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 Existing solutions are limited:
Radiographic x-ray Electromagnetic

Real-time marker-less soft-tissue image guidance
during beam delivery is an unmet challenge 2




How about ultrasound?

* Previous investigations use imaging prior to delivery,
or imaging in phantoms
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Unresolved Question:

=»> How can we control the US imaging process during

beam delivery from outside the treatment room?
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mp> Telerobotic system enables remote probe control



Key Issues

* Design of customized robotic manipulator
— Range of motion
— Radiotherapy environment constraints
— Human safety

* Robustness of telerobotic human imaging
* Treatment plan compatibility
* Performance during radiation exposure



Robot Design Specs

* Range of motion

— Optical tracking
— Probe pitch critical: 0-45°

« Radiotherapy environment
constraints
— 360 degree gantry rotation

— Limited mounting areas on
treatment couch

— Limited clearance between
patient and LINAC head
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mP> Critical motions are actively controlled during treatment




Telerobotic Imaging
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Telerobotic Imaging
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@® Clinical prostate IMRT plan

A Re-optimized IMRT plan with restricted beam angles to avoid US
probe and robot links

B Re-optimized plan with 2mm margin reduction as potentially
enabled by real-time image guidance

Plans are nearly identical. Potential margin
reduction from real-time guidance is beneficial. 10
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p-Value
Servo cycle interval 0.99
Force control 0.46
Pitch tracking error 0.47
US tracking error 0.68

= [ INAC interference inconsequential for robot and US
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Conclusion

Telerobotic ultrasound imaging is feasible
during beam delivery

+
[

Could provide non-invasive guidance that
truly reflects soft tissue anatomy 2



Questions?

 Email: jschlosser@stanford.edu
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