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Purpose: The accumulated doseaccuracydepends by both the imageregistration accuracy and the dose
addition strategy. In this study, we introduce a Monte Carlo-based approach for cumulative dose
computation based on energy mappingbetweenvariousdatasets.

Method and Materials: EGSnrc/DOSXYZnrc Monte Carlo codeis modified such that the energy(rather
than the dose) is mappedfrom a “source” datasetonto a “target” dataset. The dose is subsequently
calculated as the ratio of the warpedenergy depositedand the warpedmass. The latter is the sum of all
sourcevoxels massweightedby theratio of the number of particlesfrom “source” to “ target” andthe total
numberof particles scored in the “source” voxel. A lookup table for the source-to-target distribution is
createdfor each voxel. The cumulative dose calculation requires displacement vector fields (DVFs)
between “source” and“target” images. We use,for exemplif ication, two differentDVFs, onegeneratedby
usingtheITK “demons”, andtheotherby usingthe visco-fluid modelregistrationmethod.

Results: The algorithm is integrated with Pinnacle planning systemand is demonstrated through a 4D
treatmentplan.The averagedifferencebetweendosesreconstructedusingthetwo DVFs is 15.6% for mean
lung dose, 13.6% for heart, and2.1%for ITV. It appearsthat lung dosesare affectedthemost by theDVFs
used.

Conclusion: Theforward4D MC methodintroducedhereusesbothmassandenergy deposition sampling,
is potentiallymoreefficient, as it doesnot requiretrackingof the deformedboundary, and is expectedto
provide more accurateresults than interpolation-baseddoseaccumulation approaches, especially for the
lung dosecalculation. However, it doesnot eliminatethebiasintroducedby imageregistration errors


