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The effect of basis sets on the analysis of in vivo brain MRS data obtained with standard PRESS sequences
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Synopsis

Point resolved spectroscopy sequence (PRESS) is the most commonly used sequence for in vivo magnetic resonance spectroscopy. While implemented by all major
vendors, implementation details like timings, durations and shapes of the RF pulses differ among them. Here, we investigate the impact that inappropriate basis
information can have on MRS metabolite quantification with linear combination modeling for quantification.

Introduction

Point resolved spectroscopy sequence (PRESS)" is the most commonly used sequence for in vivo magnetic resonance spectroscopy. While implemented by all major
vendors (i.e., Siemens, Philips and General Electric (GE)), implementation details like exact timings, durations and shapes of the RF pulses differ among them?>. Thus, a
PRESS acquisition with echo time (Tg) of 35 ms from one vendor may be similar but not identical to that from another. Here, we investigate the impact that inappropriate
basis information can have on MRS metabolite quantification with linear combination modeling software.

Methods

Subjects & Scanners

Spectra from 100 subjects obtained at the National Institute of Neurology and Neurosurgery in Mexico City were analyzed retrospectively. Of the 100 spectra, 50 were
recorded with a Siemens Skyra 3 T (Siemens Healthineers, Erlangen, Germany) with a 20-channel head coil (Siemens) in medial prefrontal cortex, and the other 50 with a
GE Signa Excite HDxt 3 T (GE Healthcare, Waukesha, WI) with an 8-channel head coil (GE) in the right dorsal caudate nucleus (5).

MRS Sequence
All brain spectra were measured with the vendors’ standard product PRESS sequence with Tg/Tg 35/2000 ms, and:

e GE: volume of interest (VOI) = 2.0x2.0x2.0 cm? (8 mL), number of excitations (NEX) = 128, bandwidth (BW) = 5000 Hz, number of points = 4096.
e Siemens: VOI = 3.0x2.5x2.5 cm?3 (19 mL), NEX = 128, BW = 2500 Hz, number of points = 4096.

The recorded spectra were fitted with the matched basis set using the correct timings, durations and shape of RF pulses, a basis set generated with the matched timings
and durations, but with the hard-pulse approximation, as well as basis sets corresponding to the PRESS implementations of the same Tg from the two other vendors.

Simulation of basis sets

Basis sets comprising 18 metabolites (Fig. 1A), Asc, Asp, Cho, Cr, GABA, GPC, GSH, Glc, GIn, Glu, Gly, Lac, NAA, NAAG, PE, Tau, ml, and sl, were simulated with 128 spatial
points in MAgnetic Resonance Spectrum Simulator (MARSS)?3. The hard-pulse basis sets were generated using experimental details specific to the particular vendor (i.e.,
Siemens for Siemens data or GE for GE data), but used only a single spatial point thereby not modeling the spatial transition bands of the RF pulses.

Analysis

Experimental spectra were processed with INSPECTOR® and analyzed with LCModel* (version 6.3-1P). Each spectrum was fitted with four different basis sets using
standard .CONTROL parameters.

e GE spectra: matched GE, GE with hard pulses, Philips and Siemens.
e Siemens spectra: matched Siemens, Siemens with hard pulses, Philips and GE.

True metabolite concentrations encountered in vivo cannot be measured, thus the analysis focused on apparent concentration differences between the reference fit,
which was obtained with the matched basis set, e.g. matched GE basis set for spectrum acquired with GE sequence, and the fit outcomes considering the three other
conditions, i.e. GE hard pulse, Siemens, and Philips. The differences were calculated as errors relative to the matched basis fits (in percent). Median, mean, standard
deviation (SD) of percent errors and number of undefined numbers due to metabolite concentrations of zero in the reference fit (# NaN) were determined for all spectral
analyses.

Results & Discussion

Spectral quality from all subjects measured with two different scanners is illustrated in Figure 1B & C. lllustrations of fitting an experimental PRESS spectrum with LCModel
using different basis sets are depicted in Figure 2 for GE, and in Figure 3 for Siemens. The percent errors of all metabolites for GE are summarized in Table 1 and for
Siemens spectra inTable 2. The mean percent errors of larger signals (e,g, NAA+NAAG, Cr) were < 5%, but in case of GPC+Cho the relative error was up to 12.6% (Table 2).
In case of Glu+GIn, using the GE basis set for linear combination modeling of Siemens data resulted in a 19.1% error (Table 2). Smaller signals like GSH showed mean
errors up to 43% (Table 2). Especially low-concentrated metabolites were highly susceptible to minute differences in basis sets (e.g. Asp in Table 1). Though spectra
measured on the Siemens scanner had higher signal attributable to larger voxel size, the analysis showed similar errors for GE data.

These results illustrate the considerable sensitivity of linear combination modeling to imperfect basis information. Systematic errors introduced with the use of
inappropriate prior knowledge can largely outweigh Cramér-Rao lower bounds (CRLB)'® commonly used as statistical confidence metrics and thereby dominate the
overall error of the MRS quantification.

Conclusion

Basis sets that do not use the experimentally realistic shaped RF pulses and timings, or that employ the hard-pulse approximation, can appear to produce adequate
quality fits. However, the resulting metabolite levels can be substantially affected. Basis sets should be produced via simulations that match actual experimental
conditions as closely as possible. Our results furthermore raise concerns about the validity of other commonly employed model assumptions and neglected error sources
such as imperfect chemical shifts, J-couplings, and relaxation effects.
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Figure 1: Experimental and data details. A - list of metabolites included in basis sets. B - averaged spectra with standard deviations from GE. C - averaged spectra with
standard deviations from Siemens.
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Figure 2: Example spectrum measured with GE's standard product implementation of the PRESS sequence and fitted with four different PRESS basis sets of matched Tg 35
ms. The original data are in black, the fit is depicted in red. The upper part of the figures represents the residual signal after fitting. A - Matched GE basis set; B - Basis set
based on GE timings, but using hard-pulses; C - Basis set for Philips’ PRESS; D - Basis set for the Siemens’ PRESS. Individual fits were printed from LCModel.
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Figure 3: Example spectrum measured with Siemens's standard product implementation of the PRESS sequence and fitted with four different PRESS basis sets of matched
Te 35 ms. The original data are in black, the fit is depicted in red. The upper part of the figures represents the residual signal after fitting. A - Matched Siemens basis set; B
- Basis set based on Siemens timings, but using hard-pulses; C - Basis set for Philips’ PRESS; D - Basis set for the GE's PRESS. Individual fits were printed from LCModel.

Table 1: Metabolite-specific differences of LCModel quantification outcome for GE spectra employing inappropriate basis set information relative to LCModel outcome
based on matched basis set information. Median (in %), mean (in %), standard deviation (SD, in %) and number of undefined numbers (# NaN) due to metabolite
concentrations of zero in the reference fit. The matched GE dataset was used as a reference in all cases.

Table 2: Metabolite-specific differences of LCModel quantification outcome for Siemens spectra employing inappropriate basis set information relative LCModel outcome
based on matched basis set information. Median (in %), mean (in %), standard deviation (SD, in %) and number of undefined numbers (# NaN) due to metabolite
concentrations of zero in the reference fit. The matched Siemens dataset was used as a reference in all cases.
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