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Abstract  

The vein that carries the deoxygenated blood gets bulged and thick due to defect in their valve which becomes varicose 

veins. These are most common in legs. These varicose veins are caused by damaged or weak valves of veins that lead to 

collection of blood in the vein which increase the pressure and cause pain. 19% of the men and 36% of the women are 

mostly affected by varicose. Mostly the treatment for varicose vein is by invasive methods such as surgery, laser therapy, 

RF endovenous therapy and sclerotherapy. In this paper, we propose non-invasive therapy for varicose vein using 

ultrasound therapy. Since it is a non-invasive method, it gives the patient to aesthetic relief from their pain without pain. 
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Introduction 

Veins are blood vessels, which return the deoxygenated blood 

from other parts of the body back to the heart and lungs. When 

these veins valves that prevents the backflow of blood gets 

damaged then it becomes thick or enlarged, these are called 

varicose veins (figure 1). This happens most commonly in the 

veins of legs and thighs. With rapid development in the 

modern society, there is a change in lifestyle of people, in 

everything they depend on the technology and the cases which 

people are sitting or standing has been increasing. As a result, 

the awareness for varicose vein which was unfamiliar in few 

years ago has been gradually increased and the remedy for 

varicose vein has been studied by non-invasive method
1
. 

 

Causes of Varicose Vein: Varicosities occur in veins due to 

the defective/ damaged valves within. Valves prevent 

backward flow of blood within the vein. They push the blood 

in the vein to move towards the heart. It is unclear what causes 

the valves to work less efficiently. Some experts think 

inherited problems cause some people to have too few valves 

or valves that do not functions properly
2
. Some people may be 

born with abnormalities of the vein wall. 
 

The person with poorly functioning valves when stands up, the 

blood flow actually reverses and flow downwards, instead of 

flowing up, towards the heart. When the muscle surrounds the 

deep veins a build-up pressure occurs. This causes even more 

blood to flow in the wrong way. Varicose veins can appear 

following pregnancy, thrombophlebitis, congenital blood 

vessel weakness, or obesity, but is not limited to these 

conditions
3
.  

 

Existing Treatments of Varicose Vein: The therapies that 

exist for varicose vein are divided as conservative therapy 

which includes moderate exercise, recreation, wearing 

pressure stockings. For acute cases, invasive method 

traditional surgical treatments are done. 

 
Figure-1 

Normal Vein and Varicose Vein 

 

Nowadays invasive methods such as Sclerotherapy, RF 

Endovenous ablation, Laser therapy, stab Avulsion by incision 

surgery are done. 

 

Surgery: Surgery is the traditional treatment for more severe 

cases.  The surgery is based on either vein ligation (tying) or 

stripping or avulsion (pulling away) of the smaller branches of 

veins. But this gives more pain to the person and it takes a 

long time for recovery and it can lead to other injury
4
. 

 

Sclerotherapy: This method is by injecting the medicine 

inside the vein and makes them to shrink. The complications 

of sclerotherapy includes allergic reactions to the chemical 
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used, stinging or burning at the various injection sites, 

inflammation, skin ulcerations, and permanent discoloration of 

skin
5
. There is a case where stroke occurred due to excess dose 

of sclerosant. 

 

Endovascular Laser Therapy: Endovenous laser therapy is a 

technique that uses a laser to destroy the vein. It takes about 

30-35 min for the procedure and recovery is very fast. For 

short term it shows no problems. Laser therapy can change in 

color
6
. And after the treatment also it requires for the patients 

to wear the pressure stockings.  

 

RF Endovenous Ablation: Radiofrequency ablation uses the 

RF wave for treating the varicose vein. The probe is placed in 

the vein by the use of ultrasound and once in position, the vein 

is heated along the entire length. Short term results are 

excellent using this
7
.  

 

Methodology 

To overcome all the difficulties in the existing method, in this 

paper we have implemented the method to treat varicose vein 

using Non-invasive therapy method. Non-invasive therapy 

method does not need a catheter or any incision that makes a 

way for the operation; it takes very less time for the procedure 

as well as for the recovery. It is know that energy based 

therapies can be applied to tissues throughout the body to 

achieve numerous therapeutics result. To achieve a desired 

treatment effect, reaching a temperature to the target tissue of 

at least about 50ºC. For this energy based therapy, we would 

like to use the ultrasound to treat the varicose vein non-

invasively. In ultrasound therapy there are two ways of 

treatment, one by thermal and another by non thermal- 

Mechanical
8-11

. 

 

Thermal Ultrasound Therapy: Thermal ultrasound therapy 

uses a more continuous transmission of sound waves. The 

sound waves cause microscopic vibrations in the deep tissue 

molecules, increasing heat and friction. The warming effect 

encourages healing in the soft tissues by increasing the 

metabolism at the level of the tissue cells. 

 

Mechanical Ultrasound Therapy: Mechanical ultrasound 

therapy uses pulses of sound waves to penetrate tissues. While 

this still has a minor warming effect on the tissues, it also 

causes expansion and contraction in the tiny gas bubbles of the 

soft tissues. This helps to decrease the inflammatory response, 

reducing tissue swelling and thus decreasing pain. The best 

way for treating varicose vein non-invasively will be by 

mechanical ultrasound therapy. 

 

Cavitation method: A particularly preferred technique for 

selectively damaging endothelium cells in a blood vessel is by 

mechanical ultrasound therapy which is called cavitations 

method. Cavitations can be defined as the creation or motion 

of a gas cavity in an acoustic field. It is the oscillatory 

movement of the gas filled bubble. This is by creating the 

activating agents such as micro bubbles in the tissue. The 

ultrasound activating agent will only be activated in the focal 

region of the high intensity focused ultrasound (HIFU) beam; 

The HIFU is achieved at 25 MHz; the ultrasound activated 

agent can be introduced into the blood systematically or 

directly into the blood vessel. 

 

Significantly only a very short burst of HIFU is required to 

activate such ultrasound activating agents, which means the 

duty cycle can be made to be sufficiently short duration than 

the negligible amount of acoustic energy is absorbed by tissue 

in the focal region of the HIFU bean. The perivascular tissue 

lies within the focal region of the HIFU beam. So, no or 

minimal thermal damage will occur to the perivasular tissue, 

because the HIFU beam will not be energized long enough for 

the perivascular tissue to absorb enough acoustic energy to 

damage the perivascular tissue
12

. By changing the frequency 

and the dimension of the focus can be manipulated the 

production of bubbles is controlled.  

 

Working Process: The vibration energy in acoustic waves 

emanating from one source of ultrasonic energy is focused 

beneath the skin to cause localized heating and tissue 

disruption in and around the varicose segment of the vein, 

particularly the venous endothelium. The localized tissue 

destruction is followed by localized fibrosis in and around the 

dilated portion of the varicose vessel. The ultrasound- induced 

fibrosis includes thickening and loss of elasticity of the 

vascular wall. If a sufficiently high dosage of ultrasound 

energy is delivered to the vein, the varicose portion of the 

vessel will be obliterated, providing a therapeutic result 

similar to that obtained by injection sclerotherapy or vein 

stripping. Alternatively, focused ultrasound may be used to 

induce fibrosis in the tissue overlying the varicose vessel 

thereby providing a relatively inelastic barrier which resists 

unsightly deformation of the skin overlying the varicose vein 

due to venous dilation. 

 

When using ultrasound to treat varicose veins in accordance 

with the method of the present invention, it is preferable to 

administer focused ultrasound energy to the varicose vein in 

its entirety. The focused ultrasound is delivered to the vein in a 

dose sufficient to cause disruption of the venous endothelium 

therein. The targeted portion of the vein (i.e., the portion of the 

varicose vein receiving focused ultrasound treatment) is then 

compressed by means of a compression bandage.  

 

As the damaged endothelium heals, it is accompanied by a 

proliferation of cellular tissue which at least partially occludes 

the venous lumen thereby reducing or eliminating blood flow 

there through, and dilation thereof. If the endothelium is 

sufficiently damaged during treatment, the endothelial tissue 

may fuse, causing total obstruction of the venous lumen. 
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Figure-2 

Block diagram of ultrasound therapy 

 

An ultrasonic transducer is in electrical communication with 

an ultrasonic generator. The ultrasonic generator is operable 

for providing an electrical output signal having a frequency 

between 1 MHz and 100MHz, and most preferably around 

25MHz. the ultrasonic transducer element, piezoelectric 

crystalline material or electrostrictive device, receives the 

electrical output signal from the generator and produces 

mechanical vibrations having a frequency which is 

synchronous with the electrical output signal. The ultrasonic 

generator (figure 2) is energized by means of a power source. 

The ultrasonic transducer is in vibrational communication with 

a first side of a focusing element, the focusing element has a 

concave second side which is in vibrational communication 

with the tissue overlying and including the varicose vein.  

 

A layer of an impedance matching material, such as a fluid or 

a gel, wherein the velocity of ultrasound therein is similar to 

the velocity of the ultrasound in body tissue at the operating 

frequency, may be interposed between the concave second 

surface of the ultrasonic transducer and the epidermis to 

optimize power delivery to the targeted tissue.  

 
Figure-3 

Concave shape ultrasound probe (focusing element) 

The focusing element we propose is of concave shape, (figure 

3) it makes it easy to focus exactly the varicose vein. This 

probe has a control to adjust the size of the focusing side. The 

frequency of the ultrasound to be delivered is the major factor 

of controlling the concave size. First an ultrasound scan has to 

be taken and the depth level of the varicose vein from the vein 

has to be determined and then the frequency deliverance is 

marked. 

 

Results and Discussion 

When the ultrasound waves at frequency 25MHz is given to part 

to be treated, Small gas cavity bubbles are created. These 

bubbles contract (figure 4) and expand as the ultrasound is 

delivered in pulsed form. These Micro bubbles grow in the 

blood vessel and at a point it will burst open, damaging the 

vessel. The vein will be devoid of blood vessels, thus it will get 

stuck together reducing the size of the vein. 

 

 
Figure-4 

Mechanism of Therapy 

 

The result may be similar to the sclerotherapy operated varicose 

vein. Thus this method of treating varicose vein will relieve the 

patient from their ache non-invasively, and for cosmetic 

appearance too, it plays a major role as it does produce scar or 

rashes. Thus there is no damage to the skin appearance. Since it 

is non-invasive it relieves patient’s pain without pain. 

 

Conclusion 

It is known that energy based therapies can be applied to tissue 

throughout the body to achieve numerous therapeutic result. 

By using Ultrasound, we can treat varicose vein non-

invasively. Non- thermal method of ultrasound for varicose 

vein therapy is more efficient way of treatment. It’s a therapy 

done outer over the tissue. The Tissue disruption can be done 

by non- thermal therapy. The mechanical therapy that 

promotes acoustic waves in a narrow beam can damage the 

venous endothelium without adjacent perivascular tissue. And 

the required time is less than that of other therapies so far 

existing and it does not induce any side effects as that of other 

therapies and it is more comfortable for patients as it relieves 
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pain without pain and provides more aesthetic result and there 

is no damage to the skins too. 
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