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Development of using Medical treatment device using high

frequency electromagnetic wave
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Research Title: Finite Element Analysis of Multiphase Antenna for Microwave cancer Ablation

ABSTRACT

Microwave ablation for liver cancer treatment has been widely performed due to its minimal
invasive technigue both single and multi probe. Even though, multi antenna ablation system provide a
larger destroy area, however effect of phase shift difference between each antenna is still challenge to
be investigate for total ablation result. In this research, we propose a preliminary investigate of phase
shift effect to a multi antenna system. Two probes array and three probes array was configured as a
multi antenna liver ablation system based on each coaxial opened-slot antenna. By using FEM
analyze, we present a full 3D simulation results of those multiple antenna system as phase shift

between each probe was varied.

Keywords - finite element analysis, phase shift multi-antenna,microwave liver ablation
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(Electromagnetism and microwave-tissue interaction)[4]
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2.8 @uN15N15AIINA213501]1UN19529IN8N (The Bio-heat Equation)[9]
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review of coaxial-based interstitial antennas for hepatic microwave ablation” [9] 111 2006 arq7w
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2.9.4 ;e IMAUY Tri-axial antenna
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A1na0 A4 1 luns Srasansviey eazBuaYeInITinesye4n13 Simulation LA
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Aiinesileun1s $1a89n 1391974 Density of Tissue = 1050 lkg/m’], Specific heat of
Liver =3700 [//kg-K], Density of Blood = 1000 [kg/mg], Specific heat of Blood = 3639 [Jkg K],
Blood perfusion rate=3.6e-3 {mj/kgS], Thermal conductivity of Liver = 0.56 [S/m]

LRERITCLERRRT) TURUTY 1 Il &,,., (Relative permittivity) = 43.03, O, (Electrical

conductivity) [S/m] = 1.69, &E,,,,.,.. = 2.03, &, =2.6 mwomaminnlFluniimanes Ae

ielectric insulator

cronidaien Coaxial uunnieiidondt Semi-rigid 141(RG402 M17/130-RG402 Copper
Jacket) Tnofliduruguénalaviiy 0.141 117 (3.525 mm) Maximum Froquency =35 GIlz 1ije
193 AU Connector N-type (Maximum Frequency = 18 GHz) Tasfinmiimeiveseniy
o iymuwmﬂ”eﬁ Inner Conductor Silver Plated Copper Clad Steel (Diameter — 0.51mm), Dielectric
(Solid PTFE) Diameter =3.02 mm, Minimum Bend Radius inches(mm) = 6.35 mm. Q]ﬂﬁlﬁxlgﬂﬂ
iiuidn 47 81984
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Piver = Density of liver 1,050 [kg/m3]

Cuiver = Specific heat of liver 3,700 [J/ kgK]

Psl = Density of blood 1,000 [kg/ m3]

©b = Specific heat of blood 3,639 [/ kgX]

Wit = Blood perfusion rate 3.6x10—3 [m3/kg.s]
k = Thermal conductivity of liver 0.56 [S /m)]

Cliver = electrical conductivity of liver 1.69 [S/ m]

Etiver = relative permittivity of liver 43.03

Ediel = relative permittivity of dielectric 2.03

Einsul = relative permittivity of insulator 2.6




55

= 5 a o Aq o & s A o
A131IN 3.4 ﬂqﬂmmummwuﬂ 'UB%’Jﬁ'lflﬁ)']ﬂ']ﬂ"ﬂi‘]ﬂ!.'ﬂ'ﬂ%'lﬂE)'CI'YI']'CIul'Nhl'HﬂLB ANUA

Configuration (elements)
Single COA 27,394
Single CSA 30,451
Single CIA 50,096
Array COA 60,420
Triangular COA 71,789
Orthogonal COA 74,283
Array (CSA+COA+CIA) 78,295
Triangular (CSA+COA+CIA) 85,337
Orthogonal (CSA+COA+CIA) 92,037
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Abstract—Microwave ablation for liver cancer treatment has
been widely performed due to its minimal invasive technique
both single and multi probe. Even though, multi antenna ablation
system provide a larger destroy area, however effect of phase
shift difference between each antenna is still challenge to be
investigate for total ablation result. In this research, we propose a
preliminary investigate of phase shift effect to a multi antenna
system. Two probes array and three probes array was configured
as a multi antenna liver ablation system based on each coaxial
opened-slot antenna, By using FEM analyze, we present a full 3D
simulation results of those multiple antenna system as phase shift
between each probe was varied. Total destroy volume is effected
significantly when phase shift was differed from 90°, 180° and
270°.

Keywords - finite element analysis, phase shift multi-antenna,
microwave liver ablation

1. INTRODUCTION

Hepatic-cancer is realized as one of the important health
hazards that threatening people around the world for many
year. However, besides from a conventional treatment, thermal
ablation by using microwave frequency range is also known as
an another alternative medical implementation for liver tumor
therapy due to its minimal invasive treatment and using only
bipolar probe technique [1-3]. Many research work proposes
their study concentrating to an ablation duration, power
variation and temperature effect to this thermal technique [4,5].
Applicator also investigated in term of a single antenna design
[6,7] but only a few focusing in an array antenna configuration
especially a phase shift variation effect.

Tn this paper, we propose a study of phase shift effect in
multi antenna array configuration of microwave liver ablation
by using FEM simulation, At first, single opened-slot coaxial
antenna (CSA) was designed, its dimensions, material and
material properties was also presented. Then, a configuration of
multi antenna system was trial proposed as 2 probes and 3
probes array alignment in liver CAD model. In term of phase
shift effect, an initial phase of each single antenna is preset to
differ from 0°, 90°, 180° and 270° inorder to identify a total
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ablation result. By using FEM of COMSOL solver, a
distribution pattern of SAR, temperature and estimated
destructive volume was post-processingly analyzed with
respect to interaction of an electric field and bioheat effect in
living tissue. True full 3D space of these results was compared
at each phase different and a variation of ablated tissue volume
also presented finally. As a mulli-antenna configuration
system, this study declare us an effect of phase difference on
each single antenna to an overall ablation process. Further
study in term of configuration shape also play an important role
for this investigation which will be another our research tasks
in near future.

This paper is composed as following. An introduction and
design of a single opened-slot microwave antenna is presented
in section 1 and 2 respectively. Tn section 3, finite element
analysis implementation as CAD modeling, configuration of
multi-antenna, governing equation and criteria condition for
FEM simulation is described in detail. Section 4 is our
simulation results of phase shift effect that compared between 2
and 3 probes array system. Discussion and conclusion is
proposed finally in section 4.

IT.  ANTENNA DESIGN AND STRUCTURE

In our multi-antenna ablation system, we intently design
each single antenna based on a coaxial opened-slot type (CSA)
as shown in Fig. 1. Dimension and material of this antenna is
well characterized in Table I. At first, our multi-antenna array
is supposed to compose by this antenna to configure as a 2
probes and 3 probes system.

Irner
60 mm.

Figure 1. CSA antenna structure,
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TABLE I. DIMENSION AND MATERIALS OF EACH SINGLE OPEND-SLOT
ANTENNA (CSA)

Part size Part size
Diameter of outer conductor — Dy 0.912 Lcngth of antenna 60
(Silver Pluted Copper Clad Steel) mm mm

Diameter of dislectric — Dy 2.985 Leneth of UpL‘.!)L‘(l slot 3
(Sulid PTFE) i kil

Diameter of inner conductor - Dy 3.581 Length from end to slot 20
(Silver Plated Copper Clad Sieel) IR mm

III.  IMPLEMENTATION OF FINITE ELEMENT ANALYSIS

The simulation using finite element method is concerned
about a separation of a complex geometry model into small
clements for a system of partial differential equation then
following by an evaluation at each nodes or edges. These
implementations based on a definition of CAD modeling and
governing equation as following.

A.  Material Properties

For simulation modeling, material properties of both liver
and antenna must be defined according to their physical
properties. Table IT show main physical properties of material
in this simulation [8].

TABLE IT. MATERIAL PROPERTIES FOR SIMULATION,
Parameters Value (units)
Density of liver, z 1,020 kg
(20-70 °C) (80-100 °C)
Specific heat of liver, ¢ 3,628 3,858
(kg (I/kg
Thermal conductivity of liver, (20-70 °C) (80-100 °C)
0.465 0.867
(Wim (W sm
Electrical conductivity of liver, £ 1.69 [
Relative permittivity of liver, z 43,03
Relative permittivity of dielectric, 2.03
Relative permittivity of insulator, £ 2.6

B.  Configurations of Multi-Antenna Array Modelling

In this research, we intently focusing on a difference of
initial phase shift between multi-antenna ablation system, as a
preliminary study, 2 probes and 3 probes array system is
selected to be implemented. Fig. 2 shows an alignment of each
single CSA to compose as a 2 probes and 3 probes array in
liver CAD model as shown in Fig. 2a) and 2b) respectively. A
distance between each single antenna is approximately 1
centimeter.
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2a) 2 probes system 2D) 3 probes system

Figure 2. Alignment of multi-antenna for liver ablation system.

C. Bio-heat Equation

In general, heat generated in living soft tissue due to an
clectromagnetic wave phenomenon was respected and analyzed
by using a general bioheat equation as following [9,10].

i

&1
—+ V(= V)

pe ot = —Qp +Qmer + Qe (1)
Qexe =p AR 2)
o B
SAR = 3
where
= density of tissue  (kg/m
= conductivity of tissue (§/»

= electric tield (v /»

= specific heat of tissue

= thermal conductivity of tissue

= temperature of tissue =y
—~{ = energy of blood perfusion (%
@, = energy from metabolic process
@, = exlernal heal source (W/m

(G/mi
(W fmi

(W/m

The source of heat transfer in microwave ablation is from
electromagnetic wave at 2.45GHz transmitted into tissues.
Joule heating arises when energy dissipated by electric current
flowing through a conductor is converted into thermal energy.
Tissue temperature changes over time can be predicted by the
bio-heat equation. The energy generated by metabolic process

0, was neglected in this study since it was small compared
to other heat source. @, is external heat source generated by
microwave energy from antennas. After delivery of
microwave energy into tissue, Joule heat is generated which
then conducts into surrounding tissnes. Cooling from liver
tissue perfusion (@ takes away a certain amount of heat
from hepatic tissue. This term is neglected in this study.

D. FEM Simulations

At first, single opened-slot antenna was designed and
aligned into a liver part structure. This geometry model is’
accomplished by using a CAD program of SolidWorks then
export IGES into a simulation solver. COMSOL Multiphysics
(version 3.5a) was used as a FEM simulation solver. With
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respect to a living tissue effect under an electromagnetic
exposure, RF module with harmonic propagation and also heat
transfer module was induced respectively. A basic condition of
FEM meshing refinement was defined as an automatic initial
mesh of tetrahedral shape. Microwave frequency was selected
at 2.45 GHz as an ISM band at 50 Watts of an ideal output
power for each antenna and ablation time is tested at 120
seconds. A number of meshing elements was compromisingly
refined at 32,216 elements for 2 probes array system and
74,754 elements for 3 probes array system. Meshing
refinement of both multi-antenna array system is shown in Fig,
3. Degree of freedom is ordered at 1,002,799 and 515,663,
respectively.

This simulation was operated on a personal computer with
CPU Core-i5 2.5 GHz under 64 bits Microsoft Window 7
platform and 16 GB of RAM memory.

3a) 2 probes array system 3b) 3 probes amay system

Figure 3. Meshing refinement of multi-antenna system in liver model.

IV. SIMULATION RESULTS

As a preliminary, phase shift between each single antenna
was varied from 0°, 90°, 180° and 270°. In 3 probes array
system, zero is set at the middle antenna while a positive phase
and negative phase is set at left and right antenna, respectively.
FEM simulation was implemented then a 3D distribution
pattern of temperature, SAR and estimated destructive volume
was analyzed post-processingly for each case. Solution time for
2 probes system is 1,486 seconds while 3 probes system is
21,495 seconds, approximately.

All simulation results are shown in Fig. 4-8 as following.
Fig. 4-6 shows a distribution pattern of temperature, SAR and
destructive volume of 2 probes and 3 probes array system at
each phase shift different value. Fig. 7 and 8 shows a variation
of destructive volume respect to ablation time at each phase
shift different value of 2 probes and 3 probes system. A
number of estimated destroy tissue volume also analyzed
quantitatively in Table III.

Phase shift
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Figure 4. Distribution pattern of temperature.
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Figure 5. Distribution pattern of SAR.
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RS,

Figure 7. Variation of estimated destructive volume at each phase shift
difference for 2 probes array system.
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Figure 8. Variation of estimated destructive volume at each phase shift
difference for 3 probes aray system.
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Figure 6. 3D distribution pattern of cstimated destructive volume.

TABLEIIL.  ESTIMATED DESTRUCTIVE VOLUME (CM”).
Phase
shift
difference 2 probes array 3 probes array
o 33.39 16.67
90° 35.38 1586
180° 35.17 49.65
270° 33.32 46.85
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V. DISCUSSION AND CONCLUSION

From the simulation results, difference in an initial phase
shift between each probe in multi-antenna array system attects
to an estimated volume of destructive tissue region
significantly. However, as shown in Table 11, destroy volume
of both multi antenna system changed respect to a phase shift
different nonlinearly. At an absolute 90° different, destroy

volume increase about 6%.

In conclusion, we have investigated a phase shift effect of
multi antenna system to an ablation result. As a preliminary,
this difference affects directly to a destroy volume and this
should be considered carefully in microwave ablation.
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