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Abstract
Introduction: Irreversible electroporation (IRE) uses multiple needles and a series of electrical pulses to create pores in cell membranes and
cause cell apoptosis. One of the demands of IRE is the precise needle spacing required. Two-dimensional intraoperative ultrasound (2-D
iUS) is currently used to measure inter-needle distances but requires significant expertise. This study evaluates the potential of three-
dimensional (3-D) image guidance for placing IRE needles and calculating needle spacing.
Patients and methods: A prospective clinical evaluation of a 3-D needle localization system (Explorer�) was evaluated in consecutive pa-
tients from April 2012 through June 2013 for unresectable pancreatic adenocarcinoma. 3-D reconstructions of patients’ anatomy were
generated from preoperative CT images, which were aligned to the intraoperative space.
Results: Thirty consecutive patients with locally advanced pancreatic cancer were treated with IRE. The needle localization system setup
added an average of 6.5 min to each procedure. The 3-D needle localization system increased surgeon confidence and ultimately reduced
needle placement time.
Conclusion: IRE treatment efficacy is highly dependent on accurate needle spacing. The needle localization system evaluated in this study
aims to mitigate these issues by providing the surgeon with additional visualization and data in 3-D. The Explorer� system provides valu-
able guidance information and inter-needle distance calculations.
� 2016 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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Introduction

Irreversible electroporation (IRE) is a nonthermal, focal
ablation technique that has shown tremendous promise as
an effective cancer therapy. Reversible electroporation has
long been used as a technique for electotransfection of ge-
netic material or intracellular drug delivery.1 When the
energy of the pulses is increased above a certain electric
field threshold, the permeabilization becomes irreversible
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resulting in apoptosis. The safety and efficacy of IRE has
been demonstrated in multiple animal models.2e4 Simi-
larly, early efficacy and safety has been demonstrated in
the use of IRE in the treatment of locally advanced pancre-
atic cancer (LAPC).5,6 However, significant hurdles and
limitations remain with the use of IRE not just in LAPC,
but in other locally advanced soft tissues. The two most
challenging hurdles are the requirement of placing multiple
needles (commonly 4) in a bracketing fashion in perfect
parallel and with precise spacing (no closer than 1.5 cm
and no farther than 2.3 cm apart). These two technical chal-
lenges have been responsible for incomplete IRE, local fail-
ures, and local recurrences.7e9
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These two hurdlesdi.e., image accuracy of needle
placement and needle spacingdcould be addressed with
the advent of with real-time intraoperative image-guided
surgery (IGS).10e13 Most IGS has been performed and pub-
lished within hepatic resection and hepatic ablations. IGS
has been utilized in pancreatic surgery; however, no one
has utilized this technology for pancreatic ablations. The
requirement of any type of IGS system is to utilize high
quality preoperative medical images that are appropriate
for slice thickness and contrast timing, which are then
registered during the operation with 4 intraoperative land-
marks (e.g., portal vein, biliary bifurcation, etc.). These
landmarks must be distinct and the location accurate in or-
der to provide a 3-D image of the organ of interest. Certain
IGS systems allow for the interactive use of the preopera-
tive images to enhance ultrasound localization and
targeting.

Thus the aim of this study was to evaluate the use of one
of the commercially available IGS units intraoperatively.
The goal of this study was to evaluate the feasibility of
this intraoperative navigation system and assess if it pro-
vided clinically valuable information in the guidance of
precise placement of IRE ablation needles.

Patients and methods

The study protocol was approved by the University of
Louisville Institutional Review Board, and all patients
were provided with written, informed consent forms. Our
study consisted of a prospective clinical evaluation of 3-D
needle localization using a 3-D intraoperative navigation
system. This was evaluated in 30 consecutive patients
with unresectable pancreatic adenocarcinoma who under-
went IRE from April 2012 through June 2013. Data was
compared to that of patients treated without the use of 3-
D localization. The electroporation system we used was
the Angiodynamics NanoKnife irreversible electroporation
system (IRE). Preoperative thin-cut, 3-phase, multislice CT
scans (pancreas protocol) were obtained as part of the
workup and staging protocol in patients with a planned
IRE procedure.

Localization and visualization of the pancreas via the 3-
D intraoperative navigation system utilizes preoperative
imaging with acquired data corresponding to the geometry
and anatomy of the area in question. The 3-D image of the
patient’s anatomy is then matched with the actual anatomy.
The user then identifies tumors and adjacent anatomy on
the preoperative scan and their locations are inserted into
the 3-D model using the Pathfinder planning software
(Scout� (Pathfinder Technologies, Nashville, TN)). The
processed begins with first obtaining a high quality (defined
as thin cut <2 mm triphasic non-contrast, arterial phase,
and venous phase) pancreatic protocol CT scan for appro-
priate staging and tumor localization (Fig. 1). The DICOM
images are then uploaded into a either mobile (Laptop
version of Scout�) or integrated version of Scout�, where
the 3-D reconstruction is performed after identifying key
structures (i.e. SMA, SMV, Port Vein, Pancreatic Duct,
Pancreatic tumor itself, etc.) Critical to the optimization
of this 3-D structure is the quality of the CT scan. The 3-
D processed images are then reviewed for clinical accuracy
prior to the operation. Once confirmed these processed im-
ages are uploaded into a commercially available navigation
system (Explorer�, Pathfinder Technologies, Inc., Nash-
ville TN) that is the working system in the OR. Intraoper-
ative surface and anatomical features at different anterior-
posterior and cranial-caudal depths (at least 4 to 5) are ac-
quired by manually touching the regions/organ of interest
in the patient using an optically tracked probe (Fig. 1)
and mark it on the 3-D reconstructed image to establish ac-
curate orientation. Once the desired anatomical features are
identified by the user, the Explorer� device then registers
the image for intraoperative use by the surgeon.

The registration accuracy is then calculated an
confirmed while using a optically tracked Ultrasound probe
and a optically tracked IRE needle. Once these were
confirmed to be within 10e12 mm or less of target struc-
tures, needle placement was then begun. The IRE needles
we placed using both the navigation and US
simultaneously.

Inter-needle measurements were taken via intraoperative
ultrasound (iUS), which is considered the standard, and
compared to the measurement obtained using the Explorer
3-D navigation system. At the completion of each case the
surgeon filled out a questionnaire related to the use of the
navigation system.
Literature review
A literature review was completed after electronic
searches were performed using PubMed and EMBASE
electronic databases. The search was restricted to studies
in English using a human model. The keywords used to
search the database were navigation, pancreas/pancreatic,
intraoperative and augmented reality. The references used
in the studies that were identified were also reviewed.

To be included, studies had to be specifically about nav-
igation surgery techniques involving the pancreas. Addi-
tionally, studies had to be from within the past seven
years and contain data about patients involved in the study.
Duplicate articles were excluded.

The full text articles that met criteria were reviewed,
with a focus on the type of navigation system and how it
was used intraoperatively, the outcomes noted in each study
and the limitations and conclusions found in each study.
These points of interest were compiled in a table for simple
and quick comparison between articles.

A quality assessment of each article was performed us-
ing the NewcastleeOttawa scale.14 A score from 0 to 9 is
given to the articles based on the selection, comparability
and outcome of group(s) involved in the study. A higher



Figure 1. The workflow for the 3-D image conversion to intra-operative navigation. The explorer intraoperative navigation system is a “GPS” device for the

surgeon that fuses pre-operative diagnostic images, three-dimensional models of the organ and vessels constructed from pre-operative images, and intra-

operative ultrasound images of real-time needle positions. Using principles of image registration, this device allows for needle positions that are identified

on 2-D ultrasound images to be transformed to pre-operative diagnostic images and 3-D models thereby allowing for the inter-needle distances to be

calculated.
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score on the NewcastleeOttawa scale indicates a higher
quality study.
Results

Thirty consecutive patients (15 with 3-D localization
and 15 controls) with locally advanced pancreatic cancer
were treated with IRE. Both groups were similar in demo-
graphics and consisted of 18 males and 12 females.

The results of our study showed that between the groups
that used iUS alone or iUS with the 3-D navigation system,
the patients were similar for time (i.e. diagnosis to treat-
ment) and type of procedures with IRE. The number of
probes was also similar between the groups. However, nee-
dle placement time was decreased from 20 to 11 min in the
intraoperative navigation group, resulting in an overall
shorter operative time by 5 min, as shown in Table 1.

Needle localization error is the millimeter difference be-
tween inter-needle measurements obtained via iUS and the
intraoperative navigation system. The system averaged a
Table 1

Comparison of IRE procedures using different navigation techniques for needle

IRE with iUS alone (N ¼
Time from diagnosis to IRE (median) 4.5 months (Range 4e11)

Additional procedures

Hepaticojejunostomy 10

Gastrojejunostomy 9

Cholecystectomy 9

Jejunal tube placement 15

Number of IRE probes (median) 3 (range 3e6)

Success of IRE delivery 100%

Total needle placement time 20 min (range 10e33)

Total IRE delivery time 55 min (range 40e110)
Total procedure time 180 min (range 40e240)
3.4-mm error per needle pair relative to distances measured
by iUS, as indicated in Table 2.

Based on the post-procedure questionnaire, the needle
localization system increased surgeon confidence in prop-
erly placing the needles and performing the ablation in
over 50% of procedures and was felt to reduce needle
placement time in 60% of procedures when compared to
procedures without 3-D reconstruction, as shown in Table
3. The use of the coronal and axial 3-D models lead to
the greatest confidence of needle placement, and enhanced
needle safety and accuracy with IRE, according to the sur-
geons’ questionnaire responses.

Literature related to the use of IGS in the abdomen, spe-
cifically the pancreas, was reviewed. Using PubMed and
EMBASE databases, seven articles were found with infor-
mation pertinent to our study. These articles were scored
using the NewcastleeOttawa scale, which gives a publica-
tion a score of 0e9 that indicates the quality of the study
based on the information included in the study. The median
score of these seven articles was 7.14. The primary differ-
ence found between these studies was whether or not the
placement.

15) IRE with iUS & intra-operative navigation (N ¼ 15)

5.2 months (range 3e12)

8

10

11

15

3 (range 3e5)

100%

11 min (range 8e25)

60 min (range 38e112)
175 min (range 55e245)



Table 2

Effects of 3-D intraoperative navigation system utilization in IRE.

Average Min Max

Total time added per procedure (seconds) 393 163 1195

Registration time (seconds) 70 25 240

Needle localization time (seconds) 149 20 990

Registrations performed per procedure 1.2 1 2

Fiducial registration error (mm) 10.8 5.3 17.8

Number of needles placed 3.1 1 5

Needle localization error

(relative to iUS baseline, mm)

3.4 0.3 11.7

Table 3

Surgeon responses to the post-procedure questionnaire.

Question Yes No

Did the system increase your confidence in the

placement of each needle?

8 6

Were the tomographic views (axial, coronal,

sagittal CT) valuable?

13 1

Were the 3-D models valuable? 11 3

Did the localization system reduce time

required to place each needle?

8 6

Where there any ease of use obstacles? 10 4
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study included information on patient outcome or follow
up. Those that did not include this information received a
score of 6 and those that did receive a score of 8 (Table 4).
Discussion

An IRE procedure uses electrodes to target the delivery
of millisecond electrical pulses in a series of short-duration,
high-intensity electric pulses through tissue. These pulses
cause irreversible structural changes to cell membranes
that cause cell apoptosis, differentiating IRE from thermal
ablation techniques. This non-thermal technique prevents
damage to vital surrounding structures such as nerves and
blood vessels while still causing target tissue cell death,
which allows for intervention on tumors previously deemed
inoperable.

3-D images can be used intraoperatively to improve sur-
gical precision, carry out the preoperative plan accurately,
and potentially avoid vital structures. 3-D images of the
vascular architecture can be obtained from multislice CT
using imaging software that converts 2-D images to 3-D.
These images can then be viewed in three different ways in-
traoperatively: by superimposing the images directly onto
the surgical field with a projector beam, by using video
assistance where the images are displayed on a monitor
for the surgeon to view, or by utilizing a transparent
monitor displaying the images between the surgical field
and the surgeon’s line of sight.15 The image must then be
matched with the position of the patients’ actual anatomy,
a process called registration. This can be done by paired-
point matching of anatomical landmarks on the image
and on the patient.15 Fiducials are also used for identifica-
tion of anatomical landmarks on imaging, which can also
be helpful in the registration process. These are markers
that are placed in the area of a tumor or lesion and aid in
better defining the affected area with millimeter precision.
This makes it possible to visualize vasculature and sur-
rounding ductal systems at all angles (Fig. 2).

Building on this technology of 3-D imaging was the
development of 3-D image-guidance systems. These sys-
tems track instruments intraoperatively and display their
positions on the 3-D virtual organ models created from
the preoperative imaging. The Explorer intraoperative nav-
igation system is a “GPS” device for the surgeon that fuses
preoperative diagnostic images, three-dimensional models
of the organ and vessels constructed from preoperative im-
ages, and intraoperative ultrasound images of real-time nee-
dle positions. Using principles of image registration, this
device allows for needle positions identified on 2-D ultra-
sound images to be transformed to preoperative diagnostic
images and 3-D models, thereby allowing for the inter-
needle distances to be calculated (Fig. 3).

Pancreatic resections and ablations can be challenging
due to the complex and variable anatomy of the pancreas.
Surgical imaging by CT scan or MRI helps to delineate
the anatomy. Intraoperative ultrasound is also of benefit;
however, the images have their limitations. These are pri-
marily dictated based on the quality of the US that is being
used in the operative room. There remains a wide range in
operative US image quality based on lack of knowledge and
lack of device upgrades. Similarly, US training still remains
fragmented and lacks standardization among the surgical
training associations. Since iUS of the pancreas is not
commonly done, the use of this navigation platform in
conjunction with it also has the potential to significantly
shorten its learning curve. We believe the most important
advantage to using an intraoperative navigational system
for ablations that require 2 or more needles is the confi-
dence it gives the surgeon in needle spacing and placement.
This is especially true when dealing with a stage III pancre-
atic tumor, which commonly has ill-defined borders and
lies in close proximity to vital structures. After each needle
is placed, the 3-D model can then be manipulated to deter-
mine the trajectory of the next needle. In cases where 4e6
needles are used it is difficult to find a plane on ultrasound
where all the needle tips are visible, in order to obtain the
final needle spacing measurement. In these cases, the 3-D
model becomes even more valuable because it allows the
surgeon to verify the distances and make the necessary ad-
justments, avoiding over or under ablating the tumor.

Image-guided surgery (IGS) provides a 3-D image by
using preoperative medical images that are registered to in-
traoperative landmarks. These images can then be used to
precisely identify anatomical landmarks around the
pancreas that would otherwise be more difficult and/or
time consuming to identify with iUS alone. Thus, IGS al-
lows the surgeon to identify patients’ anatomy quickly



Table 4

Current literature of operative navigation for pancreas.

Author and

year

Type of navigation Pre-op images

used intra op

Organ Primary outcomes Secondary

outcomes

Limitations Conclusion N-O

scale

Okamoto

et al., 2015

Augmented reality

(AR) based

navigation system

with image

overlay display

CT images used to

construct a 3-D

model which was

superimposed on

the surgical field

Pancreas No significant

difference in

operating time or

intraoperative

blood loss

compared to

conventional

procedure

The position of

each organ in the

image created on

the surgical field

was nearly

identical to the

actual position of

the organ

Registration

accuracy,

portability and

cost

- AR based navi-

gation contrib-

uted to accurate

and effective

pancreatectomy

- May improve

surgical quality,

training and

education

6

Okamoto

et al., 2015

Augmented reality

(AR) based

navigation system

with image

overlay display

Multi-detector CT,

reconstructed in 3-

D using imaging

software which

are then viewed on

a monitor by the

surgeon intra-op

Pancreas Organ

identification and

overlay precise to

6.8 mm

The usage of AR

based navigation

in GI surgery is a

topic that needs

further testing

Organ deformity,

evaluation of

utility, portability,

cost, time

consumption

- Can be used as

an effective

teaching tool

- Allows for

quick identifica-

tion of

structures

6

Onda et al.,

2014

Augmented reality

(AR) based

navigation system

with image

overlay display

Multi-detector CT,

reconstructed in 3-

D using software

suite analyze and

displayed on a 3-

D monitor intra-

op

Pancreas No significant

difference in

operating time or

intraoperative

blood loss

between group A

who underwent

identification of

IPDA using AR,

group B who

underwent early

ligation of IPDA

without AR, group

C who underwent

conventional PD

No complications

secondary to the

navigation system

were identified

- Limited views

of the images

- Lack of tactile

images

- Provides precise

anatomical

information

- Allows for rapid

identification of

structures by the

surgeon

8

Onda et al.,

2013

Augmented reality

based navigation

system using a

short rigid scope

and stereo-scope

Multi-detector CT

reconstructed to

overlay images in

operative field

after paired-point

registration

Pancreas No significant

difference in

operating time or

intraoperative

blood loss

between cases

where short rigid

scope is used vs

stereo-scope

No complications

secondary to the

navigation system

were identified

Organ shift and

deformation

- Short rigid

scope and

stereo-scope

suitable for

abdominal

surgery

- System may

improve safety,

accuracy and

efficiency of

operations

8

Marzano

et al.,

2013

Augmented reality

(AR) based

navigation system

with image

overlay display

CT; 3-D model

created using

software VR-

RENDER,

IRCAD;

superimposed on

operative field

using Exoscope

Pancreas Operative time

was 360 min, AR

display and fine

registration was

performed within

6 min

No complications

secondary to the

navigation system

were identified

- Fusion of virtual

model and intra-

op images.

- Update rate of

the 3-D virtual

model

AR can enhance

the ability to

safely perform

resection during

PD

8

Volonte

et al.,

2011

Augmented reality

(AR) based

navigation system

with image

overlay display

3-D

reconstructions

created from CT

using OsiriX

software and

projected onto the

operative field

Gall bladder;

Pancreas

AR improved

identification of

target structures

AR can reduce

intraoperative

risks and

complications

Organ shift - Can be used as

an effective

teaching tool

- Can make surgi-

cal interventions

easier, faster and

possibly safer

6

(continued on next page)
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Table 4 (continued )

Author and

year

Type of navigation Pre-op images

used intra op

Organ Primary outcomes Secondary

outcomes

Limitations Conclusion N-O

scale

Sugimoto

et al.,

2010

Augmented reality

(AR) based

navigation system

with image

overlay display

3-D

reconstructions

created from CT

using OsiriX

software and

projected onto the

operative field

Gall bladder

Colon

Stomach

Pancreas

Fewer

intraoperative

injuries and less

bleeding

encountered with

use of image

overlay

No complications

secondary to the

navigation system

were identified

Cost, system

operation

difficulty, time for

registration

- Using markers

on the body

surface reduces

logistical

efforts.

- Image overlay is

useful in high-

lighting

structures

8

Figure 2. The use of 3-D imaging with simultaneous Ultrasound and CT tracking 3-D images can be used intraoperative to improve surgical precision, carry

out the preoperative plan accurately, and potentially avoid vital structures. These 3-D images of the vascular architecture obtained with multislice CT make it

possible to visualize arteries, the portal vein, bile duct, and the pancreatic duct from any angle. Accurate positional relationships in the affected region can be

determined preoperatively by manipulating multiplanar reconstructed images.

Figure 3. 3-D needle localization using 3 needles. The navigation system has calculated the distances between each needle to the millimeter.
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and accurately,15e19 which can lead to an overall safer pro-
cedure.19,20 Additionally, studies have been performed us-
ing IGS for pancreaticoduodenectomy and distal
pancreatectomy, and in these cases, there was no significant
difference in operative time or intra-operative blood
loss observed in IGS versus conventional surgical
technique.16e18 These studies also concluded that there
were no patient complications secondary to the IGS sys-
tem itself and that IGS could possibly reduce operative
risk.19 The position of the 3-D model in relation to the
patients’ actual anatomy was shown to be nearly
identical.16
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One of the largest obstacles in image-guided surgery is
registration. This is demonstrated in Table 2 with an
average of 10 mm. When working with IRE probe expo-
sures of 10 mm this can/could lead to ineffective therapy.
The current accuracy of optical probe tracking is limited
and can be significantly enhanced with the addition of elec-
tromagnetic tracking at the probe tip. Currently, there are
no navigation systems that merge both of these tracking
techniques, and thus this still remains a limitation for
wide spread adoption. Additionally, the cost of the software
and equipment necessary to construct a 3-D model of pa-
tient anatomy and have this available to use intraoperatively
can be problematic. The production of the 3-D model itself
can be time consuming as well. While the use IGS in the
OR could decrease time of the procedure,19 the rendering
of the proper images and registration of these images can
be a lengthy task. Despite having images superimposed
on the surgical field, the lack of a tactile representation of
the patient anatomy can be another obstacle that the sur-
geon must overcome. This emphasizes that there remains
a learning curve with this type of navigation system of at
least 4e5 cases, before it can be both optimized for image
accuracy and registration efficiency.

Conclusion

IREneedle placement is technically demanding, requiring
comprehensive understanding of both IRE technology and
advanced iUS techniques. Further, IRE treatment efficacy
is highly dependent on accurate needle spacing. The needle
localization system evaluated in this study aims to mitigate
these issues by providing the surgeon with additional visual-
ization and data in three dimensions. The use of this naviga-
tion system does require additional set up time; however,
total operative times were slightly less due to the shorter
time required for needle placement.

Conflict of interest statement

Dr. Martin is a paid consultant for Angiodynamics. All
other authors have nothing to declare.
References

1. Au JT, Kingham TP, Jun K, et al. Irreversible electroporation ablation

of the liver can be detected with ultrasound B-mode and elastography.

Surgery 2013;153(6):787–93.

2. Bower M, Sherwood L, Li Y, Martin R. Irreversible electroporation of

the pancreas: definitive local therapy without systemic effects. J Surg

Oncol 2011;104(1):22–8.
3. Sommer CM, Fritz S, Vollherbst D, et al. CT-guided irreversible elec-

troporation in an acute porcine liver model: effect of previous transar-

terial iodized oil tissue marking on technical parameters, 3D computed

tomographic rendering of the electroporation zone, and histopatholo-

gy. Cardiovasc Intervent Radiol 2015;38(1):191–200.

4. Dunki-Jacobs EM, Philips P, Martin Ii RC. Evaluation of thermal

injury to liver, pancreas and kidney during irreversible electroporation

in an in vivo experimental model. Br J Surg 2014;101(9):1113–21.

5. Martin 2nd RC, Kwon D, Chalikonda S, et al. Treatment of 200

locally advanced (stage III) pancreatic adenocarcinoma patients with

irreversible electroporation: safety and efficacy. Ann Surg 2015;

262(3):486–94.

6. Martin 2nd RC, McFarland K, Ellis S, Velanovich V. Irreversible elec-

troporation in locally advanced pancreatic cancer: potential improved

overall survival. Ann Surg Oncol 2013;20(Suppl. 3):S443–9.

7. Dunki-Jacobs EM, Philips P, Martin 2nd RC. Evaluation of resistance

as a measure of successful tumor ablation during irreversible electro-

poration of the pancreas. J Am Coll Surg 2014;218(2):179–87.

8. BhutianiN,DoughtieCA,Martin 2ndRC.Ultrasoundvalidation ofmath-

ematically modeled irreversible electroporation ablation areas. Surgery

April 2016;159:1032–40. http://dx.doi.org/10.1016/j.surg.2015.10.030.

9. Martin 2nd RC. Irreversible electroporation of locally advanced

pancreatic neck/body adenocarcinoma. J Gastrointest Oncol 2015;

6(3):329–35.

10. Cash DM, Miga MI, Glasgow SC, et al. Concepts and preliminary data

toward the realization of image-guided liver surgery. J Gastrointest

Surg 2007;11(7):844–59.

11. Cash DM, Sinha TK, Chapman WC, et al. Incorporation of a laser

range scanner into image-guided liver surgery: surface acquisition,

registration, and tracking. Med Phys 2003;30(7):1671–82.

12. Herline AJ, Herring JL, Stefansic JD, Chapman WC, Galloway Jr RL,

Dawant BM. Surface registration for use in interactive, image-guided

liver surgery. Comput Aided Surg 2000;5(1):11–7.

13. Herline AJ, Stefansic JD, Debelak JP, et al. Image-guided surgery: pre-

liminary feasibility studies of frameless stereotactic liver surgery. Arch

Surg 1999;134(6):644–9. discussion 9e50.

14. Stang A. Critical evaluation of the NewcastleeOttawa scale for the

assessment of the quality of nonrandomized studies in meta-analyses.

Eur J Epidemiol 2010;25(9):603–5.

15. Okamoto T, Onda S, Yanaga K, Suzuki N, Hattori A. Clinical applica-

tion of navigation surgery using augmented reality in the abdominal

field. Surg Today 2015;45(4):397–406.

16. Okamoto T, Onda S, Yasuda J, Yanaga K, Suzuki N, Hattori A. Nav-

igation surgery using an augmented reality for pancreatectomy. Dig

Surg 2015;32(2):117–23.

17. Onda S, Okamoto T, Kanehira M, et al. Short rigid scope and stereo-

scope designed specifically for open abdominal navigation surgery:

clinical application for hepatobiliary and pancreatic surgery.

J Hepatobiliary Pancreat Sci 2013;20(4):448–53.

18. Onda S, Okamoto T, Kanehira M, et al. Identification of inferior pan-

creaticoduodenal artery during pancreaticoduodenectomy using

augmented reality-based navigation system. J Hepatobiliary Pancreat

Sci 2014;21(4):281–7.

19. Volonte F, Pugin F, Bucher P, Sugimoto M, Ratib O, Morel P.

Augmented reality and image overlay navigation with OsiriX in lapa-

roscopic and robotic surgery: not only a matter of fashion.

J Hepatobiliary Pancreat Sci 2011;18(4):506–9.

20. Marzano E, Piardi T, Soler L, et al. Augmented reality-guided artery-

first pancreatico-duodenectomy. J Gastrointest Surg 2013;17(11):

1980–3.

http://refhub.elsevier.com/S0748-7983(16)30898-8/sref1
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref1
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref1
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref2
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref2
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref2
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref3
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref3
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref3
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref3
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref3
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref4
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref4
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref4
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref5
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref5
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref5
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref5
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref6
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref6
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref6
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref7
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref7
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref7
http://dx.doi.org/10.1016/j.surg.2015.10.030
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref9
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref9
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref9
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref10
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref10
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref10
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref11
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref11
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref11
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref12
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref12
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref12
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref13
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref13
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref13
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref13
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref14
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref14
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref14
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref14
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref15
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref15
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref15
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref16
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref16
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref16
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref17
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref17
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref17
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref17
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref18
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref18
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref18
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref18
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref19
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref19
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref19
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref19
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref20
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref20
http://refhub.elsevier.com/S0748-7983(16)30898-8/sref20

	Intra-operative navigation of a 3-dimensional needle localization system for precision of irreversible electroporation need ...
	Introduction
	Patients and methods
	Literature review

	Results
	Discussion
	Conclusion
	Conflict of interest statement
	References


