Q9: HIGH POWER ULTRASOUND IN THERAPY

High Power Ultrasound (HPU) is an advanced therapeutic technique that uses high-
intensity sound waves to interact with tissues in the body. It’s different from diagnostic
ultrasound, which uses low-intensity waves to create images. HPU is primarily used for
therapeutic purposes, including tissue ablation, targeted drug delivery, and pain
management.

Applications:

1. Tissue Ablation
High-Intensity Focused Ultrasound (HIFU): This is one of the most prominent uses

of HPU. HIFU focuses ultrasound waves on a specific tissue area to generate heat
and destroy abnormal cells, commonly used in treating tumors (like in prostate
cancer), uterine fibroids, and even some neurological disorders.

2. Liposuction and Body Contouring
Ultrasound-Assisted Liposuction (UAL): High-frequency sound waves are used to
break down fat cells, making them easier to remove during liposuction. This is less
invasive and can result in quicker recovery times compared to traditional
liposuction.

3. Accelerated Healing and Pain Management
Therapeutic Ultrasound: While traditional therapeutic ultrasound uses lower
frequencies, higher power variants can promote tissue repair, increase blood flow,
and reduce inflammation in musculoskeletal injuries.

4. Targeted Drug Delivery:
Sonoporation: High-power ultrasound temporarily opens the cell membrane,
allowing for the targeted delivery of drugs or genes into cells. This is a growing area

of research in cancer treatment and gene therapy.

5. Lithotripsy



Breaking Down Kidney Stones: High-power ultrasound waves can non-invasively
break down kidney stones into smaller fragments, which can then be passed
naturally through the urinary tract.
6. Neuromodulation
Emerging research suggests HPU can modulate neural activity non-invasively,
opening doors for treating neurological disorders like Parkinson’s disease, epilepsy, and
depression.
Mechanism of Action:

High Power Ultrasound works through several mechanisms:
e Thermal Effects: Ultrasound waves generate localized heat, which can destroy

tissues (as in HIFU).
e Cavitation: Rapid formation and collapse of microbubbles can lead to
mechanical disruption of tissues.
¢ Acoustic Streaming: Movement of fluids caused by ultrasound can enhance
cellular processes or drug transport.
Benefits of High-Power Ultrasound:
¢ Non-invasive or Minimally Invasive: Reduces the need for surgical procedures.
e Precision: Can target very specific tissues without damaging surrounding areas.
e Reduced Recovery Time: Compared to traditional surgeries, patients often
recover faster.
¢ Versatility: Can be applied across multiple medical fields—from oncology to
orthopedics.
Challenges and Considerations:
e Heat Damage to Surrounding Tissues: Requires precise targeting to avoid
unintended tissue damage.
e Cost and Accessibility: HPU equipment can be expensive and not widely

available.



e Training: Specialized skills are needed to operate HPU devices effectively

Q 10: Artificial Intelligence in Medical Ultrasound
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Artificial Intelligence (Al) refers to computer-based systems that can learn,
analyze, and make decisions similar to human intelligence.

In medical ultrasound, Al is used to improve image quality, assist diagnosis, and
reduce operator dependency.

Ultrasound imaging is highly operator-dependent and prone to noise and
artifacts, which can be minimized using Al techniques.

Al algorithms such as machine learning, deep learning, and convolutional neural
networks (CNNs) are widely used in ultrasound image analysis.

Al assists in automatic probe guidance and correct positioning during image
acquisition.

It enhances images by reducing speckle noise, improving contrast, and increasing
resolution.

Al enables automatic segmentation of organs and tissues, reducing manual
errors.

It helps in accurate measurement of anatomical structures and physiological
parameters.

Al aids in the early detection of diseases such as tumors, cysts, and abnormal
tissue growth.

In echocardiography, Al automatically measures chamber size, ejection fraction,
and valve movement.

In obstetric ultrasound, Al performs fetal biometry, gestational age estimation,
and anomaly detection.

Al improves Doppler ultrasound analysis by identifying abnormal blood flow

patterns.



13. It supports clinical decision making by providing diagnostic suggestions
and risk assessment.

14. Al improves workflow efficiency through automated reporting and
data management.

15. Advantages include higher diagnostic accuracy, reduced scanning
time, and consistent results.

16. Limitations include high cost, requirement of large datasets, algorithm
bias, and ethical concerns.
Artificial intelligence plays a significant role in enhancing the accuracy,

efficiency, and reliability of medical ultrasound and is becoming an essential

component of modern healthcare systems.
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