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Novel High-intensity Focused Ultrasound Therapy Using Triggered Pulse to Reduce Therapeutic Time

Akihide WADA"% Nobutaka ABE’, Hidekazu NAKAMOTO?,
Takashi SUZUKI' and Yoshihiro MURAGAKI‘
1Graduate School of Medicine, Tokyo Women's Medical University
2Tokyo Animal Medical Center
® Application Development Office, Hitachi Medical Corporation

*Faculty of Advanced Techno Surgery, Institute of Advanced Biomedical Engineering and Science,
Tokyo Women's Medical University

The use of high-intensity therapeutic ultrasound (HITU) for uterine fibroid is spreading, but problems re-
main, such as the small coagulation volume and long treatment time. Cavitation, representing the creation and
implosion of microbubbles on application of a strong ultrasonic wave called a triggered pulse, offers a promising
method to increase coagulation volume and optimize coagulation shape. We compared coagulation results in deep
pectoral muscles in chicken under various conditions of heating wave power (36, 54 or 72 W) and pulse width and
frequency of the triggered pulse (a: no triggered pulse; b: 30 us and 1 kHz; ¢: 300 us and 100 Hz; or d: 3 ms and 10
Hz). Coagulation shape in the target region, cavitation collapse ratio, and burn injuries on the skin surface were
also evaluated. Coagulation volume increased significantly under all conditions of triggered pulse except condi-
tion b at 54 W. Oblateness was adopted as an index of coagulation shape, and decreased significantly toward a
spherical shape under conditions ¢ and d at 36 and 54 W, and condition d at 72 W. Coagulation results were opti-
mized under condition d at 36 W and condition ¢ at 54 W. Coagulation volume in the optimized condition in-
creased 2 to 4 times compared with the control results (condition a), which allows a decrease in treatment time of
25-50% compared'with current treatment protocols.

Key Words: high-intensity therapeutic ultrasound, HITU, HIFU, uterine fibroids, cavitation
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Fig. 1 Experimental setup. A) Ultrasonic transducer and specimen (deep pectoral mus-
cles in chicken) were fastened in the degassed water; B) Enlarged view of specimen. Co-
agulated volume was approximated as an ellipsoid.

Triggered
pulse

i

Heating
wave

Pulse width
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Fig. 2 Waveform for high-intensity therapeutic ultra-
sound with triggered pulse. Triggered pulse induces
cavitation inside the tissue, and the heating wave
coagulates the target. Pulse width and frequency
were set as follows: a) only heating wave, with no
triggered pulse; b) 30 s, 1 kHz; ¢) 300 ps, 100 Hz; or
d) 3 ms, 10 Hz.
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Table Experimental results (mean +standard deviation)
A) coagulation volume (ml); B) oblateness; C) cavitation collapse ratio (%); and D)
burn injury ratio (%). Measurements were taken 20 times repeatedly for each

case.
A 36W 54 W 72W
a: no triggered pulse 0.0550.027 0.153 +0.059 0.207 £0.040
b: 30 usec, 1 kHz 0.115+0.040 0.223+0.076 0.368 +0.080
¢: 300 usec, 100 Hz 0.180=0.062 0294+0.115 0.363 = 0.089
d: 3msec, 10 Hz 0.219 +0.049 0.338 =0.091 0.493 +0.145
B a: no triggered pulse 0648 +0.104 0575+0.067 0.545+0.106
b: 30 usec, 1 kHz 0579x0.128 0.530x0.147 0.485+0.112
¢: 300 usec, 100 Hz 0553%0.112 0.446 =0.154 0.444 +0.159
d: 3msec, 10 Hz 0545+0.110 0415%0.115 0.397 £0.146
C a: no triggered pulse 0.0% 5.0% 15.0%
b: 30 usec, 1 kHz 15.0% 65.0% 100.0%
c: 300 psec, 100 Hz 75.0% 95.0% 95.0%
d: 3msec, 10 Hz 100.0% 100.0% 100.0%
D a: no triggered pulse 0.0% 0.0% 0.0%
b: 30 psec, 1 kHz 50% 0.0% 5.0%
¢: 300 psec, 100 Hz 0.0% 5.0% 20.0%
d: 3msec, 10Hz 5.0% 35.0% 50.0%
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Fig. 3 Comparison of pulse width and frequency conditions. A) coagulation volume (ml); B)
oblateness; C) cavitation collapse ratio [%]; and D) burn injury ratio [%]. *p<0.05; **p<

0.01; ***p<0.001.
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