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* No clinical imaging modality can directly visualize radiation therapy (RT) in real time [RA Signal| based on

during treatment. 7 ) reconstructed
* We present radiacoustic imaging (RAI)! a clinically integrated platform for noninvasive, E',:""\/\"‘“ RAI dose maps

real-time, three-dimensional imaging of proton energy deposition in deep tissue using gD—"’\/\l"_
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reconstruction to achieve accurate, high-frame-rate volumetric imaging. N o 10 22

Physics-Informed Neural Network

* RAI detects acoustic waves generated by radiation-induced thermoelastic expansion?. = O Time Reversal U-Net NN

Because the radiacoustic (RA) signals originate at the site of dose deposition, they 5 @ 5
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* RA signals enable 3D dose map reconstruction using image reconstruction ¢ = M%| + (2% ?

algorithms*. Physics-based Conventional o
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Here we focus on Al-driven frameworks for (A) RA signal denoising, and (B) RAl dose map Fig. 1 | a, Schematic of the radiacoustic imaging (RAI) platform. b, Al-driven reconstruction workflow integrating Al-based denoising and image reconstruction frameworks
reconstruction. to generate volumetric maps of proton energy deposition co-registered with CT anatomy.
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* In vivo rabbit studies yielded gamma pass

99.35% gamma pass rate (5 mm/5%).

Fig. 4. Real-time volumetric imaging of proton energy deposition during FLASH-GRID irradiation. a, Schematic for
RAl'in a human-sized torso phantom, b-d, RAl MIPs at increasing charge per pulse and e, its linear relationship with OESEIINee se=Toiale aRio gus: a1 0 2 0 E BT \Re=To[SloTo B la:
delivered charge (R? = 0.98). f, Time-resolved MIPs of RAI reconstructions showing progressive 3D dose
accumulation and preservation of the GRID peak—valley pattern; final 20% and 80% isodose contours agree with
treatment planning.
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rates of 94.80—94.99%

e RAl achieved localization bias below 0.3 mm at depths of 3—9 cm.

* Volumetric imaging achievable at up to 375 Hz frame rate.

eak mislocalization by ~5
mm and improved gamma pass rate from 57.03% to 59.82%.

Fig. 6. Transcranial RAI of proton energy deposition in the human brain. a, Schematic,

Fig. 5. RAIl of proton energy deposition in the human liver. a, Schematic, clinical setup and robotic positioning clinical setup for transcranial RAI acquisition. b, CT-overlaid treatment planning and skull-

of the ultrasound array for RAI aCQUiSition from proton RT of human liver. b, CT-overlaid treatment planning corrected RAI maps, and 20% and 80% isodose contours Comparing treatment p|anning

and reconstructed RAI maps, and 20% and 80% isodose contours comparing treatment planning and RAI.

and corrected RAI.

* RA signal and reconstructed RAlI map scaled linearly with delivered charge
across 4—12 pC/pulse with R* = 0.98 and without saturation.

 FLASH-GRID phantom delivery reproduced the peak—valley dose structure
with 88.65% gamma pass rate (5 mm/5%).

(5 mm/5%).

* Fully Al-driven real

* Clinical pencil-beam scanning liver treatment in a human cadaver achieved a I INEAULLECIE BN
foundation for adaptive, closed-loop RT.

proton energy deposition in deep human tissue.

e Capable of submillimeter localization and accurate
volumetric dose mapping at high frame rate.

* Heterogeneous  acoustic  correction  enables
transcranial dose imaging through the human skull.

e Future models will aim at single-pulse inference and
improved correction for acoustic heterogeneities.
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