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Focusing of Ultrasound Waves
Focusing of acoustic energy → increases intensity at focal spot

. This focusing increases the intensity of the ultrasound at the focal point, 
allowing for precise targeting of tissue.



Conversion of acoustic energy into heat (absorption).
High-Intensity Focused Ultrasound – focused ultrasound 
energy to concentrate heat in small volumes at specified depth
Non-invasive modality
Uses: originally tumor ablation; now used for skin tightening, 
lifting, pigmentation, etc.





Thermal & Mechanical Effects
Tissue Heating: When the focused ultrasound waves penetrate tissue, they cause 
mechanical vibrations of the tissue molecules, generating heat. The temperature 

at the focal point can exceed 60-100°C, leading to coagulative necrosis of the 
targeted tissue.

Thermal effect: at focal point, temp can rise (60-70°C) → protein denaturation, cell 
death, collagen remodeling



Cavitation
Mechanical effects: acoustic radiation force; possibly cavitation (formation of 

microbubbles) → mechanical disruption of cells
Bubble Formation: The rapid heating can cause the formation of microscopic bubbles 

in the tissue. These bubbles can expand and collapse, creating shock waves that 
further disrupt the surrounding tissue



Safety and Monitoring

Real-Time Imaging: HIFU systems often use ultrasound 
imaging to monitor the treatment process, ensuring that the 
energy is delivered accurately and that surrounding healthy 
tissue is preserved.





The ability to focus an ultrasound beam and its energy 
onto millimeter-size targets was a significant 
milestone in the development of therapeutic 
applications of focused ultrasound. Focused 
ultrasound can be used as a non-invasive thermal 
ablation technique for tumor treatment and is being 
developed as an option to standard oncologic 
therapies. 



High-intensity focused ultrasound has now been 
used for clinical treatment of a variety of solid 
malignant tumors, including those in the pancreas, 
liver, kidney, bone, prostate, and breast, as well as 
uterine fibroids and soft-tissue sarcomas. 











Liver

Hepatocellular carcinoma (HHC), is one of the most common and often 
one of the most di cult to treat liver cancer, especially when multi centric. 
This can make the outcome of surgical resection poor, with high risk of 
tumor recurrence. Extracorporeal HIFU has enabled selective ablation of 
distributed liver tumor nodules. 



Breast
HIFU can be an effective nonsurgical technique for breast cancer treatment particularly for 
high-surgical-risk patients and breast-conservation therapy. This is because of its local tumor 
necrosis     effect, lessened requirement for anesthesia, shorter recovery time, lower infection 
risk, and absence of scar formation or compromised skin integrity. HIFU has been applied for 
treating different breast cancers including invasive lobular carcinoma, ductal carcinoma, and 
mucinous. 
Nevertheless, HIFU treatment can effectively
induce tumor destruction and loss of propagation activity in breast tumors



Kidney

When renal tumors are small in size, non-invasive HIFU ablation 
therapy  is an attractive alternative method compared to total or 
partial  nephrectomy.
The few clinical studies that have examined HIFU for ablation of 
kidney cancer tumors have reported promising outcomes of 
histology-proven irreversible and homogenous damage of treated 
areas 



Esophagus 
cancer is often identified as a small localized intraluminal squamous-cell 
carcinoma. Common treatment methods involve surgery and chemotherapy with 
or without radiation therapy. These methods have overall poor outcomes; with 
5-year survival rates of 13–18%]. 
The HIFU system used was an axial-rotating, interstitial ultrasound ablator probe 
enabling sectorial or cylindrical tumor volumes treatment, with a specialized 
transducer for delivering parallelepiped-shaped, high-intensity beam

Pancreatic
Extracorporeal HIFU devices used for pancreatic treatment include ultrasound-guided







Brain

Glioblastoma is the most common malignant tumor of the central 
nervous system. It is commonly treated with surgical resection and 
chemo/radiation therapy. 
Main challenges in management of brain tumor is the di use spread of 
the tumor throughout the brain and inability of chemotherapy 
regimen to cross blood brain barrier (BBB).
HIFU, due to its ability to transmit and focus acoustic energy through 
intact skull and target small areas, has been studied to address these 
challenges over the past decade with clinical progress mainly in tumor 
ablation.



Brain Disorders
The ability to focus and target the US beam through the intact skull to 
areas as small as a couple of millimeters has been a considerable 
milestone in enabling precise, local ablation of intracranial brain tissue 
to overcome certain brain disorders. HIFU has been investigated for 
treating different brain disorders including movement disorders 
(essential tremor; ET), Parkinson’s disease (PD) and Alzheimer’s 
disease (AD), depression/anxiety and pain syndromes-186, epilepsy, 
thrombolysis/intracerebral hemorrhage , and cerebrospinal fluid (CSF) 
diversion







Ultrasound waves are increasingly used in various cosmetic and medical treatments due to their ability to 
penetrate tissues and stimulate cellular processes. 
Here’s an overview of their applications in treating skin pigmentation, sagging skin, and waist fat removal:

At 1.5mm – Superficial Dermis Layer:
Focusing HIFU energy at this depth targets melanin in the skin and 
reduces pigmentation, resulting in brighter and more even skin tone.
At 3.0mm – Deep Dermis Layer:
Focusing HIFU energy at this depth targets skin tightening. The energy 
stimulates structural collagen production hence resulting in a 
tightening effect, improving fine lines and wrinkles.
At 4.5mm – Superficial Muscular Aponeurotic System (SMAS):
The SMAS layer is where plastic surgeons target during a traditional 
surgical facelift procedure, which means that stimulation and 
tightening of the SMAS layer results in a lifting effect of the treatment 
area.





Treatment of Skin Pigmentation
Mechanism: Ultrasound waves can enhance the penetration of topical 
treatments, such as lightening agents, into the skin. This is achieved through a 
process called sonophoresis, which uses sound waves to increase the 
permeability of the skin.
Benefits: The targeted ultrasound can help break down melanin deposits, 
reducing hyperpigmentation and achieving a more even skin tone. Additionally, 
ultrasound stimulates collagen production, which can improve overall skin 
texture.

How Does HIFU Treat Pigmentation?
Heat damages melanocytes / melanin-rich cells → reduces pigment production or 
deposits. Stimulates epidermal turnover (skin peeling or renewal)
Collagen remodeling improves texture which may reduce appearance of pigment 
irregularity May have mechanical destruction of pigment granules.



Treatment of Sagging Skin
Mechanism: Ultrasound treatments, particularly focused ultrasound, 
are used to heat the deeper layers of the skin without damaging the 
surface. This heating triggers a natural healing response, stimulating 
collagen production and tightening the skin.

Benefits: This non-invasive approach can lift and firm sagging skin, 
especially in areas like the face, neck, and décolletage. The results are 
gradual and can improve over several months as collagen continues to 
regenerate. HIFU stimulates collagen production through targeted 
thermal energy that creates micro-injuries in the dermis, triggering 
the body’s natural healing processes. This leads to increased collagen 
synthesis, resulting in tighter, more youthful-looking skin over time.



The focused energy generates heat (usually between 60°C to 70°C) 
within the dermis, the layer of skin where collagen fibers are located.
This heat causes controlled thermal coagulation, which leads to micro-
injuries in the tissue without damaging the overlying skin.
Tissue Response:

The body perceives these micro-injuries as damage, prompting a 
natural healing response.
This response involves the activation of fibroblasts, the cells 
responsible for collagen synthesis.



As fibroblasts are activated, they begin to produce new collagen 
and elastin fibers.
Over time (typically several months), the new collagen formation 
leads to improved skin texture, firmness, and elasticity.
Long-Term Effects:

The effects of HIFU are not immediate; they develop gradually as 
collagen remodeling occurs.
The results can last for several months to a year, depending on 
individual factors such as skin type, age, and overall health.





Removal of Waist Fat
Mechanism: Ultrasound cavitation is a technique that uses low-frequency ultrasound 
waves to target and break down fat cells in specific areas, such as the waist. The 
ultrasound waves create bubbles in the fat that implode, leading to the release of fat 
into the bloodstream for elimination by the body.
Benefits: This non-surgical method can reduce localized fat deposits without the need 
for anesthesia or downtime. Patients may see noticeable reductions in waist 
circumference after a series of sessions.



Ultrasound waves offer innovative solutions for cosmetic treatments, providing non-
invasive methods to address skin pigmentation, sagging skin, and localized fat. These 
procedures are generally safe and effective, but it's essential for individuals to consult 
with qualified professionals to determine the most appropriate treatment for their 
specific needs.
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