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Purpose/Objective(s): MR imaging provides exquisite visualization of soft tissue anatomy as well as physiological assessment of normal and diseased tissues. Streamlined integration of MR into the RT treatment room without the deleterious effects of electrone B-field interaction requires coordinated operation of the linear accelerator, MR scanner, patient support, and shielding subsystems. The design, construction, and initial performance of a dedicated MR-guided treatment facility providing 1.5T MR imaging, non-coplanar external beam delivery, and HDR brachytherapy capabilities will be described.

Materials/Methods: A dedicated MR-guidance suite (320 m2) satisfying ACR MR safety specifications has been designed to allow a movable 1.5TMR imager to be employed in three different environments: (i) MR-simulation, (ii) MR-guided HDR brachytherapy (10 Ci, Ir-192), and (iii) MR-guided external beam radiation delivery. MR-simulation includes the provision of a dedicate oncology coil system to enable large field-of-view imaging in the head, neck, and pelvis. The MR-guided HDR suite is shielded to satisfy CNSC radiation shielding requirements, as well as, RF isolation for intra-operative MR imaging during applicator/catheter placement. MR-guided external beam RT is achieved on the same platform through the use of a dedicated non-coplanar treatment machine (Dose Rate: 1400 MU/min), a modified treatment couch, and dedicated shielding systems that move in unison to enable RT delivery within 120s of MR imaging. Dedicated/removable MR imaging surface coils, calibration and data handling sub-systems, and patient support systems have been developed to facilitate the MR-guided external beam treatments. 

Results: The design of the integrated RF and radiation shielding facility with motorized RF-radiation doors has been completed with on-going installation and validation of performance. In-factory testing of the 1.5T MR and modified table have demonstrated compatibility to enable motorized displacement of the patient from accelerator isocenter to MR-imaging position. Mapping of the B field strength proximal to the linear accelerator suggests minimal interference (< 20 G). Repeat imaging studies between magnet displacements (and over time) demonstrate isocenter reproducibility for MR-guidance to be within 0.5 mm (3D MP-RAGE; 1mm isotropic; 4m 25s). Image quality tests demonstrate diagnostic SNR performance for the RT-specific, large FOV head and neck and removable pelvis coil systems.

Conclusions: The development of a novel platform for MR-guided brachytherapy and external beam treatments using state-of-the-art delivery sub-systems is nearing completion. On-going testing during final construction demonstrates the potential for diagnostic MR image quality, efficient integration with current treatment technologies, and geometrically accurate MR-based guidance of RT.
