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Abstract: High-intensity focused ultrasound (HIFU) is a promising non-invasive therapeutic
technique in clinical applications. Challenges in stimulation or ablation HIFU therapy are to
accurately target the treatment spot, flexibly deliver or fast-move focus points in the treatment
region, and monitor therapy progress in real-time. In this paper, we develop an array-based
HIFU system integrated with real-time ultrasound (US) and photoacoustic (PA) imaging. The
array-based HIFU transducer can be dynamically focused in a lateral range of ∼16 mm and an
axial range of ∼40 mm via electronically adjusting the excitation phase map. To monitor the HIFU
therapy progress in real-time, sequential HIFU transmission, PA imaging, PA thermometry, and
US imaging are implemented to display the dual-modal images and record the local temperature
changes. Co-registered dual-modal images show structural and functional information and thus
can guide the HIFU therapy for precise positioning and dosage control. Besides therapy, the
multi-element HIFU transducer can also be used to acquire US images to precisely align the
imaging coordinates with the HIFU coordinates. Phantom experiments validate the precise and
dynamic steering capability of HIFU ablation. We also show that dual-modal imaging can guide
HIFU in the designated region and monitor the temperature in biological tissue in real-time.
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1. Introduction

Minimal or non-invasive therapy in deep tissue is attracting great attention in the medical
field. High-intensity focused ultrasound (HIFU) provides a promising approach to non-invasive
surgery [1]. HIFU therapy uses thermal or mechanical energy to ablate or stimulate a designated
region, for example, by treating tumors or other neural disorder diseases. Compared with other
thermal-therapy methods, HIFU has the advantages of deep penetration, controllable ablation
spot size, low hardware cost, and non-invasive therapy [2]. However, most HIFU transducers have
fixed focus depths and focal spots smaller than the actual dimension of the treatment region [3–5].
Thus, the treatment time will be increased due to the mechanical scanning of the transducer. The
second problem is the designated treatment spot and the actual HIFU focus may be misaligned in
the long-time mechanical scanning. The third challenge for HIFU therapy is safety in surgery.
Planning before treatment, monitoring the treatment in real-time, and evaluating the treatment
outcome is important for an effective and safe treatment. Especially, precise and timely dose
control is critical to minimize the damage to surrounding healthy tissues. Different imaging
techniques have been developed to guide HIFU therapy. Magnetic resonance image-guided
high-intensity focused ultrasound (MRgHIFU) has high-temperature monitoring sensitivity in
deep tissue. But the long acquisition time, incompatible ferromagnetic materials, and high
operating cost have limited its clinical application [6–10]. Ultrasound (US) imaging combined
with HIFU therapy can achieve real-time monitoring and has a low hardware cost and high
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