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Abstract
Microwave ablation is a minimally invasive cancer treatment with high survival and low recurrence rates. Despite the 

unquestionable benefits of microwave ablation, the interaction between the medical tool and the tissue may cause damage to the 
surrounding tissue, which can be removed by clarifying the conditions for their development. In addition to clinical methods, 
computer simulation has proven to be a very effective tool to optimize microwave ablation performance. This study aimed to 
determine the optimal input power for complete microwave tumor ablation with an adequate safety margin while avoiding injury 
to surrounding healthy tissue. The liver tumor model was based on a real tumor labeled 1.02 in the 3D-IRCADb-01 database. 
Calculations were performed for a 10-slot microwave antenna with a frequency of 2.45 GHz using COMSOL Multiphysics. The 
obtained simulation results revealed that with proper input power, the necrotic tissue was mainly located in the tumor with minimal 
damage to the surrounding healthy tissue. This study may represent a step forward in planning individual microwave ablation 
procedures for each patient.(International Journal of Biomedicine. 2024;14(2):291-294.)
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Introduction
Liver cancer is not only one of the most common cancers 

in the world, but it is also the fastest-growing cause of cancer-
related death.(1-4) Microwave ablation (MWA) at 2.45 GHz is 
considered as a minimally invasive procedure with a higher 
overall survival rate than external beam radiation therapy 
and proton beam therapy.(5,6) Furthermore, MWA is highly 
recommended as a rapid treatment with a short recovery 
time for COVID-19 patients with liver tumors.(7) Although 
the success rate of eliminating small liver tumors by MWA is 
higher than 85% for large tumors, the completion rates slightly 
decrease.(8,9) 

The mechanism underlying MWA is associated with 
an increase in temperature above the normal physiological 
threshold to kill cancer cells with minimal damage to 
surrounding tissue.(10) A microwave antenna radiates a 
rapidly oscillating electromagnetic field that causes frictional 
heating of water molecules in the soft tissues around the field 
source.(11) The production of reliable near-spherical ablation 
zones depends on the antenna design. Recently, a compact 
multi-slot coaxial antenna was built to achieve an optimal 

ablation shape and proper impedance matching to the target 
tumor without damaging the surrounding healthy tissues.(12) 
Besides clinical studies, the role of computational models 
in predicting microwave ablation outcomes has significantly 
increased.(13,14) 

In this study, simulations were performed using a full 
three-dimensional (3D) MWA model,(15) which was developed 
and tested using the COMSOL Multiphysics platform.(16) A 
realistic tumor model based on a 3D CT scan of the tumor 
labeled as 1.02 in the 3D-IRCADb-01 liver tumors database 
(3D-IRCADb)(17) was given special emphasis. The main 
goal of this study was to determine the optimal input power 
to ensure complete tumor 1.02 (3D-IRCADb) ablation with 
minimal damage to the surrounding healthy tissue. Estimating 
the optimal power will ensure the best ratio of necrotic tissue 
to healthy tissue.

Methodology
To simulate microwave tissue ablation,(18) the model 

must contain three fundamental components. The antenna 
probe model contains a microwave field production in the 
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tissue. In the heat transfer equation, the second component 
describes the microwave field and blood perfusion as sources 
of heat and heat sinks, respectively. The third component 
deals with the effect of the heat on the destruction of the 
tumor cells. All components of the MWA model are 
affected by various material parameters that depend on 
tissue characteristics. Modeling MWA as a multiphysics 
problem involves modeling multiple physical phenomena, 
such as electromagnetic wave propagation, heat transfer, 
and tissue damage, that occur during the procedure.(18) 
Equations governing the calculations of the electric field 
distribution through the tissue and the heat generated by the 
electromagnetic field during MWA(18,19) have been described 
in previous publications.

In contrast to the frequently used spherical tumor 
geometry, which is artificial, our simulation model is based 
on a real tumor labeled as 1.02, which belongs to a female in 
the database 3D-IRCADb-01, which contains several sets of 
CT scans of patients (3D-IRCADb).(17) This tumor is relatively 
large (2.80 cm × 2.34 cm × 2.30 cm) and has an irregular 
shape, as shown in Figure 1.    

To determine the optimal input power, numerical 
simulations were performed for tumor 1.02 from the database 
(3D-IRCADb)(17) exposed to a frequency of 2.45 GHz and an 
input power in the range of 25–45 W. The parameters of the 
biological materials used in the numerical simulations were 
obtained from the literature.(10,19)

Results
Figure 2 shows the isocontours representing the tumor 

(triangulated surface) and surrounding healthy tissue (solid 
light brown surface). The optimal value of the input power 
corresponded to total tumor ablation with minimal damage 
to healthy tissues. An input power of 25 W did not ensure 
complete ablation of the tumor backside. When 35 W was 
applied, the ablation zone covered the entire tumor, but there 
was significant damage to healthy tissue. When the whole 
tumor was destroyed, the isocontours that best fit the necrotic 
tissue were achieved for an input power of 30 W, while healthy 
tissue was preserved.

Figure 3 shows the significance of the proper choice 
of the input power and ablation time. The ablation time was 
shortened from 600 to 560, 540, or 520 s when a power of 35, 
40, or 45 W was applied, respectively. However, even though 
the ablation time was shorter, the healthy surrounding tissues 
were heavily damaged compared with those treated with 30 
W for 600 s. These results indicate that the most efficient and 
safest MWA procedure is not always related to higher input 
power and shorter ablation time. Due to the dimensions of the 
tumor and its irregular shape, the formed ablation zones were 
elongated with a greater length along the shaft of the antenna 
than the transverse diameter. Elongated shapes are undesirable 
ablation patterns that cause damage to healthy tissues even if 
the ablation time is shorter.

Figure 4a shows the isocontours calculated for the 
optimal power of 30 W at temperatures of 40°C, 60°C, 70°C, 
80°C, and 90°C. 

Fig. 1. Schematic view of the liver (triangulated 
surface) with tumor 1.02 taken from the 
database (3D-IRCADb) (17) (solid surface).

Fig. 2. Isocontours composed of the totally ablated region (solid 
surface) after 600 s of MWA of tumor 1.02 (3D-IRCADb)(17) 

(triangulated surface) (for input power of 25, 30, and 35 W).

Fig. 3. Totally ablated regions (solid surface) around 
liver tumor 1.02 (3D-IRCADb)(17) (triangulated 
surface) for MWA with an input power of a) 35 W, 
b) 40 W, and c) 45 W during various ablation times.



293N. Bošković et al. / International Journal of Biomedicine 14(2) (2024) 291-294

The absorbed energy is converted into thermal energy, 
leading to an increase in tissue temperature. Close to the 
antenna, where the heat source is strong, the temperature 
is higher. The temperature increases with the ablation time, 
reaching a maximum inside the tumor region, where all cancer 
cells are killed. The temperature decreased as the distance 
from the antenna decreased, where the heat source weakened. 
Blood perfusion limits the extent of the heated area. Figure 
4b illustrates isocontours related to damage fractions of 0.6, 
0.7, 0.8, 0.9, and 1 for an optimal input power of 30 W. The 
ablation zones were elongated because of the size and irregular 
shape of the tumor (1.02 3D-IRCADb).(17) The active and 
passive heating zones can be distinguished. An active heating 
zone emerges within the tissue closest to the device, with high 
energy intensity and rapid absorption by tissue. On the other 
hand, the passive zone appears outside the active zone, far 
from the antenna.

Discussion
The study aimed to determine the optimal input power 

for efficient and safe microwave liver tumor ablation. For this 
purpose, full three-dimensional simulations within COMSOL 
Multiphysics, a finite element method-based platform, were 
applied.(16) Calculations were performed for a model of a real 
liver tumor labeled as 1.02 in the database 3D-ICRADb-01 
(3D-IRCADb)(17) exposed to radiation from a 10-slot antenna 
operating at a frequency of 2.45 GHz. The optimal value of the 
input power of 30 W was estimated so that the whole tumor 
could be completely treated with minimal damage to the 
healthy tissue. The difference between ablation times when 
the input power was 35, 40, and 45 W, compared with that at 
30 W, was approximately 7%, 10%, and 13%, respectively. 
Ablation time decreased with increasing input power. 
However, higher input power values may result in undesirable 
ablation zone shapes, leading to significant damage to 
healthy tissue. Regardless of the input power, the maximum 
temperature values were reached inside the tumor regions, 
where all cancer cells were destroyed. The fraction of damage 
increased as the ablation time increased. Although a multi-slot 
coaxial antenna produces a more localized heating pattern for 
spherical tumors, for realistic tumor shapes, the ablation zones 
are usually elongated.

Determining the optimal ratio of necrotic tissue to 
healthy tissue is important for improving the microwave 
ablation procedure to destroy the maximal part of the tumor 
while conserving the healthy tissue. It was confirmed that 
two-dimensional models are not sufficient and that full three-
dimensional simulations are necessary for predicting the 
optimal conditions for microwave ablation, which may be 
incorporated into medical procedure planning.
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