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Background/introduction

Ultrasound imaging provides real-time feedback for
highly accurate positioning and dosing control. In addi-
tion, spatial restriction of high-intensity focused ultra-
sound (HIFU) transducer position in the ultrasound
image-guided system is less than that in the case of
MRI-guided system. Therefore, wider beam approaching
path can be used in the ultrasound image-guided sys-
tem. To shorten the total treatment time, reducing the
cooling time between sonication intervals is essential.
Using a wide approach path promotes a reduction in
both the cooling time and the risk of heat deposition to
the body surface. The array in our preclinical HIFU sys-
tem is supported by a 5-axis robotic system that enables
motion with a pivot fixed at the focal point. In this
report, we describe a HIFU beam imaging system that
provides highly accurate pivoting motion and coagula-
tion monitoring in real-time for dose control during
HIFU treatment.

Methods

A 256-element concave array HIFU operating at 2 MHz
was supported by a parallel link robot in a water tank. A
5-MHz linear imaging array was fixed in a hole in the
center of the HIFU array. The HIFU beam was affected
by acoustic inhomogeneous media. Beam refraction dur-
ing pivoting motions can cause focal shift and reductions
in average focal intensity. We thus developed an HIFU
beam imaging method capable of adjusting the focal
point in varying approach paths. In the HIFU beam ima-
ging process, backscattered echoes of ultrasound pulses
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transmitted from the HIFU transducer were received by
the imaging array, and an HIFU beam profile was visua-
lized. The imaging array was connected to an ultrasound
imaging scanner with a radio frequency (RF) data acquisi-
tion system and a ring buffer memory. The ring buffer
memory made it possible for the signal processing opera-
tions to access the RF data during the acquiring and
recording process. Thermal coagulation was able to be
detected based on changes in stiffness of the focal tissue.
In this prototype system, stiffness change could be moni-
tored based on observation of focal tissue oscillation
caused by the modulated HIFU radiation force.

Results and conclusions

The accuracy of the pivoting motion in our prototype sys-
tem was evaluated by measuring the precessional radius of
the focal point. The motion error was sufficiently-smaller
than the width of the HIFU beam. To increase the posi-
tioning accuracy of the focal point estimated by the visua-
lized HIFU beam, extraction method of HIFU beam from
the distribution of scatter points was tested. For this pur-
pose, the HIFU focal point was scanned and the fixed pat-
tern noise reflecting scatters was strongly suppressed. In
coagulation monitoring, the maximum and mean compu-
tation times for stiffness estimations from tissue oscillation
caused by the acoustic radiation force were 0.85 s and 0.6
s, respectively. To measure tissue oscillation, 26 frames of
data were obtained within 0.1 s; therefore, tissue coagula-
tion monitoring with a sampling rate of 1 s was achieved
in our prototype system. This sampling speed is consid-
ered adequate for enabling feedback control of the coagu-
lation area.
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