurately (Table 1).

Patients should receive both written and verbal infor-
mation about the procedure prior to therapy. Informed
written consent must be obtained from the patient. Pa-
tients should be informed that this therapy is not likely
to cure their disease and is a palliative treatment directed
at their liver lesions. Patients must be informed of the
potential side effects of therapy as well.
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Table 1 Indications and check list for microwave ablation of

hepatic malignancy

Curative therapy Palliative therapy Check list
Single nodule with Lesion > 5 cm in Histocytologic
a diameter <5 cm diameter diagnosis
Maximum of 3 nodules Multiple lesions US features of
with a diameter < 3 cm nodule (blood,

location and size)
CEUS, CT or MRI of
small extrahepatic liver (lesion number, size,
tumor burden blood and location, portal

Absence of portal vein Suffering from a
cancerous thrombus

venous thrombosis )
No extrahepatic spread Unsuitable for other Laboratory tests (routine,
modalities coagulation function,
serum biochemical item

and tumor markers)

US: Ultrasound; CEUS: Contrast-enhanced ultrasonography; CT: Com-
puted tomography; MRI: Magnetic resonance imaging.

TECHNIQUES

Patients are laid in the supine or oblique position in
the interventional US suite. Color Doppler and gray-
scale US are performed to choose the safest intercostal
or subcostal needle access. Local anesthesia and/or
intravenous conscious analgesia-sedation is usually suf-
ficient for the percutaneous approach. Local anesthesia
is induced first with 1% lidocaine from the insertion
point at the skin to the peritoneum along the US-guided
puncture line before inserting the antennae. Then, the
skin is pricked with a small lancet, and the antenna is
introduced into the chosen area of the tumor. In the
multiple-needles procedure two or three prefixed punc-
ture lines are made. Two or three active needle antennae
directly connected to the MW generator are inserted
into the tumor in parallel 1-2.5 cm apart. After placing
all the antennae (breathing cooperation is required from
the patient to complete the insertion), venous conscious
analgesia-sedation is induced with propofol and ket-
amine associated with standard hemodynamic monitos-
ing. At each insertion, the tip of the needle is placed in
the deepest part of the tumor. Multiple thermal lesions
are created along the major axis of the needle antenna
by simply withdrawing the needle from the preceding
thermal lesion, and reactivating the MW generator. If
necessary, due to tumor size, multiple overlapping abla-
tions are usually needed to envelope the entire tumor
with a safety margin. In general, the microwave energy
application is set at 50-80 W for 5-10 min in a session.
Size of the ablation zone can be roughly judged by
an expanding hyperechoic area arising during the proce-
dure. For accurate assessment of the treatment efficacy,
the thermal monitoring system attached to the MW
generator can be used during MWA. One to three ther-
mocouples are placed at different sites 5-10 mm outside
the tumor. The thermocouple can be introduced into the
parenchyma through an 18 G, 70-mm long, nonconduct-
ing needle trocar. If the measured temperature does not
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reach 60 C by the end of treatment and does not remain
at 54 'C for at least 3 min, the treatment is prolonged
until the desired temperature is reached. Overheating can
also be avoided by thermal monitoring, thus decreasing
the incidence of complications. In recent years, contrast-
enhanced US has been used for immediate assessment
of technical success which is performed 10-15 min af-
ter MWA™. If the foci of nodular enhancement in the
treated tumor is observed, a new MWA session with an
identical device is performed as part of another course
of treatment. When withdrawing the antenna, the needle
track is coagulated with the circulated distilled water in
the shaft channel, which is stopped to prevent bleeding
and tumor-cell seeding.

This ablation therapy often includes a 5-10-mm abla-
tive margin of apparently healthy tissue adjacent to the
lesion to eliminate microscopic foci of disease, and the
uncertainty that often exists regarding the precise loca-
tion of actual tumor margin. For patients with severe
liver cirrhosis or the lesion adjacent to critical organs, an
ablation margin of <5 mm or conformal ablation based
on tumor shape and contours is recommended to ensure
safe and radical treatment; otherwise, a 5-10-mm surgical
margin is preferred. Reducing the tumor bulk or confor-
mal ablation is the strategy for patients undergoing pal-
liative ablation treatment.

CARE AFTER MWA

After the MWA procedure, the punctured site is covered
with a sterile dressing under pressure. The patient then
undergoes recovery for 4-6 h of bed rest. The patients are
observed for 2-3 additional days and discharged from the
hospital when they feel no severe pain or when their body
temperature does not exceed 38 C.

COMBINED TREATMENT WITH OTHER

MODALITIES
The therapeutic efficacy of MWA can be augmented by

other therapies. Similar to other thermal ablation tech-
niques, the coagulation area of MWA is also influenced
by perfusion-mediated cooling. Interruption of hepatic
blood flow can significantly increase the coagulation di-
ameters'”. TACE is an effective method for reducing the
blood flow of liver tumor because of its artery-blocking
effect. When combined with MWA, it may yield in-
creased ablation volume. MWA can destroy the remain-
ing viable part of the tumor after TACE, whereas TACE
may possibly control microscopic intrahepatic metastasis
that cannot be treated by MWA®", As the two modalities
are complementary, the combination of them is pre-
ferred, especially for treating large and multiple tumors.
The combination of TACE decreases the number of
microwave antenna insertions and microwave irradiation
time. The decision as to whether combined therapy with
TACE, intermittent treatment, or sequential therapy is
adopted should be based on the patient’s general condi-
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tion, liver function, local tumor size and number, tumor
infiltration, tumor vascularization, and reaction of tumor
to local treatment. Therefore, the principle of individual
treatment must be advocated.

For patients with high-risk localized tumors, combi-
nation of multiple techniques to ensure favorable effects
and few complications is also recommended. Hepatic tu-
mor in high-risk sites refers to tumor adjacent to impor-
tant organs and tissues including the diaphragm, gastro-
intestinal tract, hilum and major bile duct or vessels. The
thermal energy may spread into surrounding structures,
therefore, the major concern for MWA of such tumors
lies in the increased opportunity of thermal injury in the
important structures. However, combined with artificial
ascites, artificial pleural effusion, intraductal saline perfu-
sion, intermittent emission of microwave antennae, and
temperature monitoring assisted with small-dose percu-
taneous ethanol injectionis], MWA becomes feasible
for the treatment of dangerous site tumors without sac-
rificing the therapeutic efficacy.

Although US guidance has the benefits of real-time
visualization of applicator placement, portability of the
technology, nearly universal availability and low cost, it
has several limitations including occasional poor lesion
visualization as a result of a lack of innate tissue con-
spicuity or overlying bone- or gas-containing structures.
MWA assisted by a real-time virtual navigation system is
a feasible and efficient treatment of patients with lesions
undetectable by conventional USP". Recently, 3D US-
guided MWA avoids the limitation of inaccurate needle
placement and the skill requirement resulting from con-
ventional US guidance. These new techniques provide
an appealing alternative option, enabling the physician
to perform consistent, accurate therapy with improved

. 57,58
treatment effectiveness” ",

FOLLOW-UP AND THERAPEUTIC EFFICA-

CY ASSESSMENT

The Working Group on Image-Guided Tumor Ablation
proposed that postprocedural follow-up of patients to
assess any treatment-emergent side effects and tumor

response is conducted in the first week or, at the latest,
no more than 4 wk after the last course of a defined
ablation protocol[s()‘. Subsequent routine follow-ups are
then recommended every 3-4 mo. Evaluation of thera-
peutic effects, including technique effectiveness, local
tumor progression, and complications, is recommended.
The Working Group also recognized the need for close
surveillance and early reintervention to achieve optimal
primary tumor ablation success.

Frequent imaging studies may be required for indi-
vidual patients to assess the therapeutic efficacy and to
detect the intrahepatic recurrent lesion. To ensure con-
tinuity of the follow-up, most of the studies are recom-
mended to be performed serially at the institution where
the ablation is performed. The imaging studies should
consist of a high-quality, contrast-enhanced CT/MRI or
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US, adhering to standard scanning protocols to facilitate
comparisons. Intravenous contrast is critical because
pathological studies have shown that the best correlation
of necrotic tissue is defined by the zone of non enhance-

. . [60-62
ment on cross-sectional studles[)

| If any areas of the
ablated mass are devoid of enhancement on follow-
up enhanced imaging performed 1 mo after MWA,
technique effectiveness, namely complete response, is
achieved™. Then routine contrast-enhanced US, CT or
MRI and serum tumor markers are repeated to detect the
local treatment response and intrahepatic and extrahe-
patic metastases at 3-mo intervals after MWA. If irregular
peripheral enhancement in scattered, nodular, or eccen-
tric pattern occurs in the original sites that were previ-
ously considered to be completely ablated during follow-
up, which represents local tumor progression, further
ablation should be considered as soon as possible if the
patient still meets the criteria for MWA. US scanning is
the routine baseline examination method for the ablation
zone. During follow-up, the treated lesions slowly dimin-
ish in size, becoming undetectable by US, or appearing
only as small hyperechoic areas or isoechoic areas with
a hypoechoic rim, or simply as heterogeneous areas. On
contrast-enhanced imaging, the ablation zone presents as
a non-enhancement area. Additionally, positron emission
tomography may be helpful in identifying distant extrahe-
patic metastatic disease, and it can be considered as a part
of the postoperative evaluation if necessary.

Major complications of MWA are events that lead
to substantial morbidity and disability, increase the level
of care, or result in hospital admission or substantially
lengthen hospital stay. Major complications includes
bile duct stenosis, uncontrollable bleeding, liver abscess,
colon perforation, skin burn and tumor seeding (Table
ARG These can be controlled by surgical op-
eration, interventional approach, or medical therapy. Side
effects are undesired consequences of the procedure that,
although occurting frequently, rarely if ever result in sub-
stantial morbidity. Side effects include pain, post ablation
syndrome, and asymptomatic pleural effusions, which are
usually self-limited and do not require any further treat-
ments. Low-grade fever and general malaise are common
manifestations of post ablation syndrome. Careful patient
selection, the most appropriate imaging modality, and the
best puncture routine may also help prevent complications.

DISCLAIMER

The SCIU has written and approved the guidelines to
promote the cost effective use of high-quality MWA
therapeutic procedures. Percutaneous MWA techniques
are recommended for use by clinical or imaging doc-

tors with at least 3 years experience with interventional
procedures. These generic recommendations cannot be
rigidly applied to all patients in all practice settings. The
guidelines and technology assessments are not intended
to supplant physician judgment with respect to particular
patients or special clinical situations, and not be deemed
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Table 2 Procedure-related complications for microwave ablation of hepatic malignancies

Study Intraperitoneal Bile duct injury Colon perfo-ration Liver abscess Skin burn Tumor seeding Symptomatic Perioperative mortality

bleeding pleural effusion

Sakaguchi et al 0.51% 0.26% 0.00% 0.26% 0.77% 0.00% 1.28% 0.00%

Martin et al® 0.00% 0.00% 0.00% 2.00% 0.00% 0.00% 0.00% 0.00%

Zhang et al™ 0.00% 1.25% 0.00% 0.00% 0.00% 0.00% 0.63% 0.00%

Shibata et al™ 0.00% 2.78% 0.00% 2.78% 2.78% 0.00% 0.00% 0.00%

Kuang et al™ 0.00% 0.00% 1.11% 1.11% 0.00% 0.00% 2.22% 0.00%

Liang et al” 0.09% 0.18% 0.18% 0.44% 0.26% 0.44% 1.06% 0.18%

Yin et al*! 0.92% 0.92% 0.00% 0.00% 0.92% 0.00% 3.67% 0.00%

Dong et al'®! 0.00% 0.00% 0.00% 0.00% 0.85% 0.00% 0.00% 0.00%

Tannitti ef al'*"! 0.00% 0.00% 0.00% 0.00% 3.45% 0.00% 0.00% 0.00%
inclusive of all proper procedures or exclusive of other patients. Oncology 2007; 72 Suppl 1: 72-75 [PMID: 18087185]
procedures reasonably directed towards obtaining the 8  Saitsu H, Yoshida M, Taniwaki S, Sato H, Okami N, Mat-

R . sumoto A, Shigetomi K, Sugiyama T, Okuda Y, Nakayama
same results. Accordingly, SCIU considers adherence to K. [La . lo- . . )

. A ; . . [Laparoscopic coagulo-necrotic therapy using microtase
this guideline assessment to be voluntary, with the ulti- for small hepatocellular carcinoma]. Nihon Shokakibyo Gakkai
mate determination regarding its application to be made Zasshi 1991; 88: 2727 [PMID: 1661790]
by the physician in light of each patient’s individual 9  OngSL, Gravante G, Metcalfe MS, Strickland AD, Dennison
circumstances. At present, the guidelines have been put AR, Lloyd DM. Efficacy and safety of microwave ablation
into practice in China by seven branches of the Chi- for primary and secondary liver malignancies: a systematic

K o R K review. Eur | Gastroenterol Hepatol 2009; 21: 599-605 [PMID:
nese Medlcal ASSOCIHUOH, through holdlng Standardlzed 19282763 DOI: 101097/MEGOb013e328318ed04]

courses (3 finished), training and checking interventional 10 Lloyd DM, Lau KN, Welsh F, Lee KF, Sherlock DJ, Choti

physicians (> 300 physicians having obtained MWA li- MA, Martinie JB, lannitti DA. International multicentre

censes), and founding ablation demonstration bases (5 Proipeﬁtive studif or}{ I;I;C][(%W?VZ;;&T;O%O; ;lgvzg ;ugjlg/ﬁr];:
: : : reliminary results. xfor ; 13: 579- :
founded). MWA is undergoing rapid development and 51762302 DO 10.1111/j.1477-2574.2011.00338 ]

receiving keen interest in Europe .and. America, so access 11 Bhardwaj N, Strickland AD, Ahmad F, El-Abassy M, Mor-

and training systems for MWA guidelines are expected to gan B, Robertson GS, Lloyd DM. Microwave ablation for

be recommend according to the situation in each coun- unresectable hepatic tumours: clinical results using a novel

try. The guidelines will be updated when data ot publica- microwave probe and generator. Eur | Surg Oncol 2010; 36:

tions might change a prior recommendation or when the 264-268 [PMID: 19880269 DOIL: 10.1016/j.¢js0.2009.10.006]

nel feels clarifications are required for the oncolo 12 Jiao D, Qian L, Zhang Y, Zhang F, Li C, Huang Z Zhang
pa . q gy L, Zhang W, Wu P, Han X, Duan G, Han J. Microwave
community. ablation treatment of liver cancer with 2,450-MHz cooled-
shaft antenna: an experimental and clinical study. | Cancer

Res Clin Oncol 2010; 136: 1507-1516 [PMID: 20174824 DOIL:

REFERENCES 10.1007/500432-010-0808-9]

1 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman 13 Zhang X, Chen B, Hu S, Wang L, Wang K, Wachtel MS,
D. Global cancer statistics. CA Cancer | Clin 2011; 61: 69-90 Frezza EE. Microwave ablation with cooled-tip electrode for
[PMID: 21296855 DOIL: 10.3322/ caac.20107] liver cancer: an analysis of 160 cases. Hepatogastroenterology

2 Perz JF, Armstrong GL, Farrington LA, Hutin Y], Bell BP. 2008; 55: 2184-2187 [PMID: 19260502]

The contributions of hepatitis B virus and hepatitis C virus 14  Boutros C, Somasundar P, Garrean S, Saied A, Espat NJ.
infections to cirrhosis and primary liver cancer worldwide. | Microwave coagulation therapy for hepatic tumors: review
Hepatol 2006; 45: 529-538 [PMID: 16879891] of the literature and critical analysis. Surg Oncol 2010; 19:

3  Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre ], e22-e32 [PMID: 19268571 DOI: 10.1016/j.suronc.2009.02.001]
Bouvier AM. Epidemiology and management of liver me- 15 Inokuchi R, Seki T, Ikeda K, Kawamura R, Asayama T, Yana-
tastases from colorectal cancer. Ann Surg 2006; 244: 254-259 gawa M, Umehara H, Okazaki K. Percutaneous microwave
[PMID: 16858188] coagulation therapy for hepatocellular carcinoma: increased

4 Sakaguchi H, Seki S, Tsuji K, Teramoto K, Suzuki M, Kioka coagulation diameter using a new electrode and microwave
K, Isoda N, Ido K. Endoscopic thermal ablation therapies generator. Oncol Rep 2010; 24: 621-627 [PMID: 20664966]
for hepatocellular carcinoma: a multi-center study. Hepatol 16  Simo KA, Sereika SE, Newton KN, Gerber DA. Laparoscop-
Res 2009; 39: 47-52 [PMID: 18761680 DOI: 10.1111/j.1872- ic-assisted microwave ablation for hepatocellular carcinoma:
034X.2008.00410.x] safety and efficacy in comparison with radiofrequency abla-

5  Martin RC, Scoggins CR, McMasters KM. Safety and ef- tion. ] Surg Oncol 2011; 104: 822-829 [PMID: 21520094 DOI:
ficacy of microwave ablation of hepatic tumors: a prospec- 10.1002/js0.21933]
tive review of a 5-year experience. Ann Surg Oncol 2010; 17: 17 Pathak S, Jones R, Tang JM, Parmar C, Fenwick S, Malik H,
171-178 [PMID: 19707829 DOI: 10.1245/510434-009-0686-z] Poston G. Ablative therapies for colorectal liver metastases:

6 Ikai I, Itai Y, Okita K, Omata M, Kojiro M, Kobayashi K, Na- a systematic review. Colorectal Dis 2011; 13: e252-e265 [PMID:
kanuma Y, Futagawa S, Makuuchi M, Yamaoka Y. Report 21689362 DOI: 10.1111/j.1463-1318.2011.02695.x]
of the 15th follow-up survey of primary liver cancer. Hepatol 18 LuMD, Xu HX, Xie XY, Yin XY, Chen JW, Kuang M, Xu ZF,
Res 2004; 28: 21-29 [PMID: 14734147] Liu GJ, Zheng YL. Percutaneous microwave and radiofre-

7 Kasugai H, Osaki Y, Oka H, Kudo M, Seki T. Severe com- quency ablation for hepatocellular carcinoma: a retrospec-
plications of radiofrequency ablation therapy for hepato- tive comparative study. | Gastroenterol 2005; 40: 1054-1060
cellular carcinoma: an analysis of 3,891 ablations in 2,614 [PMID: 16322950]

(59
3uiz|::m9® WJG | www.wjgnet.com 5436 September 7, 2013 | Volume 19 | Issue 33 |



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Shibata T, Iimuro Y, Yamamoto Y, Maetani Y, Ametani
F, Itoh K, Konishi J. Small hepatocellular carcinoma: com-
parison of radio-frequency ablation and percutaneous mi-
crowave coagulation therapy. Radiology 2002; 223: 331-337
[PMID: 11997534]

Liang P, Yu J, Yu XL, Wang XH, Wei Q, Yu SY, Li HX,
Sun HT, Zhang ZX, Liu HC, Cheng ZG, Han ZY. Percu-
taneous cooled-tip microwave ablation under ultrasound
guidance for primary liver cancer: a multicentre analysis
of 1363 treatment-naive lesions in 1007 patients in China.
Gut 2012; 61: 1100-1101 [PMID: 21997552 DOI: 10.1136/
gutjnl-2011-300975]

Simon CJ, Dupuy DE, Mayo-Smith WW. Microwave abla-
tion: principles and applications. Radiographics 2005; 25
Suppl 1: S69-583 [PMID: 16227498]

Brace CL. Radiofrequency and microwave ablation of the
liver, lung, kidney, and bone: what are the differences? Curr
Probl Diagn Radiol 2009; 38: 135-143 [PMID: 19298912 DOI:
10.1067 /j.cpradiol.2007.10.001]

Tanaka M, Sato M. Microwave heating of water, ice, and sa-
line solution: molecular dynamics study. ] Chem Phys 2007;
126: 034509 [PMID: 17249886]

Sun Y, Wang Y, Ni X, Gao Y, Shao Q, Liu L, Liang P. Com-
parison of ablation zone between 915- and 2,450-MHz cooled-
shaft microwave antenna: results in in vivo porcine livers.
AJR Am ] Roentgenol 2009; 192: 511-514 [PMID: 19155418 DOI:
10.2214/ AJR.07.3828]

Yu J, Liang P, Yu X, Liu F, Chen L, Wang Y. A comparison
of microwave ablation and bipolar radiofrequency ablation
both with an internally cooled probe: results in ex vivo and
in vivo porcine livers. Eur | Radiol 2011; 79: 124-130 [PMID:
20047812 DOI: 10.1016/j.ejrad.2009.12.009]

Li X, Zhang L, Fan W, Zhao M, Wang L, Tang T, Jiang H,
Zhang ], Liu Y. Comparison of microwave ablation and
multipolar radiofrequency ablation, both using a pair of
internally cooled interstitial applicators: results in ex vivo
porcine livers. Int | Hyperthermia 2011; 27: 240-248 [PMID:
21501025 DOI: 10.3109/02656736.2010.536967]

Fan W, Li X, Zhang L, Jiang H, Zhang ]J. Comparison of mi-
crowave ablation and multipolar radiofrequency ablation
in vivo using two internally cooled probes. AJR Am | Roent-
genol 2012; 198: W46-W50 [PMID: 22194514 DOI: 10.2214/
AJR.11.6707]

Wright AS, Sampson LA, Warner TF, Mahvi DM, Lee FT.
Radiofrequency versus microwave ablation in a hepatic por-
cine model. Radiology 2005; 236: 132-139 [PMID: 15987969]
Brannan JD, Ladtkow CM. Modeling bimodal vessel effects
on radio and microwave frequency ablation zones. Conf
Proc IEEE Eng Med Biol Soc 2009; 2009: 5989-5992 [PMID:
19965069 DOL: 10.1109/IEMBS.2009.5334699]

Shi W, Liang P, Zhu Q, Yu X, Shao Q, Lu T, Wang Y, Dong B.
Microwave ablation: results with double 915 MHz antennae
in ex vivo bovine livers. Eur | Radiol 2011; 79: 214-217 [PMID:
20395095 DOI: 10.1016/j.ejrad.2010.03.015]

Rossetto A, Adani GL, Baccarani U, Bresadola V, Lorenzin D,
Sponza M, Vit A, De Anna D, Bresadola F. Necrosis percent-
age of radiologically treated hepatocellular carcinoma at
hepatectomy for liver transplantation. Transplant Proc 2011;
43:1095-1097 [PMID: 21620061]

Qian GJ, Wang N, Shen Q, Sheng YH, Zhao JQ, Kuang M,
Liu GJ, Wu MC. Efficacy of microwave versus radiofre-
quency ablation for treatment of small hepatocellular carci-
noma: experimental and clinical studies. Eur Radiol 2012; 22:
1983-1990 [PMID: 22544225 DOI: 10.1007 /s00330-012-2442-1]
Ohmoto K, Yoshioka N, Tomiyama Y, Shibata N, Kawase T,
Yoshida K, Kuboki M, Yamamoto S. Comparison of thera-
peutic effects between radiofrequency ablation and percuta-
neous microwave coagulation therapy for small hepatocel-
lular carcinomas. | Gastroenterol Hepatol 2009; 24: 223-227
[PMID: 18823439 DOI: 10.1111/j.1440-1746.2008.05596.x]

(49

TR
JBaishideng®

WJG | www.wjgnet.com

5437

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Liang P et a/. Guidelines for microwave liver ablation

Ohmoto K, Yoshioka N, Tomiyama Y, Shibata N, Kawase
T, Yoshida K, Kuboki M, Yamamoto S. Thermal ablation
therapy for hepatocellular carcinoma: comparison between
radiofrequency ablation and percutaneous microwave co-
agulation therapy. Hepatogastroenterology 2006; 53: 651-654
[PMID: 17086861]

Bertram JM, Yang D, Converse MC, Webster JG, Mahvi
DM. A review of coaxial-based interstitial antennas for
hepatic microwave ablation. Crit Rev Biomed Eng 2006; 34:
187-213 [PMID: 16930124]

Schaller G, Erb ], Engelbrecht R. Field simulation of di-
pole antennas for interstitial microwave hyperthermia.
IEEE Trans Microwave Theory Tech 1996; 44: 887-895 [DOI:
10.1109/22.506448]

Longo I, Gentili GB, Cerretelli M, Tosoratti N. A coaxial an-
tenna with miniaturized choke for minimally invasive inter-
stitial heating. IEEE Trans Biomed Eng 2003; 50: 82-88 [PMID:
12617527]

Kuang M, Lu MD, Xie XY, Xu HX, Mo LQ, Liu GJ, Xu ZF,
Zheng YL, Liang JY. Liver cancer: increased microwave deliv-
ery to ablation zone with cooled-shaft antenna--experimental
and clinical studies. Radiology 2007; 242: 914-924 [PMID:
17229876]

Pereira PL, Triibenbach ], Schenk M, Subke ], Kroeber S,
Schaefer I, Remy CT, Schmidt D, Brieger ], Claussen CD.
Radiofrequency ablation: in vivo comparison of four com-
mercially available devices in pig livers. Radiology 2004; 232:
482-490 [PMID: 15286318]

Liang P, Wang Y, Yu X, Dong B. Malignant liver tumors:
treatment with percutaneous microwave ablation--compli-
cations among cohort of 1136 patients. Radiology 2009; 251:
933-940 [PMID: 19304921 DOI: 10.1148/radiol.2513081740]
Yu]J, Liang P, Yu XL, Cheng ZG, Han ZY, Dong BW. Needle
track seeding after percutaneous microwave ablation of ma-
lignant liver tumors under ultrasound guidance: analysis of
14-year experience with 1462 patients at a single center. Eur
J Radiol 2012; 81: 2495-2499 [PMID: 22137097 DOI: 10.1016/
j.ejrad.2011.10.019]

Fung KT, Li FT, Raimondo ML, Maudgil D, Mancuso A, Tib-
balls JM, Watkinson AA, Patch D, Burroughs AK. Systematic
review of radiological imaging for hepatocellular carcinoma in
cirrhotic patients. Br | Radiol 2004; 77: 633-640 [PMID: 15326039]
Bruix J, Sherman M. Management of hepatocellular car-
cinoma: an update. Hepatology 2011; 53: 1020-1022 [PMID:
21374666 DOI: 10.1002/hep.24199]

Xu LH, Cai SJ, Cai GX, Peng WJ. Imaging diagnosis of
colorectal liver metastases. World | Gastroenterol 2011; 17:
4654-4659 [PMID: 22180707 DOI: 10.3748 / wjg.v17.i42.4654]
Liang P, Dong B, Yu X, Yu D, Wang Y, Feng L, Xiao Q. Prog-
nostic factors for survival in patients with hepatocellular
carcinoma after percutaneous microwave ablation. Radiology
2005; 235: 299-307 [PMID: 15731369]

Yin XY, Xie XY, Lu MD, Xu HX, Xu ZF, Kuang M, Liu GJ,
Liang JY, Lau WY. Percutaneous thermal ablation of medi-
um and large hepatocellular carcinoma: long-term outcome
and prognostic factors. Cancer 2009; 115: 1914-1923 [PMID:
19241423 DOI: 10.1002/ cncr.24196]

Forner A, Reig ME, de Lope CR, Bruix J. Current strategy
for staging and treatment: the BCLC update and future
prospects. Semin Liver Dis 2010; 30: 61-74 [PMID: 20175034
DOI: 10.1055/5-0030-1247133]

Lu MD, Yu XL, Li AH, Jiang TA, Chen MH, Zhao BZ, Zhou
XD, Wang JR. Comparison of contrast enhanced ultrasound
and contrast enhanced CT or MRI in monitoring percutane-
ous thermal ablation procedure in patients with hepatocel-
lular carcinoma: a multi-center study in China. Ultrasound
Med Biol 2007; 33: 1736-1749 [PMID: 17629608]

Ishida T, Murakami T, Shibata T, Inoue Y, Takamura M,
Niinobu T, Sato T, Nakamura H. Percutaneous microwave
tumor coagulation for hepatocellular carcinomas with inter-

September 7, 2013 | Volume 19 | Issue 33 |



50

51

52

53

54

55

56

57

Liang P et a/. Guidelines for microwave liver ablation

ruption of segmental hepatic blood flow. | Vasc Interv Radiol
2002; 13: 185-191 [PMID: 11830625]

Yang WZ, Jiang N, Huang N, Huang JY, Zheng QB, Shen Q.
Combined therapy with transcatheter arterial chemoembo-
lization and percutaneous microwave coagulation for small
hepatocellular carcinoma. World | Gastroenterol 2009; 15:
748-752 [PMID: 19222102]

Zhou P, Liang P, Yu X, Wang Y, Dong B. Percutaneous
microwave ablation of liver cancer adjacent to the gastro-
intestinal tract. ] Gastrointest Surg 2009; 13: 318-324 [PMID:
18825464 DOI: 10.1007/511605-008-0710-9]

Shimada S, Hirota M, Beppu T, Shiomori K, Marutsuka T,
Matsuo A, Tanaka E, Ogawa M. A new procedure of per-
cutaneous microwave coagulation therapy under artificial
hydrothorax for patients with liver tumors in the hepatic
dome. Surg Today 2001; 31: 40-44 [PMID: 11213041]

Park SY, Tak WY, Jeon SW, Cho CM, Kweon YO, Kim SK,
Choi YH. The efficacy of intraperitoneal saline infusion for
percutaneous radiofrequency ablation for hepatocellular
carcinoma. Eur | Radiol 2010; 74: 536-540 [PMID: 19398290
DOI: 10.1016/j.ejrad.2009.03.037]

Raman SS, Aziz D, Chang X, Ye M, Sayre ], Lassman C, Lu
DS. Minimizing central bile duct injury during radiofre-
quency ablation: use of intraductal chilled saline perfusion-
-initial observations from a study in pigs. Radiology 2004;
232: 154-159 [PMID: 15220500]

Pan WD, Zheng RQ, Nan L, Fang HP, Liu B, Tang ZF, Deng
MH, Xu RY. Ultrasound-guided percutaneous microwave
coagulation therapy with a “cooled-tip needle” for the treat-
ment of hepatocellular carcinoma adjacent to the gallblad-
der. Dig Dis Sci 2010; 55: 2664-2669 [PMID: 19949862 DOI:
10.1007/510620-009-1053-4]

Liu FY, Yu XL, Liang P, Cheng ZG, Han ZY, Dong BW,
Zhang XH. Microwave ablation assisted by a real-time virtu-
al navigation system for hepatocellular carcinoma undetect-
able by conventional ultrasonography. Eur | Radiol 2012; 81:
1455-1459 [PMID: 21477961 DOI: 10.1016/j.ejrad.2011.03.057]
Xu J, Jia ZZ, Song Z], Yang XD, Chen K, Liang P. Three-di-
mensional ultrasound image-guided robotic system for ac-

(49

TR
JBaishideng®

WJG | www.wjgnet.com

58

59

60

61

62

63

64

5438

curate microwave coagulation of malignant liver tumours.
Int ] Med Robot 2010; 6: 256-268 [PMID: 20564429 DOI:
10.1002/rcs.313]

Sindram D, Swan RZ, Lau KN, McKillop IH, lannitti DA,
Martinie JB. Real-time three-dimensional guided ultrasound
targeting system for microwave ablation of liver tumours: a
human pilot study. HPB (Oxford) 2011; 13: 185-191 [PMID:
21309936 DOLI: 10.1111/j.1477-2574.2010.00269.x]

Goldberg SN, Grassi CJ, Cardella JF, Charboneau JW, Dodd
GD, Dupuy DE, Gervais D, Gillams AR, Kane RA, Lee FT,
Livraghi T, McGahan J, Phillips DA, Rhim H, Silverman SG.
Image-guided tumor ablation: standardization of terminolo-
gy and reporting criteria. Radiology 2005; 235: 728-739 [PMID:
15845798]

Gallotti A, D’Onofrio M, Ruzzenente A, Martone E,
De Robertis R, Guglielmi A, Pozzi Mucelli R. Contrast-
enhanced ultrasonography (CEUS) immediately after
percutaneous ablation of hepatocellular carcinoma. Radiol
Med 2009; 114: 1094-1105 [PMID: 19756947 DOI: 10.1007/
s11547-009-0436-0]

Mason T, Berber E, Graybill JC, Siperstein A. Histological,
CT, and intraoperative ultrasound appearance of hepatic tu-
mors previously treated by laparoscopic radiofrequency abla-
tion. | Gastrointest Surg 2007; 11: 1333-1338 [PMID: 17653812]
Onishi H, Matsushita M, Murakami T, Tono T, Okamoto
S, Aoki Y, Iannaccone R, Hori M, Kim T, Osuga K, Tomoda
K, Passariello R, Nakamura H. MR appearances of radiofre-
quency thermal ablation region: histopathologic correlation
with dog liver models and an autopsy case. Acad Radiol
2004; 11: 1180-1189 [PMID: 15530812]

Dong B, Liang P, Yu X, Su L, Yu D, Cheng Z, Zhang ]. Per-
cutaneous sonographically guided microwave coagulation
therapy for hepatocellular carcinoma: results in 234 patients.
AJR Am ] Roentgenol 2003; 180: 1547-1555 [PMID: 12760916]
Iannitti DA, Martin RC, Simon CJ, Hope WW, Newcomb
WL, McMasters KM, Dupuy D. Hepatic tumor ablation with
clustered microwave antennae: the US Phase II trial. HPB
(Oxford) 2007; 9: 120-124 [PMID: 18333126 DOI: 10.1080/13
651820701222677]

P- Reviewers Lee TY, Mekky MAS, Streba CT
S- Editor Gou SX L- Editor Kerr C E- Editor Zhang DN

September 7, 2013 | Volume 19 | Issue 33 |



7B
JRnishideng®

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN1007-9327

“||| “‘ Il

Baishideng Publishing Group Co., Limited © 2013 Baishideng. All rights reserved.




	5430.pdf
	WJGv19i33-Back cover.pdf

