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1. Abstract

Introduction – Hyperthermia therapy is a promising therapy for liver cancer treatment that utilizes 

external electromagnetic waves to heat up the tumor zone to preferentially kill or minimize cancer 

cells[1]. Nevertheless,it's a great challenge to realize localized heating of the cancer tissue without 

harming the surrounding healthy tissue.  This research proposes to utilize nanoparticles as microwave 

absorbers to enhance microwave imaging and achieve localized  hyperthermia therapy [2] 

Experimental – A realistic 3D abdomen model has been reconstructed by using 3D Slicer software 

platform was implemented, then exporting the obtained CAD model to Computer Simulation Technology 

(CST STUDIO) simulation analysis software platform for applying the Finite Element Method 

(FEM).Next designing an antenna applicator by using Antenna Magus antenna design software product , 

finally investigating both imaging and treatment capability, the model was modified to add the silver 

nanoparticles (AgNPs) then, the model resimulated and the results were recorded. We repeat this step by 

using gold nanoparticles (GNPs) to obtain the most perfect result    

Results and Discussion - Firstly, The specific absorption rate (SAR) was computed in the model at 

frequency 915 MHz, A centrally located region of SAR (0.063 W/kg) is observed. This SAR region 

coincides with the tumor placed at the center of the liver model, then The SAR was recomputed in the 

model after adding gold nanoparticles, The SAR value was (2W/Kg) This result shows a great 

enhancement after adding GNPs .Finally,we study  the temperature distribution in the human model 

obtained from CST, without using nanoparticles the temperature reaches (38.3°C)   and  with different 

types of nanoparticles such AgNPs it reaches (40.5°C) and when we use GNPs the temperature  reaches( 

42.1°C) which is achieving the localized hyperthermia  

Conclusions – Gold nanoparticles achieve great enhancement in Microwave imaging and localized 

hyperthermia 

2. Introduction Liver cancer is the third leading cause of death all over the world, estimated to be

responsible for approximately 746,000 deaths in 2012 (9.1% of the whole) according to the International

Agency for Research on Cancer [3]. Critical cases that cannot undergo surgical resection are eligible for

hyperthermia which is a new therapeutic method that consists in heating the tumor cells in order to cause

selective damage. Final temperatures can range between 42 °C to 43°C (mild hyperthermia)[4].

Nevertheless, achieving localized hyperthermia of the cancer cells without harming the nearby healthy 

tissue still challenge. This study proposes to utilize nanoparticles as microwave absorbers to realize 

localized heating under microwave radiation which has been investigated for prevention, treatment, and 

early diagnosis of cancer. 
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Nanoparticles are beneficial for medical applications because of their characteristic chemical and physical 

properties, which aid the targeting of cancer cells, enhance pharmacokinetics and bioavailability, and 

improve signal detection [6].Nanoparticle-based therapeutics are not limited to nanoparticle drug 

formulations; a developing area of research in cancer therapy is nanoparticle-based hyperthermia.  

This paper explains, through computer simulation of the real human model the use of microwave 

antennas in producing specific absorption rate (SAR) in liver tissues and it also predicts the temperature 

distribution in the liver; inside and outside the tumor during hyperthermia with and without using 

nanoparticles.

3. Methods

3.1 segmantation 

The first step into the construction of the model was to build a proper 

geometry based on anthropomorphic data. This was accomplished by 

 real patient. of the abdomen area in a collecting actual anatomical CT images

of four different tissues: fat, liver, bone and tumor Each of these  consists it

g powerful software “3D usincontain accurate 3D shape and dimensions which 

Slicer.The provided data set is consisting of images in all the three planes i.e. 

axial, sagittal and coronal: the Image 1 shows the direction of the 3 axial 

planes used in data set and Table I. list the used DICOM images properties in 

each plane    

     Table I. DICOM images properties

Plane 
Number of 

slices 
resolution 

Axial 455 slices 1 mm 

Sagittal 399 slices 1 mm 

Coronal 399 slices 1 mm 

After building each segment for different tissues, we convert these segments into 3D shapes as STL file in 

order to use these shapes for our simulation, where STL is abbreviation of stereo lithography which is a 

CAD software created by 3D Systems, STL files describe only the surface geometry of a three-

dimensional object without any representation of color. Image 2, 3, and 4 shows the 3D segmentation of 

the real human liver, bone and abdomen model respectively Image 5 shows the 3D Longitudinal sector of 

real human bone and abdomen model 

Image1. the direction of 3 axial plans  

Image 2.  3D segmentation of real human liver model Image3.: 3D segmentation of real human bone model 
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Finite Element Model (FEM) 

The proposed 3D real human abdomen model was developed using Computer Simulation Technology 

(CST Studio) which is a high-performance full-wave electromagnetic (EM) simulator for 3D volumetric 

modeling that takes advantage of the familiar Microsoft Windows graphical user interface. It integrates 

simulation, visualization, solid modeling, and automation, are unique, where solution to 3D EM problems 

is accurately obtained. Dielectric properties at frequency 915 MHz and thermal properties of the proposed 

3D real human abdomen model[5] are shown in Table II and Table III.  

Table II. Dielectric properties of human tissues and tumor tissue at 915MHz 

Tissue 
915 MHz

 (S/m)

Fat 5.2801 0.10452

Bone 20.756 0.34353

Liver 46.764 0.86121

Tumor 38.836 0.595 

Table III. Thermal properties of human and tumor tissues 

Tissue ρ 

(kg/ )

C 

(J/Kg. )

K 

(W/m. )

Fat 910 2973 0.201

Bone 1850 1256 0.11

Liver 1020 3816 0.469

Tumor 1000 3500 0.570

Where   : Electrical permittivity,  : Conductivity, ρ: Material density, C: Heat capacity, K: Thermal 

conductivity, Qmet: Blood perfusion rate, and B: Basel metabolic rate. 

When a 3D abdomen model used in CST the resulting mesh elements total number was about 110 million 

tetrahedral, to simplify the model under investigation we use a proposed 3D Simple model, as shown in 

Image 6, a spherical tumor with 1     was inserted at location 0, 0, 2 as shown in Image 7. This simple 

model has fewer curvatures to save time and cash memory used, but at the same time, the simple model 

offers high accuracy. 

Image 4. 3D segmentation of real human abdomen 

model   
Image5. 3D Longitudinal sector of bone and abdomen 

real model 
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3. Results and Discussion

 3.1 Specific Absorption Rate (SAR) 

Specific Absorption Rate (SAR) is widely utilized with biological systems in representing interactions of 

microwave electromagnetic energy with different tissues and this considered as an indicator for 

microwave imaging quality [4]. 

In this simulation, we use planar Archimedean spiral antenna (PAS) 

as shown in Image 8 the transmitted signal is a Gaussian pulse at 915 

MHz .The model is simulated by running the high frequency 

transition solver in CST Microwave Studio, set for an accuracy of 

−50 dB. These responses represent the state of the model without 

Nanoparticles as shown in Image 9. The SAR was computed in the 

model at frequency 915 MHz. A centrally located region of SAR 

(0.063 W/kg) is observed (green color). This SAR region coincides 

with the tumor placed at the center of the liver model 

Image 9 :SAR by using (PAS) antennas at frequency 915MHz 

Effect of Gold nanoparticles on Specific Absorption Rate 

Gold nanoparticles (GNPs) were used as an adjuvant agent to enhance the specific absorption rate (SAR) 

and the hyperthermia efficacy. The model is modified to include Gold nanoparticles surrounding tumor 

.The SAR was recomputed in the model after adding nanopaticles . We use GNPs in our simulation. The 

SAR value(2W/Kg) shows a great enhancement after adding GNPs as shown in Image 10.

Image7. The proposed 3Dmodel after inserting tumor in CST Image 6. abdomen model used in CST  

Image 8 . abdomen model using planar 

Archimedean spiral antenna (PAS) antennas 
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  Image10. SAR by using  PAS antenna after adding  GNPs

3.2 Temperature Prediction 

Two temperature monitors were used to record temperature increase in the liver tissue was illuminated by 

PAS antenna. These temperature measurements were recorded inside and outside the tumor with and 

without nanoparticles. One monitor was placed at the center of the tumor; the other monitor was placed at 

2 cm from the first monitor. Image 11 shows the temperature distribution in the human liver model 

obtained from CST. With absence of nanoparticles, there is an insignificant temperature increase in the 

tumor to cause any damage to the tissues.

Image 11. Temperature distribution during hyperthermia without nanoparticles 

Effect of different nanoparticles on temperature measurement

a. Effect of  silver nanoparticles

Silver nanoparticles (AgNPs) were injected into the tumor at frequency 915MHz and the transient 

temperature was once again studied

Image12. Temperature distribution during hyperthermia with AgNPs at 915MHz 

 These results in Image 12 show that The temperature of tumor tissue region is now 40.5°C at frequency 

915MHz while the temperature of healthy tissue still not affected which is a great enhancement after 

adding AgNPs However, the results were unsatisfactory and did not achieve the required temperature 
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b. Effect of gold nanoparticles

Gold nanoparticles were injected into the tumor at frequency 915MHz and then transient temperature was 

once again studied:

   Image 13. Temperature distribution during hyperthermia with GNPs at 915MHz 

These results in Image 12 show that The temperature of tumor tissue region is now 42.1°C at  the same 

frequency  and also the temperature of healthy tissue still not affected  which is agreat enhancement after 

adding GNPs which is achieved the desired temperature for hyperthermia 

4. Conclusion-The challenge in hyperthermia treatment is to heat the tumor to a therapeutic temperature

without harming the nearby healthy tissue. The results presented in this paper show that Microwave

imaging and hyperthermia treatment can be enhanced

by the use of GNPs.

A system with a microwave applicator(PAS antenna) at 915 MHz, Nanoparticles and Two temperature

monitors in and outside the tumor were modeled to accurately study microwave imaging and

hyperthermia treatment for cancerous tissues in the liver.

Simulated results were obtained using CST and values for the SAR and transient temperature in the 

healthy tissue and the tumor were presented. Using Penne’s bioheat transfer equation and comparing 

results with and without Nanoparticles it was seen that Silver nanoparticles can make a great 

enhancement in raising the temperature However, this result was unsatisfactory and did not achieve the 

required temperature but, after adding gold nanoparticles the temperature exceed 42°C which is achieving 

the hyperthermia treatment without harming the nearby healthy tissue, GNPs also can achieve a great 

enhancement in SAR result 
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