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ultrasound and Monte Carlo dose calculation

Purpose: To investigate the useof a novel multi -application 3D ultrasound systemto determine prostate motion on a daily
basis.To useMonte Carlo-baseddose calculations to assessdaily dosedifferencesto the prostate, rectum and
bladder.

Method and Materials: A novel 3D ultrasound system wasused to determine the prostate volume and position for daily
radiotherapy treatment fractions. Thesemeasurements were compared to 3D ultrasound measurementstaken at
the time the planning CT wasacquired, from which the daily shifts were calculated (32 patients). The measured
prostate shifts and volumes were usedto define contours of the PTV, rectum and bladder. The measurements were
usedto defineorgansfor XVM C Monte Carlo dosecalculations, taking patient heterogeneitiesinto account.
Calculationswere donefor patients whosesetup wascorrectedand un-correctedfor shifts. In the simplestcaseonly
prostate translation was taken into account. In a separate evaluation the prostatemotion wasdetermined by fit ting
the prostate volume with 6 degreesof freedom (translation and rotati on).

Results:Averageprostate shifts were found to be 0.17mm (R/L), 3.3mm (A/P) and 1.1mm (S/I). The rangeswere [-22.3;16.6]
mm (R/L), [-19.1;33.5]mm (A/P) and [-21.5;39.0]mm (S/I). Dosedifferencesto the PTV were up to 20% in D95
when no setupcorrection wasperfor med. Dosedifferencesto rectum and bladder were also significant. Wi th setup
correction basedon ultra soundmeasurementsthe delivereddosewas very closeto the planned dosewith a
maximum differenceof a few percent.

Conclusion: It wasfound that a 3D ultrasound system,using intramodality imaging comparisonsto ultrasound imagestaken
at the CT planning stageled to significant setup corrections.Monte Carlo dose calculations for uncorrectedcases
showedsignificant underdosingof the prostate.Aft er setup correction errors were reducedto a few percent
maximum.


