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Aims To test the hypothesis that the dispersive patch (DP) location does not significantly affect the current distribution around
the catheter tip during radiofrequency catheter ablation (RFCA) but may affect lesions size through differences in impedance
due to factors far from the catheter tip.

Methods An in silico model of RFCA in the posterior left atrium and anterior right ventricle was created using anatomic measurements
from patient thoracic computed tomography scans and tested the effect of anterior vs. posterior DP locations on baseline
impedance, myocardial power delivery, radiofrequency current path, and predicted lesion size.

Results For posterior left atrium ablation, the baseline impedance, total current delivered, current distribution, and proportion of
power delivered to the myocardium were all similar with both anterior and posterior DP locations, resulting in similar RFCA
lesion sizes (< 0.2 mm difference). For anterior right ventricular (RV) ablation, an anterior DP location resulted in slightly
higher proportion of power delivered to the myocardium and lower baseline impedance leading to slightly larger RFCA le-
sions (0.6 mm deeper and 0.8 mm wider).

Conclusions An anterior vs. posterior DP location will not meaningfully affect RFCA for posterior left atrial ablation, and the slightly larger
lesions predicted with anterior DP location for anterior RV ablation are of unclear clinical significance.

Tweet: Does the location of the dispersive patch affect RF lesion size? Can an anterior patch location lead to less oesophageal injury or better ablations? The answer depends on impedance.
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In silico model of radiofrequency ablation—Human thoracic computed tomography measurements allow the creation of realistic computer simula-

tions of current delivery during ablation of different locations in the heart. Current distribution can be modelled to show differences in ablation with

an anterior vs. posterior dispersive patch location.

What’s new?

® Computer modelling based upon clinical computed tomography
scans of the thorax suggests anterior location of the dispersive patch
electrode during radiofrequency location does not affect current de-
livery and lesion size on the posterior left atrium compared to a
more traditional posterior location. Moving the dispersive patch is
unlikely to therefore prevent oesophageal injury.

® Ananterior dispersive patch location may, however, slightly increase
the size of lesions when ablation near anterior structures, such as
right ventricular outflow tract ablation.

® Mechanistically, the differences in lesion sizes and power delivery be-
tween dispersive patch electrodes were driven by differences in
baseline impedances.

Introduction

Radiofrequency (RF) catheter ablation can successfully treat atrial and ventricu-
lar tachyarrhythmias."* Effective radiofrequency lesions require transmural or
deep destruction of myocardial tissue. However, thermal energy delivery can

also create collateral tissue injury of nearby structures, including the oesopha-
gus, phrenic nerve, normal conduction system, lung, and coronary vessels. In
rare cases, RF energy delivery in the posterior left atrium (LA) can lead to an
atrio-oesophageal fistula, which can be catastrophic and potentially lethal.

In other circumstances, however, current delivery to the local myo-
cardium is insufficient to heat and destroy deep or intramural arrhyth-
mia foci, which can then require for riskier forms of myocardial access
or energy delivery for successful treatment such as epicardial or coron-
ary vessel access, hybrid surgical access, bipolar ablation, coronary ves-
sel alcohol injection, or hypotonic fluid irrigation.>™ Most RF catheter
ablation (RFCA) procedures now use open-irrigated catheters and a
power-controlled monopolar setup with current delivered from the
catheter tip to adjacent myocardium and surrounding blood pool to
generate resistive and conductive heating to destroy tissue and gener-
ate a large enough lesions to be effective. In the monopolar circuit, the
remaining current returns to the RF generator through the body’s tis-
sues and a dispersive patch (DP) elective. The proportion of current
that enters the local myocardium for lesion formation is proportional
to the power generated in the generator and the impedances of the
catheter-myocardial interface and the rest of the organs between the
catheter tip and the DP. The DP is most often placed on the skin on
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Table 1 Clinical data of the patients

Pt # Sex Age (years) BMI (kg/m?)
1 M 33 34.18
2 M 58 39.38
3 F 38 37.73
4 M 84 29.52
5 F 43 30.30
6 M 61 2641
7 F 90 25.06
8 M 55 36.24
9 M 67 29.40
10 M 72 34.96
1 M 66 29.98
12 F 61 24.80
13 M 73 26.66
14 F 49 3548
15 M 75 22.96
16 M 86 31.48
17 M 59 30.78
18 M 79 30.72
19 M 69 37.31
20 F 63 17.38
Mean 64.1 30.54
SD 15.5 5.59

BSA (m?) Sternum-LA (mm) LA-spine (mm)
241 163 114
227 159 139
237 170 110
1.87 142 105
1.68 149 89
1.94 140 109
173 140 114
2.58 171 125
2.14 161 160
249 161 128
2.02 174 129
1.82 137 112
217 165 106
1.96 146 113
2.01 149 100
2.05 146 17
224 171 134
2.09 168 127
2.50 172 155
137 110 73
209 154.7 118.0
031 16.2 20.4

BMI, body mass index; F, female; LA, left atrium; M, male.
Bold signifies the summary rows of the table, which highlights that fact.

the patient’s back, flanks, or thighs, with each location creating a differ-
ent impedance due to different path lengths and different properties of
intervening tissues, such is lung, bone, muscle, and fat.

The location and size of the DP may therefore be used to modulate
the biophysics of RFCA and increase or decrease current delivery to
local tissue as needed to create shallower lesions to avoid collateral tis-
sue damage in some scenarios and create deeper, larger lesions to reach
deep arrhythmia foci in others. Some groups have proposed that an an-
terior DP location may direct the current path away from posterior
structures (such as the oesophagus) and towards anterior structures
[such as right ventricular (RV) outflow tract tissue].®'> Computer
modelling affords the opportunity to assess and control numerous vari-
ables to form predictions about complex biophysical systems, including
RFCA."*"* The present study uses an in silico model of posterior LA and
anterior RV RFCA to test the hypothesis that the DP location does not
significantly affect the current distribution around the catheter tip dur-
ing RFCA but may affect lesions size through differences in impedance
due to factors far from the catheter tip, such as tissue composition and
catheter tip-to-DP distance rather than redirecting the current itself.

Methods

Preliminary clinical study to estimate distance
between ablation posterior left atrial wall
electrode and dispersive patch

We conducted measurements on 20 consecutive patients of varying age,
sex, and body mass index undergoing computed tomography of the thorax.

This study protocol was approved by the local institutional review board.
We measured the distances sternum — LA wall (corresponding to an anter-
ior position of the DP) and spine — LA (corresponding to a posterior pos-
ition) for the atrial measurements. Table 1 shows the measured distances
and other biometric data. The distance to the anterior side (154.7 +
16.2 mm) was significantly greater than to the posterior side (118.0 +
20.4 mm; P <0.001). The mean distance between anterior and posterior
position was approximately 272 mm. Figure 1A shows the computed tom-
ography (CT) scan image of the patient #1. Supplementary material includes
the CT scan slices of the 20 patients.

Description of the in silico models

The in silico RFCA model solved for RF power deposition using
Laplace’s equation and thermal conduction using the Bioheat equa-
tion"? to build 8400-element models and computed the initial imped-
ance, percentages of power delivered to myocardium and blood,
total RF current, and lesion size (using the 50°C isoline) after a 25 W
—30 s ablation.

The model anatomic schema was derived from the CT scan of Patient #1
(Figure 1A) who had LA and anterior and posterior distances with values
close to the sample mean. The model simulated RFCA of the posterior
LA and was later modified to simulate RFCA in the anterior RV (to mimic
ablation in the anterior RVOT). The model included bony structures (spine
and sternum) and lungs, all surrounded by a 50% mix of muscle tissue and
infiltrated fat (Figure 1B). An additional case was considered by assuming a
greater amount of infiltrated fat (up to 80%) as suggested by the CT images.
The heart was modelled as a sphere (10 cm inner diameter) full of blood
with a shell mimicking the cardiac wall (thickness varying from 4 to
8 mm). Inside the cardiac chamber, an RF catheter was placed in perpen-
dicular orientation on the posterior cardiac wall (with insertion depths of
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Figure 1 (A) CT scan from patient #1. (B) Computer model (units in mm) of posterior LA RFCA inspired by the CT scan image and including the
most representative organs. (C) Zoom of the RF catheter and cardiac wall. CT, computed tomography; LA, left atrium; RF, radiofrequency; RFCA, RF
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Figure 2 Elements of the computational model and their relationship with the patient’s torso for the case of the dispersive patch positioned on the

anterior side.

0.3,0.5,and 0.7 mm to model varying contact force) (see Figure 1C). The RF
catheter comprised of a metal electrode (7Fr, 3.5 mm) and a fragment of
plastic tubing. The electrode irrigation was modelled by fixing a value of
45° C in the cylindrical zone of the electrode tip and leaving the semi-
spherical tip free, mimicking a multi-hole electrode assuming that irrigation
occupies almost the entire surface of the electrode.™

To aid in computation, the model was two dimensional with axial sym-
metry, which implies that the volumes corresponding to the organs are
created by rotation around the axis of the RF catheter, as illustrated in
Figure 2. To keep the axial symmetry, DP was assumed to be a 7-cm ra-
dius disk, with a contact area of 154 cm? (which is a value very similar to
the commercially available DPs and would allow symmetry to simplify the
calculations).

For the LA RFCA simulations, the heart was placed so that the distances
between the electrode and the posterior and anterior part were 117 and
154 mm, respectively, corresponding to the mean values measured in the
patient sample (Table 1). Additional simulations were conducted modifying
these distances +£20 mm given the standard deviation of the clinical mea-
surements. Although the total distance between anterior and posterior
sides can vary significantly based on patient body size, it was kept constant
at 272 mm to assess the impact of the distance between ablation target lo-
cation and DP. To test the effect of varying LA position relative to anterior
or posterior DPs, we considered three different locations of LA respect to
the posterior and anterior sides: (i) LA relatively centred with respect to the
anterior and posterior sides (similar to that observed in Patient #9), (ii)
mean distances to the anterior and posterior sides (similar to that observed



Position of patch during RF cardiac ablation

1139

Table 2 Baseline impedance (Z), percentage of power targeted to the posterior LA myocardium (Pn), and total current (I) computed for

anterior and posterior position of the dispersive patch

Posterior Anterior

Z(Q) Pum (%) 1 (mA) Z(Q) Pm (%) 1 (mA)
Patient #9 1216 +1.8 11.4+13 457 +2 1152+17 12014 470+ 6
Patient #1 1203+1.8 11.6+13 460+ 2 17117 11.8+13 467 +2
Patient #13 1194+18 115+13 462+2 119.6 1.7 114+13 461+2
LA, left atrium.
Table 3 Left atrium lesion sizes computed (in mm) for anterior and posterior position of the dispersive patch

Posterior Anterior

MW SwW MW SwW D
Patient #9 87+04 6.1+02 53+03 89+04 62402 53+03
Patient #1 87+04 6.1+02 53+03 88+04 62+02 53+03
Patient #13 8.6+04 6.1+0.2 51+03 8.6+04 6.1+0.2 50+03

D, maximum depth; MW, maximum width; SW, surface width.

in Patient #1), and (iii) LA located only 97 mm from the posterior (similar to
that observed in Patient #13). These three cases were chosen to represent
the boundary conditions for the model. The electrical and thermal proper-
ties of the tissues were taken from the IT’IS Foundation database'® while
the ablation catheter properties were taken from Pérez et al.'®

Supplementary material online, Table S7 shows the characteristics of the
materials used in the model. The values for lung were the mean between
inflated and deflated. The values for bone (spine and sternum) were the
mean between cortical and trabecular bone. The values for the tissue sur-
rounding organs were the mean between muscle and subcutaneous fat. The
6 mm outer layer was assumed to be subcutaneous adipose tissue (SAT,
Figure 1B).

Remote factors, such as the amount of SAT underneath the DP, may af-
fect the baseline impedance and hence the lesion size.'”"” There are no
conclusive data about differences of subcutaneous fat in anterior and pos-
terior side. For instance, Stérchle et al.'® found a difference of 3 mm greater
thickness of anterior fat compared to posterior fat above fibrous septae.
While this superficial layer is quite compact and exhibits stable thickness,
the deep layer consists of large lobules of fat and varies in thickness in dif-
ferent regions of body and may contribute more to baseline impedance dif-
ferences.'”” We used the computational model to study how the greater
accumulation of fat on the posterior or anterior side could modify the re-
sults by increasing the thickness of the outer layer by 4 mm, i.e. from 6 to
10 mm, just below each DP position.

We next adapted the model to mimic an RF ablation of arrhythmia ori-
ginating from the anterior RV outflow tract (RVOT), where the RF elec-
trode is positioned closer to the sternum. In this case, the catheter was
in contact with the anterior wall of the sphere that simulates the heart (a
4 mm cardiac thickness was considered here given the thinner RV tissue
at this location) at three insertion depths (0.3, 0.5, and 0.7 mm).

Statistics

This study used a physics-based mechanistic model. We assumed an uncer-
tainty in the LA and anterior and posterior distances, the ratio between
skeletal muscle and fat in the tissues surrounding the organs (50% and
80%), cardiac wall thickness (4 —8 mm), and insertion depths of electrode
(0.3 — 0.7 mm). The Excel file (see Supplementary material) includes all case

permutations with regard to the above variables (114 full separate simula-
tions). This provided 54 unique cases as a representative sample of RFCA of
LA under varying conditions. Three additional cases were considered to
study the case of RV ablation. The comparison of results between DP posi-
tions was performed using the paired t-test. Statistical significance was as-
sumed when the P-value (P) was lower than 0.05.

Results

Posterior left atrial wall ablation

Table 2 shows the electrical results parameters for both positions of DP
and for the three patient models. For each patient model, nine simula-
tions were conducted by changing the cardiac wall thickness (4, 6, and
8 mm) and insertion depth of the electrode (0.3, 0.5, and 0.7 mm).
Table 2 shows the mean and standard deviation of these nine simulations.
The baseline impedance was higher with posterior position (P < 0.001),
specifically by 6.4, 3.2, and 0.15 Q in patients #9, #1, and #13, respect-
ively. Both the percentages of power targeted to the myocardium and
total current delivered were higher with anterior position (P < 0.001),
but the differences were small: less than 0.6% and 13 mA, respectively.

Table 3 shows the lesion sizes for both positions of DP and for the
three patient models. The LA lesions were wider with anterior position
(P<0.001), with differences always smaller than 0.2 mm, while there
were no significant differences in the lesion depth (P=0.85). Figure 3
shows an overview of the distribution of the electric field lines along
the entire torso section, illustrating the path followed by RF current
from the ablation electrode (located on the endocardium on the pos-
terior wall) to the DP. RF current around the ablation electrode follows
an almost identical path regardless of the DP position. Figure 4 shows
the temperature and voltage distributions, along with electric field lines
around the ablation electrode for the two DP positions. Similar to the
data shown in Table 3, the LA lesion sizes were almost identical for both
positions, both in depth and maximum and surface widths. Although
these plots correspond with a specific case (Patient #1, 6 mm cardiac
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Figure 3 Electric field lines for anterior (A) and posterior (B) positions of the dispersive patch in the case of RF ablation on the posterior LA wall. The
plots correspond with the Patient #1 (6 mm cardiac wall, 0.5 mm insertion depth). (C) Temperature distributions (in °C) for anterior and posterior
positions of the dispersive patch in the case of RF ablation on the posterior LA wall. Solid white line represents the lesion boundary (MW: maximum
width). (D) Voltage distributions (in V) around the RF electrode (in colour) and electric field lines (black) for anterior and posterior positions. The values
correspond with the percentages of power targeted to myocardium and blood in each case. The plots correspond with the Patient #1 (6 mm cardiac

wall, 0.5 mm insertion depth). RF, radiofrequency; LA, left atrium.

wall and 0.5 mm insertion depth), the trends are representative of all
cases.

When the model corresponding with Patient #1 was modified by in-
creasing the thickness of the SAT from 6 to 10 mm the baseline imped-
ance was higher with posterior position (122.5 +2.8 vs. 119.1+2.7 Q,
P=0.005). The LA lesions were wider with anterior position
(P<0.001), with differences always smaller than 0.04 mm, while there
were no significant differences in the lesion depth (P=0.82). Finally,
when the tissue surrounding the organs was considered 30% fattier
(mix of 80% fat and 20% muscle, instead of 50%—50%), the baseline im-
pedance was higher with posterior position (131.2 +2.0 vs. 128.1 + 2.0
Q, P<0.005), and the LA lesions were significantly wider (P < 0.001)
and deeper (P=0.003) with anterior position, with differences always
smaller than 0.05 and 0.01 mm, respectively.

Right ventricular outflow tract ablation

Graphical abstract shows an overview of the distribution of the electric
field lines along the entire torso section in the case of ablation electrode
located on the anterior wall, i.e. mimicking RF ablation at RVOT. In the
case of a posterior DP, there is a slightly greater amount of RF current
flowing through the blood pool which creates a relatively higher

percentage of power targeted to the myocardium in the case of anter-
ior DP: 11.3 vs. 9.6%, P=0.002 (Figure 4B). The anterior position im-
plied a baseline impedance 17 Q lower than the posterior position
(P<0.001), which resulted in a higher current (481 vs. 446 mA, P<
0.001). These differences in electrical terms, although small, resulted
in a slightly larger lesion in the case of the anterior DP (P <0.001),
~0.4 mm deeper and ~0.8 mm wider (Figure 4A).

Discussion

In this study an in silico model of RFCA was developed to explore the
effect of the distance between the ablation electrode and DP on base-
line impedance and lesion formation. A diverse set of real patient ana-
tomic features were incorporated into the model to generate
applicable results to clinical practice. The key findings of this study
are as follows:

(1) The posterior DP location was associated with a slightly higher base-
line impedance in the posterior LA and moderately higher baseline im-
pedance in the anterior RV compared to an anterior DP location.

(2) For posterior LA RFCA, the percentage of power deposited to myo-
cardium by the ablation electrode and ablation sizes were statistically
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Figure 4 Electric field lines for anterior (A) and posterior (B) positions of the dispersive patch in the case of RF ablation on the anterior cardiac wall.
The plots correspond with the Patient #9 (4 mm cardiac wall, 0.5 mm insertion depth). (C) Temperature distributions (in °C) for anterior and posterior
positions of the dispersive patch in the case of RF ablation on the anterior cardiac wall. Solid white line represents the lesion boundary (MW: maximum
width). (D) Voltage distributions (in V) around the RF electrode (in colour) and electric field lines (black) for anterior and posterior positions. The values
correspond with the percentages of power targeted to myocardium and blood in each case. The plots correspond with the Patient #9 (4 mm cardiac

wall, 0.5 mm insertion depth). RF, radiofrequency.

but not clinically significantly different with an anterior vs. posterior
DP location.

(3) For posterior LA RFCA, RF current around the ablation electrode fol-
lows an almost identical path regardless of the DP position, suggesting
there is no redirection of current based on the DP location.

(4) In contrast, for anterior RV ablation, the model suggests slightly
more power will be deposited in the myocardium with the anter-
ior DP which results in lesions approximately 0.4 mm deeper and
0.8 mm wider than the posterior position. This is due to more
current going through the blood pool with the posterior DP
and the slightly higher baseline impedance with the posterior DP
location.

(5) Withincreasing SAT thickness or increased fat content of soft tissues,
the baseline impedance increased but the RFCA lesion size remained
nearly the same in both DP locations for posterior LA ablation.

Preclinical RFCA models have demonstrated that baseline imped-
ance is negatively correlated with current and therefore lesion size.'
Prior clinical studies have suggested reducing baseline impedance can
improve current delivery during RFCA by changing the location or
number of dispersive electrodes, which may facilitate successful abla-
tion in intramural ventricular substrates."”” While most electrophysi-
ology laboratories place the DP on the patient’s back, flanks, or thigh,
some groups have advocated placing the DP anteriorly on the chest.

A recent pilot study compared the anterior and posterior positions
of the DP during AF ablation.® Despite the very small sample size (64 pa-
tients), the authors found a significant difference between baseline im-
pedance in anterior vs. posterior DP positions (134 +7 vs. 122 + 8 Q).
Although they found no significant difference in AF recurrence rate dur-
ing one-year follow up, they suggested that anterior DP might (i) redir-
ect RF current away from the oesophagus to improve the procedural
safety and (ii) act as an additional protection given higher impedance va-
lues would reduce the energy delivered to the tissue.

The concept of ‘redirecting RF current’ had been already proposed
by the same group in a 2017 case report describing the successful ab-
lation of a RVOT ventricular arrhythmia.” To our knowledge, there are
very few studies addressing this issue. The pilot study by Nath et al.'® on
20 patients reported no differences in impedance between interscapu-
lar and left thigh positions, while Jain et al.'" did find significant differ-
ences in lesion size (but not in impedance values) using an in vivo
experimental model in which two DP positions were compared: op-
posite vs. frontal the catheter tip.

The results presented here suggest minimal difference in lesion for-
mation would be expected during RFCA of the posterior LA wall
(which is where ablation can lead to the risk of oesophageal injury dur-
ing the ablation of atrial fibrillation) simply by moving the DP to an an-
terior location with all other parameters being equal. Given the small
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differences in impedance, essentially equivalent proportion power de-
livered, and similar RF current path, improving the safety and effective-
ness of RFCA lesion formation should focus on other biophysical
factors including modulating RF power, lesion time, contact force,
and baseline impedance.

The posterior LA, however, is located nearly in the middle of the
thorax anteroposterior dimension. Much larger relative differences in
distances from the ablation catheter tip to each DP location are seen
in anterior cardiac structures, such as the RVOT. In the case of RFCA
in the anterior RV, which is performed during ablation of RVOT ven-
tricular tachycardia or premature ventricular contractions, an anterior
DP location may create slightly larger lesions based on our model due
to altered current paths and lower system impedance with an anterior
DP position. Futyma et al.” described a case with the use of an anterior
DP location allowed the successful ablation of an anterior RVOT prema-
ture ventricular contraction focus that was refractory to RFCA with
a posterior DP. However, given the thickness of the RVOT is only
3-6 mm,”° the modest additional lesion depth with the anterior DP is
of uncertain clinical significance in terms of increasing ablation efficacy.
This lesion size difference could be achieved without switching DP loca-
tion by cautiously increasing RFCA power, delivering longer lesions, or
reducing baseline impedance by adding an additional DP.

Our model’s results did not reproduce the trend found by Futyma
et al® regarding a higher baseline impedance (~12 ) when the DP is
positioned on the anterior side. In contrast, we observed a tendency
to higher values (up to 8 Q) with a posterior DP position during pos-
terior LA RFCA. While DP position itself may not significantly change
lesion formation in the LA, other tissue characteristics in the current
path may play a role .>' When the fat content of the tissue surrounding
the organs was changed from 50% to 80%, baseline impedance in-
creases from ~120 to ~130 Q, making the lesion 0.5 — 0.8 smaller.

However, the increased lesion depth of 0.6 mm could likely be
achieved without switching DP location by cautiously increasing
RFCA power, delivering longer lesions, or reducing baseline impedance
by adding an additional DP.

A limitation of this study is that it is based on a specific geometry
inspired by the images of a representative patient. Despite this, the
model includes all the relevant organs in terms of size, electrical and
thermal properties, and proximity to the ablation electrode, which
makes it possible to reproduce the electrical and thermal phenomena
involved in RFCA. Even despite having worked with a 2D model based
on rotational symmetry, there are no physical reasons to think that
the trends regarding the effect of DP position (anterior vs. posterior)
on the RF current around the ablation electrode and the lesion size
are different if a more realistic 3D model including more organs is
considered. It is important to note that this model does not account
for variations in DP geometry and materials between manufactures,
quality of contact, or number of DPs used. However, the purpose
of the study was to test the specific hypothesis regarding distance
of the DP to the site of ablation, and only computer simulation allows
isolating and varying specific variables in an unconfounded way to help
elucidate a physical concept.

Conclusions

Our results suggest that the position of the DP (anterior or posterior)
does not redirect the RF current towards that position. The spatial dis-
tribution of RF currents around the ablation electrode is not significant-
ly altered by where the DP is positioned during posterior LA ablation.
There is also no clinically significant impact on the percentage of power
targeted to the myocardium, resulting in minimal difference in lesion
size. With anterior RV ablation, however, an anterior DP location cre-
ates slightly deeper and wider lesions due to lower baseline impedance
leading to higher percentage of the power being delivered to the

myocardium. Preclinical and human studies assessing the safety and ef-
ficacy of changing DP location are needed to confirm these results.

Supplementary material

Supplementary material is available at Europace online.
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