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Purpose: To investigate the effect of varying protein and ionic concentrations on the water chemical shift temperature calibration at 3T using Magnetic
Resonance Spectroscopy (MRS) with accurate temperature methods.

Introduction: MRS can be used as a non-invasive temperature by probe measuring the chemical shift difference between water and a reference
metabolite[1]. The water chemical shift islinearly dependent on temperature and calibration curves are used to get absol ute temperature measurements
[2]. However, various slope and intercept values for different test samples at different magnetic field strengths have been reported in the literature [3],
reducing the confidence in accurate thermometry using MRS. A recent systematic investigation of the effects of ionic strength, pH, buffer solution and a
single protein concentration has been performed on a 1.5T clinical scanner [4]. In this study, phantom solutions were used to mimic the ionic strength of
neuronal cells and protein concentration of the area of interest, for example childhood tumours compared to healthy tissue. By measuring the temperature
of the solution while performing MRS a temperature calibration curve can be created. To ensure absol ute confidence the temperature calibration curve
should be demonstrably traceable to ITS-90 (international temperature scale of 1990), most easily achieved through traceahility to national standards. The
National Physical Laboratory (NPL), are the UK’s national metrology institute responsible for maintaining and disseminating the temperature scale in the
UK and have provided world leading temperature equipment. This study aims to compare the calibration obtained by Vescovo et al [4], using the same
equipment from the NPL on a 3T clinical scanner, and investigate the effect of variable protein concentrations.

Methods: Temperature fixed point artefacts (high purity organic solutions providing known temperature reference source when undergoing a phase
change), water circulation artefacts (providing controllable variable temperature sources) and afibre optic thermometer (Luxtron) were used. Four pH
normalised solutions have so far been investigated with 25mM NAA used as the reference metabolite (Table 1), including phosphate buffer, two
concentrations of the bovine serum albumin (BSA) protein and a NaCl/KCl mixture used to approximate the ionic concentration within a neuronal cell.
Each solution was placed in theinner core of atwo-compartment spherical glass phantom. The outer core contained the fixed-point temperature organic
solution or temperature controlled circulating water to provide the different temperature points. The temperature range was 21-42°C and on average three
temperature points were measured per solution. Solutions were scanned with a 3T Phillips Achieva using single voxel MRS (PRESS TR/TE/NSA =
2000ms/100ms/32, 15x15x15mm Voxel) with no water suppression, repeated six times per temperature point. The temperature was measured
periodically during the MRS acquisitions using afibre optic probe, with the tip placed immediately adjacent to the MRS sampled volume, with an
estimated uncertainty of 0.06°C ( k = 2, 95% confidence). Solution temperatures were stable to +0.02°C and +0.05°C for the fixed point and water
circulation, respectively during each MRS measurement. The spectra were processed offline using JMRUI. The water peak chemical shift was calculated
by modelling the water peak using HSVD [5] and the NAA chemical shift was obtained by fitting with the AMARES tool [6] after removal of the water
peak, alowing the water-NAA shift (A) to be calculated by subtraction. The A values were plotted against temperature and fitsin Microsoft Excel used to
give linear equation and correlation coefficients.

Results & Discussion: The temperature calibration curves ~ Table 1: Linear fit results fromthe different solutions compared to Vescovo et al showing
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Conclusion: This study indicates that MRS thermometry calibration curves are consistent between 1.5T and 3T scanners and depend strongly
on protein concentration. This dependence, along with the ionic strength, should be considered in both therapeutic and diagnostic applications
of MRS thermometry. Further investigation into the dependence of water chemical shift temperature calibrations on variationsin
macromolecular content and microstructure present in tumours, and on using creatine and choline as reference metabolites will be conducted.
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