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Purpose: To integratemodern super-resolution spectralquantification techniqueswith multi-echomagnetic resonanceimaging in
order to provide multi-parametric chemical shift imaging in real-time. Methods and Materials: A technique integrating the
Steiglitz-McBride algorithm andCauchy’s Calculus of Residueswas developedto determine the proton resonancefrequency(PRF),
T2*, and T1-wieghtedamplitude for multiple speciesin a chemicalshift MR signalencodedusingmultiple gradient echoes. Monte
Carlo simulation was implemented evaluatingthe performanceof the algorithm under varying acquisition parameters and results
comparedto the Cramer-Raolower bound (CRLB). The PRF valuesin a mayonnaise-lemon juice phantom weremeasured during
heating demonstrating the abil ity of performing PRFthermometry in thepresenceof lipid. Phantom scans were performed comparing
the T2* valuesfrom this techniqueandfrom spoiledgradient echo(SPGR)acquisitions. To demonstratetheuseof this technique for
temperature imaging in vivo, an image-guidedlasertreatment in a caninebrain wasperformed. Temperaturemapswere createdat
spatial resolutions of 1.5x1.5x4mm3 every five seconds in addition to T1-weighted and T2* imagesproviding multi-parametric
monitoring during treatment. Results: Thetechniqueachievesthe CRLB demonstrating robustestimationof thePRFandT2* in the
presence of noise. The uncertainty of the technique wastheoretically and experimentally shown to be inversely proportional to the
imageSNR. The mayonnaise-lemon juice phantom showeda PRF shift with temperatureconsistentto published literature. T2*
valuesprovidedby thetechniquedid not statistically differ from SPGR-based T2* mapping. Monitoring of thecanine brain treatment
was successful providing highly sensitive temperaturemeasurements. T2*-correctedT1-W imagesdetecteda treatment-induced
hemorrhagedemonstrating the importanceof multi -parametric monitoring. Conclusion: A techniqueis presentedthat provides
chemical shift imaging at higher spatiotemporal resolutions than what was previouslyavailable. The ability of this technique to
provide multiple parametersdemonstratesgreat promisefor image-guidedthermal therapies.


