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Abstract — Thus far, the high intensity focused ultrasound technique has no side effects; therefore, it has become the superior 
method compared to conventional methods due to its safety, accessibility, efficiency and precision. The high intensity focused 
ultrasound (HIFU) technique is powerful and able to treat vascular diseases like atherosclerosis compared to other method of 
treatments such as medication and surgery treatment. The HIFU technique will contribute greatly to the reduction and elimination 
of these diseases and is easily treatable. The HIFU technique will be used in various therapeutic and clinical applications. 
Treatment of prostate tumor, breast tumor, uterine fibroids, liver tumor, renal tumor, and pancreatic cancer has become 
noninvasively ablated. The main function of the HIFU technique is to maximize energy-accumulation at the target area in order to 
induce significant biological reactions without causing harm to the intervening tissues such as the skin and the tissues surrounding 
the target area. The HIFU technique is an approach that can produce various biological effects to treat the target tissue using 
thermal/ mechanical mechanism interactions. 
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I.  INTRODUCTION 
 
Ultrasound technology (UST) was started in 1880 by 

Curie, et al [1], who found the piezoelectric effect crystal 
physics, which led to bring into being a novel technique for 
the development of polar electricity. Speaking of which, 
UST led to the evolution of high frequency echo-sounding 
techniques [1]. In 1915, P. Langevin and C. Chilowsky had 
created the former ultrasound device, which was known as 
hydrophone. In 1917, P. Langevin discovered the effect of 
high intensity ultrasound on biological tissues [2]. In 1927, 
Wood, R. W., et al had made a comprehensive study on the 
biological effects of ultrasound [3], they observed its 
stimulating and lethal effects on unicellular organisms, 
tissues, small fish, and animals. In 1932, H. Freundlich et al 
suggested the therapeutic use for ultrasound, the application 
of unfocused ultrasound to therapeutically heated tissue [4]. 
In 1935, focusing of ultrasound was developed by J. 
Gruetzmacher [5], by placing a concave surface to a 
piezoelectric generator. In 1942, high intensity focused 
ultrasound (HIFU) was designed as an approach for 
destruction of human’s tissue by Lynn et al [6]. In 1955-60, 
the Fry brothers carried on the research and discovered that 
the lesion induced with HIFU was well bounded without any 
damage to the overlying and surrounding tissues and they are 
credited with the first application of HIFU for neurologic 
disorders in humans [7]. In the 1970s, Fred Lizzi et al spent 
more time and effort into the use of HIFU in the field of 
ophthalmology [8]. In the early 1980s, the extracorporeal 
shockwave lithotripsy (ESWL) was introduced and 
revolutionized the treatment of patients with kidney stone 

disease as the first clinical application of high (pulse-
averaged) intensity ultrasound [9]. In the 1988-97, HIFU 
research was commenced at the Chinese Institute of 
Ultrasonic Engineering in Medicine, on both In-vitro and In-
vivo studies [10]. In 2002, Watson, T, provided a lot of 
contributions in HIFU therapeutic applications [11]. In 2007, 
ALPINION developed cancer treatment technologies that 
utilize the HIFU. In 2008, India was the first in the 
implementation of Sonablate HIFU. In 2010, HIFU gained 
European distribution rights for Sonablate technology. In 
2012, Venediktos et. al, was used HIFU technique for 
treatment of brain cancer and ischaemic stroke guide with 
MRI [12]. Likewise, Benjamin et. al, was devoted some 
works on modeling thermal effects on biological tissues [13]. 
In 2014, as ultrasound was investigated at lower intensities 
and for treating tumors a development of a cancer diagnosis 
and treatment was proposed by M. Emoto [14]. 

The future is for phased array transducers due to its 
capability to create a focal point at a specific site. In order to 
replace the standard invasive surgical operations with this 
non-invasive technology, research is being conducted in the 
HIFU field to advance the accurate administration of focused 
ultrasound waves to internal organs instead of recent 
techniques; i.e. MRI, X-Ray. Focused Ultrasound today can 
be used in the treatment of various conditions in the human 
body, such as prostate cancer, kidney cancer, liver cancer, 
bone cancer, pancreatic cancer, delivery of drugs vessel 
occlusion, and soft tissue erosion [15]. 

HIFU had limitations such as requiring general 
anesthetic; requiring a long duration to ablate a known 
volume, location of undesirable object affects ability to treat, 
local pain, oedema and skin toxicity. In addition, HIFU 
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treatment is applied on a patient regardless of age [16]. On 
the other hand, using HIFU for thrombolysis is advantageous 
as this would exclude the side effects of thrombolytic drugs 
and potentially reduce the risk of hemorrhage. HIFU has the 
advantages of non-invasion, non-ionization, and fewer 
complications after treatment. If successful, HIFU may also 
reduce treatment time from hours to minutes [17]. Currently, 
the most important problem of US-guided HIFU ablation is 
the lack of reliable thermometry and lesion production 
monitoring. The speed of sound is temperature dependent, 
which causes the apparent change in position of echoes in the 
images of heated tissues in comparison to the unheated ones 
[18]. 

The main point from this work is to add new 
contributions for this great technique that would be helpful 
for patients and decrease suffering from traditional surgery 
and their pain, accordingly. As aforementioned, a lot of work 
has been conducted towards determining the main features 
that play an important role to accomplish this mission safely 
and accurately. Specifying and allocating the US treatment 
dose, optimum frequency, exposure time, intensity, etc. is 
necessary to establish a sort of standards and protocols. This 
will lead to prepare a recipe for each patient’s situation and 
develop an efficient focusing ultrasound generator to widely 
apply such protocols to biological and neurological 
application accordingly. Watson, T (2015), proposed the 
following ultrasound treatment principle – one minute’s 
worth of ultrasound per treatment head area. Therefore, the 
longer pulsed the longer it takes for larger treatment areas. 
Treatment time = 1 x (no. of times treatment head fits onto 
tissue to treat) x (pulse factor). To determine the pulse factor, 
add the two components of the ratio together; e.g. - Pulsed at 
1:4 adds up to 5, multiply by 5. Pulsed at 1:1, adds up to 2, 
multiply by 2 etc [19]. 

 
 
II. HIGH INTENSITY FOCUSED ULTRASOUND (HIFU) 

CAPABILITY 
 
High Intensity Focused Ultrasound (HIFU) is a 

noninvasive technique that applies the ultrasound externally 
through a focused transducer, generally characterized by a 
spherically and curved shape. HIFU works within frequency 
in range from 1 to 5 MHz, and the focal intensities generate 
in the range of 1000 to 10,000 W.cm-2. Diagnostic 
ultrasound, by comparison, generates approximately 0.1 
W.cm-2, such rapid ( < 3 sec) high-level intensities cause cell 
destruction, protein denaturization, oncologic ablation and 
coagulation necrosis [20].  

In the absence of thrombolytic agents, we can use High-
intensity focused ultrasound thrombolysis to restore partial 
blood flow in thrombus-occluded arteries. Imaging 
technology such as magnetic resonance thermometry and 
advanced ultrasound imaging techniques permit real-time 
monitoring of HIFU treatment effects [21]. HIFU is a 
technology that can produce various biological effects either 

through thermal or mechanical means that can treat the target 
tissue [22]. 

 

A. HIFU Mechanical Effect 

 
The non-thermal effects of focused ultrasound can be 

used for the damage of tissue in an accurate position. When 
ultrasound spreads through the tissue, it reacts with dissolved 
gases in a process known as cavitation. In its stable form, 
cavitations   forms as fluctuation of bubbles of gas [23]. 

The mechanical effect develops microbubbles produced 
in the oscillate field that can grow, and can eventually 
collapse either as inertial or non-inertial cavitation. During 
inertial cavitations, very high temperatures inside the bubbles 
occur, and the collapse is associated with a shock wave that 
can mechanically damage tissue. Micro streaming is also a 
mechanical effect, which is the rapid movement of fluid near 
the bubble due to its oscillating motion and radiation force, 
which occurs when the wave is absorbed or reflected. The 
ability of ultrasound to induce cavitation is described through 
the Mechanical Index (MI) [24]: 

 MI =    (1) 

Where Pn is the peak negative pressure (MPa) and f is the 
ultrasound transmission frequency (MHz. 

Acoustic cavitation is complex and unpredictable, but the 
end result is cell necrosis induced through a combination of 
mechanical stress and thermal injury. A process in which 
bubbles develop and acutely increase in size to the point at 
which resonance is achieved causes cavitation. The bubble 
formation is a consequence of the negative pressure of the 
ultrasound wave. When the bubbles suddenly collapse, high 
pressures ranging from 20,000 to 30,000 bars develop and 
damage nearby cells [25]. Focused ultrasound can also 
disrupt cells through purely mechanical effects with no 
heating. The collapse of these bubbles is called inertial 
cavitation, as mentioned earlier, and it can generate enough 
force to allow for the targeted destruction of tissue [26]. The 
heat generated by focused ultrasound can be used for 
homeostasis by thermally closing wounded blood vessels. 
Alternatively, it has been proposed that the mechanical 
effects of ultrasound can cause damage to vessel walls and 
expose tissue factors. When exposed, tissue factors cause a 
cascade of biological reactions that result in the formation of 
a blood clot and blood vessel occlusion [27]. 

The non-thermal effects of ultrasound (US) are now 
attributed primarily to a combination of cavitation and 
acoustic streaming. There are two types of cavitation ‑stable 
& unstable, which have very different effects. Stable 
cavitation does seem to occur at therapeutic doses of US. 
This is the formation & growth of gas bubbles by 
accumulation of dissolved gas in the medium. They take 
approximately 1000 cycles to reach their maximum size. The 
cavity acts to enhance the acoustic streaming phenomena. 
Unstable; i.e. transient, cavitation is the formation of bubbles 
at the low-pressure part of the US cycle. These bubbles then 
collapse very quickly releasing a large amount of energy, 
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which is detrimental to tissue viability. There is no evidence 
at present to suggest that this phenomenon occurs at 
therapeutic levels if a good technique is used. There are 
applications of US that deliberately employ the unstable 
cavitations effect [28]. The result of the combined effects of 
stable cavitation and acoustic streaming is that the cell 
membrane becomes eager, thus increasing the activity levels 
of the whole cell. The US energy acts as a trigger for this 
process, but it is the increased cellular activity, which is in 
effect responsible for the therapeutic benefits of the 
modality.  

Micro-massage is a mechanical effect, which appears to 
have been attributed less importance in recent years. In 
essence, the sound wave travelling through the medium is 
claimed to cause molecules to vibrate, possibly enhancing 
tissue fluid interchange and affecting tissue mobility. There 
is little, if any hard evidence for this often cited principle. 
Some results show that while mechanical HIFU is not as 
effective as thermal HIFU in killing tumor cells directly, it 
has the potential to induce a stronger anti-tumor immune 
response. Gas bubbles have the potential to oscillate and 
cause damage under the influence of ultrasound. We believe 
that a great deal of caution needs to be exercised near air-
filled cavities such as the lungs and intestines [29]. 

Blood cell stasis is a non-thermal effect of ultrasound that 
has been attributed to the behavior of red blood cells in a 
standing wave field. These effects are strongest when the 
standing wave is “stationary”. This occurs when a standing 
wave is set up in a medium that has very low acoustic 
attenuation, such as water, with a perfect reflector 
perpendicular to the ultrasound beam. Such conditions can 
be closely approximated in in-vitro experiments. They are 
much less likely to occur in vivo where the forces tending to 
cause cell stasis are much weaker [30]. 

Other mechanical effects are considered to be created by 
small oscillation of particles due to the movement of 
ultrasound waves through tissues. Any displacement, 
however, will depend on the acoustic pressure amplitude or 
intensity, which will be small. Consequently, small-particle 
oscillation is usually not seen as a cause of the biophysical 
effects of ultrasound. It has been suggested that the 
non‐thermal effects of ultrasound, including cavitation and 
acoustic micro-streaming are more important in the treatment 
of soft tissue lesions than are thermal effects. When using 
ultrasound at high enough densities, these bubbles can be 
made to damage and release an enormous amount of 
pressure. This phenomenon is known as inertial cavitation. 
The use of inertial cavitation to damage regions of tissue is 
known as histotripsy, and is usually the double effect of 
multiple cavitation collapses. The location where the inertial 
cavitation takes place is of matter to damage the oncologic 
by determining the mechanism; either mechanical or thermal. 
For that reason, if it appears to be close to a cell membrane, 
it is more mechanical than thermal effect [31]. 

In procedures, microbubbles will often be injected into a 
targeted location to negate the need for their spontaneous 
generation. This lowers the threshold for inertial cavitations 
and aids in the process of histotripsy. Cavitation is also 
defined as the physical forces of the sound waves on micro-

environmental gases within fluid. As the sound waves 
propagate through the medium, the characteristic 
compression and rarefaction causes microscopic gas bubbles 
in the tissue fluid to contract and expand. It is generally 
thought that the rapid changes in pressure, which is caused 
by the leading and lagging edges of the sound wave, both in 
and around the cell, may cause damage to the cell. 
Substantial injury to the cell can occur when microscopic gas 
bubbles expand and then collapse rapidly, causing a “micro-
explosion.” Although true micro-explosions, referred to as 
unstable cavitation, are not thought to commonly occur at 
therapeutic levels of ultrasound, pulsation of gas bubbles 
may disrupt cellular activity, altering the function of the cell 
[24]. 

 

B. HIFU Thermal Effect 
 
As ultrasound propagates through the body, energy is lost 

through attenuation. Attenuation causes loss of penetration 
and it results from two processes, scattering and absorption. 
Energy is also lost along the propagation path of the 
ultrasound by absorption. Absorption loss occurs 
substantially through the conversion of the ultrasound energy 
into heat. 

The thermal effect of HIFU is related to absorption of 
ultrasound energy into the tissue, which is converted into 
heat. Temperature rise in the tissues depends on the 
absorption coefficient of the tissue as well as the size, shape, 
and thermal response, tissue movement and increased blood 
flow in the heated region. The thermal effect is dependent on 
the nature of the tissue and the ultrasound parameters such as 
power, duration, and mode continuous versus pulsed. 
Heating tissue denatures proteins and leads to death of all 
cells; it can raise tissue’s temperature at the focal point in the 
body through transmitting ultrasonic energy continuously. In 
HIFU treatment, ultrasonic energy is focused to a small spot 
within the body to heat the tissues to a temperature sufficient 
to create a desired therapeutic effect. This technique can be 
used to selectively destroy unwanted tissue within the body. 
For example, tumors or other unwanted tissues can be 
destroyed by applying focused ultrasonic energy so as to heat 
tissue to a temperature sufficient to kill the tissue, commonly 
about 60 °C to about 80 °C, without destroying adjacent 
normal tissues.  

HIFU heating typically is conducted using an ultrasonic 
emitter having an array of transducers. The transducers are 
actuated with a drive signal to emit therapeutic ultrasonic 
waves at a selected frequency. Differences in phase can be 
applied to the drive signal sent to each transducer so that the 
therapeutic ultrasonic waves tend to reinforce one another 
constructively at the focal location. Thermal effects can be 
used to create a low-level thermal rise over several hours; 
local hyperthermia, or highly localized high temperature rise 
that cooks the tissue; thermal ablation. Fig. 1 illustrates 
different levels of thermal dose and their biological outcome. 
Thermal ablation allows for the death of cells in the target 
area with minimal damage to surrounding normal tissue.  



ABDULLAH TASHTOUSH: HIGH INTENSITY FOCUSED ULTRASOUND (HIFU) TECHNIQUE FOR ABLATION … 

 
DOI 10.5013/IJSSST.a.17.33.01                                       1.4                              ISSN: 1473-804x online, 1473-8031 print 

 
Figure 1. Different levels of thermal dose and their biological outcome 

[32]. 

 

Tissue damage can be controlled, and we can use 
magnetic resonance imaging to monitor the temperature in 
real time. High-intensity focused ultrasound can occur in a 
volume reaching 10 cubic millimeters, depending on the 
equipment and parameters used. This allows for an 
extremely localized treatment and a sharp border between 
treated and untreated areas [30]. The heat generated by 
focused ultrasound can be used for hemostasis by thermally 
closing wounded blood vessels. Alternatively, it has been 
proposed that the mechanical effects of ultrasound can cause 
damage to vessel walls and expose tissue factors. When 
exposed, tissue factors cause a cascade of biological 
reactions that result in the formation of a blood clot and 
blood vessel occlusion [31]. 

Biological changes that result from heating depend on the 
temperature reached and the duration of exposure (thermal 
dose). Above a certain threshold, the thermal dose induces 
tissue damage that is irreversible in the form of coagulation 
necrosis. Under the threshold, the effects of thermal dose 
depend on the sensitivity of the tissue heated. The rate of 
temperature increase in tissues exposed to ultrasound 
depends on several factors, for instance; spatial focusing and 
power intensity: the term intensity is used to describe the 
spatial distribution of ultrasonic, where intensity = 
power/area and the area refers to the cross-sectional area of 
the ultrasound beam. Another common beam dimension is 
the beam width at a specified location of the field. If the 
same ultrasonic power is concentrated into a smaller area, the 
intensity will increase. The side effect is an increased 
potential for bio-effects caused by heating and cavitation. In 
general, the greatest heating potential is between the scan-
head and the focus, but the exact position depends on the 
focal distance, tissue properties, and heat generated within 
the scan-head itself . 

C. HIFU Transducers Advantages 

 
HIFU transducers have the following advantages; it has a 

higher mechanical strength, there is no direct contact 
between the PZT element and the outer medium. Moreover, 
there are better conditions for cooling of the PZT element, 
more uniform pressure at the radiating surface of the 
transducer, and good electric matching with 50 W coaxial 
cable and 50 W output of power amplifier [33]. 

 
 

III. METHODOLOGY 
 

A. Phased Array Transducer  
 
The transducer is a component of the ultrasound system 

that is in direct contact with the patient's body, and the major 
component of a transducer is a crystal of piezoelectric 
elements. When an electrical pulse is applied to the 
piezoelectric element, it vibrates and produces the ultrasound 
and it can also focus the beam of pulses to give it a specific 
size and shape at various depths within the body. The latest 
US probe is known as the phase array transducer (PAT). 
PAT is a transducer that contains a number of separate 
elements in a single housing, and the phasing refers to how 
those individual elements are sequentially pulsed controlled 
by a program. Typically, PAT is made of many individual 
elements from 16 to 256. The Fixed Focus transducer is 
designed to produce adjustable focused ultrasound beam, to 
reach specific depth for each transmitted pulse.  

High intensity focused ultrasound thermal therapy can be 
used to destroy deep-seated tumors non-invasively. Due to 
the strong focusing and simplicity, PATs have been widely 
adopted for HIFU applications. However, highly focused 
spherical transducers are not optimal because the thermal 
lesions they generate are very small, leading to impractically 
long treatment times, which may lead to more heat deposited 
in surrounding normal tissues. Moreover, it is difficult to 
quantitatively evaluate the ability of moderately focused 
spherical transducers to reduce the treatment times for large 
tissue volumes. PATs can produce larger thermal lesions 
compared to highly focused transducers. 

 
Figure 2. Schematic of Phased Array Transducer function. 

In the phased-array HIFU transducer, the position of the 
focus can be steered electronically by shifting the phases of 
the ultrasound waves radiated by each element without 
moving the transducer, as shown in Fig. 2. 
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Fig. 3 shows the time delays to the eight elements that 
control focusing and beam sweep. Focal spot size (shown by 
the shaded orange area) is controlled by beam spread. PATs 
use a multiple element probe whereby the output pulse from 
each element is time delayed in such a way to serve a useful 
purpose at a specific angle and depth. The controllability of 
time delays in PAT allows to manipulate a range of angles to 
sweep the beam over the desired angular range.  

 
Figure 3. Phased arrays transducer mechanism [34]. 

 

Phased array systems pulse to and receive from multiple 
elements of an array. These elements are pulsed in such a 
way as to cause multiple beam components to combine with 
each other and form a single wave front traveling in the 
desired direction. Similarly, the receiver function combines 
the input from multiple elements into a single presentation 
[33]. The essence of phased array testing is an ultrasonic 
beam whose direction, refracted angle, and focus can be 
steered electronically by varying the excitation delay of 
individual elements or groups of elements. This beam 
steering permits multiple angle and/or multiple point 
inspection from a single probe and a single probe position 
[34]. Because phasing technology permits electronic beam 
shaping and steering, therefore, it is possible to generate a 
vast number of different ultrasonic beam profiles from a 
single probe assembly, and this beam steering can be 
dynamically programmed to create electronic scans. 

 
Figure 4. Phased Array Transducer using constructive interference 

principles [34]. 

 

B. Experiment Setup 

 
Experimental setup can be implemented either in-vitro or 

in-vivo, depending on the nature of the application. To avoid 
complications and to save operation time, standards and 
protocol should be specified through in-vitro experimental 
work. Therefore, in-vitro experimental setup for 
sonothrombolysis of human blood clots was prepared for 
studying the capability of dissolving clot lysis within arteries 
using HIFU approach. 

  

C. Materials and Components 

 
Clots Preparation; a mixture of blood and CaCl2, 750µl 

and 60µl, respectively, are poured in plastic Eppendorf tubes 
and incubated at room temperature for 3 hours. A proper size 
of clot is cut to fit the lumen diameter of the vessel; e.g. 3-4 
mm. Microbubbles (MBs); MBs are used to improve the heat 
to facilitate dissolving fat and can induce the lysis of the 
blood clots through acoustic cavitation. The cavitation 
properties of MBs depend on their size, concentration and 
shell elasticity. Mesh and Rubber Tube; pore mesh is used in 
40 mm size to maintain the clot in the same position during 
the delivery of the flow. The mesh was mounted across the 
lumen of an artificial blood vessel made of rubber and with a 
diameter of four mm. HIFU Transducer; HIFU pulses were 
generated using phase array transducer to perform the focal 
point at the tissue. Ultrasound Transducer; to maintain 
continuous monitoring through the entire process a US probe 
is used for this task instead of MRI or X-ray. Pressure 
Sensors are used for monitoring pressure alteration through 
the process. Micro- pump is used to deliver measured 
amounts of MBs and tissue plasminogen activator through 
injection over time. Function Generator is usually a piece of 
electronic test equipment or software used to generate 
different types of electrical waveforms over a wide range of 
frequencies to provide power for the transducer to start work. 
Oscilloscope is used to provide a graph of a signal's voltage 
over time, and to control signals at the input and output. 
Tissue plasminogen activator (rtPA) is a protein involved in 
the breakdown of blood clots. Degasification and Deionized 
Water process was used in which the dissolved gases were 
removed from liquids, especially water or aqueous solutions.  
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D. Experimental Procedures  
 
The experimental in-vitro set-up was prepared for 

studying the capability of dissolving clot within arteries. The 
novel technique relies on using two ultrasound transducers. 
The first transducer, which is the phased array transducer, 
3.5 MHz, was used to make a focal point and dissolve the 
clot at high intensity focused ultrasound, its power about 
1000 W.cm-2, and it is connected to the function generator.  

 

 
Figure 5. In-vitro experimental setup for clot lysis testing. 

 
The ultra-sonication process is controlled by a computer 

software program, which synchronies the entire elements in 
the PAT and performs the focus at the specific point where 
the clot lysis is located. The second ultrasound probe is used 
to monitor the operation over time. A micro-pump is used to 
insert and flow the mixture of MBs and rtPA in the rubber 
tube to readily lysis the blood clots; clot busting. Ultrasound 
causes MBs oscillation leading to effective mechanical 
disruption of the clot lysis. 

 
 

IV. RESULT AND DISCUSSION 
 
Throughout the experiment run, the pulse length and duty 

cycle plays the major role for the achievement of 
thrombolysis efficiency. Shorter duty-cycles can reduce 
tissue damage, whereas longer duty-cycles lead to increased 
thrombolysis. The exposed clot to ultrasound waves were 
heated up and this is shown as a thermal effect whereas the 
released and inserted BMs vibration is represented as a 
mechanical effect. For that reason, a cavitation in the clot 
was taken place to reduce its size. Reducing all-over 

operation time is credited to using the phased array 
transducer. Consequently, the entire operation is 
accomplished; the size of clot lysis is reduced if not entirely 
eliminated and the reduction in time consumed to dissolve 
the clot is also verified because the process was running 
faster as it affects more than one place on the clot. Overall, 
the safety of blood vessel was remarkable. 

 
 

V. CONCLUSIONS 
 
This work conducts the powerful HIFU technique to treat 

patients from oncologic applications by using the 
mechanical, thermal, and radiation effects on the biological 
tissues, and enhance the entire system of HIFU approach by 
continuous monitoring of the entire operation using US 
imaging probe instead of MRI or X-ray imaging techniques. 
Additionally, the phase array transducer was used as a main 
probe in the in-vitro experimental setup for therapeutic 
oncologic applications. The target of this work was achieved 
by establishing standards and protocols, which led to 
preparing recipes for different treatments and applications. 
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