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Abstract

Background: Microwave ablation (MWA) refersto all
el ectromagnetic methods of inducing tumor destruction.

Aimof Sudy: The aim of this study was to evaluate the
outcome of ultrasound-guided microwave ablation of unre-
sectable hepatocellular carcinoma using cold shaft antenna.

Material and Methods: A total of 65 patients with Hepa-
tocellular carcinboma (HCC) were referred to interventional
Radiology Department for ablation of presumed non resectable
tumor. The study group included 49 (75.4%) male and 16
(24.6%) female, with an average age (+SD) of 55+7.2 years
(range, 48-72 years). Conventional gray scale ultrasound and
triphasic computed tomography were performed for all patients
before ablation. The microwave system used was HS AMICA
(apparatus for microwave ablation, hospital service, Rome,
Italy), with electronically controlled microwave generator.
A 14 Gauage cooled shaft electrode nhamed AMICA-probe
was used to deliver microwave power to the liver tissue. The
patients were then followed-up with contrast enhanced com-
puted tomography (CT) and serum a-fetoprotein levels.

Results: Among the 65 patients, complete ablation was
achieved in 60 patients after initial treatment (92.3%). Initial
compl ete ablation rates in patients with nodules <2cm, 2-
5cm, and >5cm were 100%, 92.1%, and 85.7% respectively.
The probability of achieving a complete ablation was signif-
icantly greater in patients with tumor size of <5cm.

Conclusion: Sonographically guided MWA is an effective
ablative method that can be applied in unresectable HCC of
various sizes and different locations with reasonable safety.

Key Words: Microwave ablation — Unresectable Hepatocel lular
carcinoma — Thermal ablation — Ultrasound guid-
ed thermal ablation.

Introduction

HEPATOCELLULAR carcinomaisasignificant
health problem in Egypt, representing 11.75% of
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all digestive system malignancies and 1.68% of
all malignanciesin Egypt [1,2].

Though the traditional treatment of hepatocel-
lular carcinomaiis surgical resection especially for
small or isolated hepatocellular carcinoma, many
patients are not suitable for surgery because of
medical co-morbidities, associated advanced liver
cirrhosis, or to advanced stage at time of presenta-
tion [34].

Because of the unresectability of many cases,
percutanous thermal ablation, mainly including
radio-frequency ablation and microwave ablation
have gained increasing attention [5]. Radio-
frequency ablation has been considered the first
line of treatment in small or early HCC [6,7] as
well as unresectable small tumors <3cm in diameter
[5,8] . The microwave ablation has been emerged
as agood alternative to radiofrequency ablation in
the last decade [9,10].

The microwave ablation depends on high fre-
quency electromagnetic radiation, through one or
more el ectraomagnetic antennas inserted in the
tumor, resulting in active heating, cellular death
and coagulative necrosis [11,12,13] . Microwave
ablation has several theoretical advantages over
radio-frequency ablation, because of the broader
energy deposition. The assumed advantages include
higher intra-tumoral temperatures, larger ablated
volumes in a shorter times, less heat sink effect
and the potentiality to treat larger tumors [14-17] .

The aim of this study wasto evaluate therole
of ultrasound-guided microwave ablation of unre-
sectable hepatocellular carcinoma using cold shaft
antenna.
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Material and M ethods

Patients:

From October 2012 to July 2013, atotal of 65
patients with HCC were referred to interventional
radiology department for ablation of presumed
nonresectable tumor. All cases were treated with
ultrasound-guided percutaneous MWA.. Only pa-
tients with single focal lesion were included in the
study. The patients included in this study were not
candidates for surgical resection because of poor
liver function (n=36), advanced age with chronic
renal or cardiac disease (n=13), recurrent hepato-
cellular carcinomas (lesions that devel oped after
curative resection of aninitial lesion) (n=6 patients)
and patient refused surgery (n=10 patients). The
exclusion criteriaincluded patients with age >80
years, evidence of extraherpatic metastasis, evi-
dence of vascular invasion, patients with coagul a-
tion disorders and poor or absent visualization of
nodules on ultrasound.

The study group:

The study group included 49 (75.4%) male and
16 (24.6%) female, with an average age (+SD) of
55+7.2 years (range, 48-72 years). All patients
gave their written informed consent after explana-
tion of the procedure steps, risks, benefits and
alternative treatment procedures. The study was
approved by the medical ethics committee of the
hospital. The base line features of the study popu-
lation is summarized in Table (1). The study in-
cluded 26 patients (40%) aged more than 60 years.
Ascites was noted in 38 patients (58.5%).

Table (1): Basic features of the 65 patients with hepatocellular

carcinoma.
Gender:
Male 49 (75.4%)
Female 16 (24.6%)
Age:
<60 years 39 (60%)
>60 years 26 (40%)
Hepatitis:
Hepatitis C 55 (84.6%)
Hepatitis B 5 (7.6%)
HepatitisB&C 3 (4.6%)
Non 2 (5.4%)
Child-Pugh:
A 24 (36.9%)
B 41 (63.1%)
AFP level (ng/ml):
<20 11 (16.9%)
20-400 47 (72.3%)
>400 7 (10.7%)
CA199 level (U/ml):
<50 42 (64.6%)
>50 23 (35.3%)
Type of tumor:
First 59 (90.7%)
Recurrent 6 (9.2%)
Ascites:
Yes 38 (58.5%)
No 27 (41.5%)

Pre-treatment ultrasound:

Conventional gray scale ultrasound was per-
formed for all patients, using Philips HD 7 system.
The aim was the assessment of the focal lesions
(site, size, echogenicity, shape and number), the
presence of vascular invasion, the presence of
ascites, and the presence of lymph nodes. Color
Doppler assessment was done for the patency of
the portal vein and the hepatic veins.

Pre-treatment triphasic CT:

The aim was to confirm U/S findings, and to
study the pattern of enhancement of the focal
lesions and for the exclusion of extrahepatic me-
tastases.

Microwave ablation procedure:

Under real time ultrasound guidance, micro-
wave ablation procedure was performed for all
patients. The ultrasound system was Philips HD 7
with 3.5-5 MHz probe. The ablation procedure was
performed under general aneasthesiafor 12 Patients
and 53 patients under local anaesthesia.

The microwave system used was HS AMICA
(apparatus for microwave ablation, hospital service,
Rome, Italy), with electronically controlled micro-
wave generator. Operating at 2450 MHz and capa-
ble of outputting up to 100W continuous wave. A
14 Gauage cooled shaft electrode named AMICA-
probe was used to deliver microwave power to the
liver tissue.

Before beginning of treatment, a detailed plan
for the placement of electrodes, the power output
setting, and the emission time was established.
The aim of the treatment was to completely destroy
the tumor, as well as the surrounding 0.5-1.0cm
normal appearing liver tissue.

After cleansing the skin with povidoneiodine
which also served as a contact medium, local
anesthesiais achieved by using 10ml of 2% xylo-
caine to anesthetize the skin, subcutaneous tissue,
muscles and liver capsule along the assumed track
of entry. A pre-incision of the skinisdone and a
16-gauge 15cm guide needle with an antenna was
inserted and positioned at the designated place of
the tumor under sonographic guidance, and the
active tip was placed in the deepest part of the
tumor, being connected to the microwave generator
and the energy application was then started. For
tumors adjacent to major structures such as the
diaphragm, gastro intestinal tract, or gallbladder,
the microwave ablation electrode was inserted into
the tumor in the direction perpendicular to the
adjacent structure to avoid injury.
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Power output and time emission was variable
according to the site and the size of the tumor. The
applications of 80W for 8-10 minutes was effective
for treatment of tumors 2-3cm and applications of
80W for 10-15 minutes was effective for treatment
of tumors <3-5cm. In order to get complete ablation
for tumor with diameter > 5cm, the electrode was
introduced at the distal margin of the lesion first,
and then the electrode was withdrawn every 2cm
to repeat the treatment. The treatment was applied
until the tumors were completely covered by gas-
ification zone under ultrasound monitoring.

During application of microwave energy, an
expanding hyperechogenic area was produced
which roughly judges the size of the ablation zone,
i.e., necrotic zone. The necrosis length overcomes
the tip of the electrode ahead by few mm (2-6mm)
depending on power and time of the treatment
while the biggest increase occurs backwards and
radially as the time goes over. These changes are
visible on sonographic images but diminished
rapidly as soon as the microwave generator was
switched "off" and completely disappeared within
8 hours. Also crepitus sensation is felt through the
needle during ablation. Both the hyperechoic area
and the crepitus attributed to the water vapor
formation.

To prevent possible tumor seeding, the needle
track was cauterized for 10 seconds when the
antenna was withdrawn.

Vital signs such as blood pressure, heart rate,
respiration rate, and oxygen saturation were con-
tinuously monitored during the procedure.

After care: Complete bed rest for 12 hours.
Observation of pulse and blood pressure for every
30 minutes for 2 hours and then every 2 hours for
12 hours. Analgesic (Panadol 500mg 3 times/day
for 5 days) to control any pain experienced after
the procedure. Intravenous administration of anti-
biotics (Ciprofloxacin 200mg/12h) was routinely
used for 3 days. Patients were discharged after a
6 hour admission when the vital signs are stable.

Assessment of therapeutic efficiency:

To evaluate the tumor response to microwave
ablation therapy triphasic CT was performed 1 and
3 month after ablation and complete ablation was
considered to be achieved if the images revealed
that, the ablation zone was beyond the tumor bor-
ders, the margin of the ablation zone was well-
defined and smooth & no contrast enhancement
was detected within or around the tumor (Figs.
1,2,3). The opposite was defined as incomplete
ablation (Figs. 4,5).
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Patients in whom compl ete ablation was
achieved after the treatment underwent follow-up,
while patients in whom compl ete ablation was not
achieved were scheduled for other therapies. Also,
serum alpha fetoprotein was checked 1 month after
the MWA procedure, and if it was abnormal, it was
repeated after 3 months.

Satistical analysis. Statistical analysis was
done using SSPS program (Version 20.0, IBM,
Armonik, New Y ork), under widows 7. Quantitative
datawere expressed as mean, standard devoiation,
range and median X 2 test was used to compare
categorical data. OS and RFS rates were evaluated
using the Kaplan-Meier method. Any of the varia-
bles were considered related to OS when p<0.05.
Log-rank analyses were conducted by the multi-
variate Cox proportional hazards model. The pre-
dictors for LTP were estimated by univariate Cox
proportional analysis. All statistical tests were two
sided. A p-value less than 0.05 was considered
statistically significant.

Results

Sixty-five patients with single presumed non-
resectable hepatic focal lesions were included in
the study, after fulfillment of informed consent
and inclusion criteria.

Pre -procedural ultrasound and CT criteria of
hepatic focal lesions:

Table (2) summarizes the pre-procedural ultra-
sound and CT criteriain the studied group. Most
tumors were hypoechoic (63.0.7%), hypervascular
(73.8%), and 19 tumors near agreat vessel (29.2%).
Peripheral hallow was present in only 22 patients
(33.8%).

Most tumors included in the study showed the
classical pattern of enhancement (enhancement in
tehe arterial phase and washout in the delayed
phase). Arterio-venous shunting was noted in seven
patients (10.7%).

Response to ablation:

Among the 65 patients, complete ablation was
achieved in 60 patients after initial treatment
(92.3%). A repeat MWA was performed in 5 pa-
tients due to incompl ete ablation, and complete
ablation was achieved in 3 patients. Thus, atotal
complete ablation was achieved in 63 of 65 patients
(96.9%). Theinitial complete ablation ratesin
patients with nodules <2cm, 2-5cm, and >5cm
were 100%, 92.1%, and 85.7% respectively. The
probability of achieving a complete ablation was
significantly greater in patients with tumor size
of <bcm (Table 3).
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Table (2): Ultrasound and CT criteria of 65 hepatic focal

Table (4): Correlation between different pre-procedural ultra-

lesions. sound / CT criteriaand initial complete ablation.
Ultrasound criteria Ultrasound criteria
p_
No. % No No of completely value
© ablated tumor
Echogenicity Hypoechoic lesion 41 63.07
Hyperechoic 8 12.3 Echogenicity = Hypoechoic lesion 41 39 (95.1%) 0.87
Hetrogenous 16 24.6 Hyperechoic 8 7 (87.5%)
. Hetrogenous 16 14 (87.5%)
Vascularity Hypervascular 48 73.8
Hypovascular 17 26.1 Vascularity Hypervascular 48 45 (93.75% 0.62
. . Hypovascular 17 15(88.23%)
Maximum tumor size <2cm 13 20
2-5cm 38 58.5 Near major Yes 19 16 (84.21%) 0.18
>5cm 14 215 vessels No 46 44 (91.66%)
Near major vessels Yes 19 29.2 Margin type Well defined 53 51 (96.22%) 0.05
No 46 70.7 111 defined 12 9 (75%)
Margin type Well defined 53 815 Peripheral Present 22 20(90.9%) 0.82
11l defined 12 185 hypoechoic ~ Absent 43 40 (93.02%)
halo
Peripheral hypoechoic halo Present 22 338 CT criteria
Abscent 43 662 Arterial phase Hypo-attenuating 0.87
CT criteria | so-attenuating 11 10 (90.9%)
Arterial phase Hypo-attenuating Hyper-attenuating 54 50 (92.5%)
Iso-attenuating 1 169 Delayed phase Hypo-attenuating 57 53 (92.9%) 0.75
Hyper-attenuating 54 23-(2)7 Iso-attenuating 8 7 (87.5%)
Venous phase Hypo-attenuating 32 ' Hyper-attenuating
Iso-attenuating 26 40 Arterio-venous Y es 7 6 (85.7%) 0.66
Hyper-attenuating 7 10.7 shunting No 58 54(93.1%)
Delayed phase Hypo-attenuating 57 87.6
|so-attenuating 8 12.3
Hyper-attenuating Table (5): Level of serum alpha-fetoprotein in the studied
Arterio-venous shunting Yes 7 10.7 patients pre-operative, and one month and 6 months
No 58 892 after the procedure.
) ) o Alphafeto protein No. %
Table (3): Correlation between tumor size and completeinitial -
ablation. Pre-operative
" ” <20 11 16.9
<2cm 2-5cm >5cm ~ Pvaue pvaue 20-400 47 723
13) 38) (14) (<2vs. (2-5vs. >400 7 10.7
25cm)  >5cm) After 1 month
Initial 13 (100%) 35(92.1) 12(85.7%)  .052 .005 <20 28 43.07
complete 20-400 32 49.2
ablation >400 5 7.6
After 3 months
) o <20 35 53.8
Correlation between CT / ultrasound findings 20-400 28 43.07
>400 2 3.07

and response to ablation:

Table (4) shows the relationship between the
different ultrasound and CT criteria. The only
statistically significant criterion for predicating
intitial complete ablation was the well defined
versusill defined border on ultrasound. The lesions
with ill defined borders were more susceptible to
incompleteinitial ablation (p=0.05).

Serum alpha fetoprotein:

A dtatistically significant reduction in the level
of serum alpha-fetoprotien was noted in the studied
group (Table 5). In the pre-operative screening, 7
patients had serum alpha-fetoprotein >400ng/ml,
while after 1 month the number reduced to 5 and
only 2 patients had serum al pha-fetoprotein more
than 400ng/ml after 6 months.

- p-value between apha fetoprotein after 1 month and pre-operative
=0.01.

- p-value between apha fetoprotein after 3 month and pre-operative
=0.005.

Table (6): Complications after microwave ablation in 65

patients.
Complication No. %
Pain 32 49.2
Skin burn 2 3.07
Fever 26 12.3
Pleural effusion 1 15
Subcapsular haematoma 3 4.6
Nausa/ vomiting 12 18.4
Hypotension 4 6.1
Tachycardialbradycardia 2 3.07
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Complications:;

No deaths occurred peri-procedural during the
three months follow-up. All complications were
minor according to Society of Interventional Ra-
diology's (SIR) Classification System for Compli-
cations by Outcome. Minimal pleural effusion was
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detected in one patient, requiring no treatment.
Pain related to the procedure was the most common
complication, observed in 32 patients, all responded
to oral analgesics.

No complication requiring hospitalization was
noted during the study.

Fig. (1): Contrast-enhanced transverse CT
scans in a 55-year old man with solitary HCC.
(a,b) Pretreatment arterial and delayed phases of
triphasic contrast enhanced scan revealsa3 x 3
cm enhancing HCC (arrow) in segment 1V. (C,D,E)
arterial, venous and delayed phases of triphasic
CT Scan obtained 1 month after MW ablation
depicts a non-enhancing hypoattenuating area
(arrow head) denoting good response to therapy.
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Fig. (2): Contrast-enhanced transverse CT scansin a48-year old female with solitary HCC. (A,B) Pretreatment arterial and
delayed phases of triphasic contrast enhanced scan reveals a 2 x 2cm enhancing HCC (arrow) in segment V. (C,D,E) arterial,
venous and delayed phases of triphasic CT Scan obtained 1 month after MW ablation depicts a hon-enhancing hypoattenuating

area (arrow head) denoting good response to therapy. (F,G,H) arterial, venous and delayed phases after 3 months showing no
enhancing residual / recurrent neoplastic tissue. Note the lesion is relatively near the gall bladder.
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Fig. (3): Contrast-enhanced transverse CT scans in a 50-year old Male with solitary HCC. (A,B) Pretreatment arterial and
delayed phases of triphasic contrast enhanced scan reveals a 2.5 x 2cm enhancing HCC (arrow) in segment V1. (C,D,E) arterial,
venous and delayed phases of triphasic CT Scan obtained 1 month after MW ablation depicts a hon-enhancing hypoattenuating
area (arrow head) denoting good response to therapy. (F,G,H) arterial, venous and delayed phases after 3 months showing no
enhancing residual / recurrent neoplastic tissue.
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Fig. (4): Contrast-enhanced transverse CT scansin a 63-year old male with solitary HCC. (A,B) Pretreatment arterial and
delayed phases of triphasic contrast enhanced scan reveals a 5.5 x 5cm enhancing HCC (arrow) in segment V. (C,D) arterial,
and delayed phases of triphasic CT Scan obtained 1 month after MW ablation depicts aresidual enhancing neoplastic tissue in
the posterior aspect of the tumor denoting incomplete response to therapy. Note the lesion is relatively near the left portal vein.

Fig. (5): Contrast-enhanced transverse CT scansin a57-year old male with solitary HCC. (A,B,C) Pretreatment arterial,
venous and delayed phases of triphasic contrast enhanced scan reveals a 3 x 2cm enhancing HCC (arrow) in segment V. (D,
E,F) arterial, venous and delayed phases of triphasic CT Scan obtained 1 month after MW ablation depicts a residual enhancing
neoplastic tissue in the anterior aspect of the tumor denoting incomplete response to therapy.
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Discussion

Our results shows that ultrasound guided MWA
is areasonable and successful treatment of patients
with un-resectable HCC. The percentages of com-
plete ablation of HCC compare well with previous
published data.

Thermal ablation has gained great deal in man-
agement of HCC because of little invasiveness,
the ability to repeat the procedure and approved
therapeutic efficiency [18] . At present, radiofre-
quency ablation is the most commonly used thermal
ablation technique and it isthefirst line for treat-
ment of patients with unresectable HCC <3cm [5].
However, using radio-frequency ablation in tumors
>3cm or near large vessels has been associated
with higher recurrence rate [26]. Microwave ablation
isarelatively new modality allows the generation
of consistently higher intra-tumoral temperature
[20,21] . With MWA no need to use grounding pads
because the electrical current is not passing through
the patient. Also, MWA is associated with decreased
vulnerability to the heat sink effect, therefore
lesions near by great vessels can be treated with
MWA [10] . Also, multiple antennas can be used
simultaneously allowing synergistic energy depo-
sition in the treated tissue with wider ablation
zones in ashorter period of time [22,23], and all
these factors suggest that MWA can be used in
larger tumors [24,25] .

In this study, An internally cooled-shaft antenna
was used, which made it possible to expand the
ablation zone, because of the ability to deliver
more energy, decrease tissue charring and improve
energy transfer. Also, the cooled shaft allowed
longer duration treatment [26] .

Our results revesled that total complete response
was achieved in 92.3% of patients after the first
session and 96.9% of patients by one or two ses-
sions of MWA, which was similar to the result
seen in previous studies. Alexander et al. (2015)
reported technical success rate of 95.3% (61/64)
[27]. Also Xu et al. (2017) reported primary local
efficiency of 95.2% (280/294) [28]. Also Hetta et
al. (2011) reported complete ablation in 96%
(94/98) nodules [29] .

In the current study tumor size was the single
significant predictor of initial complete ablation,
The success rate of nodules <2cm, 2-5cm, and
>5cm were 100%, 92.1%, and 85.7% respectively.
Our results are similar to those of Maet al. [30],
with initial complete ablation ratesin patients with
nodules <_3, 3-5, and 5-10cm were 97.9% (238/243),
94.1% (111/118), and 86.1% (62/72), respectively.
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Also, Xu et al. [31] using multiple electrode insertion
technique, attained complete ablation ratesin
tumors 2.0, 2.1-3.9 and >4.0cm in diameter with
success rates 93.1%, 93.8%, and 86.4%, respec-
tively.

Previous studies reported non encouraging
results for MWA in treatment of tumors larger than
5cm [14,17,32) . On the other hand, Chen et al. [33]
completely ablated 14 tumors by prolonging expo-
sure duration and using multiple insertional
schemes. Also Kuang et al. [13] well ablated 12 of
13 tumors 5.1-8cm. Zhang et al. [34] reported
complete ablation rate for tumors 5-8cm to be
85.71%, similar to the results attained in the current
study with successful ablation of 85.2% of tumors
larger than 5cm. Also, Maet al. [30] found the
survival rate of patients with tumors >5cm treated
with MWA to be similar to patients treated with
hepatectomy of transhepatic chemo-emblization
(TACE), at the same time they reported significantly
higher complication rates in patients with HCC
>5cm versus HCC < 5cm, which might be attribut-
able to the fact that ablation of larger tumorsis
more likely to release large amounts of bilirubin
and other cellular components that may lead to
hyperbilirubinemia and renal failure.

No pre-procedural ultrasound or CT criteria
carried significant prediction value for the success
of initial complete ablation except for the ill defined
borders. Il defined borders were more susceptible
to incomplete initial ablation, with initial success
rate of only 75%. On the other hand, Tumors near
great vessels didn't influence the success rate of
ablation procedure as we successfully ablated
84.2% (16/19) of tumors near the great vessels.
Our results are similar to the studies by Komorizono
et al. [35) and Long et al. [36] which showed prox-
imity of atumor to great vessel did not influence
the local effect on the contrary to old reports by
Goldberg et a. [37] and Patterson et al. [38]. Com-
pared with radio-frequency ablation, MW had
advantages of higher thermal efficiency and less
susceptibility to the heat sink effect [39], which
could help to enhance the effectiveness of MW
ablation for tumors adjacent to large tumors.

MW ablation is awell-tolerated technique with
an acceptably low rate of major complications for
treatment of malignant liver tumors [40]. A large-
scale study by Liang et a., over a 13-year period
reported the rate of major complications is about
2.6% [10]. No major complications were reported
during the current study, No complication required
hospitalization or surgical management, only minor
complications of which procedure related pain
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(49.2%). The rate of minor complications has been
reported as 5.7%-7.3% [33,10] . Fever isthe most
common side effect and more than 83.4% patients
will experience fever 24-48h after MW ablation
[10] . In our study, fever was reported in 40% of
patients.

However, there were also some limitations
existed in our study. First, the time of follow-up
is not long enough. Second, most patients did not
have pathological examination. The diagnosis of
HCC relied on their hepatitis history and imaging
examination. Third, all procedures were performed
by the same team, fourth, it was asingle institution
study, Finaly, treatment success was based on
imaging follow-up only, without pathologic proof
of tumor eradication, as we do not routinely perform
biopsy after percutaneous ablation to assure success.
Further analyses including randomized controlled
trialsin multi-center sites are needed.

Conclusion:

Sonographically guided MWA is asafe and
effective ablative method that can be applied in
unresectable HCC of various sizes and different
locations.
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