
AbstractID:7434Title: Validation of a PrototypeDeterministicSolver for Photon Beam
DoseCalculationson AcquiredCT Datain thePresenceof NarrowBeams and
Heterogeneities
Purpose: To evaluatea deterministic methodfor solving theneutral andchargedparticle
transportequationsin cases where electron disequilibrium is significant.

Methods and Mater ials: A prototypedeterministicsolver, Acuros®, hasbeendeveloped
and validated for photon beam radiotherapy.Acuros is based on the Attila® radiation
transportcode, which solves the differential form of the linear Boltzmann transport
equationfor neutralparticles, and the linear Boltzmann-Fokker-Plank transportequation
for charged particles.The angular and energydependentphoton and electron flux is
solved at every spatial unknown in the computational domain, and quantitiessuch as
dose-to-medium(DM) areobtainedby multiplying the energy dependent particleflux by
the energydependentenergy deposition cross section for the associatedimage pixel
material.

Comparisonsweremade with the MonteCarlo code EGSnrc(DOSXYZnrc) for a head-
and-neck casehaving eight 1.5x1.5 cm2 photonbeams with a 6 MV photonspectrum.
TheAcuroscalculationused123,000elements. Sincefour spatial unknownsweresolved
in each element, this equated to 492,000 spatialdegreesof freedom. The DOSXYZnrc
calculationused2.5x2.5x2.5mm3 voxels.

Results: Resultswere compared at 95,183imagepixelswheredose> 5% of Dmax.
99.02%of pixelssatisfiedthe3%/3mmcriteria(94,251out of 95,183pixels).
Computationaltimesfor theAcurosand DOSXYZnrccalculationswereapproximately
19.6CPU minutes(2.2GHz Opteronprocessor)and2,890CPU minutes(0.4%avg.
uncertainty in voxels> Dmax/2), respectively.Througha rewritten, radiotherapyspecific
solver,Acuroscomputationaltimes werefurther reduced to 7.45CPUminuteswithout
affectingaccuracy.When only dosesin regionsgreaterthan20%of Dmax areof interest,
computationaltimesare further reduced to 3.08CPUminutes.

Conclusions: A clinically viablecombinationof dosecalculationspeedand accuracy
hasbeenachievedusinga radiotherapyspecific deterministicsolver.
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