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Abstract 

Introduction  Radiofrequency ablation (RFA) and microwave ablation (MWA) are widely accepted as the established 
treatment options for patients diagnosed with early-stage hepatocellular carcinoma (HCC) who are deemed unfit 
for surgical procedures. However, the effective implementation of these techniques is hindered by various challenges, 
primarily associated with the precise targeting of tumors within the liver. The utilization of thermal ablative methods 
is not recommended for hepatocellular carcinoma (HCC) that is located near intestinal loops, bile ducts, or in eccen‑
tric positions. The unmet need for non-thermal methods in the treatment of hepatocellular carcinoma (HCC) 
was addressed following the introduction of irreversible electroporation (IRE) as an innovative approach.

Aim of the work  To assess the efficacy, safety, and outcomes of IRE in the treatment of difficult-located HCC com‑
pared to transarterial chemoembolization (TACE).

Methods  This is a prospective study that included 24 patients with HCC who presented to the National Hepatology 
and Tropical Medicine Research Institute (NHTMRI) during the period from January 2017 to January 2020. Ten patients 
underwent IRE, while 14 patients underwent TACE.

Results  Sixteen patients (66.7%) were males; eight patients were females (33.3%). Their median age was 60.5 years 
(48–70 years). Seventeen patients (70.8%) were Child–Pugh class A, while seven patients (29.2%) were Child–Pugh 
class B. All the study population had a single focal lesion; the mean size of the focal lesions was 2.94 ± 0.59 cm. 
The most frequent difficult locations of HCC were segment V focal lesions adjacent to both the common bile duct 
and portal vein in eight patients (33.3%) followed by lesions adjacent to the inferior vena cava in five patients (20%) 
followed by the subcapsular lesions in three patients (12.5%) and lesions adjacent to the right kidney in two patients 
(8.3%). Complete response (CR) was higher in the IRE group (80%) compared to the TACE group (50%). Clinical decom‑
pensation occurred in six patients in the IRE group (60%) and eight patients in the TACE group (57.1%) (P value 1). 
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Introduction
With an anticipated incidence of more than one mil-
lion cases by 2025, liver cancer continues to be a global 
health concern. Ninety percent of instances of liver can-
cer are attributed to hepatocellular carcinoma (HCC), the 
most prevalent kind of the disease [1]. The two primary 
curative interventions for HCC cases have been hepatic 
resection and liver transplantation. Improvements in 
patient selection have produced excellent 10-year post-
liver transplantation survival rates and improved surgical 
resection results [2].

Although microwave thermal ablation (MWA) and rad-
iofrequency ablation (RFA) were believed to be very suc-
cessful minimally invasive treatment options for HCC, 
there are still several challenges associated with their 
use, most of which are connected to the location of the 
tumor. When tumors are located eccentrically or next to 
bile ducts or intestinal loops, it is not recommended to 
employ these thermal ablative techniques. The develop-
ment of irreversible electroporation (IRE) addressed the 
unmet demand for non-thermal HCC therapy methods 
[3].

In the realm of interventional oncology, IRE has 
become popular. According to Rubinsky [4], this non-
thermal method of tumor ablation has a lower rate of 
collateral damage and is not impacted by the heat sink 
effect. In particular, IRE uses extremely brief, high-volt-
age electrical pulses to cause pores to develop in cells’ 
lipid bilayers, which causes apoptosis. Because collagen-
ous structures are preserved inside the ablation field, 
parenchymal architecture is maintained [5].

Preservation of vital structures within the IRE-ablated 
zone is another unique characteristic of IRE ablation. In 
all IRE-ablated liver tumors, critical structures, such as 
the hepatic arteries, hepatic veins, portal veins, and intra-
hepatic bile ducts, were all preserved [6]. In other types 
of tumor ablation, these structures are completely oblit-
erated due to the extreme temperature changes causing 
the denaturation of proteins [6]. IRE is a relatively new 
technique for tumor ablation. It has shown promising 
results in difficult cases where surgery is not recom-
mended and delicate anatomic structures are present 
near or within the tumor. Currently, liver cancer is one of 
the most common targets for IRE treatment [7].

This study aimed to assess the efficacy and safety of IRE 
in the treatment of difficult-located HCC in comparison 
to TACE and to compare the long-term follow-up results 
of the two techniques.

Patients and methods
The National Hepatology and Tropical Medicine 
Research Institute’s HCC unit conducted this prospec-
tive study (NHTMRI). Twenty-four patients with chal-
lenging localization HCC who visited NHTMRI between 
January 2017 and January 2020 were included in the cur-
rent study. These 24 patients were chosen from 270 HCC 
patients who visited the NHTMRI HCC unit over the 
study’s duration. Ten patients received IRE, while 14 had 
TACE (transarterial chemoembolization). All patients 
signed a written informed consent before inclusion in 
the study. This research did not receive any specific 
grant from funding agencies in the public, commercial, 
or not-for-profit sectors. This study was carried out fol-
lowing the 1975 Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments 
and its later amendments. The protocol of this study was 
approved by the ethics committee of the Faculty of Medi-
cine, Cairo University (Number: N-46–2017).

The inclusion criteria for both IRE and TACE groups 
were as follows: patients diagnosed with a single HCC 
by dynamic imaging (triphasic CT and/or dynamic MRI) 
with or without elevated serum alpha-fetoprotein with 
a maximum tumor diameter of 4  cm. Difficult-located 
tumors included HCC adjacent to bowel loops, gall blad-
der, major vessels (inferior vena cava, hepatic veins, and 
portal vein), bile duct, vital organs (right kidney), and 
caudate lobe HCC. Subcapsular (does not intend the 
liver capsule) and partially exophytic (less than 50% of 
the tumor size bulging outside the capsule) tumors were 
included.

Suitable laboratory parameters for performing the 
intervention are hemoglobin more than 10 g/dl, platelets 
count more than 60,000/cmm and INR not more than 
1.6, Child-Turcotte-Pugh class A and early B up to score 
8, and compensated cardiac condition.

We excluded patients with ascites, patients with extra-
hepatic or vascular spread of HCC, patients with cardiac 
arrhythmias, or those with artificial pacemakers. The 

Recurrence occurred in five patients (50%) treated with IRE and in seven patients (50%) treated with TACE (P value 1). 
Within the IRE group, two patients (20%) remained alive; on the other hand, within the TACE group six patients (42.9%) 
remained alive by the end of the study (P value 0.388).

Conclusion  Our data suggest that IRE is an effective procedure in the treatment of difficult-located HCC in terms 
of complete response, fewer sessions, and fewer side effects as compared to TACE.

Keywords  Hepatocellular carcinoma, Irreversible electroporation, Transarterial chemoembolization, Tumor response
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decision to allocate the patient to one of the two treat-
ment modalities (IRE versus TACE) was based on ran-
dom selection (United States Office of Research Integrity, 
1992).

All patients were subjected to full history taking, labo-
ratory investigations, complete blood count, liver profile 
as serum albumin, total bilirubin, INR, AST, ALT, and 
radiological investigations such as abdominal ultrasound, 
triphasic CT abdomen, and/or dynamic MRI.

Irreversible electroporation (IRE) (Nanoknife system)
IRE is a local application of a series of brief (ultra short) 
but intense (strong) electrical pulses, causing innumer-
able permanent lethal nanopores in the cell membrane, 
thus disrupting the cellular homeostasis and leading to 
permanent cell death from apoptosis, not necrosis as in 
all other thermal or radiation-based ablation techniques 
[8].

IRE was performed by an expert in interventional ultra-
sound locoregional therapy using the Nanoknife system, 
Angiodynamics, Inc®. Queensbury, NY, USA.

The IRE system consists of a computer-controlled 
pulse generator that delivers 3000-V pulses to the IRE 
probes. Typically, a minimum of 90 pulses are delivered, 
which last from 20 to 100 µs each. The number of probes 
inserted inside the tumor is determined according to 
the tumor dimensions, which also specify the spacing of 
probes needed to create the desired ablation zone based 
on the input data to the central processing unit [9].

The needles were multiple monopolar 19-gauge radio-
opaque probes, spaced 15 to 22 mm apart, and were used 
depending on the electroporation zone to be achieved. 
The insertion, adjustment, and follow-up till with-
drawal of the needles were done under ultrasonographic 
guidance.

General anesthesia with deep neuromuscular blockade 
was used in all cases to achieve paralysis to zero twitches. 
This level of paralysis is needed to prevent patient move-
ment when the high-voltage pulses are delivered. General 
anesthesia was achieved by propofol (0.5–1 mg/kg), fen-
tanyl (1 mg/kg), and atracurium (0.5 mg/kg) followed by 
maintained inhalation on isoflurane (1.5 to 3% in oxygen) 
with controlled ventilation.

Treatment planning was based on preoperative imag-
ing with CT scanning in which the tumor dimensions 
and morphology were measured and uploaded into the 
pulse generator software. The number and spacing of 
probes needed to create the desired ablation zone were 
calculated by the generator software, based on the com-
puter algorithm. The probes are placed in a manner as to 
bracket the tumor, rather than violate the tumor itself.

The tumor must be completely encased by the needle 
probes. The ablation time for four electrodes was 9 min. 

Ablation technical success was defined as the ability to 
successfully deliver all the planned pulses (at least 90) 
following the size and dimension of the lesion plus the 
absence of tumoral enhancement on follow-up dynamic 
CT after 1 month from the session of ablation [10].

Post ablation the patients were transferred from the 
interventional ultrasound unit to the ward department. 
Vital signs (blood pressure, pulse, and temperature) 
were monitored every 4 h for the next 24 h and patients 
were discharged after follow-up abdominal ultrasound 
to exclude any abdominal collection or development of 
ascites.

Transarterial chemoembolization (TACE)
TACE was performed by an expert in interventional radi-
ology. The procedure involves gaining percutaneous tran-
sarterial access by the Seldinger technique to the hepatic 
artery with an arterial sheath, by puncturing the common 
femoral artery in the right groin and passing a catheter 
guided by a wire through the abdominal aorta, through 
the celiac trunk and common hepatic artery, and finally 
into the branch of the proper hepatic artery supplying the 
tumor.

The interventional radiologist then performed a selec-
tive angiogram of the celiac trunk and possibly the 
superior mesenteric artery to identify the branches of 
the hepatic artery supplying the tumor(s) and threaded 
smaller, more selective catheters into these branches. 
This was done to maximize the amount of the chemo-
therapeutic dose that was directed to the tumor and 
minimize the amount of the chemotherapeutic agent that 
could damage the normal liver tissue. When a blood ves-
sel supplying the tumor has been selected, alternating 
aliquots of the chemotherapy (adriamycin/cisplatin) dose 
mixed with lipidol and embolic particles were injected 
through the catheter as follows:

–	 Ten milliliters of 50 mg doxorubicin hydrochlo-
ride powder mixed in isotonic saline 0.9% or 10 ml 
of 50 mg cisplatin liquid mixed with lipidol adjusted 
according to the volume of the tumor

–	 Embolic material: gel foam or variable-sized poly 
vinyl alcohol (PVA) or Embosphere Microspheres 
variable according to the type and size of arterio-por-
tal (AP) shunts

The total chemotherapeutic dose was either given in 
one vessel’s distribution or was divided among several 
vessels supplying the tumor.

Follow‑up
Follow-up was performed for all patients using tripha-
sic CT abdomen, INR, CBC, albumin, bilirubin, and 
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alpha-fetoprotein, after 1 month then triphasic CT abdo-
men every 3 months in the first year then every 6 months 
till the end of the study. The mean follow-up period was 
24 months.

All patients were assessed for the absence of tumor 
hyper-enhancement on follow-up imaging and accord-
ing to the modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) [11].

1.	 Complete response: Disappearance of any intra-
tumoral arterial enhancement in all target lesions

2.	 Partial response: At least a 30% decrease in the sum 
of diameters of viable (enhancement in the arterial 
phase) target lesions, taking as reference the baseline 
sum of the diameters of target lesions

3.	 Stable disease: Any cases that do not qualify for 
either partial response or progressive disease

4.	 Progressive disease: An increase of at least 20% in 
the sum of the diameters of viable (enhancing) tar-
get lesions, taking as reference the smallest sum of 
the diameters of viable (enhancing) target lesions 
recorded since treatment started [11]

Statistical methodology
Analysis of data was done using SPSS (statistical program 
for social science version 12) as follows: description of 
quantitative variables was performed using mean, SD, 
and range. A description of qualitative variables was per-
formed using numbers and percentages. The chi-square 
test was used to compare qualitative variables between 
the groups. P value is considered insignificant if > 0.05 
while considered significant if < 0.05 and is highly signifi-
cant if < 0.01 [12].

Results
When we compared the two studied groups, there were 
no differences among the patients regarding their age, 
gender distribution, presence of diabetes mellitus, and 
Child–Pugh score. Sixteen patients (66.7%) were males; 
eight patients were females (33.3%). The median age of 
the 24 patients was 60.5 years (range, 48–70 years). The 
mean age of the IRE group was 59.2  years, while the 
mean age of the TACE was 60.6  years (P value = 0.546). 
Eight patients (57.1%) of the TACE group had previous 
HCC ablation, while only two patients (20%) of the IRE 
group underwent previous HCC ablation (Table 1).

As regards the virology status of the studied patients, 
22 patients (91.7%) were HCV Ab positive. Eleven 
patients (45.8%) had positive HCV RNA before ablation. 
All 24 patients (100%) were HBV negative. Two of our 
patients were virology-negative patients (8.3%), one male 
patient had a history of bilharziasis, and the other female 
patient had a history of diabetes.

When we compared the two groups regarding the 
virological background and laboratory parameters, 
apart from the significantly higher AST level in the 
TACE group, there was no statistically significant differ-
ence between both groups in the rest of the parameters 
(Table 2). Regarding the radiological features of the stud-
ied groups, we found no statistical difference among the 
studied groups regarding their tumor features. All the 
study population had a single focal lesion (Table 3). The 
mean focal lesion size for the TACE group was 3.11 cm 
(range from 2.5 to 3.8 cm), and the mean focal lesion size 
for the IRE group was 2.69  cm (1.7 to 3.5  cm) (P value 
0.212). All patients in the IRE group had the focal lesion 
in the right lobe (100%), whereas, in the TACE group, 
eight patients (57.1%) had the focal lesion in the right 
lobe, four patients (28.6%) had focal lesions on the left, 

Table 1  The clinical characteristics of the IRE group versus the TACE group

IRE group TACE group P value

Count % Count %

Gender Male 6 60.0% 10 71.4% 0.673

Female 4 40.0% 4 28.6%

Cigarette smoking 2 20.0% 2 14.3% 1

Diabetes mellitus 2 20.0% 6 42.9% 0.388

Performance status 0 7 70.0% 10 71.4% 1

1 3 30.0% 4 28.6%

A 7 70.0% 10 71.4% 1

B 3 30.0% 4 28.6%

MELD score mean (SD) 10 (2.3) 9 (1.7) 0.352

History of previous ablation Yes 2 20.0% 8 57.1% 0.104

No 8 80.0% 6 42.9%
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Table 2  Laboratory parameters of the IRE group versus the TACE group

Variable (normal variation) IRE group TACE group P value

Mean SD Mean SD

Hemoglobin (13–17 g/dl) 13.12 1.69 13.18 1.54 0.472

WBC (4–11 × 103/cmm) 6.40 1.62 5.54 1.75 0.235

Platelets (150–450 × 103/cmm) 133.90 44.76 127.07 45.33 0.666

Serum bilirubin (up to 1.1 mg/dl) 1.20 0.40 1.08 0.37 0.437

ALT (up to 41 U/L) 28.80 20.48 46.50 22.92 0.084

AST (up to 38 U/L) 37.20 24.15 67.14 35.72 0.011

Albumin (3.5–5 g/dl) 3.70 0.32 3.63 0.37 0.437

Alkaline phosphatase (35–105 U/L) 124.90 66.57 121.50 35.38 0.341

Serum creatinine (0.6–1.4 mg/dl) 0.91 0.26 0.87 0.16 0.666

International normalized ratio 1.23 0.11 1.22 0.12 0.931

Alpha-fetoprotein (< 10 ng/ml) (median and 
range)

73.50 (7.30–350) 42.55 (3.70–535) 0.709

Table 3  Characteristics of the HCC lesions in the IRE group versus the TACE group

Variables IRE group TACE group P value

Count % Count %

Number of focal lesions Single 10 100.0% 14 100.0% –

Focal lesion size, mean ± SD 2.69 ± 0.73 3.11 ± 0.41 0.212

Focal lesion site Right 10 100.0% 8 57.1% 0.082

Left 0 0.0% 4 28.6%

Caudate 0 0.0% 2 14.3%

Barcelona Clinic Liver Cancer stage A 8 80.0% 14 100.0% 0.163

B 2 20.0% 0 0.0%

The number of affected liver segments (spe‑
cific site) and if adjacent to a vital organ or a 
major vessel or common bile duct

I. Inferior vena cava 0 0.0% 1 7.1% 0.390

I. Inferior vena cava, portal vein, porta 
hepatis

0 0.0% 1 7.1%

II. Partially exophytic 0 0.0% 1 7.1%

II. Vessels 0 0.0% 1 7.1%

III. Bowel 0 0.0% 1 7.1%

IV. Gall bladder 1 10.0% 0 0.0%

IV. b 1 10.0% 1 7.1%

V 1 10.0% 0 0.0%

V. Gall bladder, common bile duct 1 10.0% 0 0.0%

V. Portal vein 2 20.0% 0 0.0%

V. Portal vein, common bile duct 1 10.0% 0 0.0%

V. Gall bladder, common bile duct, portal 
vein

1 10.0% 0 0.0%

V. Gall bladder, portal vein 0 0.0% 1 7.1%

V. Portal vein, porta hepatis 0 0.0% 1 7.1%

VI. Kidney 0 0.0% 2 14.3%

VII. Inferior vena cava 2 20.0% 1 7.1%

VII. Subcapsular 0 0.0% 1 7.1%

VIII. Subcapsular 0 0.0% 2 14.3%
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and two patients (14.3%) had focal lesions in the caudate 
lobe.

The most encountered specific sites for HCC in the 
IRE group were segments IV and V (8 out of 10 patients) 
while HCC in segments I, II, and III were only present in 
the TACE group (5 out of 14 patients). All the 24 patients 
in the two groups IRE and TACE had a patent portal vein 
and all patients had no lymph node metastasis. Accord-
ing to BCLC, eight patients in the IRE group (80%) were 
stage A and two patients in the IRE group (20%) were 
stage B, in contrast to all the 14 patients in the TACE 
group were BCLC class A (P value 0.163) (Table 3).

This study did not reveal statistical significance among 
the two groups regarding their treatment response, 
post-treatment hepatic decompensation, recurrence, 
or mortality (Table 4). The two most common causes of 
decompensation in patients in the IRE group were ascites 
(33.3%) and portal vein thrombosis (33.3%) respectively 
over 2 years of follow-up while the most common cause 
of decompensation in the TACE patients was the devel-
opment of ascites (50%) over 2 years of follow-up. Within 
the IRE group, five patients (62.5%) developed recurrence 
away from the primary ablated HCC site over 2  years 
of follow-up and two patients (20%) remained alive. On 
the other hand, within the TACE group, seven patients 
(53.8%) developed new lesions (five patients recurrence 
in the same primary HCC site that needed further ses-
sions and two patients away from the primary site) and 
six patients (42.9%) remained alive (Table 4).

The cause of death in 12 of the studied patients was 
due to long-term complications of recurrent metastatic 
HCC and liver cell failure. Refractory ascites, hepatic 

encephalopathy, and hemodynamic instability (shock) 
were their last presentation. One patient with portal 
vein thrombosis died from hypovolemic shock due to 
massive hematemesis and melena even after performing 
endoscopic variceal ligation bedside in the intensive care 
unit. One patient died from complications of COVID-
19 pneumonia. One patient died from complications of 
malignant obstructive jaundice and a very high bilirubin 
level not eligible for biliary drainage and renal failure. 
One patient died from massive pleural effusion and lung 
infection followed by respiratory failure.

Seven patients in the IRE group had Child–Pugh class 
A. Using the modified RECIST criteria, two patients 
had a partial response and five patients had a complete 
response. Six patients died after 2 years of follow-up, 
three patients experienced a recurrence of HCC follow-
ing total ablation, and five patients with Child–Pugh class 
A displayed hepatic decompensation.

Furthermore, three individuals in the IRE group had a 
Child–Pugh class B-7. They all had a complete response. 
After 2 years of follow-up, one patient developed hepatic 
decompensation, two patients experienced HCC recur-
rences, and one patient was still alive.

There were ten patients with Child–Pugh class A in 
the TACE group. Five patients had a complete response, 
while five achieved a partial one. Hepatic decompensa-
tion occurred in six of the Child–Pugh class A patients, 
and six patients had HCC recurrence. Six Child–Pugh 
class A patients died away by the time the study was 
finished.

Furthermore, two patients in the TACE group dem-
onstrated a partial response, and two patients with a 

Table 4  Treatment outcome of the studied groups

IRE group TACE group P value

Count % Count %

Response to treatment mRECIST Partial 2 20.0% 7 50.0% 0.210

Complete 8 80.0% 7 50.0%

Hepatic decompensation Yes 6 60.0% 8 57.1% 1

No 4 40.0% 6 42.9%

Type of decompensation Ascites 2 33.3% 4 50% 0.618

Portal vein thrombosis 2 33.3% 1 12.5%

Hepatic encephalopathy 1 16.6% 1 12.5%

Jaundice 0 0.0% 1 12.5%

Bacterial peritonitis and renal 
impairment

0 0.0% 1 12.5%

Hematemesis and melena 1 16.6% 0 0.0%

Newly developed HCC Yes 5 50% 7 50% 1

No 5 50% 7 50%

Mortality Alive 2 20.0% 6 42.9% 0.388

Dead 8 80.0% 8 57.1%
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Child–Pugh class B-7 attained a complete response. Two 
patients displayed decompensation and after achiev-
ing complete response, one patient experienced an HCC 
recurrence. By the time the trial was over, two Child–
Pugh class B patients died (Figs. 1, 2, 3, 4, 5, and 6).

Discussion
The results of our study revealed that there was no sig-
nificant difference in the treatment outcome, post-treat-
ment decompensation, recurrence, and mortality among 
comparable patients with difficult location HCC treated 
with IRE versus TACE.

Our study also revealed that IRE can be used in 
patients with Child–Pugh class B (7/8) with adequate 
results. Few studies have assessed the tolerability and 
efficacy of IRE in the treatment of Child–Pugh B (7/8) 
patients with hepatocellular carcinoma (HCC). A pre-
vious single-center study included 23 patients (median 

age 65.2 years, range 38.8–84.0) with 33 HCCs who were 
treated via IRE. The majority of patients had well-com-
pensated Child–Pugh A cirrhosis due to either alcohol 
and/or hepatitis C. Eight patients received IRE for more 
than one lesion either concurrently or on separate occa-
sions. Their median tumor size was 2.0  cm (range 1.0–
5.0 cm) [13]. The complete response (CR) rate was 92.9% 
for lesions smaller than 2 cm, 90.0% for lesions 2–3 cm, 
and 77.8% for lesions larger than 3 cm. The three lesions 
that required two procedures were all larger than 3  cm 
and were all complicated by local recurrence during 
follow-up. Of the four lesions that had residual disease, 
three were large lesions (5.0, 3.9, and 2.9 cm) [13]. These 
data agree with our study, as our patients in the IRE 
group had an 80% complete response according to mRE-
CIST criteria.

Freeman and colleagues reported that 12 (52.2%) out of 
23 patients were still alive by the end of their study. All 

Fig. 1  CT image of the pretreatment arterial phase of case number 2 IRE group, male patient 53 years old segment V HCC 2.5 cm, adjacent to the 
gall bladder, portal vein, and common bile duct

Fig. 2  CT image of the post-treatment arterial phase of case number 2 IRE group after 4 weeks from the IRE session
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Fig. 3  CT image of the pretreatment arterial phase of case number 4 IRE group, male patient 55 years old segment VII ill-defined HCC measuring 
3.5 cm with proximity to the IVC

Fig. 4  CT image of the post-treatment arterial phase of case number 4 IRE group after 4 weeks from the IRE session. Alpha-fetoprotein declined 
from 76 to 10 ng/ml

Fig. 5  CT image of the pretreatment arterial phase of case number 5 IRE group, female pt. 64 years old with segment IVb 1.8 cm HCC
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11 deaths were liver-related (HCC or end-stage liver fail-
ure) [13]. On the other hand, in our study, two patients 
remained alive (20%). Death was mainly due to the natu-
ral course of illness related to long-term complications of 
cirrhosis and liver cell failure.

Another study by Sutter and colleagues, who 
recruited 58 patients with 75 HCCs considered con-
traindicated to ordinary thermo-ablative techniques 
and treated them with IRE, reported 92% complete 
ablation [14]. Previous studies used IRE as its main 
therapeutic effect apoptosis, rather than necrosis and 
distortion of cells and/or connective structures, like 
with pure thermal ablative techniques. Thus, IRE is an 
effective and safe modality to treat tumors located close 
to critical structures, such as hilar biliary ducts for 
central locations or diaphragm and digestive tract for 
peripheral subcapsular locations [14].

Another study [15] included 300 patients (mean age: 
51 to 66.6  years,male: 182; female: 118) from 9 studies 
of hepatic malignant tumors. The meta-analysis showed 
that compared with the initial values, the longest diam-
eter of the tumors was significantly decreased at the last 
follow-up months after IRE. Furthermore, the ALP, AST, 
and total bilirubin levels were increased 1 day after IRE 
while returning to baseline at the last follow-up month. 
The pooled data indicated that IRE could be a minimally 
invasive and effective approach for patients who had 
preoperative poor liver function or those whose masses 
were in refractory locations where surgical resection was 
unsuitable.

The outcome of TACE appears to depend on care-
ful patient selection. In an RCT that recruited patients 
with compensated cirrhosis (70% in Child–Pugh A), 
absence of cancer-related symptoms (81% with ECOG 
performance status of 0), and large or multinodu-
lar HCC with neither vascular invasion nor extrahe-
patic spread, 2-year survival after conventional TACE 
reached 63%, compared with 27% of the untreated con-
trol arm (P = 0.009) [16].

The above data is consistent with the results gained 
from our study for the control group using TACE, 
whereas, the 2-year survival rate was 43%, with a simi-
lar response to mRECIST treatment (50%), suggesting 
similar outcomes for the HCC patients enrolled in this 
study with regard to TACE.

As regards TACE technique in another trial, between 
November 2005 and August 2016, Lee et al. retrospec-
tively reviewed 74 patients with a single HCC ≤ 5  cm 
or up to three HCCs ≤ 3 cm without vascular invasion 
or extrahepatic metastasis who were treated with RFA 
(n = 43) or TACE (n = 31). The overall survival (OS) and 
local progression rates were compared after propen-
sity score analysis [17]. The mean follow-up period was 
2.8 ± 1.9 years. The 1-, 2-, and 3-year survival rates were 
97.1, 94.0, and 80.7% for the RFA group and 89.0, 80.8, 
and 62.0% for the TACE group, respectively. The clini-
cal variables of the RFA and the TACE groups were well 
balanced by propensity score adjustment, and the RFA 
group showed better OS (P = 0.039) and local progres-
sion rates (P = 0.004) than the TACE group [17].

Fig. 6  CT image of the post-treatment arterial phase of case number 5 IRE group after 4 weeks from the IRE session. Alpha-fetoprotein declined 
from 184 to 53 ng/ml
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Our current study has several limitations. First, as a 
single-institution study, it suffers from bias in the use of 
ablation as an adjunct to surgical resection. Addition-
ally, both groups in our study consisted of relatively few 
patients (14 and 10, respectively).

IRE appears to be a safe treatment for hepatic tumors 
in proximity to vital structures. Further prospective eval-
uation is needed to determine the optimal effectiveness 
of IRE concerning size and technique for IRE of the liver 
[18].

In conclusion, irreversible electroporation represents a 
safe, effective ablative modality for the treatment of hepa-
tocellular carcinoma in the setting of Child–Pugh A and 
early B liver dysfunction in difficult locations. Its safety 
and efficacy compare favorably with TACE.

Given the benefits of its non-thermal nature, IRE may 
broaden local ablative options for HCC, in particular, 
when standard local curative treatments are difficult to 
perform. Further studies are warranted to compare IRE 
to other standard HCC therapies.

Conclusion
This study revealed that IRE is comparable to TACE in 
the treatment of compensated patients with difficult loca-
tion HCC as regards treatment outcome, post-treatment 
decompensation, recurrence, and mortality.
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