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Abstract 
 

Varicose veins contract when heated through microwave ablation. Heat application through microwave ablation, the collagen tends to 

regain its elasticity. In this paper, we propose simulation of the varicose vein with a wearable micro strip patch antenna. ANSYS HFSS 

17.2 is an electromagnetic finite element method solver. The phantom model of human skin with normal vein and varicose vein with a 

wearable micro strip patch antenna was designed using this software. The wearable micro strip patch antenna is designed so that this 

approach is minimally invasive. The wearable micro strip patch antenna is modelled with a resonant frequency of 9.8 GHz. The tempera-

ture of about 45°C is proposed as the treatment for varicose vein. 

 
Keywords: SSV-Small Saphenous Vein; SAR-Specific Absorption Rate; S-Seconds; W/Kg-Watts per Kilogram; GHZ-Gigahertz; W-Watts; Mm-Millimetre; 
oC-Degree Celsius. 

 

1. Introduction 

Varicose vein is an aberrance of a superficial vein. Varicose veins 

patients are present in 15% of men and 25% of woman. The com-

monness of this disease is due to family history, female hormones, 

arterial venous connections, physiological and biochemical stress. 

Varicose vein is generally treated surgically. The medical proce-

dure takes forever and ever and large abrasion size. Varicose veins 

are caused in weak or damaged veins. After arteries and capillaries 

pass oxygenated blood throughout the body, veins return the blood 

to the heart, the veins in legs must work against gravity to do this. 

Hence there are valves inside the veins that open and let the blood 

flow through, and then they close to keep blood from flowing 

backwards. If these valves are weakened or damaged, blood can 

flow back and pool in the veins, this causes the veins to swell. 

Habitually, the walls of these veins are elastic (stretchy). When the 

valve flaps of these veins separate, blood can flow backward 

through the valves. 

1.1. Effect of collagen on varicose veins 

Collagen is the connective tissue that gives structural support to 

your body by binding cells or tissues together. Collagen is a pro-

tein that accounts for over one-fourth of all the protein in your 

body. More importantly, collagen is responsible for maintaining 

the elasticity and strength of your blood vessels. An imbalance 

between the synthesis of collagen I and collagen III explains the 

lack of elasticity of varicose veins.  

 

 
Fig. 1: Structure of Varicose Veins. 
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Fig. 2: Effect of Collagen. 

2. Methodology 

2.1. Modelling of varicose veins 

The phantom model of varicose vein is designed using ANSYS 

HFSS 17.2 software. The cylindrical model has been designed for 

the human skin layers with normal and varicose veins. In this 

model, the blood vessel is the Small Saphenous vein (SSV) which 

is present between the hypodermis and subcutaneous tissue and a 

tributary of the SSV is present in the dermis layer of the skin. The 

dielectric properties of skin dry, blood vessel and subcutaneous 

tissue have been created in ANSYS HFSS 17.2 software for epi-

dermis, dermis and hypodermis. 

 
Table 1: Dielectric Properties of Skin Dry, Blood Vessel and Subcutane-

ous Tissues 

3 
PROPERTIES SKIN 

DRY 
BLOOD 
VESSEL 

SUBCUTANEOUS 
TISSUE 

1. Relative permit-
tivity 

33.367 35.533 4.779 

2. Relative permea-

bility 

1 1 1 

3. Bulk conductivity 5.6172 

S/m 

0.42899 

S/m 

6.5686 S/m 

4. Dielectric loss 

tangent 

0.38797 0.20687 0.42447 

5. Measured fre-

quency 

7.8 GHz 7.8 GHz 7.8 GHz 

6. Mass density 1050 

kg/m3 

994 

kg/m3 

1035 kg/m3 

 

2.2. Wearable micro strip patch antenna 

Micro strip patch antenna is becoming eventually used because 

they are imprinted directly onto a circuit board. The antenna 

which is used for our purpose is wearable micro strip patch anten-

na. The patch antenna, micro strip transmission line and ground 

plate are made up of high conductivity metal (typically cop-

per).The main advantage of wearable antennas is that they are 

drafted as elements of clothing able to transmit or receive wireless 

signals. The wearable antenna system plays an important role in 

many fields, including tracking and exploration. The wearable 

micro strip patch antenna is designed with various resonant fre-

quencies such as 3.3 GHz, 6.4 GHz, 9.8 GHz and 14 GHz. 

 

 

 
Fig. 3: Design of Varicose Vein-1. 

 

 
Fig. 4: Design of Varicose Vein-2. 

 
Table 2: Design Parameters of Normal & Varicose Vein 

S. 
No. 

LAYERS PROPERTIES 
NORMAL 
VEIN 

VARICOSE 
VEIN 

1. Epidermis Skin dry 1.5mm 1.5mm 

2. Dermis Skin dry 1.5mm 1.5mm 

3. 
Tributary- 

SSV 

Blood Ves-

sel(Radius) 
0.65mm 1.25mm 

4. Hypodermis Skin dry 1.5mm 1.5mm 

5. 
Small Saphe-

nous Vein 

Blood Ves-

sel(Radius) 
4mm 3.75mm 

6.  
Subcutaneous 

Tissue 

Subcutaneous 

Tissue 
4mm 7mm 

2.3. Design parameters of wearable microstrip patch 

antenna 

1) Width (W) 

The width of the patch is reckoned using the following formula, 

Equation 1 Width of the Patch 
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2) Effective Refractive Index: 

The effective refractive index value of a patch is an important 

criteria in the making of a micro strip patch antenna. The radia-

tions enrooted from the patch towards the ground travel through 

air and substrate this effect is known as fringing effect. Both the 

air and substrates have different dielectric values, therefore to 

account for this, we find the effective dielectric constant. The 

value of the effective dielectric constant (Ɛreff) is calculated using 

the following formula, 

Equation 2 Effective Refractive Index 

 

 
 

3) Length (L) 

Due to fringing effect, electrically the length of the antenna is 

increased by an amount of L. Therefore, the actual increase in 

length (L) of the patch is to be calculated using the following for-

mula , 

Equation 3 Length of the Patch 

 

 
 

4) Length (Lg) and Width (Wg) of Ground Plate 

The length and width of a substrate are equal to that of the ground 

plate. The length of a ground plate (Lg) and the width of a ground 

plate (Wg) is calculated using the following equations, 

Equation 4 Length and width of Ground Plate 

 

 
 

5) The width of the Microstrip Transmission Line 

The width of Transmission line (TL) is given by the following 

formula, 

Equation 5 Width of Transmission Line 

 

 

2.4. Substrate 

Generally, for micro strip antennas, the substrate’s dielectric con-

stants ranges from 2.2 to 12. Here we have chosen different cotton 

textiles like jean cotton, wash cotton, polycotton and certain cot-

ton as substrates. The radiation parameters greatly depend on the 

substrate hence must be chosen carefully. The substrate which we 

have used is wash cotton. The properties of wash cotton are given 

in table 3. 

2.5. Design of the micro strip patch antenna 

The design of micro strip patch antenna comprises of the radiating 

patch, transmission line, substrate and the ground plate. The radi-

ating patch is a two-dimensional structure constructed with the 

dimensions of 16.7mmx15mm with the property of Cop-

per/Perfect E. The transmission line is a two-dimensional structure 

constructed with the dimensions of 5.15mmx3.1mm with the 

property of Copper/Perfect E. The substrate is a three-dimensional 

structure of the dimensions of 27mmx24mmx3mm with the prop-

erties of wash cotton. The ground plate is a two-dimensional struc-

ture with the properties of Copper/Perfect E. Different types of 

ground plates were tried for the antenna and the required frequen-

cy response was only obtained by etching the structure E in the 

ground plate. The wearable micros trip patch antenna has been 

designed for both saphenous veins (normal and varicose). 

 
Table 3: Dielectric Properties of Substrate 

S. No. PROPERTIES VALUES 

1. Relative permittivity 1.51 

2. Relative permeability 1 

3. Bulk conductivity 0 

4. Dielectric loss tangent 0.02 

5. Measured frequency 7.8 GHz 

6. Mass density 1500 kg/m3 

 
Table 4: Design Parameters of the Wearable Microstrippatch Antenna 

S. No. Design Properties Dimensions 

1. Length of the patch 16.7mm 

2. Width of the patch 15mm 

3. Length of the substrate 27mm 

4. Width of the substrate 24mm 

5. Height of the substrate 3mm 

6. Width of transmission line 3.1mm 

3. Analysis 

In this study, we are analyzing all the parameters mentioned be-

low: ● Specific Absorption Rate ● Temperature ● Time period for 

the radiation to occur ● Power level. The maximum temperature 

that a human body can resist is 45°C. We also use 45°C of tem-

perature by varying the time period of radiation occurred in the 

body. 

 

 
Fig. 5: Wearable Micro Strip Patch Antenna on Normal Vein. 
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Fig. 6: Wearable Micro Strip Patch Antenna on Varicose Vein. 

 

 
Fig. 7: Frequency Response of the Wearable Micro Strip Patch Antenna. 

3.1. Specific absorption rate 

Specific absorption rate (SAR) is a measured as the rate of energy 

that is a absorbed by the human body when exposed to a radio 

frequency (RF) electromagnetic radiation.SAR is usually averaged 

either over the whole body or over a small sample of tissue (typi-

cally 1g or 10g of tissue). Its unit is W/kg. The formula for SAR is 

given below, 

Equation 6 Specific Absorption Rate 

 

 

3.2. Temperature 

It is the amount of heat absorbed by the tissue for a particular time 

period. Its unit is °C. The amount of heat required to penetrate 

electromagnetic waves in the tissue is 45°C. The temperature for a 

short period of time (fig.8) and a long period of time (fig.9) are 

given in formula below, 

Equation 7 Temperature 

 

 
 

 
 

 

3.3. Time period 

The duration for which the electromagnetic waves have been pen-

etrated to the tissue to acquire a temperature of 45°C. Its unit is 

seconds (sec).This can be changed by varying the power level for 

a given tissue. 

3.4. Power level 

Power is the rate at which electromagnetic energy is generated or 

consumed in a particular time period. It is measured in Watts (W). 

The power conversion is given in the formula below, 

Equation 8 Power Level 

 

 

3.5. Analysis of normal vein 

The SAR Distribution is shown in fig.10 and the various SAR 

distributions for various power levels are tabulated in Table V. 

 

 
Fig. 8: SAR Distribution Normal Vein. 

 
Table 5: SAR Distribution of Normal Vein 

S. No. 
SAR 
(W/Kg) 

Temperature (0c) Power (W) Time (S) 

1. 2108.5 45.311 10 75 

2. 4216.9 44.993 20 38 

3. 6325.4 45.310 30 25 

4. 8433.9 45.311 40 18.75 

5. 10542 45.309 50 15 

3.6. Analysis of varicose vein 

The SAR Distribution is shown in fig.11 and the various SAR 

distributions for various power levels are tabulated in Table 6. 

 
Table 6: SAR Distribution of Varicose Vein 

S. No. SAR (W/Kg) Temperature (0c) Power (W) Time (S) 

1. 2618.7 45.349 10 73 

2. 5237.3 45.019 20 30 

3. 7856 45.020 30 20 

4. 10475 45.028 40 15 

5. 13093 45.037 50 12 
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Fig. 9: SAR Distribution Varicose Vein. 

4. Discussions 

As the SAR increases in the saphenous veins, the temperature also 

increases. This is because of the fact that the increasing amount of 

radiation in the tissue causes heating at a faster rate. When the 

amount of heat in the tissue is higher, the time required to regain 

the elasticity of the collagen in the saphenous vein will also in-

crease. The amount of heat transferred into a tissue (per kg) is the 

SAR (average) of the saphenous vein. As the density of the tissue 

increases, the power level of tissue will tend to decrease. Table 

VII shows the observations between normal and varicose veins for 

the various parameters that have been analysed. 

5. Conclusion 

In this varicose vein therapy, using finite element analysis, an 

antenna is sketched out as a wearable micro strip patch antenna. 

Antenna controls the heat that radiates to the tissue. The tissue is 

heated then the size of the varicose vein is reduced and the vein is 

straightened. The results of simulation and analysis by using AN-

SYS HFSS 17.2 software- the microwave frequency is defined to 

9.8 GHz with SAR distribution is 13093 W/kg to obtain a temper-

ature of 45.037°C and the time taken for the antenna to achieve 

this temperature is 12 seconds. Varicose vein therapy by using 

microwave ablation is a new surrogate manoeuvre for the patient 

and hopefully may reduce the use of medicines and help in vari-

cose vein treatment in the future. 

 

 
Table 7: SAR Distribution, Temperature and Time for Normal and Varicose Veins for Various Power Levels 

Power 

Level 

(W) 

Sar Normal Vein 

(W/Kg) 

Sar Varicose Vein 

(W/Kg) 

Temp Normal 

Vein(°C) 

Temp Varicose 

Vein(°C) 

Time Normal 

Vein (S) 

Time Varicose 

Vein(S) 

10 2108.5 2618.7 45.311 45.349 75 73 

20 4216.9 5237.3 44.993 45.019 38 30 

30 6325.4 7856 45.310 45.020 25 20 

40 8433.9 10475 45.311 45.028 18.75 15 

50 10542 13093 45.309 45.037 15 12 
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