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Purpose:

To develop a dynamicdosedeliverymodelfor Gamma Knife radiosurgery by taking advantageof
therobotic patientpositioning systemin thelatest GammaKnife model.

Methodsand Materia l

GammaKnife hasbeenthe treatment of choice for manybrain tumors and functional disorders.
Current Gamma Knife radiosurgery is a ball-packing approach, whose goal is to “pack” the
different sizedspherical high-dosevolumesinto a target tumor volume. We have developed a
dynamic Gamma Knife treatmentscheme based on the concept of “dose-painting” to take
advantageof the new robotic patient positioning systemon the latestGammaKnife unit. In our
scheme,thespherical high dose volumecreatedby the GammaKnife unit will beviewedasa 3D
spherical “paintbrush”, and treatment planning reduces to finding the best route of the
“paintbrush” to “paint” a 3D tumor volume. Under our dose-painting concept,GammaKnife
radiosurgery becomesdynamic, where the patient is moving continuously under the robotic
positioning system. Planningis modeledasa variation of thetraveling salesmanproblem.

Results:

A theoretical studyof dynamicGammaKnife radiosurgery schemehasbeencarriedout for a C-
shapedtumor volume. Dose distributions are calculatedusing an established analytical dose
calculation engine.The dosedistributionof the dynamicplan is calculatedby fine interpolation
from equally placedandequally weightedshots. Thestudyshowedthat the newdynamic scheme
canprovideequalor superior dose distributions with significantly (> 40%) shortenedtreatment
time.

Conclusion:

We haveproposedandtested a dynamic delivery schemefor Gamma Knife radiosurgeryusing
robotic patientpositioning on thelatestGammaKnife model. A prototypestudy hasbeencarried
out. The resultsshowedthat our dynamicschemeprovidesequal or betterdosedistributionsthan
currentGammaKnife method but with a significantly shortenedtreatment time.


