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Objective: We aimed to determine the safety and efficacy of irreversible electroporation (IRE) 

combined with chemotherapy for unresectable pancreatic carcinoma (stage III/IV).

Methods: We prospectively enrolled 54 patients (30 men; median age 61.0 years; range 

41–73 years) undergoing IRE with or without chemotherapy for pancreatic cancer between 

July 2015 and August 2016. Kaplan–Meier estimates were used to analyze progression-free survival 

(PFS) and overall survival (OS). Safety was assessed based on the occurrence of adverse events.

Results: All patients successfully underwent IRE. Major IRE-related complications were 

observed in four patients (7.4%). Gastrointestinal hemorrhage only developed in cases undergo-

ing IRE via the open method, and was successfully managed with interventional embolization 

and/or vascular ligation. Any minor complications in the cases were alleviated within 14 days 

after symptomatic treatment. Overall, the performance status score decreased from 1.06 to 0.89 at 

3 months after IRE (P,0.05). Among those with stage III disease, after a median follow-up of 

18.8 months (range 9.6–28.7 months), the median OS from diagnosis was 16.2 and 20.3 months 

in the IRE and IRE + Chemo groups, respectively. Among those with stage IV disease, after 

a median follow-up of 13.3 months (range 3.7–23.1 months), the median OS from diagnosis 

was 11.6 and 13.56 months in the IRE and IRE + Chemo groups, respectively. The OS was 

significantly poorer in the IRE group than in the IRE + Chemo group (log-rank test, P=0.0398).

Conclusion: Patients with pancreatic carcinoma could benefit from IRE, which improved the 

OS in certain patients who had also undergone chemotherapy. Although some severe complica-

tions were noted, IRE was generally well tolerated.

Keywords: pancreatic carcinoma, irreversible electroporation, ablation, progression-free 

survival, overall survival

Introduction
Pancreatic cancer is one of the most aggressive cancers, and is the fourth leading cause 

of cancer-related death in the USA. The condition often remains covert in the early 

stages and can progress rapidly; hence, most patients are diagnosed at an advanced 

stage. Moreover, only 10%–20% of these patients can be indicated for surgical 

resection.1,2 Although the resection rates have improved in recent years, the rates of 

postoperative complications, such as pancreatic fistula and bleeding, as well as post-

operative recurrence and metastasis, have increased.3 In cases with locally advanced 

pancreatic cancer, tumor invasion of the surrounding blood vessels often limits the 

range of resection or precludes surgery altogether.4–6 At present, systemic palliative 

chemotherapy is the most commonly used treatment available for unresectable pan-

creatic cancer.7 However, pancreatic cancer is often resistant to chemotherapy, and 

correspondence: lizhi niu
Department of Oncology, Fuda cancer 
hospital, Jinan University, no 2 Tangde 
road, Tianhe District, guangzhou 
510665, china
Tel +86 203 899 3958
Fax +86 203 899 3933
email fudalab@163.com 

Meng Xu
Department of Oncology, Jinan 
University First Affiliated Hospital, 
no 601 huangpu avenue W, Tianhe 
District, guangzhou 510630, china
Tel +86 203 899 3928
Fax +86 203 899 3913
email 438557407@qq.com 

Journal name: OncoTargets and Therapy
Article Designation: Original Research
Year: 2019
Volume: 12
Running head verso: Liu et al
Running head recto: Liu et al
DOI: 186721

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S186721
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:fudalab@163.com
mailto:438557407@qq.com


OncoTargets and Therapy 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1342

liu et al

the prognosis is poor. The median overall survival (OS) of 

pancreatic cancer patients reportedly ranges from 10.2 to 

16.6 months. Approximately 30%–40% of patients present 

with locally advanced cancer at diagnosis, and the 1-year 

relative survival rates for all stages are poor (approximately 

27%).2,8 Combined chemoradiotherapy may help to down-

stage locally advanced pancreatic cancer in approximately 

30% of patients,9,10 and could facilitate surgery.

Tumor ablation has been used for unresectable pancre-

atic cancer, but damage to the surrounding structures, such 

as blood vessels, bile ducts, and pancreatic ducts, limits 

its use.11,12 Furthermore, hemorrhage and pancreatic fistulae 

frequently develop after conventional ablation, and peripheral 

tumor ablation is often incomplete.13 In contrast to conven-

tional ablation methods, irreversible electroporation (IRE) 

uses high-voltage pulses to create permanent nanopores in the 

cell membranes, which consequently induce cell apoptosis.14 

Because of its non-thermal mechanism of action, IRE can 

be used to target malignancies adjacent to vital structures.15 

In patients with borderline resectable or unresectable locally 

advanced pancreatic cancer, IRE can also help to downstage 

the tumor, thus facilitating surgical resection.16 Furthermore, 

IRE can be used to treat large tumors (.5 cm) in cases 

where chemotherapy fails to produce a significant decrease 

in tumor size.17

In the present prospective study, we aimed to determine 

the safety and efficacy of IRE with or without chemotherapy 

in the treatment of unresectable pancreatic carcinoma 

(stage III/IV).

Materials and methods
Patient population and ethics statement
This study was registered with the US National Institutes 

of Health (ID: NCT02343835) and was approved by the 

regional ethics committee of Guangzhou Fuda Hospital. 

Each participant provided written informed consent for study 

participation, the ablation procedure, and data usage, and the 

study was conducted in accordance with the tenets of the 

Declaration of Helsinki. We prospectively enrolled patients 

who were scheduled to undergo IRE for pancreatic cancer 

between July 2015 and August 2016.

Patients were eligible for inclusion in the study if they 

had histologically or cytologically proven locally advanced 

stage III/IV pancreatic cancer (stage IV patients were eligible 

if they had three or fewer metastatic tumors with a maximum 

diameter of ,3 cm); surgery was contraindicated owing to 

the pathological subtype, tumor stage, tumor location, or 

other reasons; their life expectancy was .3 months, and 

long-term follow-up was therefore possible; they had no 

serious abnormalities on blood routine examination, normal 

coagulation function, normal liver/lung/kidney function tests, 

no severe ascites, no brain metastasis, no grade 3 hyperten-

sion, no severe heart disease, and no acute or chronic infec-

tions (such as hepatitis B and HIV infection); they had a 

performance status score of #2; and they provided written 

informed consent.

Patients were excluded from the study if they had severe 

coagulation dysfunction; inability to tolerate general anesthesia;  

multiple metastases or multiple liver lesions (more than 

three); a performance status score of .2; cardiac arrhythmia 

and pacemakers; severe hypertension; or inducible myocar-

dial ischemia or uncontrolled angina on a cardiac stress test.

Data collection
The following data were collected from all patients prior 

to IRE: age; sex; performance status score; pathological 

findings; and abdominal computed tomography (CT) or 

magnetic resonance imaging (MRI) findings, such as tumor 

size (maximum dimension), location, and American Joint 

Committee on Cancer (AJCC) tumor stage.

Preoperative preparation
All patients underwent preoperative bowel preparation and 

anesthesia induction with 0.3 mg/kg etomidate, 3–5 g/kg  

remifentanil (1.2–1.6 mg/h intravenous infusion), and 

0.1 mg/kg cisatracurium besylate. Reinforced tracheal 

catheters, volume-controlled ventilation, and arterial cath-

eterization for intraoperative blood pressure monitoring were 

used intraoperatively. Anesthesia was maintained via the 

intravenous infusion of cisatracurium besylate (2–6 µg/kg/min  

immediately after anesthesia induction), remifentanil 

(0.1–0.3 µg/kg/min), and propofol (60–100 µg/kg/min), 

with sevoflurane inhalation (0.8%–2% vol). To prevent 

muscle contraction and electrode displacement during IRE, 

patients were given muscle relaxants, and IRE was initiated 

after the twitch depression exceeded 90%, which indicated 

complete muscle relaxation. IRE was synchronized with the 

R-wave slope, so that the IRE device only generated pulses 

during the absolute refractory period of myocardial contrac-

tion to avoid inducing arrhythmia.

ire procedure
IRE was performed using the NanoKnife® system (Angio-

Dynamics, Queensbury, NY, USA), a high-voltage current 

generator (maximum power output 3 kV, 50 A), an electro-

cardiogram synchronization device (AccuSync 42; AccuSync 
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Medical Research Corporation, Milford, CT, USA), and 

two 15 cm monopolar probes (20400103 and 20400104; 

NanoKnife, AngioDynamics, Latham, NY, USA).

The perioperative treatment plan was developed by an 

interventional radiologist (with 20 years of experience) based 

on the preoperative CT findings, such as tumor size and shape, 

which determined the number and spacing of the probes used. 

Since metallic stents can increase the risk of thermal injury 

during IRE, biliary stents, if present, were removed prior to 

IRE. Intraoperative ultrasonography was used to confirm 

tumor non-resectability and size, and to continuously moni-

tor blood flow. Following general anesthesia induction and 

muscle relaxant administration, two 15-cm long, 19-G abla-

tion probes were inserted into the pancreatic tumor in cases 

with stage III disease or into the pancreatic and liver tumor in 

cases with stage IV disease; electrode exposure ranged from 

1.0 to 2.0 cm, and the electrode tips were spaced 1–2 cm apart. 

Probe insertion was performed percutaneously or via the open 

approach (Figure 1) under ultrasound (HI VISION Preirus; 

Hitachi, Tokyo, Japan) and CT (SOMATOM Definition 

64 AS; Siemens Medical Solutions, Forchheim, Germany) 

guidance. Energy was applied at 1,200–1,500 V/cm for 

70–90 ms/pulse, for a total of 7–9 pulses. To ensure com-

plete coverage of the target area, we suggest the following: 

probes should be moved less than 1–1.5 cm at a time to 

ensure the integration of the ablation areas; the electrode 

should be kept ,5 mm away from the tumor border; the 

current feedback should be 30–45 A; and an intratumoral gas 

shadow should be observed on ultrasound or enhanced CT. 

The procedure was completed after the removal of all probes.

Owing to the use of muscle relaxants, sedation and 

mechanical ventilation were continued for 2 hours on average. 

Patients were then transferred to the observation ward for 

24 hours. After their vital signs had stabilized, the patients 

were transferred to general wards and were provided with 

anti-infection treatment, drugs to protect the stomach and 

liver, and nutrition and other symptomatic and supportive 

treatment.

Follow-up
Laboratory tests (eg, serum amylase level measurement) 

were performed before and 1 and 7 days after IRE. All 

postoperative complications within 30 days were recorded 

prospectively and graded according to the Clavien–Dindo 

classification. Patients underwent triphasic abdominal CT 

or MRI and chest radiography 1–3 months after IRE, and 

every 3 months thereafter. The endpoints of interest were 

progression-free survival (PFS) and OS. PFS was defined as 

the interval between IRE and local relapse, distant metastasis 

(both new distant metastasis and growth of existing distant 

metastasis), or death, whichever occurred first. OS was 

calculated as the interval between the date of IRE and the 

date of death from any cause.

statistical analysis
SPSS version 13.0 (IBM Corp., Armonk, NY, USA) was 

used for statistical analysis. Continuous data (tumor size, 

performance status score, and serum amylase and CA19-9 

levels) are expressed as mean ± SD, and were compared using 

the Student’s t-test or Wilcoxon rank sum test. Categorical 

data (age, sex, tumor location, and method) are presented as 

frequencies, and were analyzed using the Pearson chi-squared 

test. PFS and OS were analyzed using the Kaplan–Meier 

method and compared using the log-rank test. GraphPad 

Figure 1 Flowchart for the selection of the open vs percutaneous approach for irreversible electroporation ablation.
Abbreviation: cT, computed tomography.
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Table 1 Patient information

Factors Total  
(n=54)

Stage III disease group (n=28) Stage IV disease group (n=26)

IRE  
(n=13)

IRE + Chemo 
(n=15)

P-value IRE  
(n=10)

IRE + Chemo 
(n=16)

P-value

sex    0.704   0.701
Male 26 6 6  6 8  
Female 28 7 9  4 8  

age (years)    0.445   1.000
,65 28 7 5  6 10  

$65 26 6 10  4 6  

Tumor size before ire (cm)a 4.97±1.64 4.90±1.28 5.03±1.23 0.764 4.90±2.13 5.01±1.44 0.634

Tumor location    0.435   0.420
head and neck 37 10 9  8 10  
Body and tail 17 3 6  2 6  

Method    1.000   0.692
Open operation 16 3 4  4 5  
Percutaneous 38 10 11  6 11  

Notes: a Mean ± SD. Tumor staging was performed according to the seventh edition of the American Joint Committee on Cancer classification.
Abbreviations: chemo, chemotherapy; ire, irreversible electroporation.

Prism 5 (GraphPad Software, San Diego, CA, USA) was 

used to plot graphs. All statistical tests were two-sided, and 

differences were considered significant at P,0.05.

Ethical standards
All procedures performed in studies involving human 

participants were in accordance with the ethical standards 

of Guangzhou Fuda Cancer Hospital ethics committee and 

with the 1964 Declaration of Helsinki.

Informed consent
Informed consent was obtained from all participants included 

in the study.

Results
Patient characteristics
Between July 2015 and August 2016, we evaluated 64 pan-

creatic cancer patients for inclusion in our study. Ten patients 

were ineligible owing to hypertension (four patients), duo-

denal tumor invasion (one patient), pacemaker implantation 

(one patient), and stage I/II disease (four patients). Thus, 54 

consecutive patients (24 women) were included (Table 1). 

Their median age was 61.0 years (range 41–73 years). All 

patients had pathology-proven adenocarcinoma. Accord-

ing to the patients’ physical condition and preferences, 

patients received IRE alone or IRE plus chemotherapy 

(IRE + Chemo). Thirty-one patients received chemotherapy 

(gemcitabine 26 patients; FOLFIRINOX [folinic acid, 

5-fluorouracil, irinotecan, oxaliplatin] five patients) for a 

median of four cycles (range two to six cycles). Two probes 

were used in each patient. The mean energy delivery time 

was 21.4±5.6 minutes (range 10–31 minutes), and two to 

16 ablation pulses were used in each patient (mean 7.1±3.6) 

(Table 2; Figure 2). Stage III disease was present in 28 

patients (maximum tumor diameter 2.4–6.8 cm), and stage 

IV disease was observed in 26 patients (maximum tumor 

diameter 2.2–8.9 cm).

adverse events
No IRE-related deaths were noted. The most common 

adverse events were ascites (15 patients), pleural effusion 

(14 patients), fever (nine patients), and abdominal pain 

(six patients) (Table 3). All minor complications were 

resolved with or without symptomatic treatment within 

2 weeks. Four major complications were noted in the cohort. 

Three patients developed duodenal hemorrhage, 11, 15, 

and 21 days after IRE. This complication was treated using 

surgical ligation, gastrojejunostomy, and pylorus devascu-

larization in one patient (Figure 3), and with interventional 

embolization in the other two patients. One patient developed 

portal thrombosis (Figure 4) 9 days after IRE. A CT scan 

exhibited portal vein, superior mesenteric vein, and splenic 

vein compression, as well as a portal vein filling defect. That 

patient was in a hypercoagulative state before IRE, and was 

administered nadroparin for anticoagulation.

Performance status score
Performance status scores were calculated before and 

3 and 6 months after IRE. The mean score was significantly 

lower 3 months after IRE (0.83±0.47) than preoperatively 
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Table 2 intraoperative parameters

Parameters Mean ± SD Range

number of probes 2 2
cycles of ablation 7.0±3.7 2–16
energy delivery time (minutes) 21.4±5.6 10–31
Voltage (V) 2,456.9±624.6 1,725–3,000
electrode spacing (cm) 1.6±0.4 1.0–2.0
Pulse length (µs) 74.1±18.6 70–90
number of pulses (tissue conductivity test) 10 10
electrode exposure length (cm) 1.8±0.6 1.5–2.0

Figure 2 a 70-year-old woman with T4n1M0, stage iii, pancreatic head and neck carcinoma.
Notes: enhanced computed tomography shows a pancreatic tumor measuring 6.9×4.8 cm (A, B). irreversible electroporation (ire) is performed (C, D). at 3 months after 
ire, the tumor has shrunk to 3.5×2.1 cm, and vascular retention is noted (E, F). The red arrows indicate the tumor and the blue arrows indicate the ire probes.

(1.06±0.60; P=0.038) (Figure 5). No significant differences 

were observed between the mean scores before and 6 months 

after IRE (0.91±0.52; P=0.146), and at 3 and 6 months after 

IRE (P=0.159).

PFs and Os
Among patients with stage III cancer, after a median follow-up 

of 18.8 months (range 9.6–28.7 months), the PFS was found 

to be 13.9 months (range 8.3–20.1 months) and 16.1 months 

(range 8–21 months) in the IRE and IRE + Chemo groups, 

respectively; the median OS from diagnosis was 16.2 

and 20.3 months in the IRE and IRE + Chemo groups, 

respectively. Among patients with stage IV disease, after a 

median follow-up of 13.3 months (range 3.7–23.1 months), 

the median PFS from diagnosis was 9.45 months (range 

5.3–18.1 months) and 11.7 months (range 6.6–19.6 months) 

in the IRE and IRE + Chemo groups, respectively; the median 

OS from diagnosis was 11.6 and 13.56 months in the IRE 

and IRE + Chemo groups, respectively (Figure 6).
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Table 3 adverse events in patients with pancreatic cancer after irreversible electroporation

Adverse effects Open (n=16) Percutaneous (n=38)

Cases (%) Grade Cases (%) Grade

Major complications     
hemorrhage – – 3 iiib–iV
Portal thrombosis 1 iiib – –

Minor complications     
ascites 5 i–ii 10 i–ii
Pleural effusion 5 i–ii 9 i–ii
Fever 3 i 6 i
abdominal pain 2 i 4 i–ii
Vomiting 1 i 4 i–ii
hypokalemia 1 ii 4 ii
gastroduodenal edema and retention – – 3 i–ii
arrhythmia 1 ii 1 ii

Figure 3 a 60-year-old man with T4n1M0, stage iii, pancreatic head carcinoma.
Notes: At 21 days after irreversible electroporation treatment, enhanced computed tomography shows a low-density, liquefied, necrotic area inside the tumor and a high-
density shadow in the stomach and duodenum (A). celiac artery angiography shows no obvious signs of active bleeding (B). subsequent gastroscopy shows gastroduodenal 
artery rupture, and surgical ligation of the blood vessels is performed to stop the bleeding (C).

Discussion
Our findings show that IRE may offer local tumor control in 

patients with stage III and IV pancreatic cancer, including 

those with large tumors (.5 cm), with relatively satisfactory 

PFS and OS. Although certain major complications were noted 

in our patients, we believe that the use of appropriate mea-

sures could help to prevent these complications, and that IRE 

represents a potentially safe treatment for pancreatic cancer.

IRE is a soft-tissue ablation technique that uses high-

voltage direct currents to produce nanopores in cell 

membranes and induce apoptosis. Although IRE ablation 

of pancreatic cancer has produced encouraging results,15–27 it 

has been limited to stage III pancreatic cancers thus far.19–21 

Martin et al recommended that IRE should only be used in 

patients without metastatic disease and with tumors ,4.0 cm 

in width after induction therapy.21

In patients with locally advanced or metastatic pancre-

atic cancer, gemcitabine-based chemotherapy is the main 

treatment; in fact, most of the patients in the present study 

had undergone treatment with gemcitabine alone. However, 

in the present study, we also used IRE to treat the patients 

with stage III and IV pancreatic cancer. The mean tumor 

diameter was .5 cm in our stage III patients. Moreover, 

the stage IV patients had up to three metastatic tumors 

each, and the maximum tumor diameter in that population 

was ,3 cm. Martin et al recommend the use of induc-

tion gemcitabine- or FOLFIRINOX-based chemotherapy, 

depending on the patient’s age and performance status, for 

at least 3–4 months (three cycles of gemcitabine or four to 

six cycles of FOLFIRINOX).21–23 Although the required 

duration of adjuvant chemotherapy remains unclear, given 

the physical condition of our patients, we decided to adminis-

ter two to six chemotherapy cycles after local IRE treatment.

Our findings indicate that IRE can be used to treat 

tumors .5 cm in diameter in patients with stage III 

pancreatic cancer, and can also be used in patients with 

stage IV pancreatic cancer with limited tumor metastasis. 

These findings differ from those in previously published 

studies. Some authors recommend the use of IRE only for 

tumors with maximum axial and anteroposterior dimensions 

of 3.5 cm.19 Scheffer et al included stage III patients with 

a maximum tumor diameter of 5 cm in their study of IRE 
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Figure 4 a 59-year-old man with T4n1M1, stage iV, pancreatic body carcinoma.
Notes: Portal vein embolization is noted 9 days after irreversible electroporation (ire). computed tomography scans show the appearance of portal vein thrombosis (blue 
arrows) before (A) and after (B) ire.

Figure 5 error bar chart showing the performance status (Ps) score before and 
after irreversible electroporation (ire).
Note: *Significant difference (P,0.05).

treatment of pancreatic cancer, and reported PFS and OS 

durations of 8 and 11 months, respectively.25 Martin et al 

included 54 patients with locally advanced pancreatic cancer 

in a study comparing IRE and standard therapy, and found 

an improvement in the OS (20 vs 13 months, P=0.03).23 In 

the present study, we assigned patients to the IRE and IRE + 

Chemo groups based on the patients’ physical condition and 

preference. The mean tumor diameter was 5.03±1.29 cm in 

patients with stage III pancreatic cancer, and among these 

patients, the median OS from diagnosis (20.3 vs 16.2 months) 

and median PFS from diagnosis (16.1 vs 13.9 months) were 

better in the IRE + Chemo group than in the IRE group; these 

data are consistent with those from previous reports.15,23,28,29

Among metastatic pancreatic cancer patients who received 

gemcitabine monotherapy, the median OS ranged from 5.65 

to 8.5 months and the median PFS ranged from 2.33 to 5.5 

months.8,30–33 One review proposed that patients with metastatic 

disease do not benefit from IRE. Therefore, when setting the 

inclusion criteria for stage IV patients, we limited the number of 

metastatic tumors to three or fewer, and the maximum diameter 

of the metastatic tumors to ,3 cm. Among stage IV patients, 

the median PFS from diagnosis was 9.45 and 11.7 months, 

and median OS from diagnosis was 11.6 and 13.56 months 

in the IRE and IRE + Chemo groups, respectively. The PFS 

and OS was significantly poorer in the IRE group than in the 

IRE + Chemo group (log-rank test, P=0.0423 and P=0.0398); 

however, further research in needed in a larger sample.

Four major complications were noted in the patients 

in the present study. Three patients developed duodenal 

bleeding, possibly due to ablation-related vascular damage, 

which required conversion to open IRE. This complication 

may be attributable to the patients’ preoperative condition, 

as all three patients had duodenal or gastric invasion, vas-

cular compression or invasion, and arterial bleeding prior 

to IRE. Moreover, in all these patients, bleeding developed 

10 days after IRE. We believe that there are three possible 

reasons for the bleeding: IRE of the tumor invading the 

duodenum may have exposed the vessels to the corrosive 

action of gastric juices, thus leading to arterial bleeding; 

excessive ablation may have caused heat damage, thus lead-

ing to vascular damage and aneurysm formation; and direct 

vascular puncture. To prevent such complications, we rec-

ommend the following precautions. First, if duodenal tumor 

invasion is detected on preoperative CT or endoscopic 

evaluation, open IRE should be performed prior to pylorus 

interruption and gastrointestinal anastomosis to prevent 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1348

liu et al

Stage III disease:
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Stage IV disease:
median PFS from diagnosis
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Figure 6 Kaplan–Meier survival curves showing Os from diagnosis in patients with stage iii (A) and iV disease (B), as well as PFs from diagnosis in patients with stage iii 
(C) and iV disease (D). 
Abbreviations: chemo, chemotherapy; ire, irreversible electroporation; Os, overall survival; PFs, progression-free survival.

erosion of the duodenum by gastric juices. Second, to avoid 

excessive ablation, electrode exposure should be limited 

to 1–1.5 cm, and voltage should start from 1,200 V/cm;  

in cases where the current exceeds 45 A, the pulse release 

should be actively terminated to avoid excessive current 

and prevent thermal damage. Third, CT examination should 

be performed 1 week after IRE ablation to detect aneurysm 

formation, and aneurysm embolization should be promptly 

conducted to avoid further enlargement, rupture, and 

bleeding. Thus, duodenal tumor invasion may be a relative 

contraindication for IRE. In the present study, three cases of 

hemorrhage were noted during 2015–2016, and no further 

cases of hemorrhage were observed during 2016–2017, 

possibly owing to technical improvements. Moreover, the 

minor complications in the patient cohort had been allevi-

ated within 14 days after symptomatic treatment. No sig-

nificant increase in serum amylase levels were noted after 

IRE, and none of the cases developed pancreatitis. Belfiore 

et al15 retrospectively examined 29 patients with locally 

advanced pancreatic cancer treated with IRE, and found that 

the Karnofsky score had increased from Tzero to T3m by a 

mean of 28.28 (SE 2.11; 95% CI 23.95–32.60). Similarly, 

in the present study, we found that the performance status 

score had significantly decreased at 3 months (0.83±0.47) 

after IRE, indicating that treatment with IRE markedly 

increased the quality of life of patients with pancreatic 

cancer compared to that prior to treatment.

Multimodal treatment is needed to prolong the survival of 

pancreatic cancer patients. Moreover, although the ablation 

procedure was associated with certain complications, most of 

these complications were not serious and could be managed 

via conservative treatment. The long-term outcomes were 

satisfactory, and hence, IRE could serve as a new clinical 

treatment for unresectable pancreatic carcinoma.
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Conclusion
Patients with pancreatic carcinoma could benefit from 

IRE, which improved the OS in certain patients who had 

also undergone chemotherapy. Although some severe 

complications were noted, IRE was generally well tolerated.

Abbreviations
AJCC, American Joint Committee on Cancer; CT, computed 

tomography; IRE, irreversible electroporation; MRI, 

magnetic resonance imaging; OS, overall survival; PFS, 

progression-free survival.
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