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Target Audience: Researchers and clinicians interested in thermal therapy

Purpose: Hyperthermia (40-45°C, 30-60 min) has been combined successfully with several cancer treatment modalities, such as ra-
diation, chemotherapy and drug delivery. Clinical studies have demonstrated feasibility of safe application of prostate hyperthermia
with endorectal ultrasound applicators. Previously, the possibility of hyperthermia therapy using a commercially available MR-
guided High-Intensity Focused Ultrasound (HIFU) system for prostate ablation was investigated in simulations and phantom experi-
ments (1,2). The goal of this project was to develop a real-time MR-thermometry feedback control for prostate HT with the InSightec
prostate transducer and measure its performance in ex-vivo muscle and in in-vivo animal model.

Methods: The real-time thermometry application was developed for Beamforming
the RTHawk real-time MRI system (Heartvista, Inc., Menlo Park, CA), Patterns:
connected to a 3T MR scanner (GE Healthcare, Waukesha, WI) and the
ExAblate 2100 prostate array (InSightec, Haifa, Israel). The application
included an SPGR pulse sequence (TE = 13.4 ms, FOV =28-32cm, 3
s/slice), a real-time PRFS thermometry reconstruction pipeline and a
custom interface for data visualization and prescription (fig.1). The
system provided for interleaved simultaneous acquisition of multiple
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the ExAblate 2100 prostate phased array ablation system (1): sharp 4-
point focus pattern (Focal dist. = 30 mm, foci: 0.5 cm apart), mild 4- Fig. 1. Real-time MR thermometry feedback control
point focus (focal dist. = 40 mm, foci: 1 cm apart), and cylindrically ® Mean ROI Temperature
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The HT technique was validated in phantom (2 experiments), ex- 0
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vivo muscle tissue (2 experiments) and in-vivo in one live pig (6 ex-
periments), where the prostate endorectal transducer was placed ., Power
on the inner thigh of the animal. _
Results and Discussion: The experiments demonstrated that MR N
thermometry feedback control allowed to sustain the therapeutic .
temperature rises (4-8°C) for long durations (>15 min) in large con- o e 5(?) 000 To0 80 900
tiguous volumes in-vivo (fig. 2-3). Table 1 shows the spatial Fig. 2. Tissue temperature and acoustic power during the soni-
distributions of the heated regions at steady state for the three soni- cation with mild 4-point pattern

cation patterns. This demonstrates the feasibility of using the com-
mercially-available InSightec prostate transducer with real-time MR
thermometry feedback control for hyperthermia therapy.
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AT (°C) 4 6

Sharp 4-pt Focus 4x2.1x1.8 33x1.1x1.0
Mild 4-pt Focus 3.1x2.6x2.7 2.7x1.8x1.7
Cylindrically Diverging 5.4x4.5x3.25 3.8x3.2x1.5

Table 1. Steady state spatial distributions (depth x width x length, cm) for the
three beamforming patters at 4° and 6°C
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Fig. 3. Axial and sagittal oblique images with temperature map
overlays during the MR HT animal experiment
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