
  

 
 

Abstract— Gastric ablation has recently emerged as a 
promising potential therapy for bioelectrical dysrhythmias that 
underpin many gastrointestinal disorders. Despite similarities to 
well-developed cardiac ablation, gastric ablation is in early 
development and has thus far been limited to temperature-
controlled, non-irrigated settings. A computational model of 
gastric ablation is needed to enable in silico testing and 
optimization of ablation parameters and techniques. In this 
study, we developed a computational model of radio-frequency 
(RF) gastric ablation. Model parameters and boundary 
conditions were established based on the current in vivo 
experimental application of serosal gastric ablation with a non-
irrigated RF catheter. The Pennes bioheat transfer equation was 
used to model the thermal component of RF ablation, and 
Laplace’s equation was used to model the Joule heating 
component. Tissue, blood, and catheter parameters were 
obtained from literature. The performance of the model was 
compared to previously established experimental values of 
temperature measured from various distances from the catheter 
tip. The model produced temperature estimations that were 
within 6% of the maximum experimental temperature at 2.5 mm 
from the catheter, and within 13% of the maximum temperature 
change at 4.7 mm. This model now provides a computational 
basis through which to conduct in silico testing of gastric 
ablation, and can be usefully applied to optimize gastric ablation 
parameters. In future, the model can be expanded to include 
irrigation of the catheter tip and power-controlled RF settings. 
 

Clinical Relevance— This work presents a computational 
model of gastric ablation that can now guide the in silico 
development of effective ablation parameters and therapeutic 
strategies, expanding the breadth of this promising therapy.  

I. INTRODUCTION 

Rhythmic bioelectrical ‘slow waves’ are a critical 
controlling mechanism of gastrointestinal (GI) motility, 
initiated and propagated by interstitial cells of Cajal (ICC) [1]. 
Similar to the heart, slow wave activity is highly organized in 
the healthy stomach, and abnormal electrical dysrhythmias 
have been associated with several GI motility disorders 
including gastroparesis, chronic unexplained nausea and 
vomiting, and dyspepsia [2]–[4]. Despite similarities to 
bioelectrical cardiac arrhythmias, which underpin an entire 
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cardiac therapy industry, no proven therapies currently exist 
for correcting dysrhythmias in the stomach.  

Ablation has been established as a successful treatment for 
cardiac arrhythmias for many decades [5], including recent 
data demonstrating that ablation out-performs drug therapy in 
patients with paroxysmal atrial fibrillation [6]. Ablation has 
only recently been translated to the stomach, where initial 
experimental evidence now shows that radiofrequency (RF) 
ablation of gastric smooth muscle and ICC can create an 
electrical barrier to slow wave conduction and could likely be 
used to eliminate dysrhythmic gastric conduction mechanisms 
[7], [8].  

Gastric ablation now offers a promising potential 
therapeutic option for GI disorders, where few options 
currently exist [9]. In silico, computational modeling is needed 
to define the effects of ablation in stomach tissue. 
Computational models of ablation exist for other organs (e.g., 
liver [10], [11] and heart [12]), but a dedicated gastric ablation 
model is needed to accurately inform parameter optimization 
and new ablation strategies. 

II. MODEL DEVELOPMENT 

A. Model Structure 
A model of gastric ablation was structured as shown in 

Fig. 1, based on recent porcine in vivo experiments that 
demonstrated the feasibility and efficacy of the technique [7], 
as well as preliminary temperature data [13]. A finite 
difference model was implemented using MATLAB R2020a 
(MathWorks, Natick, MA, USA) to estimate the temperature 
distribution and lesion size based on prescribed ablation 
temperature and duration. The model was implemented in 3-
dimensions using cuboid simulation cells. A catheter with a 
3.5 mm diameter was applied to the serosal surface assuming 
no tissue deformation, modeled as a round rod with a flat end 
that was assumed to be in perfect contact with the tissue. The 
catheter was surrounded by a 1 mm layer of surface fluid.  The 
simulations were performed across a domain size of 20 mm 
wide x 20 mm long x 10 mm deep, using spatial step sizes of 
0.2-0.5 mm and temporal step sizes of 0.05-10 ms, to 
empirically compare the accuracy and computational 
efficiency at different step sizes. 
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Figure 1. A) Photo of the ablation catheter positioned on the gastric 
serosa in an in vivo application, where RF ablation was performed 
with a Stokert 70 RF generator at a working frequency of 500 kHz 
(Biosense Webster, Irvine, CA, USA)  [7]. B) Schematic 
representation of gastric ablation model. The catheter was modeled 
as being in direct contact with the serosal surface of the stomach, 
with a thin (1 mm) layer of surface fluid around the catheter, 
consistent with in vivo applications of serosal ablation [7]. 
Convective heat loss was set as the upper boundary condition, which 
is open to air in the in vivo setup, and zero flux was set for all other 
boundaries. 
 

B. Mathematical Foundation and Implementation 
The RF ablation model was based on a time domain 

analysis of a coupled electric-thermal problem. Pennes bioheat 
equation was used to thermally model the spatial distribution 
of temperature in the tissue for a given density, specific heat, 
thermal conductivity, rate of perfusion and rate of heating [14]: 

𝜌!𝑐!
"#
"!
= 𝛻 ∙ 𝑘!𝛻𝑇 + 𝑄$ − 𝑄%                    (1) 

where 𝜌! is the tissue density, 𝑐! is the specific heat of the 
tissue, T is temperature of the tissue, t is time,	𝑘! is the thermal 
conductivity of the tissue, 𝑄$ corresponds to the distributed 
heat source due to the electric field (also known as ‘Joule 
heating’), and 𝑄% is the perfusion heat loss.  

The Joule heating from the electric field is given by [15]:  

𝑄$ = 	𝜎	|𝑬|& = 	𝜎	|−𝛻𝑉|&                        (2) 
where 	𝜎 is electrical conductivity of the tissue, 𝑬 is the electric 
field, and 𝑉 is the potential field. Laplace’s equation was used 
to determine the potential field across the tissue block [14]: 

 𝛻 ∙ [𝜎(𝑇) ∙ ∇𝑉] = 0 (3) 

When applied to a Taylor series expansion in 3-
dimensions, the solution of 𝑉 was:  

 𝑉(𝑥, 𝑦, 𝑧) = '
(
(𝑉(𝑥 + ℎ, 𝑦, 𝑧) + 𝑉(𝑥 − ℎ, 𝑦, 𝑧) + 𝑉(𝑥, 𝑦 +

ℎ, 𝑧) + 𝑉(𝑥, 𝑦 − ℎ, 𝑧) + 𝑉(𝑥, 𝑦, 𝑧 + ℎ) + 𝑉((𝑥, 𝑦, 𝑧 − ℎ)) (4) 

where 𝑉(𝑥, 𝑦, 𝑧) is the potential at a point (x,y,z), and h is a 
small step in distance. The potential at any point can be 
approximated by the average potential of the surrounding 
points. Equation (4) can be iteratively solved for the following 
boundary conditions: 

 𝑉) = 𝑉*  (5) 

 	𝑉+ = 0 (6) 

where 𝑉) is the catheter voltage, 𝑉* is the source voltage, and 
𝑉+ is the voltage at the grounding plate. A maximum of 600 
iterations were performed to refine the voltage to an error of 
less than 0.01 V. 

The amount of heat loss due to the blood perfusion was 
calculated using [14], 

 𝑄% = 𝜌,𝜔,𝑐,(𝑇 − 𝑇,) (7) 

where 𝜌, is the density of blood, 𝜔, is the rate of perfusion, 
𝑐, is the specific heat of blood, and 𝑇, is the arterial blood 
temperature. 

The heat distribution also depends on where the cell was 
located relative to each boundary in the model (Fig. 1).  A 
convection boundary condition was applied to the cells on the 
gastric serosa exposure to the fluid, and to the fluid exposure 
to the air, which were calculated by [10]: 

 𝑘!𝛻𝑇|*-./012 = ℎ3(𝑇2+4 − 𝑇) (8) 

where ℎ3 is the convective heat transfer coefficient of the 
surface area, and	𝑇2+4 is the environmental temperature. 𝑇2+4 
for the surface fluid was modeled at 33 °C based on the 
baseline catheter tip temperature during in vivo gastric 
ablations [13], while 𝑇2+4 for air was modeled as typical room 
temperature of 25 °C. 

 Similarly, conductive heat due to the catheter temperature 
was modeled using: 

 𝑘!𝛻𝑇|10!52!2. =
63∆#
8

 (9) 

where K is the thermal conductivity of the catheter material, 
∆𝑇 is the temperature difference, A is the surface area that the 
heat passes through, and L is the distance travelled. The 
catheter temperature was set to 70 °C for the validation here, 
with an on/off controller to match experimental temperatures. 

C. Parameter Values 
The parameters used in the model are shown in Table 1. 

These data were obtained from literature and/or publicly 
available online data repositories, with references included in 
Table 1. 

III. MODEL VALIDATION 

A spatial step size (dx) of 0.2 mm and a temporal step size 
(dt) of 0.5 ms were empirically found to provide a suitable 
balance of accuracy versus computational time, and were 
thereby used for the results reported here. The model was 
compared against experimental data from custom temperature 
probes applied during in vivo RF serosal ablation in the 
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porcine stomach [13]. The maximum tissue temperatures 
calculated by the model were within 15% of experimental in 
vivo temperature values across the entire modeled tissue area 
(Fig. 2A). The model closely matched experimental data in 
regions near the catheter tip, including similar maximum 
temperature over-shoot beyond the 70 °C setting, but the 
accuracy of the model decreased with distance from the 
catheter (Fig. 2A). For example, at 2.5 mm from the catheter 
tip, the maximum temperature was comparable between in 
vivo data and our new in silico model, being within 6% of the 
maximum temperature reached during a 10 s ablation, but at 
4.7 mm from the catheter tip that difference grew to the model 
prediction being 13% lower maximum temperature than the 
experimental data (Fig. 2A).  

TABLE I.  PARAMETERS APPLIED IN GASTRIC ABLATION MODEL 

Parameter Value Reference 

Gastric 
tissue 

Density (kg×m-3) 1088 [16] 

Specific heat (J×kg-1×°C -1) 3690a [16] 

Electrical conductance (S×m-1) 1.025b [16] 
Thermal conductivity  
(W×m-1×°C -1) 0.53c [16] 

Catheter  
Thermal conductivity  
(W×m-1×°C -1) 71.6d [17] 

Diameter (mm) 3.5 - 

Air convection (W×m-2×°C -1) 10.0 Est. 

Room temperature (°C) 25.0 Est. 

Body temperature (°C) 33.0 [13] 

Blood perfusion (s-1) 0.0064 [18] 

Spatial step sizes, dx (mm) 0.2 – 0.5 - 

Temporal step sizes, dt (ms) 0.05 - 10 - 

a. Variable with temperature, increasing at 28.9 J×kg×°C between 63.5 – 83.4 °C. 

b. Variable with temperature, increasing at 1.5 S×m-1×°C-1. 

c. Variable with temperature, increasing at 0.0008 W×m-1×°C-1. 

d. The catheter tip was a platinum alloy, so the conductivity for platinum was used. 

 

Fig. 2B and 2C show the maximum temperature profile and 
current density field, respectively, as a 2D cross-section of the 
3D model. These 2d cross-sections accurately reflect the 3D 
results because the model is symmetrical around the rotational 
axis due to the assumption of tissue homogeneity through the 
domain. These data demonstrate that the model achieved a 
reasonably sized and shaped thermal and current distribution, 
compared to ablation models developed for other organs [10], 
[12], and the current distribution was comparable to 
preliminary histological results of gastric ablation [7].  

IV. DISCUSSION 
In this study, we developed a novel computational model 

of RF ablation in the stomach. Our model was structured to 
match the setup of recently developed in vivo gastric ablation 
[7], and the results demonstrated that our model is accurate to 
within 15% of experimental in vivo temperature data [13]. 
This gastric ablation model now offers an in silico tool for 

investigating and optimizing parameters for gastric ablation. 
Gastric ablation offers a promising therapeutic approach for 
GI disorders, where electrical dysrhythmias in the stomach 
could be disrupted by ablation, but substantial additional work 
is required to ultimately determine clinical effectiveness.  

 
Figure 2. Gastric RF ablation model results. A) Comparison of 
maximum serosal temperature predicted by the model (blue) versus 
measured during in vivo experiments (orange, [13]), during a gastric 
ablation performed at 70 °C for 10 s duration. B) Corresponding 
modeled temperature profile, and C) current density field, shown as 
a 2D cross-section of the 3D model, which was symmetrical about 
the rotational axis. The layer from 0-1 mm of depth represents the 
surface fluid layer. The model domain was 20x20x10 mm; images 
here have been cropped to highlight the region of interest. 
 

Our model demonstrated a steeper decay of tissue 
temperature versus distance from the catheter, compared to 
experimental data, i.e., our model has a higher loss of thermal 
energy at distances away from the catheter tip. The cross-
sectional temperature profile demonstrated that the surface 
fluid layer was notably lower in temperature than the gastric 
tissue, effectively carrying heat away from the tissue via 
convective loss to the air, as expected (Fig. 2B). However, 
this convective heat loss, or the loss due to blood perfusion 
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through the gastric tissue, could be over-estimated in our 
current model, causing the decreased temperature compared 
to experimental data (Fig. 2A). In future, the surface fluid 
layer and blood perfusion could be optimized to better fit the 
experimental data, while still according with reasonable 
values based on the in vivo application (e.g., decrease surface 
fluid layer from 1 mm to 0.1-0.5 mm). Future expansion to 
include an estimate of the resultant lesion size would also be 
valuable, e.g., by using the Arrhenius equation [11], [19]. 

Our model was limited to temperature-controlled, non-
irrigated, RF ablation from the serosal surface, which were 
parameters that were selected to match in vivo gastric ablation 
studies showing feasibility and efficacy of the technique for 
modulating bioelectrical activation of the stomach [7], [8], 
and temperature data for validation of the model [13]. 
Alternate ablation parameters like power-controlled RF or 
electroporation energy delivery, and irrigation of the catheter 
tip, offer potential for increased control of lesion size, depth, 
and shape, as has been demonstrated in cardiac ablation [20]–
[22]. Gastric ablation from the mucosal surface could offer a 
minimally-invasive option for therapy in the future [7], and 
would complement minimally-invasive endoscopic electrical 
mapping diagnostics that are currently in development [23]. 
The small intestine exhibits complex electrical propagation, 
similar to gastric dysrhythmias [24], [25], where intestinal 
ablation may also be a useful future technique for modulation. 
Such parameters and ablation strategies could be usefully 
modeled in the future, based on the foundational RF gastric 
ablation model presented here. 

V. CONCLUSION 
This study presents a computational model of RF gastric 

ablation that provides estimates of tissue temperature in 3-
dimensions that are accurate to within 15% of published in 
vivo experimental data. The model supports a promising new 
field of gastric ablation for modulating electrical activation in 
the stomach and can now be applied to inform in silico 
investigation of alternative RF device geometries, energy-
delivery parameters, methods of performing ablation, and 
strategies for therapy. 
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