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Introduction

Locally advanced stage 3 pancreatic adenocarcinoma has 
been reported to represent nearly 50% of the 40,000 new 
patients diagnosed with advanced cancer (1). Outcomes 
in these rare patients with stage 3 pancreatic neck lesions 
that undergo resection are still poor. Post-resection 5-year 
survival has been reported at 6.8% and the median survival 
after resection has been reported to be 10.6 months (2). 
This poor prognosis even in the resected patients has 
historically diminished enthusiasm for aggressive surgical 
resection (3) in certain subset of patients.

Irreversible electroporation (IRE) is a new technique 
that utilizes short (70 to 90 us), high-voltage (1,500 to  
2,000 volts/cm) pulses to the tissue (4-7) to permeabilize the 

cell membranes. IRE uses a non-thermal-based (less than  
54 degrees for 10 sec) method of action and can be used to 
treat around vital structures such as the urethra, larger blood 
vessels, and nerves (5). IRE for locally advanced pancreatic 
neck/body cancers as a surgical palliative technique in has 
been reported, the standardization of its utilization has not 
been thoroughly described. We have recently published 
our findings regarding the safety of IRE in the pancreas (8).  
Similarly we have also recently published superior 
survival rates with the use of IRE in combination with 
standard chemotherapy and/or chemo-radiation therapy 
when compared to standard of care chemotherapy or 
chemoradiation therapy (9). We have recently published the 
optimal technique for the use of IRE on locally advanced 
pancreatic cancer of the pancreatic head (10).
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This article describes our preferred method for the 
utilization of open IRE of patients with locally advanced 
pancreatic adenocarcinoma of the body/neck. 

Methods

As reported previously (8-10), our standard work-up for 
patients with locally advanced pancreatic adenocarcinoma, 
has been described previously, but includes a 3-phase CT 
scan with pancreatic protocol with 2.0 mm cuts or less at 
the time of diagnosis, which allows us to appropriately 
diagnose and stage patients with locally advanced pancreatic 
adenocarcinoma (11,12). Laboratory work-up is also 
performed to ensure appropriate hematologic as well as 
CA19-9 evaluation. We recommend a staging/diagnostic 
laparoscopy be performed at the time of diagnosis so that 
peritoneal washings can be obtained in order to rule out 
small occult metastases that are not present CT scan. We 
recommend the use of induction chemotherapy of either 
a Gemzar-based or FOLFIRINOX-based chemotherapy 
based on the patient’s age and performance status for at 
least three to four months in duration (10). After induction 
chemotherapy, repeat high-quality 3-phase CT scan, and 
also obtain hematologic and serologic markers to ensure 
locally advanced non-metastatic pancreatic adenocarcinoma 
still exists. The key goal of this repeat imaging is to 
ensure that metastatic disease has not occurred, since it 
is uncommon for a pancreatic cancer to truly respond to 
induction therapy (chemotherapy alone or chemo-radiation 
therapy) based on established response evaluation criteria 
in solid tumors (RECIST) criteria (i.e., reduction in size  
of >30% of the longest diameter). As long as the patient has 
not developed metastatic disease and the maximum axial 
diameter is not above 3.5 cm after induction therapy, then 
we do proceed with IRE therapy.

Once this is confirmed, approximately two to four 
weeks after the last dose of chemotherapy open IRE to the 
pancreatic tumor primary is performed. Optimal inclusion 
of patients who are appropriate for IRE should include 
tumor sizes that are 3.0 to 3.5 cm in maximum diameter. 
Given that Pancreatic neck/mid body tumors rarely present 
with jaundice the decision making for biliary stenting is 
not relevant to this disease location. In either case as we 
have recently published, removal of metal stents is critical 
to patient outcomes (13). Given that any type of metal is 
conductive, it has been demonstrated in our large animal 
model that these metal stents lead to significant deflection 
of energy, which can lead to incomplete ablation, high 

current conditions, and possible thermal injury since the 
degree of deflection is not consistent based on the location 
of the metal, the probe exposure and the fibrotic nature of 
the tissue to be electroporated (13). 

Operative description

Abdominal approach

All procedures are performed with general anesthesia 
through midline incision (Table 1). I prefer a midline 
(defined as 60% of incision above the umbilicus and 40% 
below) so that the IRE needles can be placed on as parallel a 
plan as possible to the aorta based on the tumor infiltration. 
The safest method for IRE needle placement is in a caudal-
to-cranial approach, so that needle placement can be 
tracked with ultrasound throughout needle placement. Any 
occult solid organ liver metastases as well as peritoneal or 
mesenteric metastases are ruled out before proceeding with 
IRE of any pancreatic lesion. I strongly recommend not 
using this device/procedure for anyone with stage 4 disease 
as well as any patient who is chemo-naïve who is found at the 
time of exploration to have locally advanced stage 3 disease. 
This therapy should not be used as a bail out for patients 
under-staged on pre-operative CT and have not undergone 
any type of induction therapy to ensure that the biology of 
the disease is better established.

The example that wil l  be presented below will 
demonstrate encasement of the celiac axis and a long 
superior mesenteric artery (SMA) involvement. The key to 
safe and effective IRE is to ensure that you have the highest 
quality ultrasonography (US) imaging system, with at least 
a high definition screen and would recommend harmonic 
imaging to gain the highest quality imaging as possible.  
I have found that the easiest and most accurate ultrasound 
technique is performed with minimal to no dissection prior 
to ultrasound and use the ultrasound to image on top of 
the stomach using a transgastric technique with either a 
thin finger/iprobe or a biplane probe (Figures 1 and 2). 
The reason for this is that the stomach provides the most 
consistent ultrasound crystal apposition and thus the best 
image quality and accuracy with the least amount of artifact. 
Intraoperative ultrasound imaging has become our gold 
standard for elucidating whether a patient has a true locally 
advanced tumor or a borderline resectable tumor.

Once local advancement is confirmed and an in situ IRE 
is then planned, imaging of the tumor and the surrounding 
structures is then performed in order to obtain axial, 
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anterior/posterior as well cranial/caudal maximum tumor 
diameters. Vital structures that need to be included in 
those diameters for appropriate needle placement are also 
assessed (Figure 1). Given that a majority of pancreatic neck 

tumors’ longest axis is axial with infiltration of the celiac 
axis median 3 cm, range 2 to 4 cm, it is not uncommon to 
have an anterior-posterior tumor maximum depth between  
2.5 and 3.0 cm in size. Based on the maximum axial 

Table 1 Essential steps for performing IRE of locally advanced pancreatic mid-body/neck cancer

Steps Essential techniques

Step 1 Upper midline incision from 4-6 cm below xiphoid process and to umbilicus. Be careful not to make the 

incision to high since this will inhibit your ability to place needs in a parallel plan to the aorta and SMA

Step 2 Thorough exploration and placement of Thompson retractor using single blade underneath upper 

midline to lift and 2 bladder blades to retract midline incision

Step 3—ultrasound US of liver to ensure no liver metastasis

US via a transgastric technique to ensure locally advanced tumor not amenable to resection (10)

US of pancreatic tumor to assess 3 dimensional size (anterior-posterior, axial, and cranial-caudal planes)

Step 4—planned needle 

placement

Confirm planned needle placement after opening the lesser sac for direct pancreatic approach for 

these mid-body lesion

Step 5—needle 

placement

Using continuous US at the tissue insertion site to ensure atraumatic needle placement bracketing 

vital structures and tumor to insure an adequate margin

Step 6—IRE delivery Using deep paralytic and adequate narcotic, IRE to all needle pairs of a total 20 pulses is delivered to 

assess tissue fibrosis and tissue resistance, followed by the remaining additional pulses for efficacy (14)

Step 7—confirmation of 

efficacious IRE delivery

Delivery of electroporation energy to verify a change in amperage draw of an amount to ensure that 

adequate electroporation has occurred (14)

Step 8—confirmation of 

vital structure patency

Repeat US using Power Doppler imaging to confirm vital structure flow and patency

Step 9—additional 

procedures 

Consideration or J tube at surgeon’s discretion

IRE, irreversible electroporation; US, ultrasonography; SMA, superior mesenteric artery.

Figure 1 The two types of ultrasound probes utilized for IRE of the pancreas. (A) A finger probe, which allows for diagnostic imaging but 
also ease of needle targeting since there is a needle guide (black arrow) at the back end of the crystals to ensure accurate needle placement; (B) 
a biplane probe, which can provide simultaneous axial and sagittal imaging so that you can image in 2 dimensional plane. This will allow ease 
of targeting and diagnostic imaging; (C) axial imaging of the pancreatic cancer encasement with SMA (white arrow) encasement for >270 
degrees for 3 cm length and then celiac encasement with common hepatic artery (2 arrows) and splenic artery (3 arrows). IRE, irreversible 
electroporation; SMA, superior mesenteric artery.

A B C
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diameter appropriate needles are placed at exactly 2.0 cm 
apart so that the entire tumor and an approximate 1.0 cm 
margin of normal soft tissue is included in the IRE plane.

As demonstrated in Figure 3, this most commonly 
requires four or five needles in a trans-mesocolon approach, 
two to three needles posteriorly, the other underneath the 
superior mesenteric vein (SMV) but to the patients’ right 
of the SMA, and the second to the left of the SMA, and a 
third to the patients left toward the spleen in a row of three 
probes. One to two additional probes are then placed in a 
more anterior approach, most commonly 1.5 cm anteriorly 
such that a triangle or an oblong square is then obtained 
(Figures 3 and 4). We use spacers at 2.0 cm intervals build 
off that initial needle to ensure adequate margin posterior 
to the SMA and place the needles on either side of the SMA 
to ensure adequate treatment margin(s). Needles are then 

Video 1. Biplane US imaging (axial imaging left 
panel, sagittal imaging right panel) demonstrating 
locally advanced pancreatic cancer involving the 

celiac bifurcation of the splenic and hepatic artery
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Figure 2 Biplane US imaging (axial imaging left panel, sagittal 
imaging right panel) demonstrating locally advanced pancreatic 
cancer involving the celiac bifurcation of the splenic and hepatic 
artery (15). US, ultrasonography.
Available online: http://www.asvide.com/articles/463

Figure 3 (A) Trans-gastric biplane imaging of the pancreatic neck cancer with the axial image on left and sagittal image on right—
with 5 IRE probes in place; (B) post IRE ultrasound imaging, which only demonstrates edema and significant artifact making post IRE 
imaging unreliable to demonstrate any ablation defect; (C) transgastric biplane ultrasound imaging with five probes in place and spacing 
demonstrated between each probe pair. IRE, irreversible electroporation.

Figure 4 (A) Axial plane of classical four probe—box technique for a locally advanced pancreatic mid-body tumor with just celiac 
encasement and SMA involvement with four probes (single arrow head) bracketing the tumor and the celiac axis with max probe exposure of 
1 cm; (B) sagittal plane of this same four probe technique; (C) example of energy delivery that occurs between probes for a total of six probes 
with IRE energy delivered. IRE, irreversible electroporation; SMA, superior mesenteric artery.

A B C
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placed in order to obtain complete bracketing of the tumor.
The optimal placement of the IRE needles is performed 

through continuous intraoperative ultrasound from the 
insertion of the needle into the tissue so that the needle tip 
is followed at all times during needle placement. Similar to 
treating a pancreatic head tumor, I have found that placing 
these needles through the transverse mesentery, with care 
not to damage the transverse colon vessels, is easier because 
it allows normal soft tissue to bracket the pancreatic head 
tumor as well as to allow for appropriate inferior margin 
to be obtained during pullbacks of the needle (10). Thus, 
the transverse mesocolon is grasped and raised anteriorly 
out of the abdomen by an assistant and then the surgeon’s 
dominant hand directs the needle into the tissue, while 
her/his non-dominant hand utilizes the ultrasound probe 
to ensure accurate and appropriate needle placement. 
It cannot be overemphasized that an atraumatic needle 
placement should be performed to ensure that the needle 
does not damage the underlying vital structures, namely 
the SMV, portal vein, SMA, and hepatic artery. Vascular 
needle trauma may induce underlying vascular thrombosis, 
especially given the potential hypercoagulable state in a 
patient with pancreas cancer. In some instances the tumor 
is extending superior above the celiac axis and requires 
an overlapping IRE to be performed with needles placed 
through the lesser sac superior to the lesser curve of the 
stomach.

Care should also be undertaken that the maximum needle 
exposure to perform safe IRE of the pancreas should be  
1.0 to 1.5 cm because of the significant fibrotic nature of these 
tumors and a larger needle exposure will not be tolerated 

by the gland or the underlying soft tissue to be treated (16). 
We have previously published that a greater probe exposure 
leads to high current conditions and the potential for thermal 
damage if these high current conditions are allowed to 
persist. Thus the maximum probe exposure should be 1.5 cm  
or less (16).

Following appropriate needle placement and ultrasound 
confirmation of appropriate spacing, those spacing 
measurements are entered into the energy unit’s software, 
which allow for optimal voltage and pulse length delivery. 
Standard default voltage of 1,500 volts per cm is initiated 
with planned delivery of 90 pulses and a pulse width of 
70 to 90 microseconds. As we have recently published 
20 pulses are delivered initially and then the delivery is 
halted in order to assess the underlying amperage draw 
to establish optimal voltage and pulse widths (14). If the 
current amperage draw for these first 20 pulses is less than 
35 amps I believe that this is an appropriate voltage per 
cm and pulse widths for safe and effective electroporation. 
Energy is delivered between all needle pairs (Figure 4C) and 
evaluation of the energy delivered is then assessed for each 
pair in order to demonstrate a change in current amperage 
draw, which has been found to be an appropriate surrogate 
marker of change and resistance. This change in resistance 
is of utmost importance to ensure against reversible 
electroporation, which would lead to ineffective therapy and 
electroporation failure (14). Once effective current delivery 
has been confirmed between all pairs the needles are pulled 
back the appropriate distance such that no overlapping 
treatments are performed (10). Sequential pullbacks are 
performed in order to obtain adequate margins both 
superiorly and inferiorly. Each probe pair is then treated 
again following subsequent pull back and again is re-treated 
for a total 180 pulses, or even in a rare instance 270 pulses 
if the current draw does not appropriately change over each 
90 pulse delivery. Following optimal pulse delivery at each 
needle placement and providing appropriate margins are 
felt to be obtained with the needle placement, the needles 
are removed without the need for any additional hemostatic 
procedures (i.e., suture ligature, etc.) in most cases. 
Another probe configuration using a 5-probe formation is 
sometimes needed based on a width of the axial plane of 
the tumor that at times narrows anteriorly (Figure 5). Post 
IRE ultrasound can be performed to document vital vessel 
patency, but because of the underlying edema induced by 
IRE, ultrasound IRE efficacy is not possible (Figure 6). 
This edema post IRE is another reason why attempting to 
perform overlapping ablations is not recommend since the 

Figure 5 Axial plane with a 5-probe technique for locally advanced 
pancreatic mid body-neck tumor with a broader base in the axial 
plane requiring a 3-probe posterior placement technique with two 
probes on top to create the triangle.
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IRE edema/artifact can make it difficult to place needles 
safely in an overlapping configuration with the degree of 
accuracy that is required.

As reported previously with panc head tumors (10), the 
underlying tissue edema does require any specific surgical 
procedures to control needle site bleeding. At most, if 
needle placement has punctured one of the small transverse 
mesocolon vessels, a suture ligature is necessary. It should 
be noted that continuous intraoperative ultrasound is 
performed during all IRE delivery in order to assess energy 
delivery as well as to continually evaluate vascular patency if 
indeed the treating surgeon feels necessary.

An abdominal drain is usually not placed in patients who 
undergo just in situ IRE.

The postoperative management of these patients is fairly 
standard and follows guidelines for any type of pancreatic 
resection. The return of gastrointestinal (GI) function 
and the length of stay still remain approximately four to 
six days. An initial efficacy CT scan is not obtained until 
three months post IRE because of the protracted method 
of action that occurs with IRE. Imaging prior to that will 
be inaccurate because of the edema and ongoing apoptosis, 
which is the most common method of IRE induced cell 
death as demonstrated in large porcine model experiments 
(16,18). Commonly, re-initiation of systemic chemotherapy 
is performed before this three month CT scan. A patient 
in whom external beam radiation therapy is felt necessary 
(i.e., to cover regional lymph nodes) is also initiated prior to 
this three month CT scan if the multidisciplinary team feels 

necessary.
We have recently published both safety and efficacy 

data in locally advanced pancreatic cancer (8,9). Key to the 
success in the treatment of this challenging disease is patient 
selection and clear collaboration with medical oncology and 
radiation oncology.
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Figure 6 Biplane US imaging demonstrating US images post 
IRE, which only demonstrates edematous changes and thus 
does not allow for accurate post IRE confirmation utilizing the 
current B-mode US that is available in the United States (17).  
IRE, irreversible electroporation; US, ultrasonography.
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