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ABSTRACT

Introduction: There are more option of 
treatments of hepatocellular carcinoma (HCC), 
that is currently the sixth most common 
cancer worldwide. As only 10–20% of patients 
are candidates for surgery (resection or 
transplantation), ablative therapies such as 
Radiofrequency (RF) and Microwave (MW) 
ablation are both widely used techniques, but 
tumors adjacent to heat-sensitive structures 
such as the gallbladder, major bile ducts, portal 
vein, and hepatic veins are difficult to destroy. 
Irreversible electroporation (IRE) is a new 
non-thermal ablation technique for pancreatic 
and liver tumors that generates electrical 
fields leading to cell death through apoptosis. 
In this way IRE prevents collateral damage to 
other tissues, such as blood vessels, bile ducts, 
nerves, gallbladder and other vital organs which 
often occur in thermal ablation techniques. 
Case Report: We report the treatment of an 
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inoperable HCC with a maximum diameter of 
40 mm in left lobe at the 4th hepatic segment, 
adjacent to the gallbladder in a 75-year-old 
female with hepatitis C–related cirrhosis. It was 
used for the first time a dual thermal and non-
thermal ablative technique: ultrasound–guided 
irreversible electroporation ablation (IRE) 
following ultrasound–guided radiofrequency 
ablation (RFA) in the same session. We got 
complete response at 1, 3 and 6 months 
follow-up without evidenced of local tumor 
progression or metastatic disease. Conclusion: 
Combination therapy plays an important role 
in the treatment of unresectable HCC, because 
near vital structures, but additional research is 
necessary to assess further the safety, efficacy 
and long-term outcomes for this combination 
therapy.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the sixth 
most common cancer worldwide and the third leading 
cause of cancer-related death, numbering over 700,000 
new cases annually [1–3].

Hepatic resection (HR) and liver transplantation (LT) 
are the main curative option. But at the time of initial 
diagnosis, only 10–20% of patients are candidates for 
surgery mainly because of the multiplicity of the lesions 
that often occurs in a background of chronic liver disease, 
bad liver function, deteriorating general condition and by 
the location of the tumor. Consequently, several curative 
treatment options have been developed over the years just 
as effective as image-guided ablation techniques. Ablative 
therapies such as Radiofrequency (RF) and Microwave 
(MW) ablation are both widely used techniques for 
primary and secondary liver cancer. Both techniques 
kill target lesions by gathering thermal energy, but the 
generated heat is difficult to control due to thermal 
fluctuation from blood circulation which affects the local 
heat (“heat sink effect”) [4, 5]. This is particularly evident 
for tumors adjacent to heat-sensitive structures such as 
the gallbladder, major bile ducts, portal vein and hepatic 
veins.

Recently, irreversible electroporation (IRE) has 
been introduced as a novel technique for image-guided 
tumor ablation. IRE is non-thermal ablation technique 
for pancreatic and liver tumors that generates electrical 
fields capable of altering the cell membrane’s electrical 
potential and disrupting the lipidic bilayer structure, 
thereby creating small nanopores through which 
micromolecules or macromolecules can enter or exit the 
cell and interfering with cell homeostasis and leading 
to cell death through apoptosis [6]. The non-thermal 
electrical characteristic of IRE prevents collateral damage 
to other tissues, such as blood vessels, bile ducts, nerves, 
gallbladder, and other vital organs which often occur in 
thermal ablation techniques [6]. Thus, for HCC adjacent 
to large vessels, IRE ablation may be a more appropriate 
choice, especially for those tumors smaller than 3 cm, 
because larger tumors are generally associated with 
greater biological activity and aggressiveness and they 
represents an independent risk factor for local recurrence 
[7].

In this case we report the treatment of an inoperable 
hepatocarcinoma with a maximum diameter of 40 
mm treated for the first time with dual thermal and 
non-thermal ablative technique: ultrasound–guided 
irreversible electroporation ablation (IRE) following 
ultrasound–guided radiofrequency ablation (RF) in the 
same session.

CASE REPORT

A 75-year-old female was admitted to our institution 
in November 2017  for hepatocellular carcinoma (HCC). 

She also had hepatitis C–related cirrhosis, chronic 
bronchopneumopathy and mild mitral insufficiency.

The patient was without other complaints at the 
time of presentation, denying nausea, vomiting, change 
in bowel habits, jaundice, decreased appetite and early 
satiety.

At the time of treatment, laboratory testing revealed 
the following levels: serum albumin, 3,1 g/dl; serum total 
bilirubin, 1,6 mg/dl; prothrombine activity rate 94%; 
platelets 83.000 µ/l; white blood cells 3800 µ/l, AST 146 
U/L, ALT 138 U/L, ALP 262 U/L, GGT 130 U/L, serum 
creatinine 0,6 mg/dl, urea 26 mg/dl, blood sodium 143 
mEq/L; α-feto-protein 30,8 ng/ml. The patient’s hepatic 
function was given a Child-Pugh score of A6 points and a 
Model for End-Stage Liver Disease score of 9.

Ultrasound liver demonstrating hypoechoic mass 
in the 4th hepatic segment (Figure 1). Preoperative 
contrast-enhanced ultrasonography (CEUS) revealed 
a nodule hyperenhanced in arterial phase and washed 
out in portal phase with a maximum diameter of 40 
mm in left lobe at the 4th hepatic segment, adjacent 
to the gallbladder, and therefore it was unresectable. 
Computed tomography (CT) confirmed the diagnosis. 
There was no evidence of extrahepatic metastasis. 
The pathological examination demonstrated well- to 
moderately differentiated HCC.

In the same session local treatment using IRE+ 
RFA was planned in agreement with the patient. 
Prior to the procedure, the patient received general 
anesthesia. Induction is performed with propofol (about 
3 mg/kg), remifentanyl (0.10-0.25 g/kg/m) and the 
curarization is guaranteed with rocuronium (0.6 mg/
kg). The maintenance of anaesthesia is obtained with 
desfluorane (MAC 0,6) and remifentanyl (0.05-0.25 
g/kg/m). We used the standard monitoring (ECG, 
NIBP, plethysmography). Furthermore, monitoring of 
curarization is obtained with TOFcuff Monitor® (RGB 

Figure 1: Preoperative ultrasound liver demonstrating 
hypoechoic mass in the 4th hepatic segment (arrows) adjacent 
to the gallbladder (asterisk). [subcostal scan].
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medical, Madrid, Spain) while depth of anaesthesia is 
monitored trough BIS monitor® (Covidien-Medtronic, 
Minneapolis, USA).

All registered parameters were in the normal range 
before starting ablation. For this reason, deep curarization 
is required for all the duration of procedure and 
monitoring is fundamental as well as specific rocuronium 
antagonism obtained through sugammadex at the end of 
the procedure.

After general anesthesia, we inserted two 15-cm 
electrodes in the most cranial portion of the tumor 
with real-time ultrasound guidance (MyLab40; 
Esaote Biomedica, Genova, Italy), using a 3.5-MHz 
sector probe (CA431, 1-8 MHz). The two electrodes 
(NanoKnife System; AngioDynamics, Latham, New 
York, USA), had a 2-cm exposed tip and they were 
placed parallel within the tumor 1.5–2.0 cm apart, and 
90 pulses of 2,500 V/cm3 were applied between the 
electrode pairs.

Following RFA using the Cool-tip® RF System 
(Mygen M 3004, RF Medical Co., Ltd, Seoul, Korea) was 
performed under real-time ultrasonographic guidance 
(MyLab40; Esaote Biomedica, Genova, Italy), using a 
3.5-MHz sector probe (CA431, 1-8 MHz). A guide device 
incorporated into the ultrasound probe was used for RF 
electrode placement.

We inserted two RF electrodes (a 15-cm long, 
17-gauge internally cooled with 2,5 cm of exposed 
metallic tip) in the most caudal portion of the tumor 
was applied the RF current (Mygen M 3004, RF Medical 
Co., Ltd, Seoul, Korea) for a duration of seven minutes 
and respecting the margin from the hepatic capsule 
and from the gallbladder (Figure 2). Complete ablation 
of the tumor mass together was achieved with a 1-cm 
margin as showed by CEUS post-RF. No problems were 
encountered during the entire procedure the duration of 
which was 1h. 

According to the departmental protocol, systemic 
quinolone (levofloxacin 500 mg QD ev) antibiotic 
therapy and painkillers (paracetamol 1 g BID ev) were 
administered after the treatment and for the following 
2–3 days. 

The day after procedure, venous sampling showed 
a moderate increase in transaminases (AST from 146 
to 315 U/L, ALT from 38 to 170 U/L) with slight signs 
for cholestasis (total bilirubin 2,10 mg/dl). These values   
normalized after 15 days.

The ultrasonography post-RF didn‘t show fluid 
surrounding the treated lesion or in abdomen. One day 
post-RF, the patient underwent CEUS of the liver which 
showed a large region of induced necrosis encompassing 
the vicinity of the original lesion. The patient was 
discharged home three day after the procedure and 
returned for a follow-up examination one month later. 
Computed tomography (CT) scan was performed four 
weeks and six months after the procedure: it confirmed 
complete tumor ablation (Figures 3–4).

DISCUSSION

During the past two decades, radiofrequency ablation 
(RFA), a thermal ablative modality, has been the mainstay 

Figure 2: Intraoperative ultrasound liver during procedure 
demonstrating the hyperechoic zone ablation (arrows) adjacent 
to the gallbladder (asterisk). [intercostal scan].

Figure 3: Liver computed tomography-scan with hepatocellular 
carcinoma 1 month after dual thermal and non-thermal ablative 
procedure (IRE + RFA). Arrow indicates the zone of ablation. 
Asterisk indicates contracted gallbladder. 

Figure 4: Liver computed tomography-scan with hepatocellular 
carcinoma 6 month after dual thermal and non-thermal ablative 
procedure (IRE + RFA). A: arterial phase. B: late venous 
phase. Arrow indicates the zone of ablation. Asterisk indicates 
contracted gallbladder.
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of treatment offered to patients who are not suitable for 
resection or do not meet criteria for transplantation. 
Paralysis and cardiac synchronization are necessary to 
avoid muscle contractions and arrhythmias, respectively 
[8]. Various studies have proven that RFA is a safe 
therapeutic option with both low mortality and morbidity 
and has been widely accepted as effective means of 
minimally invasive treatment for liver tumors [9, 10].

But this thermal ablation has several limitations such 
as the risk of thermal damage to the tissue of adjacent 
structures or the blood vessels [11] or incomplete 
ablation of tumors adjacent to “heat sink” with negative 
influence on the long-term outcome [12]. Furthermore, 
cholecystitis or gallbladder perforation with bile leak can 
occour as a serious potential complication if liver tumour 
is adjacent to it [13, 14].

Therefore, until a few years ago HCC localized near 
blood vessels or bile ducts or gallbladder were inoperable 
both surgically and ablation techniques. Irreversible 
electroporation (IRE) is a newly developed non-thermal 
ablative technique that uses high-current electrical pulses 
to induce pore formation of the cell lipid bilayer, leading 
to cell death. 

IRE processes its own advantages especially including 
avoiding the heat sink and sparing vital structures 
adjacent to tumor, such as blood vessels, gallbladder 
and bile ducts. IRE seems to be an attractive alternative 
option for tumors near gallbladder, the porta hepatis or 
other main vessels in which thermal ablations are risky to 
be performed [15]. 

There is no other case in the literature that use both 
techniques (IRE + RFA) in the same session.  In our case 
IRE was chosen to minimize any potential of thermal 
injury, but IRE ablation efficacy is promising for tumors 
smaller than 3 cm. But in our case HCC was 40 mm of 
diameter, for this reason we used IRE in the most cranial 
portion of the tumor, adjacent to the gallbladder, to 
preserve it, and RFA in the most caudal portion of the 
tumor far from gallbladder. This non-thermal ablative 
technique is promising, safety and increasingly used in 
the clinic, and it is a new choice for liver cancer in recent 
years [16–18]. 

This case demonstrates that when IRE is utilized in 
combination to RF ablation, it is efficacy ablative option 
to treat inoperable tumors adjacent to the gallbladder 
and with a maximum diameter >3 cm. We got complete 
response at 1, 3, 6 and 12 months follow-up without 
evidenced of local tumor progression or metastatic 
disease.

CONCLUSION

The safety of IRE for ablation of hepatocellular 
carcinoma (HCC) has been established, but this case report 
is the first that utilizes a combination therapy (IRE+RF) 
in the same session. In this case vital structures and blood 
vessels were all well-preserved although they were really 

close to the ablated area. The combination therapy plays 
an important role in the treatment of unresectable HCC, 
because near vital structures, but additional research is 
necessary to assess further the safety, efficacy, and long-
term outcomes for this combination therapy.
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