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Abstract—The optimization of the performance of antenna 

utilized in microwave ablation therapy is a task which 

required continuous research, as the procedure is now 

being increasingly used in the treatment of tumours. The 

performance of the co-axial based antenna has been 

proven to be dependent on not just on properties of the 

dielectric and catheter materials, but also on the slot size, 

positioning, and geometry. The efficacy of the microwave 

ablation therapy is based on the developed temperature at 

the tumour site such as to cause necrosis. This is a direct 

function of the fraction of the input power which is 

converted into heat in the tissue. 

The study is centered on the effect of using a number of 

slots with a constant cumulative size positioned at a 

constant relative position of 6 mm from the tip of the 

antenna. The slots were increased from one to six, and the 

effect on performance in microwave ablation was 

determined using COMSOL Multiphysics as the modelling 

tool. 

The total power dissipation density was observed to 

increase with an increasing number of slots for a constant 

slot separation distance, however, an irregular pattern was 

observed for the case of uniform slot length of 1.05 mm 

along the coaxial antenna vertical axis. 

The total power dissipation density during microwave 

ablation is a function of the number of slots if the 

separation gap between it is maintained at a constant 

value. Increased number of slots enhances the 

performance of the coaxial antenna. 
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I.  INTRODUCTION 

Research has shown that ablation procedures are now being 

increasingly used for the treatment of tumour whose sizes are 

lesser than 7 cm ―Campbell, et al, (2009)‖. it is increasingly 

being used in the treatment of tumours in organs in humans 

like the liver ―Li, et al, (2017)‖ pancreas, kidney, and the 

heart. The human cells are temperature sensitive, and it is 

based on this concept that ablation is used in the treatment of 

tumours. The normal human body temperature is expected to 

be in the range of (36.5 – 37.5) 
0
C and the upset of this could 

be lethal.   

One of the several ablation procedure techniques is microwave 

ablation therapy (MWA). It entails the use of electromagnetic 

radiations delivered through specially built antennas for the 

achievement of rapid temperature increment which is lethal to 

the concerned tissues (tumour) ―Cornelis, et al; Gao, et al; 

Ibitoye, et al, (2017, 2017, 2018)‖. Temperature above 42 
0
C 

is said to be lethal to the human cells ―Bettaeib and Averill-

Bates; Cornelis, et al. (2015, 2017)‖, and the microwave 

ablation therapy seeks to offset this temperature at the tumour 

site(s) to achieve thermal lesion of such tumours. 

Microwave ablation therapy uses either 915 MHz and 2.45 

GHz frequencies for its transmission as adopted by the 

statutory regulating body ―Prakash; Baere and Deschamps; 

Deshazer, et al.; (2010, 2014, 2017)‖. The generated 

electromagnetic waves are independent of the tissue electrical 

conductivity ―Higgins and Hong; Seror, (2015, 2015)‖, a boost 

for high reliability at higher intra-tumour temperatures, and an 

offering of a faster ablation time ―Castle, et al, (2011)‖.  

Different antenna geometry has been worked upon by several 

scholars who came up with two basic classes; the sleeve and 

the co-axial based antenna ―Brace; Brace; Ibitoye, et al., 

(2010a, 2010b, 2018)‖. The antenna design among other 

parameters like the intensity of propagation of the 

electromagnetic radiation, the time duration of application, the 

relative permittivity and the catheter material are the 

determining factors of the thermal lesion extent that can be 

accomplished ―Lerardi, et al.; Cornelis, et al.; Towoju and 

Petinrin, (2015, 2017, 2018)‖. The slot size, positioning, and 

geometry effect on the antenna have also been studied and 

shown to be one of the determining factors on the degree of 

thermal lesion that can be achieved during the microwave 

ablation therapy procedure ―Towoju, et al., (2019)‖. The 

efficacy of the antenna is measured based on the 

electromagnetic power deposition per unit mass of the tissue 

―Bertram, et al., (2006)‖. 

The ablation procedure is meant to be minimally invasive, and 

this is always a point of consideration in the design of the 

microwave ablation therapy antenna ―Brace; Floridi, et al., 

(2010a, 2014)‖. And with the advancement in technology 

particularly in the field of image guidance, microwave 

ablation therapy is not just a viable alternative to the treatment 

of cancer tumours, it is more effective and safer ―Higgins and 

Hong, (2015)‖. 
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The many advantages of the microwave ablation therapy like 

being less procedurally painful and faster ablation period 

―Castle, et al.; Floridi, et al., (2011, 2014)‖ over the other 

ablation therapy types which also offers lifeline to patients 

who surgery cannot be carried out on, faster recovery period 

and reduced cost ―Woldu, et al.; Long, et al., (2015, 2016)‖ 

over surgery and partial nephrectomy has made it a focus of 

continuous study by researchers. 

Having undertaken studies on the influence of catheter 

material on the degree of thermal necrosis that can be 

achieved with a co-axial antenna, and the impact of the 

antenna slot size and position, this study aims to determine the 

effect of the number of antenna slots on the extent of thermal 

lesion that can be achieved in a liver tissue during microwave 

ablation therapy procedure.    

II. MATERIALS AND METHODS 

The antenna slot size and position having been shown from 

previous studies to be a significant contributor to its 

performance are now investigated with the use of a fixed slot 

size and relative position but with the use of a varying 

numbers of slots. This was investigated using the microwave 

therapy for cancer as developed by COMSOL Multiphysics 

for a coaxial slot geometry.  

Using Tefzel ETFE as the catheter material ―Towoju and 

Petinrin (2018)‖, setting the initial temperature of blood to 

37
0
C, and a frequency of 2.45 GHz, the simulation was carried 

out to determine the temperature distribution in the liver at the 

tumour site for several number of slots ranging from one to 

six. 

A screenshot of the model is shown in figure 1. 

 
 

 

 

Fig. 1. Three-dimension View of The Coaxial Antenna in The 

Liver 

The properties of the antenna materials depicted in figure 1 

are stated in Table 1, the dimensions are as stated in Table 2, 

while Table 3 gives the properties of the biomaterials; the liver 

and blood. 
Table 1. Coaxial Antenna Material Properties 

 

Antenna 

Material 

Relative 

Permittivity 

Dielectric 2.03 

Tefzel ETFE 2.311 

 

Table 2. Coaxial Antenna Material Dimensions 

 

Antenna Parts Value (m) 

Central conductor diameter 0.00029 

Dielectric outer diameter 0.00094 

Outer conductor outer diameter 0.00190 

Tefzel ETFE outer diameter 0.00179 

 
Table 3. Properties of the Biomaterials 

 

Biomaterial Parameter Value 

Density of blood (kg/m
3
) 1045 

Blood perfusion rate (1/s) 0.0036 

Specific heat of blood (J/kgK) 3639 

Relative permittivity of liver 43.03 

Conductivity of liver (S/m) 1.69 

 
  The model geometry is such that it can be expanded into 

mutually orthogonal modes and thus the higher diffraction 

orders can be accounted for with the use of the absorbing port 

boundary and scattering conditions. This allows for the 

truncation of the model geometry without the introduction of 

large errors. 

Electromagnetic radiation is to be generated by the antenna, 

therefore, necessitating the need for the application of special 

low-reflecting boundary conditions in the order of a few 

wavelengths away from any source. The electric field has a 

finite axial component and the magnetic field is purely in the 

azimuthal direction in the tissue allowing the antenna to be 

modelled using the axisymmetric transverse magnetic 

formulation; 

 (1) 

The interior of the metallic conductors is not model and 

the tangential component of the electric field is set to zero to 

incorporate the conductor by employing the perfect electric 

conductor boundary condition. 

The transverse electromagnetic fields characterize the 

electromagnetic wave propagation, and the governing 

equations are given as;  

  (2) 

  (3) 
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   (4) 

The angular frequency ‗ω‘ is related to the propagation 

constant ‗k‘ by the expression; 

   (5) 

where 𝑟o and 𝑟i are the dielectric outer and inner radii, X 

is the dielectric wave impedance, 𝑃i is the input power, r, φ, 

and z are the coaxial cable cylindrical coordinates. 

The heat transfer in the liver is time-dependent and is 

governed by the bio-heat transfer equation neglecting the heat 

generation from metabolism as stated in equation 6, and the 

antenna Specific Absorption Rate (SAR) is derived with 

equation 7; 

 (6) 

    (7) 

where  is the external heat source which is equal to the 

resistive heat generated by the electromagnetic field,   is 

blood specific heat capacity, and  is  the blood density,   

is the temperature of blood,   is the blood perfusion rate, k 

is the thermal conductivity of tissue, and 𝜎 is the tissue 

conductivity. 

The fraction of the tissue that undergoes necrosis is derived 

using the relation; 

    (8) 

 is the tissue extent of injury. 

The geometry of the modelled coaxial antenna utilized in 

the microwave ablation of the liver tumour is shown in figure 

2. 

 

 

Fig. 2. The Geometry of The Coaxial Antenna ―Towoju, et 

al. (2019)‖ 

The slot number and their corresponding sizes are shown 

in Table 4. 

 
Table 4. Dimension of the slot 

 

Slot number Dimension (mm) 

1 0.900 

2 0.450 

3 0.300 

4 0.225 

5 0.180 

6 0.150 

III. RESULT AND DISCUSSION 

The effect of using several numbers of slots against a single 

one was investigated in this study. The relative slot position 

was 6 mm from the antenna tip based on the findings of 

previous studies being the position of optimized performance 

―Towoju, et al., (2019)‖. 

The antenna slot diameter was maintained at 0.9 mm, 

however, the slot number was varied from one to six to 

determine the effect on its performance. The number of slots 

and the antenna performance was evaluated based on the 

fraction of necrotic tissue after twenty minutes of the ablation 

procedure. This was carried out for the cases of cumulative 

slot length of 1.05 mm along the antenna vertical axis and slot 

separating gap of 0.03 mm. 

The resulting simulation plots of the total power dissipation 

density for the two studied conditions are shown in Figures 3 

and 4 respectively. 

 
Single slot 

 
Two slots 

1.79 mm 

6 (mm) 

x mm 
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Three slots 

 
Four slots 

 
Five slots 

 
Six slots 

 

Fig.3. Total Power Dissipation Density Plots for Cummulative 

Slot Length of 1.05 mm  

 
Single slot 

 
Two slots 

 
Three slots 

 
Four slots 

 
Five slots 

 
Six slots 

 

Fig. 4. Total Power Dissipation Density Plots for Slots Gap of 

0.03 mm 

Figure 5 gives the total power dissipation density values 

for the varying number of slots for the condition where the 

length of the slots along the antenna vertical axis is 1.05 mm, 

and where a gap of 0.03 mm is maintained between the slots. 
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Fig. 5. Total Power Dissipation Density Values in The Liver 

 

For the case where a constant gap of 0.03 mm was 

maintained between individual slots along the vertical axis, the 

total power dissipation density followed a regular pattern of an 

increment with the increase of the number of slots. The total 

power dissipation density for any number of slots with a 

separation distance of 0.03 mm can be derived by using the 

polynomial function with a high degree of accuracy judging 

from the high value of R
2
; 

   (9) 

The total power dissipation density increases from one slot 

to three slots after which subsequent changes takes on an 

irregular pattern as the number of slot increases for the 

condition where the total slot length along the antenna vertical 

axis was 1.05 mm. For slots of two and above, the total power 

dissipation density during microwave ablation using the 

modelled antenna can be predicted with the equation; 

  (10) 

The higher the fraction of the input power that can be 

absorbed by the tissue, the higher will be the microwave 

ablation therapy efficacy in the thermal lesson of the tumour; 

the amount of energy available for heating, that is an 

increment in temperature increases with is dependent on the 

total power dissipation density. 

IV. CONCLUSION 

 

The total power dissipation density during microwave ablation 

can be increased with an increase in the number of slots if the 

separation gap between slots is maintained at a constant value. 

However, this cannot be said for the case of maintaining a 

constant slot length along the vertical axis of the coaxial 

antenna. 

The efficiency of the antenna utilized in microwave ablation 

therapy is increased with the use of an increased number of 

slots for a constant slot separation distance. 
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