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Numerical simulation of RF catheter ablation
for the treatment of arterial aneurysm

Xuemei Guo, Qun Nan" and Aike Qiao
College of Life Science and Bioengineering, Beijing University of Technology, Beijing, China

Abstract. Considering the blood coagulation induced by the heating of radio frequency ablation (RFA) and the mechanism of
aneurysm embolization, we proposed that RFA may be used to treat arterial aneurysm. But the safety of this method should
be investigated. A finite element method (FEM) was used to simulate temperature and pressure distribution in aneurysm with
different electrode position, electric field intensity and ablation time. When the electrode is in the middle of the artery
aneurysm sac, temperature rose clearly in half side of artery aneurysm, which is not suitable for RFA. Temperature rose in
the whole aneurysm when the electrode is under the artery aneurysm orifice, which is suitable for the ablation therapy. And
in this way, the highest temperature was 69.585°C when power was 5.0 V/mm with 60 s. It can promote the coagulation and
thrombosis generation in the aneurysm sac while the outside tissue temperature rises a little. Meanwhile, the pressure (10 Pa)
at the top of aneurysm sac with electrode insertion is less than that (60 Pa) without electrode, so electrode implant may
protect the aneurysm from rupture. The results can provide a theoretical basis for interventional treatment of aneurysm with
RFA.
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1. Introduction

Aneurysms are common and dangerous diseases of cardiovascular and cerebrovascular which
involves pathological dilation and weakening of the arteries [1]. Interventional treatment has become a
hotspot to cure arterial aneurysm. The ultimate mechanism of interventional treatment is to diminish
the blood flow in the aneurysm sac, promote the formation of intraluminal thrombus [2-5], shrink the
aneurysm and avoid the aneurysm growing and rupture.

Interventional cardiovascular catheterization, such as stent and coiling are both of the advances to
treat aneurysms [6-8], should stay in the body and have some complications, such as the displacement
of the stent and the coil fall off from the aneurysm [9, 10]. Considering the blood coagulation induced
by the heating of radiofrequency ablation (RFA), the mechanism of aneurysm embolization and the
advantages of simple operation, small trauma, low cost, faster recovery, high success rate, etc [11-15],
Qiao, et al proposed that RFA may be used to treat aneurysm by combining the mechanism of blood
coagulation of RFA and aneurysm embolization [16]. The initiation of this hypothesis is to overcome
the disadvantages of biological/mechanical mismatch between the interventional devices and the
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arteries in the interventional therapy, also utilize the advantages of rapid treatment and minimal
invasion in the thermal ablation procedure.

The present study aims to explore the key problems for treating aneurysm by RFA, such as the
influence of the electrode position, RF power and ablation time to the temperature distribution. Two
different positions of electrode, three different electric field intensity and ablation times were also
investigated to determine the temperature distribution and the pressure. The results can provide a
theoretical basis for interventional treatment of aneurysm with RFA.

2. Materials and methods
2.1. Model

The idealized 2D models of aneurysm treated with FRA are shown in Figure 1, including the artery,
the aneurysm, the blood and the RF electrode: one is under the aneurysm orifice (Model I), the other is
in the middle of the aneurysm sac (Model II). They were created by Comsol Multiphysics (Comsol,
Sweden) which applies finite element method by solving partial differential equations (single field and
multi-field) to achieve the numerical results. The thermal and electrical parameters of the blood, vessel
wall and outside tissues were added to the related materials (as shown in Table 1). As shown in Figure
1(a), three different points A (at the top of aneurysm), B (in the downstream near the electrode) and C
(in the downstream away from the electrode) were chosen to analyze the pressure.

In order to simplified calculation, the blood flow was regard as laminar flow. And only the length of
the vessel both in proximal and distal of the aneurysm was more than tenfold of the aneurysm radius,
the blood can be fully flowed. The inlet of the blood flow was set at the side of electrode with the
constant entrance velocity 0.38 m/s [21]. The pressure at the exit was set to 0 Pa. The electric field
intensity was applied on the top of the electrode. The initial temperature was set to 37°C.

The model was discretized with more than 20 million meshes. Mesh refinement was adopted near
the electrode and the arterial aneurysm. Mesh independence analysis was accomplished to affirm the
accuracy and reliability of the simulation results for ablation processes.

110mm

50mm a8 outside tissue
43mm - 64mm <

1 anenrysm ’
o vessel 2

3 ]

" (2) Model I (b) Model TI

Fig. 1. Arterial aneurysm model.

Table 1

The thermal and electrical parameters [17-20]

p (kg/m?) KW/me'C)  o(s/m) c(J/kg*"C)
Vessel wall 1150 0.48 0.50 3200
Blood 1000 0.543 0.99 4180
Tissue 1060 0.55 1.00 3600
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Fig. 2. Arterial aneurysm temperature distribution with different electric field intensity (Model I).

2.2. Bio-heat equation

The temperature distribution in the arterial aneurysm model was obtained by solving the bio-heat
equation [17, 22].

aT
e = kV2T + wpcy(Ty = T) + Qm + Qr (1)

where p is tissue density (kg/m®), k is the thermal conductivity of tissue (W/m-‘C), ¢ and cs is specific
heat of tissue and blood (J/kg'‘C), wy, is the mass flow rate of blood per unit volume of tissue
(kg/s'm?), T and Ty is the temperature of tissue and blood, Qm is the heat generated by metabolism,
and Q; is the heat generated by RF (W/m?). The heat generated by metabolism and taken away by
blood perfusion was ignored in this research compared with high power of RF.

3. Results and discussion
3.1. The effect of electric field intensity on the temperature field distribution

Figure 2 shows the temperature distribution of Model I with the ablation time 60 s when the electric
field intensity is 2.5 V/mm, 5 V/mm and 7.5 V/mm respectively. The highest temperatures is
correspondingly 45.126°C, 69.585°C and 110.07°C, respectively. The temperature field distribution
appears approximately as a circle which fills the whole arterial aneurysm sac. The temperature of the
blood and other side is hardly risen except at the side of the aneurysm sac, the outside tissue near the
arterial aneurysm sac wall has risen about 3°C, 13°C and 43°C, respectively. The blood temperature in
the downstream is a little higher (1°C) than the upstream at 7.5 V/mm.

With the increase of the electric field intensity, the lesion range and the temperature in the outside
tissue increase. Under the same ablation time, the highest temperature rises about 24°C with the
increase of the electric field intensity from 2.5 V/mm to 5 V/mm, while the highest temperature rises
nearly 40°C with the increase of the electric field intensity from 5 V/mm to 7.5 V/mm.

The temperature distribution of Model II is shown in Figure 3. The highest temperatures are
correspondingly 39.39°C,46.56°C and 58.45°C respectively when the electric field intensity is 2.5
V/mm, 5 V/mm and 7.5 V/mm respectively with the ablation time 60 s. The arterial aneurysm
temperature rises clearly in the left half of arterial aneurysm sac. The temperature of the outside tissue
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Fig. 3. Arterial aneurysm temperature distribution with different electric field intensity (Model II).
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Fig. 4. Arterial aneurysm temperature distribution with different ablation time (Model I).

and vessel also had a temperature rise in a small range.

Because of the blood flow, the temperature in the right side has hardly risen, and the blood
temperature in the downstream is a little higher (about 0.2°C, 0.5°C, 1°C) than the upstream, especially
at 5 V/mm and 7.5 V/mm. Under the same ablation time, the highest temperature rise about 7°C with
the increase of the electric field intensity from 2.5 V/mm to 5 V/mm, while the highest temperature
rise nearly 12°C with the increase of the electric field intensity from 5 V/mm to 7.5 V/mm.

3.2. The influence of ablation time on the distribution of the temperature field

As shown in Figure 4, the ablation time is 60 s, 80 s and 100 s, respectively. The highest
temperature is 69.59°C, 70.26°C and 70.63°C respectively. According to the temperature distribution
the temperature increase a little (less than 1°C) with the increasing of ablation time. As shown in

Fig. 5. Arterial aneurysm temperature isothermal contour with different ablation time (60 s, 80 s, 100 s).
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Fig. 6. Pressure comparison charts (Model I).
Figure 5, the isothermal contour has the similar shape and expands with the increase of ablation time.
3.3. The distribution of blood pressure

The rising of the pressure can make the arterial aneurysm rupture, so the change of the pressure after
the electrode implanted is very important [23]. To study the effects of radiofrequency ablation on the
pressure, pressures at some specific points are analyzed (Figure 1(a)). Under different conditions (one
without electrode, one with electrode but without heating, and the other with electrode with heating),
the pressure at points A, B and C are shown in Figure 6.

The pressure in the above three points would reduce with the implantation of electrode, and the
reduced magnitudes are about 57 Pa, 28 Pa and 3 Pa at point A, B and C respectively. When heating
with the electrode, the pressure would rise about 10 Pa, 20 Pa and 4 Pa at point A, B and C
respectively. The heating makes the pressure rise, but the pressure both at point A and B is still lower
than that without electrode. The pressure of point C with heating is only about 2 Pa higher than that
without electrode. It has little effect on the vessel. The pressure at the top of the aneurysm is the
highest and it is the most important factor which can make the arterial aneurysm rupture, but the
implantation of electrode makes the pressure reduce and may protect the aneurysm from rupture.

4. Discussions and conclusions

Due to the blood flow, the temperature in the main blood flow is hardly risen in the both model. In
Model I, the temperature rises in the whole aneurysm, while temperature rises only in left half side of
the aneurysm in Model II. The goal is to diminish blood flow in aneurysm sac and promote
coagulation and thrombosis generation. From Figures 2 and 3, model I (electrode under the arterial
aneurysm orifice) is more suitable to aneurysm ablation.

Temperature increases with both the increasing of electric field intensity and ablation time, the
temperature increase is more than 7°C with every additional electric field intensity 2.5 V/mm while the
temperature increase is less than 1°C with every additional ablation time 20 s. The influence of the
electric field intensity is much more significant than the ablation time. When the electrode is under the
aneurysm orifice (Model I), with the electric field intensity 5 V/mm and the ablation time 60 s, the
temperature field is filled in the whole aneurysm sac which can promote the coagulation and
thrombosis generation in the aneurysm sac [24] while the outside tissue temperature rises a little, so it
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is more suitable for aneurysm ablation. In this particular case, arterial aneurysm can be treated with the
method of interventional ablation procedures.

Aneurysm rupture is the serious complications in treatment aneurysm which may lead the death of
the patient. The implantation of electrode or stent may change the pressure distribution in the arterial
aneurysm. As shown in Figure 6, the pressure in the three points would reduce with the implantation
of electrode. The pressure with electrode at point A and B is lower than that without electrode which
may protect the aneurysm from rupture. And study also shows that the implantation of stent can lead
to the weakening of pressure, especially in the top of the aneurysm [25]. When heating the pressure of
point C is only about 2 Pa higher than that without electrode and hence has little effect on the vessel.

Both of the above two factors, 5 V/mm and 60 s heating time are the optimum parameters of RFA
for treatment of arterial aneurysm.

However, due to the shortage of clinical data, an idealized model was taken into account. Accurate
data will be connected from clinicians to perfect our simulation in the future. The velocity may have
greater effect on the temperature field when 3D models were considered. Ex vivo experiment will be
done to verify the correctness of the simulation. By studying the hemodynamics and the influence of
temperature field, a hypothesis of curing the arterial aneurysms with little hemodynamic change will
be put forward.
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