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ABSTRACT  

Microwave ablation has emerged as a promising alternative, offering a minimally invasive and highly targeted 

approach to brain tumor eradication following Filippiadis et al. (2016). This study utilized COMSOL 

Multiphysics 6.2 simulation to assess the impact of microwave ablation on brain tumors operating at a 

frequency of 1.45 GHz. Key findings include focused power dissipation density and temperature rise within the 

targeted area, indicating the effectiveness of the ablation process. The simulation results, supported by existing 

literature, highlight the precise targeting capabilities of the microwave antenna with minimal thermal spread to 

surrounding healthy tissue. 

The analysis highlights microwave ablation as a highly effective treatment for brain tumors, aiming for precise 

tumor elimination while protecting surrounding structures. Comparing with existing literature like strengthens 

the evidence for microwave ablation as a promising strategy. Simulation data offers insights for optimizing 

treatment and improving outcomes, emphasizing the importance of microwave ablation in fighting brain tumors. 

Overall, microwave ablation technology represents a significant advancement in neuro-oncology, offering hope 

for patients with limited treatment options. By using electromagnetic radiation, microwave ablation has the 

potential to transform brain tumor management, leading to better patient outcomes and survival rates. 
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I. INTRODUCTION) 

Brain tumors pose a significant challenge in the field of oncology, as they present a wide range of 

clinical, therapeutic, and scientific obstacles (Ostrom, 2019). The incidence rate of brain tumors is increasing 

worldwide, and they encompass a diverse range of neoplastic entities, varying from benign to malignant and 

primary to metastatic. Despite advancements in diagnostic imaging, surgical procedures, and additional 

treatments, effectively managing brain tumors remains a difficult task, resulting in less suboptimal outcomes. 

 

1.1 Background Information on Brain Tumors and Current Treatment Methods 

Brain tumors are a diverse group of malignancies characterized by abnormal cell growth within the 

brain or its surrounding structures. They can be primary, originating from cells within the brain, or metastatic, 

spreading to the brain from cancers elsewhere in the body (Li & Graeber, 2012). The clinical presentation of 

brain tumors varies depending on factors such as tumor size, location, histology, and growth rate. Symptoms 

may include headaches, seizures, neurological deficits, cognitive impairment, and changes in behavior. 

Current treatment strategies for brain tumors involve a multidisciplinary approach tailored to the 

specific characteristics of the tumor and the patient. Surgical resection is often the mainstay of therapy for 

accessible tumors, aiming to remove as much of the tumor as possible while preserving neurological function 

(Farag et al., 2019; Matar et al., 2018). However, some tumors are challenging to completely remove due to 

their complex anatomy and infiltrative nature, requiring additional treatments like radiotherapy and 

chemotherapy to address any remaining disease (Stupp et al., 2005). 

Radiation therapy, delivered either through external beam radiotherapy or stereotactic radiosurgery, 

plays a crucial role in managing both primary and metastatic brain tumors. It effectively targets tumor cells 

while minimizing damage to healthy surrounding tissue (Barker et al., 2015). Chemotherapy, either alone or in 

combination with radiation therapy, is used to treat certain high-grade gliomas and metastatic brain tumors by 

targeting rapidly dividing tumor cells through various mechanisms (Stupp et al., 2005). 

Despite the availability of these treatment options, the prognosis for many brain tumor patients remains 

poor (Chinot, 2012). Recurrence rates are high, treatment-related side effects can be significant, and there are 
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limited therapeutic options for cases that do not respond to standard treatments (Stupp et al., 2005). Moreover, 

the inherent heterogeneity of brain tumors poses a significant challenge to the development of targeted 

therapies, highlighting the need for innovative approaches that can effectively target tumor cells while sparing 

normal brain tissue. 

 

1.2 The Need for New Treatment Modalities 

The critical need for the development of new therapeutic strategies that can overcome the challenges 

posed by current treatment methods and improve outcomes for patients with brain tumors is emphasized by the 

limitations of these modalities (Cancer Research UK, 2024; Ostrom et al., 2018). Traditional approaches like 

surgery, chemotherapy, and radiotherapy often result in significant morbidity and mortality, especially in cases 

of high-grade or recurrent disease (Stupp et al., 2009; Louis et al., 2016). Surgical resection, although effective 

in many cases, is restricted by the infiltrative nature of certain tumors and the potential risk of damaging critical 

neurovascular structures (Siker et al., 2011). Chemotherapy, while capable of targeting rapidly dividing tumor 

cells, is frequently hindered by systemic toxicity and the emergence of drug resistance (Lassen et al., 2013). 

Similarly, radiotherapy, while providing localized tumor control, can cause long-term neurocognitive deficits 

and radiation-induced toxicity in the surrounding brain tissue (Greene-Schloesser et al., 2013). 

Moreover, the inherent heterogeneity of brain tumors poses a significant challenge to the development 

of targeted therapies (Patel et al., 2014). The molecular and genetic makeup of individual tumors can vary 

greatly within and between patients, making it difficult to devise effective treatments (Verhaak et al., 2010). 

Precision medicine approaches, which aim to customize treatment strategies based on the unique molecular 

profile of each patient's tumor, offer promise for improving therapeutic outcomes (Chin et al., 2011). However, 

the implementation of precision medicine in clinical practice is impeded by various logistical, technical, and 

regulatory obstacles (Roychowdhury et al., 2011). This underscores the need for alternative approaches that can 

effectively target tumor cells while minimizing harm to healthy tissue. 

 

1.3 An Overview of Microwave Ablation Technology 

Microwave ablation has emerged as a promising therapeutic method for treating brain tumors. It offers 

a minimally invasive approach that specifically targets and destroys tumor tissue, without affecting healthy 

structures. Unlike traditional treatments like surgery, chemotherapy, or radiotherapy, microwave ablation 

utilizes electromagnetic radiation to selectively heat and eliminate tumor cells. 

The principle behind microwave ablation involves the interaction between electromagnetic waves and 

biological tissues. By converting microwave energy into heat through dielectric heating mechanisms, the water 

molecules within the tumor tissue rapidly absorb the energy. This leads to localized heating, causing necrosis 

and cell death within the tumor while preserving the surrounding normal tissue. 

One of the main advantages of microwave ablation is its ability to rapidly and uniformly generate high 

temperatures within the tumor tissue. This results in more efficient tumor eradication compared to other thermal 

ablation methods like radiofrequency ablation or cryoablation. Additionally, microwave ablation can be 

performed using minimally invasive techniques, reducing the risk of surgical complications and enabling 

treatment of tumors in deep or inaccessible areas of the brain (Lubner et al., 2010). 

Furthermore, microwave ablation allows for real-time monitoring during the procedure. Advanced 

imaging modalities such as magnetic resonance imaging (MRI) or computed tomography (CT) can be used to 

precisely locate and target the tumor tissue (Trigg et al., 2020). This ensures accurate placement of the ablation 

probe and complete coverage of the tumor, while minimizing damage to critical adjacent structures (Filippiadis 

et al., 2018). 

 

II. MATERIAL AND METHODS  

The study utilized the RF Module of COMSOL Multiphysics to simulate the electromagnetic waves in 

the frequency domain. The geometric entity level was set to the domain, encompassing all domains within the 

geometry. The electric field components were solved for as a three-component vector, and the mesh was 

controlled by physics with a maximum element size parameter derived from the study. The methodology was set 

to ‘Fast’ to optimize the simulation process. 

The materials used, Figure 2.1 in the COMSOL analysis for the simulation of microwave ablation in brain tissue 

are described as follows: 

 

Brain (Human): 
i. Relative Permittivity (ε): Denoted as eps_brain, this parameter represents how much the brain tissue can 

polarize in response to an electric field, affecting how the electromagnetic waves propagate through it. 

ii. Relative Permeability (μ): With a value of 1, it indicates that the brain tissue does not magnetize in 

response to a magnetic field. 
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iii. Electrical Conductivity (σ): Represented as sigma_brain, it measures the brain tissue’s ability to 

conduct electricity, which is crucial for determining how it heats up when exposed to microwaves. 

iv. Density (ρ): At 1000 kg/m³, it is used to calculate mass-related properties like the specific heat capacity. 

v. Thermal Conductivity (k): The k is the brain’s thermal conductivity where the value of 0.52 W/(m·K) 

used indicates how well the brain tissue can conduct heat.  

vi. Activation Energy (  ): With a value of 2.577E5 J/mol, it is part of the Arrhenius equation parameters 

that describe the rate of the chemical reactions occurring during heating. 

vii. Frequency Factor (A): A high value of 7.39E39 1/s suggests a significant reaction rate, also part of the 

Arrhenius equation. 

viii. Heat Capacity at Constant Pressure (Cp): At 3540 J/(kg·K), it determines how much energy is 

required to raise the temperature of the brain tissue. 

 

Catheter: 
i. Relative Permittivity (ε): Denoted as eps_cat, it is likely close to 1, indicating that the catheter 

material has minimal impact on the electric field. 

ii. Electrical Conductivity (σ): A value of 0 S/m means the catheter is an insulator and does not conduct 

electricity. 

iii. Dielectric: 
iv. Relative Permittivity (ε): Labeled as eps_diel, similar to the catheter, it likely has a minimal impact 

on the electric field. 

Air: 
Relative Permittivity (ε) and Relative Permeability (μ): Both have values of 1, indicating standard conditions 

for air, which does not significantly affect the electric or magnetic fields. 

 

Functions: 
These are likely used to define temperature-dependent properties such as thermal conductivity (k), 

specific heat capacity (Cp), and density (ρ), which are essential for accurately simulating the thermal response 

of the materials to microwave heating. The material properties and functions defined in the COMSOL model are 

critical for accurately simulating the interaction of microwaves with brain tissue and the catheter, according to 

Table 2. They ensure that the physical behavior of the materials under the influence of electromagnetic fields 

and heat is correctly represented, which is essential for predicting the outcome of the microwave ablation 

procedure. The overall implication for the title of the study is that these material parameters allow for a precise 

and realistic simulation of the thermal ablation process, supporting the research’s focus on targeted cancer 

treatment using microwave technology. 

 

Microwave Antenna Design for Brain Tumor Ablation 
The antenna system described herein is engineered for the precise delivery of microwave energy to 

brain tumors for thermal ablation therapy. As depicted in Figure 2.1, the antenna’s geometry is defined by a thin 

coaxial cable, which features a ring-shaped slot with a 1 mm width, strategically positioned 5 mm from the 

antenna’s short-circuited tip. This configuration is crucial for the controlled emission of microwaves into the 

targeted brain tissue. 

 

 
Figure 2.1: The antenna’s geometry 
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(a) Brain (Human) (b) Catheter 

  
(c) Dielectric (d) Air 

Figure 2.2: Materials Used 

 

To maintain sterility and ensure biocompatibility, the entire antenna assembly is encased within a 

catheter composed of PTFE (polytetrafluoroethylene), a material known for its non-reactive properties. The 

geometrical dimensions and material data are detailed in the accompanying tables, providing a comprehensive 

overview of the antenna’s structure. Operating at a frequency of 1.45 GHz, which is commonly utilized in 

microwave coagulation therapy, the antenna is optimized for the ablation of cancerous cells without affecting 

the surrounding healthy tissue. The design leverages the problem’s inherent rotational symmetry, allowing for a 

two-dimensional representation using cylindrical coordinates as shown in Figure 2.2. This approach permits the 

selection of a fine mesh in the COMSOL Multiphysics model, thereby achieving high-fidelity results that 

closely approximate the actual physical scenario. 

 

The modeling process employs a frequency-domain problem formulation, focusing on the complex-

valued azimuthal component of the magnetic field (Сысоев & Кислицын, 2011), which serves as the primary 

unknown in the simulation. By extending the radial and axial dimensions of the computational domain beyond 

what is illustrated in Figure 2.2, the model ensures an accurate portrayal of the electromagnetic field 

distribution. 
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Table 2: Basic Parameters 

Description Value Unit 

Relative permittivity eps_brain 1 

Relative permeability 1 1 

Electrical conductivity sigma_brain S/m 

Density 1000 kg/m³ 

Thermal conductivity 0.52 W/(m·K) 

Activation energy 2.577E5 J/mol 

Frequency factor 7.39E39 1/s 

Heat capacity at constant pressure 3540 J/(kg·K) 

 

It is important to note that the interior of the metallic conductors is not explicitly modeled; instead, the 

simulation treats these regions through boundary conditions that set the tangential component of the electric 

field to zero (Сысоев & Кислицын, 2011). This simplification is a common practice in computational 

electromagnetics and is justified by the negligible impact of the conductor’s interior on the field distribution 

within the biological tissue. 

 

The Microwave System Specifications 
The microwave ablation system is a critical component of our study, designed to deliver controlled 

thermal energy to malignant brain tissues. The system operates at a frequency of 1.45 GHz, which is the 

standard frequency used in microwave coagulation therapy due to its effective penetration and heating 

properties within biological tissues. 

The chosen frequency of 1.45 GHz corresponds to the microwave spectrum’s industrial, scientific, and 

medical (ISM) radio bands. This frequency was selected because it allows for efficient energy absorption by 

water molecules, which are abundant in biological tissues, leading to rapid heating and coagulation of the 

targeted tumor area. 

The power output of the microwave system is meticulously calibrated to ensure sufficient energy 

delivery for effective tumor ablation without causing excessive damage to surrounding healthy tissues. The 

specific power level is determined based on the simulation results from COMSOL Multiphysics, which models 

the electromagnetic field distribution and the resulting thermal effects within the tumor and adjacent areas. 

In our simulations, we have considered various power settings to identify the optimal power level that 

achieves the desired temperature rise within the tumor for effective coagulation. The final power setting will be 

reported in the results section, along with a discussion on its selection and the thermal profile it generates within 

the tissue. 

 

Simulation Setup  
The electromagnetic field distribution was simulated using COMSOL Multiphysics RF Module, which 

allows for the analysis of electromagnetic waves in the frequency domain. The geometry of the simulation was 

defined within a domain encompassing all domains within the geometry, geom1, and the electric field 

components were solved for as a three-component vector. This allowed for a more efficient and accurate 

representation of the system being studied. By carefully selecting the element size, the mesh was able to capture 

the important details of the system without unnecessary computational burden. Additionally, by utilizing the 

"Fast" methodology setting, the simulation process was able to run more quickly, saving time and resources. 

Overall, these optimizations helped to improve the accuracy and efficiency of the simulation study. (COMSOL, 

2023). 

Geometry and Mesh: The simulation geometry was constructed based on the detailed design of the microwave 

antenna, including the coaxial cable and ring-shaped slot. A 2D axisymmetric model was employed, taking 

advantage of the problem’s rotational symmetry. This approach significantly reduces computational resources 

while maintaining accuracy. The mesh was refined around the antenna and the tumor region to capture the steep 

thermal gradients and electromagnetic field variations. 

Physics and Studies: The physics interfaces used in the simulation include the ‘Electromagnetic Waves, 

Frequency Domain’ module for modeling the microwave propagation and the ‘Heat Transfer in Solids and 

Fluids’ module for the thermal response of the tissue. The study sequence involved a stationary study to solve 

for the electromagnetic field distribution, followed by a time-dependent study to simulate the transient thermal 

response during the ablation process, Figure 2.4. 

The equations for the Electromagnetic Waves with frequency: 

    
  (   )    

 (   
  

   
)                                                                       (1) 

 (     )   ̃(   )                                                                                              (2) 
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Magnetic field constitutive relation, 

                                                                                                                        (3) 

Axial Symmetry,   

                                                                                                                        (4) 

Perfect electric field conductor equation, 

                                                                                                                        (5) 

Coaxial Transverse Electromagnetic Magnetic Port equation, 

  
∫ (    )   

     

∫      
     

                                                                                                       (6) 

Scattering Boundary study equation, 

  (   )      (   )                                                                               (7) 

Bioheat Transfer equation: 

                                                                                                        (8) 

                                                                                                                       (9) 

Bioheat for the tissue, 

             (    )                                                                                 (10) 

     = heat quantity in the biological tissue;      metabolic heat source, W/m
3
;    = density of blood, kg/m

3
; 

     = specific heat capacity of blood a constant pressure, J/(kg.k);    = blood perfusion rate, 1/s;    = arterial 

blood temperature, k; 

Thermal Damage, 

                                                                                                       (11) 

                                                                                                                        (12) 
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                                                                                         (15) 

Arrhenius kinetics transformation model is used for the damaged brain tissue with the material frequency factor, 

A, Activation energy,   ;  polynomial order, n = 1; Enthalpy change, L = 0 J/kg; brain damaged brain tissue 

indicator,  . 

Then thermal insulation is achieved with the following assumption equation, 

                                                                                                                       (16) 

 

Multiphysics involved: The electromagnetic heating is applied to the brain tumour by using a coupled interfaces 

of electromagnetic disturbance and bioheat transfer in accordance with the following study frequency domain 

equation. 

          (   )                                                                                            (17) 

                                                                                                                          (18) 

 

Discretization is done using quadratic Lagrange for temperature T with reference temperature,             , 

then constant Damaged tissue indicator, and of course the dependent variable is temperature in kelvin (k). 

  = Relative permeability of material;   = Relative permittivity from material;   = Electrical conductivity from 

material;    = Absolute pressure in atm;   = density;    = heat capacity at constant pressure from the material;  

 

Mesh:  

The COMSOL analysis summary provided indicates a well-constructed mesh for the simulation of 

electromagnetic and thermal effects in a biomedical engineering context with the following breakdown of 

implications: 

 

Mesh Statistics: 
Complete Mesh: The meshing process has been successfully completed, which is essential for starting the 

simulation. 

Vertices & Elements: A total of 3743 vertices and 6288 triangles indicate a fine mesh that can capture detailed 

variations in the field and temperature distribution. 

Element Quality: The minimum element quality of 0.5421 and an average of 0.8482 suggest that most 

elements are well-shaped, which is crucial for accurate results. Higher quality elements lead to better solver 

convergence and more reliable simulations. 

Mesh Area: The total mesh area of 2529 mm² covers the domain of interest adequately. 
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Size Settings: 
Element Size: The maximum element size of 2.5 mm and a minimum of 0.024 mm allow for capturing both the 

broader structure and finer details where necessary, such as around the antenna or the tumor boundary. 

Curvature Factor & Growth Rate: A curvature factor of 0.3 and a maximum element growth rate of 1.3 

ensure that the mesh adapts to the geometry’s curvature without drastic changes in element size, which could 

affect result accuracy. 

Free Triangular 1: 
This setting indicates that the remaining domain areas are meshed with free triangles, which are suitable for 

arbitrary geometries. 

 

Size 1 (Dielectric Domain): 
Maximum Element Size: A smaller maximum element size of 0.15 mm in the dielectric domain suggests a 

denser mesh in this critical area, which is likely where the electromagnetic field interacts with the tissue, 

requiring higher resolution. The mesh setup described is indicative of a carefully tailored mesh that balances 

computational efficiency with the need for accuracy in regions of interest. The fine mesh in critical areas 

ensures that the simulation can accurately capture the complex interactions between the microwave antenna and 

the brain tissue, which is vital for predicting the thermal and electromagnetic effects during microwave ablation 

therapy. The use of custom element sizes and control over the mesh growth rate further demonstrates an 

optimization of the mesh to fit the specific requirements of the simulation, ensuring that the results will be both 

reliable and relevant to the study’s objectives. 

 

 
Figure 2.3: Mesh description 

 

Study: 

The COMSOL study description provided outlines a two-step simulation process involving both frequency 

domain and time-dependent analyses to model the electromagnetic and thermal effects of a microwave antenna 

used for tumor ablation (Filippiadis et al., 2016), Figure 2.4. 

Study 1: Frequency Domain Analysis 
Computation Time: The frequency domain analysis was completed in 31 seconds, indicating a swift 

computation given the complexity of the model. 

Frequency Settings: The simulation was run at a single frequency of 2.45 GHz, which is typical for microwave 

ablation procedures. 

Physics Interfaces: The ‘Electromagnetic Waves, Frequency Domain’ physics interface was activated to solve 

for the electromagnetic field distribution, while the ‘Bioheat Transfer’ and ‘Electromagnetic Heating’ interfaces 

were not included in this step. 

Mesh: Mesh 1 was used, ensuring that the meshing was consistent with the physical model. 

Study 1: Time-Dependent Analysis 
Time Settings: The time-dependent analysis was set to run over a range of 0 to 15 minutes, with output times 

specified at every quarter-minute interval. 
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Physics Interfaces: In this step, the ‘Bioheat Transfer’ physics interface was activated to solve for the 

temperature distribution over time, influenced by the previously computed electromagnetic field. 

Multiphysics Couplings: The ‘Electromagnetic Heating’ coupling was turned on, linking the electromagnetic 

and thermal analyses to account for the heat generated by the microwave antenna. 

Solver Configurations: 
Solution 1: The equations for the frequency domain were compiled, and the solver was configured to use a 

relative tolerance of 0.01, which balances accuracy with computational efficiency. 

Dependent Variables: The electric field components (Er, Ez) and the out-of-plane electric field component 

(Eoopphi) were defined, along with the degree of tissue injury (alpha) and temperature (T), although the latter 

two were not solved for in this step. 

 

This study setup is designed to first determine the electromagnetic field distribution using a frequency domain 

analysis, which is crucial for understanding where and how the microwave energy is absorbed by the brain 

tissue according to Keangin et al. (2011). Following this, a time-dependent analysis computes the temperature 

rise and the extent of tissue damage over time, providing insights into the efficacy and safety of the microwave 

ablation procedure (Filippiadis et al., 2018). The detailed output times allow for a granular view of the thermal 

response, which is essential for optimizing treatment protocols. The solver configurations and the use of a fine 

mesh ensure that the results are accurate and reliable for informing clinical decisions. Overall, this COMSOL 

study is a comprehensive approach to simulating a critical medical procedure. 

Material Properties: The brain tissue's dielectric properties, which refer to its ability to store and transmit 

electrical energy, were characterized by two important parameters: relative permittivity (ε) and electrical 

conductivity (σ). In the case of brain tissue, the relative permittivity was measured to be 54.7, indicating its 

ability to store electrical energy compared to a vacuum. This value is crucial for understanding how 

electromagnetic waves interact with brain tissue during microwave ablation techniques. Additionally, the 

electrical conductivity of brain tissue was determined to be 2.09 S/m. Electrical conductivity represents the 

tissue's ability to conduct electrical current. This parameter is significant in microwave ablation techniques as it 

influences the distribution of electrical energy within the tissue. Understanding the electrical conductivity of 

brain tissue helps in predicting the heat generation and distribution during microwave ablation procedures. 

These dielectric properties, namely the relative permittivity and electrical conductivity, play a vital role in 

modeling microwave ablation techniques. By incorporating these parameters into mathematical models, 

researchers and medical professionals can simulate and predict the behavior of electromagnetic waves in brain 

tissue during microwave ablation procedures. This knowledge aids in optimizing the treatment process, ensuring 

effective and safe outcomes for patients (Gabriel et al., 1996). This statement suggests that the values obtained 

in a study or experiment are consistent with what is already known in scientific literature about the electrical 

properties of biological tissues. This alignment with existing knowledge helps to validate the results and 

conclusions drawn from the research, providing further support for the accuracy and reliability of the findings. 

By comparing the obtained values to established data in the field, researchers can better understand the behavior 

of biological tissues and make more informed interpretations of their experimental results. This alignment also 

helps to build upon the existing body of knowledge and contribute to the overall understanding of the electrical 

characteristics of biological tissues. (Haemmerich & Wood, 2006). 

Electromagnetic Field Analysis The background electric field components were initialized to zero, indicating 

no pre-existing field within the simulation domain. The tangential electric field components were calculated 

along the boundaries, providing insight into the field’s behavior at interfaces. The calculation of the curl of the 

electric field, equation (1) in the background was performed in order to gain insight into the propagation of the 

field and the resulting magnetic fields. (Foster & Schwan, 1989). 
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(a) eta (piecewise) (b) Cp (piecewise) 

  
(c) rho (Analytic) (d) k (piecewise 3) 

  
(e) cs (Analytic 2) (f) alpha_p (Analytic) 
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(g) muB (Analytic) (h) Cp (Piecewise 2) 

 

Figure 2.4 The Study Set-up 

 

Statistical Analysis All statistical tests and parameters were stated explicitly within the simulation setup. The 

analysis of the data was carried out utilizing the integrated tools within COMSOL Multiphysics, guaranteeing 

the precision and dependability of the outcomes. (COMSOL, 2023). 

 

III. RESULTS  

The impact of microwave ablation on brain tumors can be effectively assessed through the multi-faceted view 

provided by the COMSOL Multiphysics simulation (Filippiadis et al., 2016). This simulation reveals the 

distribution of power dissipation density and temperature within the brain tissue, which is crucial for evaluating 

the effectiveness of the ablation process. 

I. Power Dissipation Density: The total power dissipation density used over the integrated surface is 9.3739 

Watts at 10 minutes, indicating the intensity of energy absorbed by the tissue due to microwave exposure 

(Filippiadis et al., 2018). Figure 4.1 illustrates the total power dissipation density across the tissue surface, 

revealing a focused energy delivery to the tumor site. The surface power density is mapped, highlighting the 

areas of maximum energy absorption as visualized in the plot group. Figure 4.3 quantifies the power 

dissipation along a vertical line, demonstrating the depth of energy penetration. The simulation results, as 

depicted in Figures 4.1 to 4.4, provide a comprehensive visualization of the microwave ablation process.  

 

  
Figure 4.1: Surface: Total power dissipation density Figure 4.2: Surface: 2D Temperature (°C) 
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(W/m
3
)  

  

  
Figure 4.3 Total mass power dissipation along the 

R=2.5 mm vertical line 

Figure 4.4: Brain Tissue Volume: Temperature (°C) 

 

II. Temperature Distribution: The Figure 4.2 and 4.4 plot groups illustrate the temperature on the tissue 

surface and volume, respectively, highlighting the areas affected by the ablation process (Filippiadis et 

al., 2018). Figure 4.2 shows corresponding temperature distribution, indicating effective heating of the 

targeted area. Note that, Figure 4.4 which offers a volumetric view of the temperature distribution 

confirms the precision of the ablation within the three-dimensional space of the brain tissue. The “2D 

Temperature” plot group correlates with the power dissipation density. The temperature profiles within 

the tissue volume, as shown in figure 4.4 provide a comprehensive view of the thermal effects induced 

by the microwave antenna. 

III. Damaged Tissue Analysis: The Figure 4.5 and 4.6 plot groups provide data on the extent of tissue 

damage, which is crucial for assessing the precision of the ablation (Lubner et al., 2010). 

  
Figure 4.5: 2D Damaged Tissue Figure 4.6: 1D Damaged Tissue 

  

IV. Electric Field Distribution: The “Electric Field” plot group in Figure 4.8 displays the electric field 

norm, which is critical for evaluating the effectiveness of the antenna’s targeting capabilities 

(Filippiadis et al., 2018). The simulation results revealed the electric field’s behavior within the 

specified domains. The background electric field components were initialized to zero, indicating no 

pre-existing field. The tangential electric field components were calculated along the boundaries, 
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providing insight into the field’s behavior at interfaces. The curl of the background electric field was 

computed, which is essential for understanding the field’s propagation and the induced magnetic fields. 

 

  
Figure 4.7: Dataset: Revolution 2D 1 Figure 4.8: Surface: Electric field norm (V/m) 
 

 

IV. DISCUSSION AND CONCLUSION  

The simulation results provide valuable insights into the performance of the microwave antenna in 

accurately targeting tumors. The concentrated power dissipation and subsequent temperature increase within the 

intended area demonstrate the effectiveness of the antenna in delivering energy specifically to the tumor site. 

This precise nature of the ablation process is further highlighted through the comprehensive 3D visualization 

and quantitative evaluation of the treatment, made possible by utilizing the "Revolution 2D 2" dataset and 

"Surface Integration 1" derived metrics, Figure 4.7 and 4.8. 

These findings are in line with the expected outcomes of microwave ablation, which prioritize the 

accurate elimination of tumors while minimizing damage to neighboring structures (Filippiadis et al., 2016). The 

results indicate that the antenna successfully directs energy to the tumor site with minimal thermal dispersion, as 

supported by existing literature on microwave ablation (Filippiadis et al., 2018). Moreover, the simulation 

confirms that the microwave antenna effectively focuses on tumor targeting, as evidenced by the localized 

power dissipation and temperature rise. The analysis of the " 2D Damaged Tissue" and "1D Damaged Tissue" 

plots further supports the notion that healthy tissue experiences minimal thermal impact during the treatment, 

reinforcing the precision-oriented objectives of the therapy. 

By comparing these simulation results with established literature, the potential of microwave ablation 

as a highly effective strategy for treating brain tumors is strengthened (Lubner et al., 2010). The simulation data 

not only assists in refining treatment parameters but also holds promise for improving clinical outcomes. The 

ability of the microwave antenna to accurately target tumors while minimizing damage to healthy tissue makes 

it a promising tool in the fight against brain tumors. The electric field simulation is critical for predicting the 

antenna’s performance and the subsequent thermal effects during microwave ablation. The results indicate that 

the antenna can generate a focused electric field, which is necessary for targeted tumor ablation. The absence of 

a background electric field suggests that the tissue’s response is primarily due to the antenna’s emission. The 

tangential components of the electric field at the boundaries are particularly relevant for assessing the field’s 

continuity and the boundary conditions’ effectiveness. 
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