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Purpose: To developand testa transurethral ultrasound therapysystemwhich usesquantitativereal-time MRI temperaturefeedback
to control theshapeof the coagulatedregion within theprostatewhile sparing surroundingstructuresfrom thermal damage.

Method and Materials: An MRI-compatible transurethral heatingapplicatorcomprisedof planarultrasoundtransducersthat
producea directional heating pattern hasbeenconstructed. This deviceis rotated within a 1.5TMR imagerto distributeenergyto
targetedregionsof theprostateby anMRI-compatible motor,concurrentwith imaging. Theregionof theprostateto betreatedis
selectedbasedonMR imaging information. Subsequentheatingis controlledby MRI temperatureimagesacquired every5sanda
completeprostatevolumecan becoagulatedwith a single rotation in about20m. In-vivo experimentshavebeenperformedin a
caninemodelandthespatialaccuracyof thecoagulation patternshasbeenassessedusingcontrast-enhancedMR imagesanda novel,
quantitative whole-mounthistologytechnique with imageregistration to theMR temperaturemaps.

Results: Sufficientspatial resolution and temperatureaccuracycanbeobtainedat 1.5Tto provideaccurate feedbackcontrol of the
coagulation pattern within ±1.5mm of thetargetedheating radius. Histologicalanalysis indicatesthat,underthesetreatment
conditions,themargin betweencompletelycoagulatedtissueandapparentlyundamagedtissueis≤3mm in this acuteassay.These
histological boundaries, whenregisteredcarefully with thequantitativeMRI temperaturehistories,providea goodestimateof the
temperaturethreshold(54.6±1.7ºC)for completecoagulation. Thecontrast-enhancedMR imagesclearly showthecoagulatedregion
but registerlessaccuratelywith thehistological boundaries.

Conclusion: Successful control of transurethralultrasoundtherapyusingquantitative, real-time MRI temperature images hasbeen
demonstratedin vivo. This technology offersgood potential for aneffectivetreatmentfor localized prostate cancerwith reduction in
morbidity.
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