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Synopsis
Realistic synthetic PRESS spectra were generated for three di erent echo times for each of the three major vendors. These spectra were then t to the matched basis set
(i.e., the basis set used to generate it), as well as the mismatched basis sets at the same echo time from other vendors, and the matched basis set but with the hard pulse
approximation, to investigate how sensitive resulting quanti cation is to basis sets. It was found that the concentration for low-concentration metabolites is highly
susceptible to small changes in basis sets (e.g., GABA varied by 115 ± 188%).

Introduction

Point resolved spectroscopy1 is the most commonly used magnetic resonance spectroscopy sequence, and the major vendors’ implementations di er in the shape of the
RF pulses2 with the refocusing pulses being of particular importance for resulting spectral shapes as well as their exact timings (i.e., TE1/TE2). For example, the General
Electric (GE) utilizes 137° Shinnar-Le Roux pulses3 (the 137° enables shorter pulses at the cost of sin( 137 π)
180

4

≈ 0.75

factor in signal decrease) for refocusing pulses,

while Siemens uses 180° Mao pulses4. As such, the spectral shape for J-coupled metabolites acquired across di erent platforms at the same echo time will vary. Although
it has previously been shown that this can result in substantially di erent spectral shapes obtained from the di erent vendor implementations at the same echo time2 the
e ects on quanti cation with realistic spectra have yet to be investigated. Realistic synthetic spectra were generated for three di erent echo times for each of the three
major vendors: Siemens, GE and Philips. These synthetic spectra were t to the matched basis set (i.e., the basis set used to generate it), a basis set using the matched
timings and ip angles but with the hard pulse approximation, as well as the mismatched basis sets at the same echo time from the two other vendors to investigate how
sensitive resulting quanti cation is to small changes in basis sets. It was shown with realistic synthetic data in both metabolite concentrations and spectral appearance,
where the ground truth is known, that the concentration for low-concentration metabolites is highly susceptible to small changes in basis sets.

Methods
Synthesis of Spectra
Spectra were simulated for each of the three vendors and three echo times (30/80/144 ms) using exact timings and shaped RF speci c to the vendor and echo time in
MARSS7. The vendor basis sets were simulated with 1283 spatial points to appropriately model the transition bands2, and the hard pulse basis set was generated by only
using a single spatial point for each of the three vendors. Spectra were synthesized at each TE similar to what has previously been performed8,9. This was achieved by
exponentially line broadening each of the simulated 18 metabolites by πT1 , where T2m is the transverse relaxation constant for each of the individual metabolites, then
m

2

broadening by a Gaussian linewidth of 8 Hz2 to resemble the e ect of eld inhomogeneities (NAA fullwidth at half maximum of 6.2 Hz), which re ects a good linewidth in
the occipital cortex at 3T10. These broadened simulated spectra were then scaled by their respective concentration11, and multiplied by the appropriate scaling factors
derived from analytical solutions to the Bloch equation for each echo time and metabolite to incorporate realistic T1 and T2 relaxation12–16. The macromolecule signal
was approximated as the sum of 10 individual Lorentzian resonances with measured concentration and T2 values17.
Quanti cation of Spectra
Spectra were simulated for a TE = 30 ms (general-purpose short echo spectroscopy), TE = 80 ms (for glutamate detection5) and TE = 144 ms (for lactate detection6) for
each of the three major vendors. At each individual echo time the synthesized spectra were then t via linear combination modelling (LCM) in INSPECTOR18,19 to each of
the four basis sets. The relative errors, REm

Bv (T E)

(T E)

for each of the metabolites and macromolecules calculated using each vendor basis set were then calculated via
Bv (T E)

Bv (T E)

REm

(T E) =

Cm

T

(T E) − Cm
T

⋅ 100%

Cm

T
where Cm
is the concentration extracted from the LCM t at each of the three echo times using the basis set Bv (T E) and Cm
represents the ground truth
concentrations known a priori and hence are irrespective of echo time.
Bv (T E)

Results and Discussion
At each simulated echo time, small but noticeable di erences between the three vendors were observed (Figure 1). Perfect ts were acquired in the case when the basis
set matched the synthesized data, resulting in accurate quanti cation, i.e. 0% error, as expected. Spectra were noise free so that the measured relative errors can be
directly attributed to imperfect ts. Fits obtained with the other basis sets, for instance, in vivo Siemens spectrum analyzed with GE basis set, had noticeable small but
non-zero residuals (the three synthesized GE spectra are shown in Figure 2, with results for Siemens and Philips being similar but not shown). Despite all ts having
relatively small residuals the concentration of all low-concentration metabolites for all echo times varied substantially from the known ground truth when suboptimal
basis sets were employed for all three echo times (Tables 3-5). Longer echo times exacerbated these issues, which is expected as all TE = 0 ms spectra would be identical.
The large relative errors despite adequate ts are a result of overlapping metabolites masquerading for one another. These results are consistent with previous results
demonstrating that t quality alone cannot validate a model20.

Conclusions
Basis sets which do not use the experimentally realistic shaped RF pulses and timings, or basis sets which employ the hard pulse approximation, can appear to produce
adequate quality ts, however the concentration of critical metabolites derived through linear combination modeling can vary substantially from the ground truth. The
only remedy are basis sets that match the experimental reality as closely as possible.
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Figures

Figure 1: The synthesized spectra for TE = 30 ms, A, TE = 80 ms, B, and TE = 144 ms, C, across the three di erent vendor implementations of PRESS with blue depicting the
Siemens implementation, red depicting the GE implementation and black depicting the Philips implementation. Spectra have been normalized to account for di erences
in voxel pro le due to di erent pulses (i.e., di erent transition widths).

Figure 2: The synthesized GE spectra at the three di erent echo times along with the ts for the four di erent basis sets. The synthesized spectra are given in black, the t
in red and the residual in grey. Perfect ts can be observed with the GE basis, as expected, since these particular spectra were synthesized from the GE basis, while nonperfect ts were obtained with the other three basis sets. Similar results were obtained for the synthesized Philips and Siemens spectra (results not shown).
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Table 1: The relative errors (%) for each of the metabolites and macromolecules for TE = 30 ms spectra. Large relative errors are incurred for all low-concentration
metabolites, indicating a high sensitivity to perturbations in the basis set.

Table 2: The relative errors (%) for each of the metabolites and macromolecules for TE = 80 ms spectra. Large relative errors are incurred for all low-concentration
metabolites, indicating a high sensitivity to perturbations in the basis set.

Table 3: The relative errors (%) for each of the metabolites and macromolecules for TE = 144 ms spectra. Large relative errors are incurred for all low-concentration
metabolites, indicating a high sensitivity to perturbations in the basis set.
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