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Abstract

Background and objectives: Pulsed Electric Field (PEF) ablation has been proposed as a
non-thermal energy to treat atrial fibrillation (AF) by ablation of ganglionated plexi using
the epicardial approach. The electric field distribution at the target site (heart) and its
surroundings has not yet been assessed previously, using epicardial ablation technique. Our
objective was to develop computational models, incorporating the real anatomy of the heart
and the patient’s torso, to assess the electric field distribution when applying epicardial
monopolar PEF.

Methods: A novel 3D realistic full torso model was built with the multi-electrode ablation
device placed on the epicardium and a dispersive pad on the patient’s back to evaluate the
electric field distribution. The 400 V/cm isoline was used to estimate the ‘PEF-zone’. A 3D
limited-domain model was also built including only the region of interest around the
ablation device to assess its validity in comparison with the full torso model.

Results: The electrical field is mainly limited to the target site (PEF-zone with lengths of
25.79 to 29.00 mm, depths of 5.98—7.02 mm and maximum widths of 8.75-10.57 mm) and
is practically negligible in adjacent organs (<30 V/cm and <36 V/cm in oesophagus and
lungs, respectively). The electrical currents ranged from 3.67 A to 7.44 A. The 3D limited-
domain model provided a similar electric field distribution to those obtained from the 3D
full torso models (differences < 0.5 mm in PEF-zone depth).

Conclusions: Computational results suggest that PEF-zone is very focused around the
ablation catheter. Limited-domain models offer similar results in terms of PEF-zone size,

reducing the complexity of the modelling.
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1. Introduction

High-intensity Pulsed Electric Field (PEF) ablation, also known as Pulsed Field Ablation
(PFA), has been proposed as a non-thermal energy to ablate cardiac tissue with the intended
purpose to cure arrhythmias. This energy provokes permeabilization of the cell membrane
(creation of pores), leading to cellular homeostasis disruption and cell death [1]. It is
currently a very promising ablation technique, particularly for pulmonary vein isolation
[2,3]. PEF ablation has also been recently proposed to ablate cardiac ganglionic plexi (GP)
since the contribution of the autonomic nervous system to the induction and maintenance of
atrial fibrillation (AF) is increasingly appreciated [4]. The purpose of this technique is to
destroy GPs, which are embedded in epicardial fat [5—7]. While the epicardial approach is
assumed to directly deliver PEF energy to the target site, it is nevertheless important to
assess if the electric field might also affect other organs in the vicinity (such as lungs and
oesophagus).

Computer modelling has been broadly used to study ablative techniques to treat AF
[8,9]. Although computational models have been developed to study PEF in the context of
tumour [10] and endocardial [11,12] ablation, no computer model has been previously
developed for epicardial ablation aimed at destroying GPs. In this context, we modelled a
multi-electrode epicardial device (AtriAN Medical, Galway, Ireland) designed to treat AF
by means of applying high voltage pulses to the ganglionated plexi. The device comprises

four metal electrodes, each having a hole through which saline is infused (see Fig. 1C). The



thin layer of saline between the electrodes of the device and the heart acts as a ‘virtual
electrode’, thereby ensuring the transmission of electrical energy to the target and
preventing damage to the surrounding structures [5]. Our objective was to develop
computational models incorporating the real anatomy of the heart and the full torso of the
patient for the assessment of the electric field distribution on the target zone and its
surroundings upon application of the pulsed voltage. Additionally, we assessed whether a
limited-domain model (i.e. not considering the entire torso but only a tissue fragment
around the device) could offer similar results to that of the complete torso, thus reducing

complexity and computational cost.

2. Methods

2.1. Full torso model geometry

A three-dimensional realistic model was built based on the full torso of a patient. This
model considered an entire patient’s torso with a standard dispersive pad placed on its back,
a complete heart structure, and adjacent organs (lungs and oesophagus) (Fig. 1A). To be
more precise, the three-dimensional model was built on the basis of files from the Virtual
Population V2.0, specifically those from a 34-year old male (Duke) [13]. This human
model consists of 22 files in stl format obtained using Whole-body Magnetic Resonance
Imaging (WB-MRI) according to a protocol presented in [13]. We used three of the 22 files
that detail the non-intersecting surfaces of different tissues and organs: Heart.stl,
Respiratory_system.stl, and Other_tissue.stl, from which (after properly cutting and
selecting) we extracted the external surfaces of the heart, the lungs,

oesophagus and the torso, respectively. The procedure of mesh trimming and simplifying



was carried out using MeshLab Visual Computing Lab software (http:
//meshlab.sourceforgel.net) [14]. Surfaces were imported into the meshing software Gmsh
[15] and used to create and remesh the respective volumes with ad hoc Python scripts and
the routines described in [16]. The rest of the torso was considered to be a homogeneous
medium. The dimensions of the ablation device modeled were the same as the real device:
3.98 mm diameter, four metal electrodes of 3.18 mm length separated by a distance of 3.05
mm and a 0.76 mm diameter irrigation hole in the centre of each electrode. The metal
electrodes of the ablation device were assumed to be in direct contact with the epicardial
surface, as is shown in Figure 1B. The dispersive pad was modelled as an electrical
rectangular surface boundary condition of 180 mm x 115 mm (corresponding to the real

surface of a dispersive pad) on the back of the patient’s torso.

2.2. Limited-domain model geometry

We assessed the possibilities of a 3D limited-domain model to predict the PEF-zone size,
i.e. a model which only considers a fragment of the region of interest around the ablation
device (specifically a fragment of the heart and patient’s torso). We compared the electric
field distributions computed with this model to those obtained with the full torso model.
The limited-domain model is much easier to build than the full torso model, and could
allow studying in the future specific issues related with epicardial PEF ablation by
including more realistic details, such as the characteristics of the thin saline layer,
heterogeneity of the myocardial wall, etc. Figure 2 shows the geometry of the 3D limited-
domain model, which includes adjacent organs located in the proximity to the target zone

(oesophagus and lungs) and connective tissue between the organs. The oesophagus was



assumed to be collapsed with 3 mm wall thickness, 0.1 mm lumen filled with saliva, and
having a length of 30 mm [17]. The connective tissue layer was of 1 mm placed between
the back of the ablation device and the oesophagus. The outer dimensions were similar to
those of limited-domain models of cardiac radiofrequency ablation, specifically X =80 mm
and Z =Y =40 mm [18], with distance from the ablation device to the dispersive pad of 45
mm. We checked that these outer dimensions were suitable by a sensitivity analysis (more

details in 3.3 Section of Results).

2.3. Governing equations

The model was based on an electrical problem, which was solved numerically by the Finite
Element Method (FEM) with COMSOL Multiphysics (COMSOL, Burlington, MA, USA).
The meshing for the 3D full torso model had more than twice as many tetrahedral elements
as the 3D limited-domain model (~300,000 for the full torso vs. ~110,000 for the limited-
domain model). The ‘quasi-statics/electric’ application mode of AC/DC module of
COMSOL [19] was employed to compute the electric field distribution when a voltage
pulse of 1000 V was applied between the ablation electrodes and the dispersive pad. The
transient cellular responses were not considered (i.e. membrane charging), then the electric

field distribution can be computed by solving Maxwell’s equations in its Laplacian form

[1]:

V(oV¢g) =0 (1)
E=-V¢ @)
J = oE (3)

where o is the electrical conductivity of the material, ¢ the electrical voltage, E the electric

field vector, and J the current density vector.



2.4. Material properties

As PEF-induced pores are created, the cell becomes more permeable to electrical currents.
Therefore, the electrical conductivity of the target site (myocardium) is expected to increase
during pulse field delivery. The change of the electrical conductivity during PEF ablation
for the myocardium can be modelled using a sigmoid function [20] dependent on the

electric field magnitude o(E) as follows:

_ 01—09
G(E) = Op + _(IE|-58000) (4)
1+10e™— oo

where oo and o1 are the pre- and post-electroporation electric conductivities, respectively
[20]. It is assumed that prior to PEF, the cell membrane is intact, so it acts as an electrical
insulator. Under this condition, biological tissue behaves as in the case of low-frequency
current, i.e. electrical current cannot circulate through the cytoplasm and only circulates
through the extracellular space. In contrast, after PEF, the pores created in the membrane
allow the passage of electric current through both the cytoplasm and the extracellular space,
I.e. the cell membrane is bypassed in electrical terms, and under this condition biological
tissue behaves as in the case of high-frequency current. Typically, for most animals’
tissues, the transition between the low-frequency and the high-frequency behaviour occurs
at a frequency band from about 10 kHz to 1 MHz [1]. While Eq. (4) was used to model the
change of o with E of myocardium affected directly by PEF energy, o value was assumed
to be constant for the other tissues (oesophagus, lungs and connective tissue) located on the
opposite side of the electrodes. Specifically, we used the pre-electroporation electrical
conductivity value (co) because we assumed that these tissues are not electroporated since

the E value should be very small in that zone. This assumption was confirmed from our



preliminary simulations, which showed identical E distributions when ¢ was considered
constant vs. E-dependent. Interestingly, the simulation time reduces to a third when o is
constant compared to E-dependent, which confirms the high computational cost associated
with solving Eq. (4) for those tissues. The electrical conductivities of the model elements
are shown in Table 1 [21-23]. We initially considered the pre- and post-electroporation
conductivities at 10 Hz and 500 kHz (oo and o1), respectively. The volume of the torso
surrounding the heart, the oesophagus, and the lungs was assumed to have homogeneous
properties. At the level of the heart, this zone is mainly comprised of skeleton muscle and
subcutaneous fat, and to a lesser extent of bony structures such as vertebrae and ribs. For
this reason, we considered additional simulations in which the electrical conductivity (co)
of that zone was changed from connective tissue (0.251 S/m) to other tissues such as
muscle tissue (skeletal) (0.202 S/m), subcutaneous fat (0.0377 S/m) and an average

between these two tissues (0.12 S/m) (data from [21]).

2.5. Boundary conditions

PEF ablation setting consisted of applying a pulse of 1000 V for 100 us in monopolar
configuration, i.e. between the metal electrodes of the ablation device and the dispersive
pad [5]. To model this configuration, an electrical boundary condition of ¢ = 1000 V was
applied at the metal electrodes of the ablation device, while ¢ = 0 V was set at the
dispersive pad surface in the case of the full torso model and at the top surface in the case
of the limited-domain model (see Fig. 2). Electric current was set to be null in all the outer
surfaces of the model except the surface corresponding to the dispersive pad, which implied

that the electric currents flow between the metal electrodes of the ablation device and the



dispersive pad.

2.6. Sensitivity study of pre- and post-electroporation electrical conductivity

It is well known that the electrical conductivity of biological tissues increases as pulses of
electroporation are applied. While an increase of approximately 300% has been observed in
the case of liver tissue [24], no specific data are currently available for myocardium.
Therefore, we initially chose the conductivity values at 10 Hz and 500 kHz to mimic
cardiac cells pre- and post-electroporation, i.e. oo = 0.0537 S/m and o1 = 0.281 S/m,
respectively. These values correspond to a change of approximately 500%, which is
certainly higher than that reported in [24]. We also conducted additional simulations
considering the electrical conductivities for the myocardium at 100 Hz (oo = 0.0936 S/m)
and 1 MHz (o1 = 0.328 S/m) [21], which correspond to a change of approximately 350%
and is similar to what was observed in the liver tissue. Additionally, and due to the
uncertainties of electrical conductivity values for frequencies below 1 MHz where the
literature values are scarce and have larger than average uncertainties [25], we considered
two sets of values of myocardium electrical conductivity taken from the ‘Low frequency
conductivity’ section of the IT’IS tissue database [21], which are more in agreement with in
vivo experiments: the minimum and the maximum values (co=0.1 and o1 = 0.775 S/m) and
two intermediate values (co= 0.3 and o1 = 0.6 S/m). We compared the results obtained with
all these conductivity values. These simulations were performed considering that the rest of
the tissues (i.e. lungs, oesophagus and connective tissue) also changed their electrical

conductivities as given in Table 1.



2.7. Outcome Analysis

There is limited experimental data on the electric field threshold value for PEF-induced
irreversible damage in the myocardium, and moreover it is highly dependent on pulse
parameters. The lowest values reported are approximately 400 V/cm [26] but values up
1000 V/cm have been recently reported [27]. While a conclusive threshold value is not
currently available, we used the 400 V/cm isoline to assess and estimate ‘the PEF-zone’
size (maximum depth and width), as done in [12], which is similar to that used by Verma et
al [11] in a previous computer model (550 V/cm). Since we are modelling a multi-electrode
catheter aimed at creating longitudinal PEF-zones, we also quantified the total length of the
PEF-zone. Note that the PEF-zone length really depends on the ‘effective length’ of the
electrode arrangement (length of each, inter-distance and number of activated electrodes).
Figure 3 shows the planes chosen to plot the electrical field distributions: 1) XY plane,
which corresponds to the section plane following the axis of the catheter; and 2) YZ plane,
which corresponds to the cross-sectional plane at the height of the midpoint of the third
electrode (we chose the third electrode because it is around the midpoint of the ‘effective
length’). The maximum values of electric field in adjacent organs (oesophagus and lungs)
were analysed to assess the risk of PEF ablation to damage these organs. Electrical current
applied at the end of the pulse (i.e. once the impedance reached its minimum value) was

also measured.

3. Results
3.1. Electric field distribution in the full torso model

Figure 4 shows the electric field distribution in the torso with connective tissue around

10



heart and lungs. It should be noted that the maximum values of electric field are very
focused around the electrodes and that the maximum values in the adjacent organs are
minimal compared to those achieved in the target zone (27 V/cm in oesophagus and 35
V/cm in lungs).

Figure 5 shows the electric field distributions around the electrodes when assuming
different tissue types around the heart, oesophagus and lungs (specifically connective
tissue, muscle tissue, subcutaneous fat and an average between muscle and fat). In all cases,
the maximum values of electric field were very focused around the electrodes and the
maximum values of electrical field in the oesophagus and lungs were much lower (16—29
V/cm in oesophagus and 30—35 V/cm in lungs). The PEF-zone size (400 V/cm isoline) was
always contiguous along the catheter axis, with a length ranging from 25.79 (case of
skeleton muscle, Fig. 5C) to 29.00 mm (case of subcutaneous fat, Fig. 5E). PEF-zone depth
ranged from 5.98 mm (case of skeleton muscle, Fig. 5D) to 7.02 mm (case of subcutaneous
fat, Fig. 5F), i.e. a maximum difference of ~1 mm. Likewise, the PEF-zone width ranged
from 8.75 mm (case of skeleton muscle) to 10.57 mm (case of subcutaneous fat), i.e. a
maximum difference of ~1.8 mm. The electrical current applied at the end of the
electroporation ranged from 3.67 A (case of subcutaneous fat) to 6.77 A (case of connective

tissue).

3.2. Sensitivity study of pre- and post-electroporation electrical conductivity
Figure 6 shows the electric field distributions around the electrodes in case of assuming
different values for pre- and post-electroporation electrical conductivities (co and o1

respectively) considering connective tissue around the organs. We found that PEF-zone
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depths were almost identical for all the cases, ranging from 6.03 mm (case of oo = 0.0537
and o1 = 0.281 S/m, Fig. 6B) to 6.35 mm (case of oo = 0.1 and o1 = 0.775 S/m, respectively,
Fig. 6F). Likewise, the PEF-zone widths ranged from 8.98 mm (Fig. 6B) to 9.34 mm (Fig.
6F). The greatest difference was in length when comparing the cases of 6o = 0.1/0.3 and o1
= 0.6/0.775 S/m (28.67 and 28.08 mm, Fig. 6E-6G) to cases of oo = 0.0537 and 61 = 0.281
S/m (26.22 mm, Fig. 6A) and oo = 0.0936 and o1 = 0.328 S/m (26.77 mm, Fig. 6C). The
electrical current applied at the end of the electroporation ranged from 6.77 A (case of oo =

0.0537 and o1 = 0.281 S/m) to 7.44 A (case of co= 0.1 and 61 = 0.775 S/m).

3.3. Comparison between full torso and limited-domain model
Figure 7 compares the distributions of the electrical field computed from the full torso and
limited-domain models. To visualize and compare the electric field distribution of both
models, a XY plane of the full torso model along the ablation device up to the dispersive
pad was selected as well as the XZ plane in the limited-domain model (Fig. 7A-B). Figure
7C-D corresponds with a YZ plane of the full torso model as well as the YZ plane for the
limited-domain model. We found similar PEF-zone depths for both models: 6.03 mm for
the torso model and 6.44 for the limited-domain model. The greatest difference was found
in the PEF-zone width, where the limited-domain model predicted a value of 12.98 mm
compared to 8.98 mm for the full torso model, i.e. a difference of 4 mm. Likewise the PEF-
zone was longer for the limited-domain model (31.66 vs. 26.22 mm). The electrical current
was slightly greater in case of full torso model: 6.77 vs. 6.45 A.

The outer dimensions of the limited-domain model were chosen to be identical to those

used in previous limited-domain models for radiofrequency cardiac ablation [18]; we
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conducted a sensitivity analysis to check the suitability of these values. The results showed
that a 5 mm increase (i.e. X =85 mm and Z =Y = 44 mm) hardly changed the PEF-zone
size (differences of 0.05 mm in depth and 0.03 mm in width) or the current (difference of

0.04 A).

4. Discussion

Current treatment of atrial fibrillation (AF) still requires improvements in terms of safety
and efficacy. Regarding efficacy, the approach of isolating the pulmonary veins involves
acutely creating continuous and transmural linear lesions, which does not always ensure
long term success in terms of preventing AF recurrence. Ablation of the cardiac ganglionic
plexi (GP) may provide an alternative or complementary approach given the role that these
neuronal cell structures play in AF initiation and maintenance [4]. Regarding safety,
although recent studies suggest that endocardial pulsed electric field (PEF) ablation can
reduce the possibility of damage to the oesophagus as compared to thermal techniques such
as RF or cryoablation [28,29], the implications of epicardial ablation have yet to be
assessed. This study addressed this issue from a computational point of view considering a
novel realistic full torso model that includes the entire patient’s torso and the accurate
anatomy of the heart.

To our knowledge, this is the first computational model-based study for epicardial PEF
ablation. Previous computer models have been proposed for endocardial PEF ablation
[11,12,30]. In this regard, our results are in agreement with those previous studies which
have shown the electric fields values able to provoke irreversible electroporation are

possibly very focused to an area around the ablation device (see Fig. 4). Unlike previous
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computational studies, we quantified the maximum values reached both in the oesophagus
and lungs (<30 V/cm and <36 V/cm, respectively), confirming that the risk of damaging
these organs is minimal since these values are much lower than the lethal electric field
threshold for the oesophagus and lungs (1200-1500 V/cm) [31,32]. From a physical point
of view, the epicardial approach tends to minimize the electric field in the oesophagus since
the specific arrangement of the electrodes "points” electric power directly towards the
epicardial surface, leaving the oesophagus in contact with the insulating part of the catheter.

We also found a reasonable agreement between the electrical current computed with the
full torso model based on connective or muscle tissue between organs (~6.7 A) and that
reported in an experimental study using the same catheter and PEF protocol (7.6+1.9 A)
[5]. The difference between the experimental and computational values is possibly due to
multiple factors, as suggested by the high variability reported in experiments (1.9 A). As
expected, the current was lower when the organs were completely surrounded by
subcutaneous fat (3.8 A) or mixed with muscle (5.8 A).

By considering the 400 V/cm isoline as an electric field threshold, our computer resulted
in PEF-zone depths ranging from 5.98 and 7.02 mm. Currently, there are still very few
experimental data with which to compare these computational values, and furthermore
these experiments actually use a variety of pulse protocols. We also confirmed that the
predicted PEF-zone depths were almost identical when the values of pre- and post-
electroporation electrical conductivities (oo and o1 respectively) were changed to be those
corresponding with 100 Hz and 1 MHz and 10 Hz and 500 kHz from ‘Dielectric properties’
section of the IT’IS tissue database as well as with those corresponding with ‘Low

frequency conductivity’ section of this database [21].
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From the computational point of view, our results show that the limited-domain model
offers qualitatively and quantitatively similar results to the full torso model (see Fig. 7),
with differences of 0.41 mm in PEF-zone depth and 0.32 A in electrical current. The
overestimation of PEF-zone width and length by the limited-domain model (up to 4 and 5
mm, respectively) was possibly because the geometry of the tissue surrounding the
electrodes in both models is not the same: a curved shape of the heart in the full torso
model (see Fig. 1B) vs. flat surface of myocardium in the limited-domain model (see Fig.
2C). Overall, these results suggest that the limited-domain model is suitable in terms of
predicting PEF-zone depth and electrical current. Although certainly the reduction in the
number of nodes of a domain-limited model compared to the full torso does not seem to be
very relevant (from 300,000 to 110,000), especially considering that these types of models
solve a stationary quasi-DC electrical problem, the limited domain model has the advantage
of being based on a simpler geometry, which allows the geometric details of cardiac tissue
to be modelled more realistically, as well as considering the different tissues that make up
the heart wall, such as myocardium, epicardial fat, GPs, vessels, etc.

The models used in this study (both the full torso and the limited-domain models) did
not consider the presence of the saline thin layer, which is typically used in ablation
procedures. Saline infusion is aimed at ensuring an electrical contact between electrodes
and epicardium, similar to RF tumour ablation [33]. Future studies based on limited-
domain models could be used to assess the impact of the saline layer characteristics

(thickness, composition, surface expansion, etc.) on the electric field distributions.
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5. Conclusions

Computational results using a full torso model suggest that the electrical field is very
focused around the electrodes, i.e. at the target, creating PEF-zones with depths of 6—7 mm
when the lethal electric field threshold of 400 V/cm is used. The maximum values of
electric field in adjacent organs (lungs and oesophagus) are much lower than the lethal
electric field threshold in these organs (1200—-1500 V/cm), suggesting that they are not
affected by the PEF energy. The limited-domain model provided practically the same

results as with the full torso model in terms of PEF-zone depth and applied current.
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Table 1. Electrical conductivity (o) of the elements used in the computational models: electrode,

insulation, heart, saline, oesophagus, lung, torso and saliva. oo and o1 correspond to the pre- and

post-electroporation electrical conductivity values, respectively. Data from [21-23].

Case 1 Case 2 Case 3
Element/Material
0o (S/m) | 61 (S/m) | 60 (S/M) | 61 (S/M) | 6o (S/M) | 61 (S/m)
Electrode/Stainless steel 4.6x10°
Insulation/Polyurethane 10°
Heart/Myocardium 0.0537 0.281 0.0936 0.328 0.1/0.3 | 0.6/0.775
Oesophagus” 0.511 0.522 0.164
Lung (deflated)” 0.203 0.206 0.111
Torso/Connective tissue” 0.251 0.305 0.0792
Saliva 1.2

“The value of electrical conductivity of these tissues was set at pre-electroporation conductivity

value (oo) since they are not electroporated (the E value is very low in comparison to their

irreversible electroporation threshold which is in the range from 1200 to 1500 V/cm [31-32]).
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Figure 1 A: Geometry of the 3D model based on the real anatomy of the torso, including
oesophagus and lungs. The dispersive pad is located at the patient’s back. B: Detail
of the ablation device on the epicardium. C: Ablation catheter (AtriAN Medical,
Galway, Ireland) which comprises four metal electrodes with a hole in their centre

for saline infusion, and an insulating part between the metal electrodes.
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Figure 2 Geometry of the 3D limited-domain model (B) which only considers a fragment of

the region of interest corresponding with the full torso (A). The dispersive pad in

the limited-domain model is placed on the top surface of the model (B and C).
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(A)

(B)

Figure 3 Planes chosen to plot the electrical field distributions: (A) The XY plane
corresponds with the section plane following the axis of the catheter; (B) The YZ
plane corresponds with the cross-sectional plane at the height of the midpoint of the

third electrode.
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Electric field distribution in the full torso model (A) and detail of around the
ablation electrodes (B). Note that the maximum values of electric field in adjacent
organs (oesophagus and lungs) is lower than their irreversible electroporation
threshold which is in the range from 1200 to 1500 V/cm [31-32]. This figure
corresponds to the case in which the organs (heart, lungs and oesophagus) are
surrounded by connective tissue. The white contour corresponds to the 400 V/cm

electric field isoline.
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Electric field distributions around the electrodes corresponding with the
longitudinal axis (A,C,E,G) and transverse through the middle point of the third
electrode (B,D,F,H) for different types of tissue surrounding the organs: connective
(A,B), muscle (C,D), fat (E,F) and mixture of fat and muscle (G,H). The white

contour corresponds to the 400 V/cm electric field isoline.
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Electric field distributions on planes XY (A,C,E,G) and YZ (B,D,F,H) around the
electrodes in case of assuming different values for pre- and post-electroporation
electrical conductivities (oo and 1) for the myocardium, specifically o= 0.037 S/m
and o1 = 0.281 S/m (A,B), 0o =0.0936 S/m and o1 = 0.328 S/m (C,D), 6o= 0.1 S/m
and o1 = 0.775 S/m (E,F) and oo = 0.3 S/m and o1 = 0.6 (G,H). The simulations
correspond to the case of connective tissue around the organs. The white contour

corresponds to the 400 V/cm electric field isoline.
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Figure 7 Electric field distributions on planes XY (A,B) and YZ (C,D) around the electrodes

computed from the 3D full torso (A,C) and the 3D limited-domain model (B,D)

(both with the same scale). The white contour corresponds to the 400 V/cm electric

field isoline.
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