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Abstract: Ablation is a minimally invasive procedure used in the treatment of small tumours. Tumour sizes of about 3 cm are now been effectively 
treated with thermal ablation therapy using either microwave ablation or radiofrequency ablation. The impact of the slot position on a coaxial antenna on 
the extent of thermal lesion at the tumour site was investigated numerically in this study by varying the slot distance from the antenna tip using COMSOL 
Multiphysics as the modelling tool. The coaxial antenna size investigated has a diameter of 1.79 mm, with a central conductor diameter of 0.29 mm and 
Tefzel ETFE as the catheter material. The coaxial antenna performance was optimized at a slot distance of 6 mm from the antenna tip. The total power 
dissipation density and hence, the degree of thermal lesion created during the procedure is dependent on slot position of the coaxial antenna. 
 
Index Terms: Catheter, Coaxial antenna, Microwave Ablation, Necrosis, Thermal lesion, Temperature distribution, Tumour.  

———————————————————— 

1 INTRODUCTION 
Ablation, a minimally invasive procedure is now being 
commonly used in the treatment of small tumours in human 
organs that span from the liver, kidney, pancreas, breast, and 
even the heart [1], especially in cases where surgery is not a 
good option. Ablation is best used for tumour sizes below 7 
cm, and for optimum results, it works well for tumour sizes of 
about 3 cm [2], [3]. While the microwave ablation (MWA) and 
the radiofrequency ablation (RFA) are the commonly utilized 
heat ablation procedures, ethanol ablation and cryotherapy 
are also gaining grounds. Microwave ablation (MWA) and 
radiofrequency ablation (RFA) achieve necrosis using thermal 
energy developed by the probe which is inserted by any of the 
three means; through surgery, percutaneously, or by 
laparoscopy procedure using image guidance. However, while 
microwave ablation utilizes high frequency microwave to 
achieve thermal lesion, radiofrequency ablation uses 
alternating radiofrequency current to achieve lesion [3], [4], [5] 
,6]. Ethanol ablation achieves necrosis by the direct injection 
of concentrated alcohol as against the use of heat, and is 
usually applied only when tumours are very small and defiles 
other techniques of treatment like in hepatocellular cancer, 
while cryotherapy achieves necrosis through very low 
temperature caused by the passage of cold gases through the 
probe to the tumour site, and is effective of larger tumour sizes 
than the other ablation techniques [3], [5]. In the treatment of 
kidney cancer, the morbidity rate and complication rates are 
lower with the use of thermal ablation than with the use of 
partial nephrectomy, however, the cancer specific mortality 
rate is still a major advantage of nephrectomy [7], [8], [9]. The 
less dependence of microwave ablation on tissue electrical 
conductivity and its reliability at higher intra-tumour 
temperatures makes it a better efficient procedure in the 
treatment of tumours of larger size than the radiofrequency 
ablation procedure [10], [11], [12], [13]. The offering of a hope 
to patients who are not compliable to surgery coupled with the 
reduced recovery period, cost, and the possibility of 

application in cases of multiple tumour sites of renal 
microwave ablation has made it to be a viable alternative to 
partial nephrectomy [12], [13], [14], [15], [16], [17], [18], [19]. 
Improved image guidance technology has also in no small way 
made microwave ablation safer and more effective in the 
treatment of renal tumour [20], [21], even as it has helped in 
other areas of surgery [22]. Microwave ablation therapy is less 
painful procedurally in comparison to the other ablation 
techniques, and also offers the advantages of high intra-
tumour temperatures and faster ablation time [18], [23], [24]. It 
uses electromagnetic radiations in form of short pulses [25] 
usually with frequencies of either 915 MHz or 2.45 GHz to 
ensure thermal lesion of the tumour [18], [26], [27], [28], [29]. 
The propagation of the microwave determines the degree of 
thermal lesion caused during microwave ablation, this is 
related to the intensity, time duration, geometry of the antenna, 
and the tissue relative permittivity [14], [28], [30], [31], [32]. 
Several antenna geometry types have been studied like the 
co-axial based and sleeve, and the geometry is made such as 
to be minimally invasive and efficient [30], [33], [34], [35], [36], 
[37]. The efficiency being a function of the Specific Absorption 
Ratio (SAR). Asides the antenna geometry, the catheter 
material properties are also a contributor to the level of 
necrosis that can be achieved during microwave ablation [38]. 
This study is focused on the temperature distribution of the 
antenna as a function of the slot position in microwave 
ablation, as the tissue necrosis is dependent on the prevailing 
temperature. Temperatures of over 42

0
C are usually 

considered to be lethal to human cells [14], [40], [41]. 
 

2 METHODOLOGY 
The numerical model follows the cancer microwave therapy 
developed by COMSOL Multiphysics [39] for a coaxial slot 
antenna geometry. Radiofrequency and heat transfer modules 
were employed in carrying out the modelling of the liver 
ablation zone caused by the antenna. The catheter material 
employed for the conduct of this work was Tefzel ETFE based 
on the earlier findings of it having properties that favours 
greater degree of thermal lesion [38]. The modelled antenna 
geometry is depicted in Figure 1. 
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The interior of the metallic conductors is not modelled, 
however, the metallic parts are modelled using boundary 
conditions by setting the tangential component of the electric 
field to zero. 

A temperature of 37  was used for blood, and a frequency of 

2.45 GHz was used for the antenna operation.  
The numerical modelling was carried out in Two-dimension 

axisymmetric coordinate, taking advantage of the problem‘s 
rotational symmetry. 
The governing equations for the electromagnetic wave 
propagation in the coaxial cable which is characterized by 
transverse electromagnetic fields are; 

         (1) 

                                                     (2) 

                               (3) 

where 𝑟𝑖𝑛 is the inner radius of dielectric material, 𝑟𝑜𝑢𝑡 is the 
outer radius of dielectric material, Z is the dielectric wave 
impedance, 𝜔 is the angular frequency, 𝑃𝑎b is the power input, 
while, r, φ, and z are the cylindrical coordinates. 

The wave number which is the propagation constant ―k‖ = 
, and since V = f , and , therefore, the propagation 

constant expressed as a function of the wavelength (medium) 
as; 

                                                                     (4) 

Using a low-reflecting boundary condition, the antenna is 
modelled using the axisymmetric transverse magnetic 
formulation, since in the tissue, the electric field has a finite 
axial component and the magnetic field is purely in azimuthal 
direction. 

                                          (5) 

The bio-heat equation governs the time-dependent heat 
transfer, neglecting the heat from metabolism, it is stated as; 

 
                              (6) 
where 𝑇𝑏l𝑑 is the temperature of blood, 𝜔𝑏l𝑑 is the blood 
perfusion rate, 𝑘 is the thermal conductivity of tissue, 𝑄𝑒xt is the 
external heat source which is equal to the resistive heat 
generated by the electromagnetic field, 𝐶𝑏l𝑑 is blood specific 
heat capacity, and 𝜌𝑏l𝑑 is the blood density. 
The necrotic tissue fraction is derived from the expression; 

                                              (7) 

where the tissue injury degree ―𝛼‖ is based on the Arrhenius 
equation; 

                                                        (8) 𝐹f is the frequency factor, 𝑑𝐸 is the activation energy of the 

irreversible damage. 

The material properties utilized for the simulation is depicted in 

Table 1, Table 2 shows the geometry of the antenna, and Table 

3 depicts the properties of blood. 

The impact of slot size and position on the thermal distribution 

of the antenna were then investigated numerically using a 

microwave generator of 10 W with an application time of 15 

minutes. 

 
TABLE 1 

PROPERTIES OF MATERIALS 

Material Relative 

permittivity 

Conductivity (S/m) 

Liver 43.03 1.69 

Inner dielectric 2.03  

Tefzel ETFE 2.311  

 
TABLE 2 

ANTENNA DIMENSIONS 

Property Value (mm) 

Central conductor diameter 0.290 

Outer conductor inner diameter 0.940 

Outer conductor outer diameter 1.190 

Catheter diameter 1.790 

 
TABLE 3 

PROPERTIES OF BLOOD 

Parameter Value 

Temperature (
0
C) 37 

Density (kg/m
3
) 1045 

Perfusion rate (1/s) 0.0036 

Specific heat (J/kg K) 3639 

 

3 RESULTS AND DISCUSSIONS  
 
3.1 Effect of Coaxial Antenna Slot Size 
The size of the slot was observed to be a determinant of the 
fraction of the input power absorbed by the tissue. The tissue 
absorbed power is utilized in its heating which eventually 
causes thermal lesion. Figure 2 shows the total power 
dissipation density for different slot diameters at a distance ‗y‘ 
= 4 mm from the antenna tip. The larger the slot diameter, the 
greater the fraction of the input power that is absorbed by the 
tissue, and since the efficiency of the antenna is dependent on 
the total power dissipation density, a larger slot diameter is 

1.79 mm 

Y (mm) 

1.1 mm 

Fig. 1. Coaxial antenna geometry 
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favoured, however, this will be limited by the outer conductor 
outer and inner diameters. 
 

 
 

 
 

Fig. 2. Total power dissipation density dependency on slot diameter 

 

 
With the outer conductor diameter of 1.190 mm as stated in 
Table 2, the largest slot diameter that can be used is 1.10 mm, 
and this is what was utilized in the simulation to determine the 
impact of the slot position ‗y‘ on the thermal properties of the 
coaxial antenna. Figure 3 shows the thermal distribution in the 
tissue for the different antenna slot diameters. The peak 
temperature attained by the antenna is dependent on the slot 
size, with a larger sized slot favouring higher temperature 
distributions. 
 

 
Slot diameter = 0.70 mm 

 
Slot diameter = 1.00 mm 

 
Slot diameter = 0.80 mm 

 
Slot diameter = 1.10 mm 

 
Slot diameter = 0.90 mm 

 
Slot diameter = 1.20 mm 

 
Fig. 3. Effect of slot size on thermal distribution 

 

 
3.2 Effect of The Use of Tapered Slot 
The results of the impact of tapered slot located at a distance 
‗y‘ = 4 mm on the total power dissipation density and thermal 
properties are shown in Figure 4, for both inward tapered and 
outward tapered with 1.10 mm as the base diameter in all 
cases. The tapered slot in all investigated cases led to 
improved power absorption by the tissue in comparison to the 
equivalent un-tapered slot but with diameter equal to that of 
the tapered end. The inward tapered slot geometry despite 
having the same dimensions with the outward tapered slot 
geometry resulted into improved power absorption by the 
tissue. 
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Fig. 4. Total power dissipation density dependency on slot geometry 

 

 
3.2 Coaxial Antenna Slot Location Effect 
The total power dissipation density was observed to be a 
function of the slot position, that is, its location from the 
antenna tip. Figure 5 is the plot of total power dissipation 
density versus slot location from the coaxial antenna tip for a 
slot size of 1.10 mm diameter. The fraction of the power 
absorbed by the tissue increased as the slot position from the 
antenna tip increases, however at a distance ‗y‘ = 6 mm, the 
absorbed power was a maximum, and the subsequent 
increase in distance from the tip antenna led to a reduction in 
the absorbed power. 
 

 
 
Fig. 5. Effect of slot position on total power dissipation density 

 

 
 

The temperature distribution in the tissue determines the 
necrosis of the tissue, is dependent on the absorbed input 
power, and is therefore dependent on the slot position. Figures 
6 and 7 shows the temperature distribution and the fraction of 
tissue necrosis achieved for the different coaxial slot positions 
respectively. 
 

 
‗y‘ = 4.00 (mm) 

 
‗y‘ = 4.50 (mm) 

 
‗y‘ = 5.00 (mm) 

 
‗y‘ = 5.50 (mm) 

 
‗y‘ = 6.00 (mm) 

 
‗y‘ = 6.50 (mm) 
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‗y‘ = 7.00 (mm) 

 
‗y‘ = 7.50 (mm) 

 
Fig. 6. Thermal properties of the tissue relationship with slot position 
 

 
‗y‘ = 4.00 (mm) 

 
‗y‘ = 4.50 (mm) 

 
‗y‘ = 5.00 (mm) 

 
‗y‘ = 5.50 (mm) 

 
‗y‘ = 6.00 (mm) 

 
‗y‘ = 6.50 (mm) 

 
‗y‘ = 7.00 (mm)  

‗y‘ = 7.50 (mm) 
 

Fig. 7. Effect of necrotic tissue fraction on slot position 

 

 
The fraction of necrotic tissue at a radii position 1.5 mm from 
the coaxial antenna axis which connotes a 3 mm diameter 
spherical ablation zone was observed to be maximum at a slot 
position ‗y‘ = 6 mm in agreement with the slot position that had 
the maximum absorbed input power, and it is also the position 
of peak temperature distribution values. The model can be 
used to predict the effect of slot diameter located at distance 
‗y‘ = 4mm from the coaxial antenna tip, and the slot position for 
a slot diameter of 1.1 mm respectively on the total power 
dissipation density using regression analysis. The models are 
depicted in Figures 8 and 9 respectively.  
 

 
 
Fig. 8. Model for the prediction of effect of slot size on total power 

dissipation density 
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Fig. 9. Model for the prediction of the effect of slot position on total 

power dissipation density for slot diameter of 1.1 mm 

 

 
For the effect of slot size, the linear equation; 
 

                                               (9) 

 
is applicable where TPDD is the total power dissipation 
density, and d is the slot diameter in mm, is the model 
equation, while the effect of the slot position from the coaxial 
antenna tip on the total power dissipation density is governed 
by the quadratic equation; 
 

                  (10) 

 
The ‗R squared‘ value for the two model are very close to ‗1‘, 
an indication that the predictions made with the model will be 
very close to the real values, making them a reliable predictive 
tool. 
 

4 CONCLUSION 
A correlation exists between the total power dissipation 
density, temperature distribution in the tissue and the fraction 
of the necrotic tissue. the following observations were 
deduced from the numerical investigation; 

i. The coaxial antenna slot size has a direct relationship 
with the total power dissipation density and hence, the 
tissue necrosis which is a function of the temperature.  

ii. The temperature distribution of the antenna in the 
tissue is a function of the slot geometry, with the 
inward tapered slot geometry showing better 
performance than the outward tapered slot geometry. 

iii. The slot position from the coaxial antenna tip is a 
determinant of its total power dissipation density and 
temperature distribution, and a distance ‗y‘ exist at 
which the performance of the antenna is optimized, 
and for this studies it was at 6 mm. 
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