High-Intensity Focused Ultrasound (HIFU) in Tumor Therapy

High-Intensity Focused Ultrasound (HIFU) is an advanced non-invasive therapeutic
modality that uses precisely focused ultrasound waves to generate localized heat, resulting
in coagulative necrosis of tumor tissue while sparing surrounding structures. This
technique represents a major shift toward patient-centered, minimally invasive oncology.

Mechanism of Action:

HIFU works by concentrating multiple ultrasound beams at a focal point within the tumor,
raising tissue temperature above 60°C. This thermal effect leads to irreversible cellular
destruction. When combined with MRI guidance (MRgHIFU), real-time temperature
mapping and accurate targeting are achieved, enhancing safety and efficacy.

Clinical Applications:

HIFU has demonstrated significant effectiveness in several tumor types. In focal prostate
cancer, studies report cancer-specific survival rates of 90-100% at 10 years with
continence preservation exceeding 95%. In uterine fibroids, MRgHIFU achieves volume
reductions of up to 59% within one year, accompanied by marked symptom improvement.
In pancreatic cancer, HIFU is mainly used palliatively, providing pain relief in 60-85% of
patients. Additional investigational uses include liver, breast, and bone tumors.

Figures:

Figure 1 illustrates the schematic design of a HIFU system.

Figure 2 demonstrates the clinical workflow of HIFU treatment.

Figure 3 shows a clinical MRgHIFU device integrating ultrasound with MRI for precise
tumor targeting.

Success Rates and Complications:

Compared with surgery and radiotherapy, HIFU is associated with lower complication rates.
Urinary incontinence occurs in approximately 1-3% of prostate cancer cases, while erectile
dysfunction ranges from 15-30%, significantly lower than surgical alternatives. In uterine
fibroid treatment, major complications are rare (<1%), with most adverse events being mild
and transient.

Comparison with Conventional Treatments:

HIFU is non-invasive, usually performed as an outpatient procedure, and allows rapid
recovery. Surgery offers excellent long-term oncologic control but carries higher morbidity.
Radiotherapy is non-invasive but requires multiple sessions and may cause delayed
complications.

Local Context in Egypt:
HIFU technology remains limited in Egypt due to cost, MRI availability, and lack of trained
personnel. However, the first Egyptian and North African MRgHIFU experience published in



2024 confirmed feasibility and safety, highlighting strong potential for future
implementation.

Conclusion:

HIFU is a transformative, non-invasive tumor treatment offering high precision, favorable
safety profiles, and functional preservation. Although further large-scale studies are
required to validate long-term outcomes, HIFU stands as a promising alternative and
adjunct to conventional oncologic therapies, particularly in resource-limited settings.
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