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Purpose: The idealIGRT-based delivery to manageintrafractionmotion hastwo requirements: complete
spatio-temporal knowledgeof theanatomy, andreal-timebeamadaptationcorresponding to motion-
inducedanatomical changes. Towardthis goal, we investigate anintegratedstrategycombining two
powerful techniques− onlineimage-guidanceusing fastcine-MR imaging (4D-MRI) andreal-time, locally
adaptivedelivery usingdynamicmultileaf collimator(DMLC)-basedtracking.
Method and Materials: Image SNR and, therefore, field strength (Bo) requirements for an integrated
MRI+Linac for thetaskof radiotherapy guidancewere investigated.Using multisection, multiphasesteady-
state freeprecession (SSFP)andspoiledgradientrecall (SPGR)sequences, 3D volumes(1.4s/volume)and
2D coronalslices (0.5s/slice) of a volunteer’s thoracicregionwereacquired with a 1.5T MRI. For eachset,
a region of interest encompassingthe diaphragm was segmentedand trajectories of superior-inferior and
left-right motion werecomputedfor voxels within. In order to simulatereal-time imaging with lower field
strength MRI+Linacs, the SNR for each set was progressively degraded and corresponding motion
trajectoriesrecalculated. 4D locally-adaptiveIMRT was implementedusing a DMLC tracking algorithm
which adapts the beam aperture(s) in real-time using 3D position information from an independent
monitoring system. The aforementioned trajectories were programmed into a high-resolution 3D-
programmable motion platformandgeometric accuracyof DMLC tracking wasmeasured.
Results: The SSFP-acquired2D and3D imagesyieldedadequateSNRfor registration, while theSPGR
sequenceyieldedfasteracquisition but poorer SNR. For SSFPimages, evenwith a factor-of-six SNR
reduction (correspondingto Bo ~0.2T), no significantchangeswereobservedin estimatedmotion
trajectories.Finally, sub-millimeter tracking accuracywasobserved for thesetracesfor simultaneoustarget
motion in theS-I andleft-right directions.
Conclusion: Theseinitial studiesprovidevaluable insightsinto designrequirements of integrated
MRI+Linac systemsandindicatethat4D-MRI combinedwith DMLC tracking representsa highly
promisingapproachfor intrafractionmotion management.


