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Abstract
Background Microwave ablation (MWA) is an emerging
treatment for treatment of patients with hepatocellular carci-
noma (HCC) not amenable of surgical resection.
Patients and Methods We searched for patients diagnosed as
having small-, medium-, and large HCCs treated with MWA
under CT guidance between 2010 and 2014. The main out-
comes of interest were rates of complete ablation, complica-
tions, and overall survival. Rates of complete ablation were
compared with Chi-square test, and estimated survival rates
were calculated by means of Kaplan-Meier method.
Results Thirty-two patients with 45 HCC nodules received
MWA. Seventeen (37.8%) nodules were <3 cm (small),
15 (33.3%) between 3 and 5 cm (medium), and 13
(28.9%) > 5 cm (large). Complete ablation was obtained
in 94.1% of small tumors, 80% of medium tumors, and
53.8% of large tumors (p = 0.03). Two patients had HCC

located in risk area (paracardiac position). Minor complica-
tions occurred after seven procedures (15.5%). Estimated
median survival was 37 months (95% confidence interval
11.97–62.02). One-year OS was 82.7%, 2-year survival
68.9%, and 3-year survival 55.2%.
Conclusion MWA is a versatile ablative method that can be
applied in HCC at various stages, and also in lesions located in
risk areas.
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Introduction

Hepatocellular carcinoma (HCC) accounts for 5–6% of
cancers diagnosed worldwide and represents one of the lead-
ing causes of cancer-related death [1, 2]. Surgical resection
and orthotopic liver transplantation offer the highest survival
rates. However, less than 30% of patients with HCC are
surgical candidates [2–5], as several conditions (e.g., locally
advanced or metastatic disease, poor liver function, underly-
ing comorbidities, and poor performance status) preclude sur-
gical treatment. As a result, in the last decade, there has been a
surge of ablative treatments for HCC, which have been shown
to be effective in patients not suitable for surgery [6–9].

Among them, microwave ablation (MWA) can be consid-
ered a relatively new method, which has showed promising
results in ablation of liver tumors. One or more microwave
antennas are inserted (generally with percutaneous technique)
inside the tumor mass. The electromagnetic microwaves
generate thermal energy that results in coagulative necrosis
of the tumor and surrounding parenchyma [6, 10–13].

Literature reports that MWA has been increasingly used for
treatment of hepatic malignancies, especially in Asian
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countries and USA, while data series from European institu-
tions are scarce. The scope of the present article was to report
on the CT-guided MWA treatment of HCC at a single
European institution, focusing on the technical aspects and
short-term outcomes.

Patients and Methods

Patients In the last 10 years, several techniques were used at
our institution for thermal ablation of either primary or meta-
static malignancies in the hepato-biliary pancreatic area,
including radiofrequency ablation (RFA), cryoablation, and
MWA [14]. For the purpose of this study, a retrospective in-
stitutional review was conducted on HCC patients receiving
MWA between the time period 2010 and 2014. Indications for
MWA included the following: unresectable HCC (because of
either tumor location or general performance status),
multicentric HCC (up to three nodules), or patients’ refus-
al of surgical operations. Vascular invasion at CT scan or
MRI was considered a contraindication to MWA. The fol-
lowing data were extrapolated for the entire study popu-
lation: age, sex, and tumor characteristics (size, number
and localization of lesions, presence of distant metastases,
use of postoperative chemotherapy). The operation notes
and case notes were used to evaluate the technique of the
ablative MWA procedures, associated procedures for other
cancer localizations, and complications. Follow-up data
evaluated included the time to local recurrence, time to
distant mestastases, and death.

Preoperative Evaluation and MWA Procedure All patients
signed informed consent before the interventional radiology
treatment. Liver ultrasound (US), 3-phase contrast enhanced
liver CT, and total body CT scan were performed preopera-
tively in all patients. Each case was discussed during a
multi-disciplinary tumor board with the involvement of
hepato-biliary surgeons, medical oncologists, and inter-
ventional radiologists. A Child-Pugh class A or B, a plate-
let count >100,000/mm3, and a prothrombine time > 65%
were required to receive liver MWA. We considered as
Bsmall^ the HCC nodules measuring 3 cm or smaller, as
Bmedium^ those from 3 to 5 cm, and as Blarge^ those
larger than 5 cm. Two patients of the latter group were
diagnosed as having distant metastases. Both of them
were submitted to MWA with the main aim of either
obtaining a cytoreduction and relieving of tumor-related
symptoms.

A board-certified interventional radiologist with more than
10 years of experience performed all treatments. MWA was
carried out percutaneously under CT guidance (CT device
with 5-mm collimation at 80–140 mA SOMATOM
Sensation, Siemens, Forcheim, Germany), by using a

2.45 GHz microwave generator (AMICA-GEN; HS Hospital
Service, Aprilia, Italy) with energy delivered via one or two
14-gauge, mini-choked, water-cooled interstitial antennae
(HSAMICA; HS Hospital Service). In case of synchronous,
double-antenna MWA procedures, two generators were used,
each driving an individual antenna. The combined action of
the patented mini-choke (a miniaturized quarter-wave im-
pedance transformer for reflected wave trapping) and
probe shaft cooling system (>50 mL/min of saline solu-
tion perfused by an automatic peristaltic pump built into
the microwave generator) prevented the back-heating
phenomena typical of conventional MWA systems.
Throughout the procedure, patients were under conscious
sedation, usually achieved through continuous intrave-
nous infusion of fentanyl 0.1 mg/2 mL diluted 1:10 with
saline solution and through local anesthesia comprising
subcutaneous injection of 2% lidocaine hydrochloride.
The choice of probe was at the discretion of the interven-
tional radiologist and was based on several factors,
including, but not limited to, tumor size, morphology,
location, adjacent structures, and access route. A
single14-gauge antenna was used to treat tumors less than
3.5 cm in maximal diameter (51.1% of the ablative ses-
sions), whereas to treat tumors at least 3.5 cm in maximal
diameter (48.9%), two antennae were operated simulta-
neously, according to the operator’s judgment. When the
antenna was within the tumor, the introducer was retracted
before energy delivery was initiated so as not to interfere
with microwave emissions by the active probe tip. We
used 20-cm-long microwave antennas to allow a sufficient
retraction of the cannula from the ablation area. Two
explicative cases of MWA of HCC in risk position are
illustrated in Figs. 1 and 2.

Follow-Up Efficacy of MWA was evaluated with CT scan
at 1, 3, 6, and 12 months for the first year after treatment
and every 6 months thereafter. Ablation was considered
complete when no contrast enhancement was observed in
arterial phase at 1-month follow-up CT. Ablation was
considered incomplete when a residual contrast enhance-
ment was observed. Size of the MWA ablation zone
measured at 1-month CT scan was used as the basal
assessment to which subsequent follow-up imaging was
compared. Increase in the diameters of the ablation zone
was interpreted as tumor progression, while steadiness or
decrease in diameters of the ablation zone was considered
as successful ablation. In case of residual ablation, a sec-
ond MWA session was performed, an example being the
case illustrated in Fig. 2.

Statistical Analysis Continuous variables were presented as
mean ± SD. Percentages of complete ablation were compared
in the three size groups (small, medium, and large) and
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compared by means of Chi-square test; values <0.05 were
considered statistically significant. Overall survival (OS)
analysis was conducted with the Kaplan-Meier method after
eliminating data of one patient lost to follow-up and of the two
patients with distant metastases at the time of the MWA pro-
cedure. Analysis was conducted using IBM SPSS Statistics
version 20 (IBM Corporation 2011).

Results

Demographics and Operative Outcomes Our database
included 32 consecutive patients with 45 HCC nodules
who underwent MWA during the considered period.
Demographics and tumor data are resumed in Table 1.
Out of 45 HCC lesions, 37.8% were classified as Bsmall,^
33.3% as Bmedium,^ and 28.9% as Blarge.^

A total of 45MWA sessions was performed (Table 2). Two
patients had metastatic disease (bone and lungs, respectively)
at the time of first MWA treatment; both of them underwent

simultaneous ablation of the metastatic lesions. No cases of
perioperative mortality were observed. Complications
occurred after seven procedures (15.5%). All of them were
of minor entity and resolved spontaneously (Table 3).

Overall, ablation was complete after the initial MWA
treatment in 32/45 lesions (71.1%) and incomplete in 13/45
(28.9). When considering ablation rates in the three study
groups, we observed complete ablation in 94.1% of small
tumors, in 80% of medium tumors, and in 53.8% of large
tumors (p = 0.03) (Fig. 3).

Oncological Outcomes After a median follow-up of
30 months (range 3–48), 13 patients died. Overall median sur-
vival was 37 months (95% confidence interval 11.97–62.02).
One-year OS was 82.7%, 2-year survival 68.9%, and 3-year
survival 55.2% (Fig. 3). Local recurrence was observed in four
patients and distant metastases in four patients. Patients devel-
oping local recurrence of HCC were treated with a new MWA
session (three patients) or trans-arterial chemoembolization
(TACE) (one patient).

Fig. 1 MWA complete ablation
of paracardiac HCC. a–e
Preoperative images. f–i Post-
MWA images. CT scan shows a
3.5 cm HCC located in segment
4a, in vicinity of the right heart
ventricole. a Contrast
enhancement of HCC nodule in
the arterial phase; b portale phase
(longitudinal section); c portale
phase (coronal section); d portale
phase (sagittal section); e CT-PET
images. f–i CTscan after 1 month
from MWA, showing a complete
ablation: no contrast enhancement
during the arterial (a) and portal
(b) phases. h, i The coronal and
sagittal section during the portal
phase, respectively
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Discussion

Our study shows that CT-guided MWA can be used success-
fully in treatment of patients with HCC at different stages. Our
rates of complete ablation of HCC compare favorably with
previous published data.

Today, minimally invasive thermal ablation techniques,
such as MWA, RFA, and cryotherapy, are being increasingly
used for both primary and metastatic liver cancers. RFA has
been the most used method for ablation of nonresectable liver

Fig. 2 MWA ablation of
paracardiac HCC measuring
53 mm in its maximum diameter.
CT scan shows a 3.5-cm HCC
located between segments 4 and
3, abutting the diaphragm, in
vicinity of the right heart
ventricole. a Contrast
enhancement of HCC nodule in
the arterial phase; b portale phase;
c arterial phase (coronal section);
d, e arterial phase 1 month after
the first MWA session, showing
partial ablation, i.e., residual
contrast enhancement. f Second
MWA tratment; g CTscan images
showing almost complete
ablation, i.e., minimal contrast
enhancement in the tumor margin

Table 1 Clinical and tumor characteristics of the 32 study patients, in
whom 45 HCC nodules were treated with MWA

Characteristic No. (%)

Age (mean ± SD, range) 69 ± 10.4 (46–85)

Gender

Male 19 (59.4)

Female 13 (40.6)

HCC size (cm, mean ± SD, range)

<3 cm 17 (37.8)

3–5 cm 15 (33.3)

>5 cm 13 (28.9)

No. of HCC nodules per patient

Single HCC 29 (90.6)

2 nodules 2 (6.3)

3 nodules 1 (3.1)

Tumors’ location

Right liver segments 12 (26.7)

Left liver segments 31 (68.9)

Right and left liver segments 2 (4.4)

Distant metastases at the time of MWA 2 (6.2)

Adjuvant chemotherapy 4 (12.5)

Table 2 Summary of MWA procedures

No. of antennas used per single procedure

1 35

2 10

Associated procedures

RFA for lung metastases 1

RFA for lung and bone metastases 1

Lesions in risk areas

Paracardiac lesions 2

RFA radiofrequency ablation
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tumors [6, 15–18] and may offer same results of radical
surgery for treatment of very early HCC [15].

However, there are several limitations and disadvan-
tages associated with the use of RFA. In fact, efficacy of
RFA may be reduced by increased impedance from tem-
perature higher than 100 °C, heat sink effect, and the
unreliable use of multiple antennae simultaneously.
MWA offers some advantages compared to RFA.
Efficacy of ablation is not affected by high temperatures
and seems less affected by heat sink effect. More than one
antenna can be used when necessary in order to obtain a
larger ablation zone in shorter time [5, 6, 11, 16, 19, 20].
Hence, MWA has been proposed as an effective alterna-
tive to RFA in patients with hepatic tumors up to 3 cm. To
date, only one randomized trial has compared MWA with
and RFA for treatment of HCC [21]. In this study, the
authors demonstrated no significant differences between

these two techniques with regard to therapeutic effects,
complications, and rates of residual disease. Similarly, a ret-
rospective study comparing MWA and RFA in 53 HCC pa-
tients showed no significant differences in completion of ab-
lation, rates of residual disease, and recurrence rate between
the two techniques [22]. A recent meta-analysis on percutane-
ous thermal ablation for HCC reported that although RFA and
MWA are equally effective and safe in tumor treatment,MWA
may be more effective with respect to RFA in preventing local
tumor progression when larger tumors are treated [7].

In general, single lesions greater than 5 cm are not consid-
ered amenable to ablation. However, MWA has been shown to
be effective in treatment HCC larger than 3 cm [6, 17].
Medhat et al. obtained complete MWA ablation in 73.1% of
HCC measuring 5–7 cm in larger diameter [23]. Alexander
and coworkers treated withMWA single hepatic malignancies
up to 12 cm in maximum diameter [6]. One of the largest
published series analyzed data of more than 2000 liver malig-
nancies treated with US-guided MWA, ranging from 0.9 to
8 cm [24].

In recent studies, MWA has been considered an effective
ablative option when dealing with medium-large HCC nod-
ules [16, 17]. To note, 62% of lesions in our series have a
diameter > 3 cm, and 4 of them (8.9%) were >8 cm. We used
two antennas to treat the main part of tumors larger than
3.5 cm and observed that the likelihood to obtain a complete
ablation was inversely correlated with tumor size. To date, few
authors reported on the use of MWA for large HCC [6, 17].
Zhang and coworkers treated by means of MWA 60 HCC
lesions measuring 3–8 cm, obtaining complete ablation rates
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Fig. 3 Graph showing Kaplan-
Meier overall survival estimate
for HCC patients who received
MWA

Table 3 Operative outcomes and MWA-related complications

No. (%)

Complete tumor ablation 32 (71.1)

Partial tumor ablation 13 (28.9)

Complications 7 (15.5)

Pneumothorax resolved with conservative treatment 1

Limited liver surface bleeding from probe insertion 1

Pleural effusion 1

Postoperative pain 3

Postoperative fever 1
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of 82% for the first ablation and 100% for the second ablation
[17]. In the present report, including 4 HCC lesions >8 cm, the
rates of complete and partial ablation were 78.1 and 28.9%,
respectively, with a statistically significant difference linked to
the tumor size.

Treatment protocols suggest caution when using
thermoablation for lesions in proximity of major vessels, ma-
jor bile ducts, intra-abdominal organs, or diaphragm [25–27].
The reason for this is that ablation destroys a small
amount of normal tissue around the tumor; thus, there
could be a risk for serious complications. Nevertheless,
recent reports have highlighted a progressive broadening
of indications for MWA of liver malignancy located near
those structures. For example, MWA of liver tumors abut-
ting the diaphragm has been suggested to be safe and
effective in expert hands [26]. Of the 45 patients treated by
Zhang and coworkers, 17 had tumors that were within 5 mm
of risk areas [17]. Our experience corroborates the safety of
MWA of HCC located in the risk areas. In particular, we
treated two cases of HCC abutting the diaphragm, in vicinity
to pericardium, without any complications.

In patients with HCC, the presence of distant metastases
has been usually considered as an exclusion criteria for MWA
and other ablative treatments. In that setting, systemic chemo-
therapy and/or supportive therapy are considered the most
efficacious management. However, MWA may have a role
in palliative treatment of symptomatic metastatic HCC. We
used MWA for large HCC in two patients with lung and bone
metastases, complaining of severe flank pain and difficult
digestion, likely secondary to the mass effect of the liver
tumors with compression of nearby organs. We opted for
ablative technique with the aim to obtain a local control of
the disease by reducing the tumor volume and diminish the
risks of complications such as bleeding or rupture.

In the present report, 1-, 2-, and 3-year OS rates were 82.7,
68.9, and 55.2%, respectively. Those data compare favorably
with previous published data on MWA in patients with HCC.
To date, only one published study reported on long-term out-
comes following MWA for liver malignancies [5]. On a total
of 176 patients including metastases, HCC, and primary bili-
ary cancer, they observed an overall survival at 4 years of
58.3% for colorectal metastases and 79.4% for other patholo-
gy. They concluded that MWA of liver malignancies resulted
in good long-term survival, either combined or not with
surgical resection and regional/systemic treatments. They
also observed that recurrence rates were low after treat-
ment of tumors smaller than 3 cm in diameter, and those
remote from vessels. Sun et al. reported cumulative OS
rates of 89, 74, and 60% at 1, 2, and 3 years, respectively,
in patients undergoing MWA for medium sized HCC [16].
In a report of MWA in large HCC, the 1- and 2-year OS
rates were 95.5 and 86.7% [17]. Those survival rates are
higher than ours; however, it should be noted that the

authors treated HCC with maximum diameter of 8 cm,
whereas 8.9% of our patients had tumors >8 cm.

Side effects and serious complications related to percuta-
neous thermoablation can be considered as uncommon, but
possible [27]. Optimal tumor ablation and prevention of inju-
ries to major vascular and biliary structures can be obtained
with intraprocedural monitoring using CT. In the present re-
port, we observed complications in 15.5% of MWA proce-
dures, all of whom were of minor entity and resolved sponta-
neously after few days. We did not observe any skin burns, a
complication which has been reported after percutaneous
MWA of large HCC.

Most of current literature on use of MWA for HCC
originates from Asia and North America. The present
study is one of the few reports that focus on outcomes
of HCC treated with MWA at a European Institution.
Our research has some limitations, including a retrospec-
tive design and the small cohort size. Moreover, we in-
cluded patients with different disease stage.

Conclusions

Our data confirms that percutaneous MWA under CT guid-
ance represents a valid ablative management of patients with
HCC unsuitable for surgical treatment. In particular, MWA is
a versatile method that can be applied also in medium and
large HCC and in lesions at a risk location.
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