
AbstractID: 12727 Title: Real-Time Soft-Tissue Imaging Concurrent with External Beam
Radiation Therapy Delivery

Purpose: The challengeof real-time visualization, localization, and tracking of organ motion and deformation concurrently with
external beamradiation therapy(EBRT) delivery remains unmet and unattainableby existing image guidancetechnologies. We
proposeto addressthis challengein thedevelopmentof a novel, minimally interfering, robotic ultrasound imageguidancesystemthat
can be integrated with existing medical linear accelerators. Method and Materials: The span of ultrasoundtransducer motion
required for trans-abdominalprostateimaging was quantified via optical tracking of a probe during free-hand acquisitions. This
information was incorporated into the design of a customized human-saferobotic manipulatorto remotely control the transducer
position andpressure while avoiding LINAC gantry collisions. Theeffect of accelerator-inducedelectromagneticinterferenceon the
robotwasinvestigated.In addition,a treatment plan with beamdirections restricted to sectorsthat do not interferewith the ultrasound
transducer was evaluated. Results: Prostate image integrity was sensitive to probe pitch, thus the manipulatorwas designed to
actively control abdominal pressure (0-10N) and transducer pitch (-40̊ -90̊ ). Probeplacementin otherdirectionsremains adjustableto
accommodateanatomy variations. Human-safety requirements translated into the design via a torque limiting friction clutch,
lightweight backdriveable links, andremotecenter of motion pitch mechanism. Collision avoidancewasconfirmed by rotating the
gantry360̊ around the robot mountedon the LINAC couchin a typical treatment setup. The control systemof the robot behaved
similarly with the LINAC beam off and on, with mean servo cycle intervals of 1000.03µs and 1000.06µs, respectively. For a
representativeprostate setup,remotely-controlledroboticultrasound imageacquisitionwas successfully demonstratedon a volunteer.
Dosevolumehistogram (DVH) for an IMRT plan with restricted sectors remainedvirtually identicalto a clinically employedDVH.
Conclusion: Remotely-controlled roboticultrasoundimagingis feasibleandmayoffer real-time intra-fractionalsoft-tissueguidance
concurrentwith EBRTdelivery.


