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Synopsis

Realistic synthetic PRESS spectra were generated for three different echo times for each of the three major vendors. These spectra were then fit 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 quantification 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 spectroscopy’ is the most commonly used magnetic resonance spectroscopy sequence, and the major vendors’ implementations differ in the shape of the
RF pulses? 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(%w) ‘o 0.75 factor in signal decrease) for refocusing pulses,
while Siemens uses 180° Mao pulses®. As such, the spectral shape for J-coupled metabolites acquired across different platforms at the same echo time will vary. Although
it has previously been shown that this can result in substantially different spectral shapes obtained from the different vendor implementations at the same echo time? the
effects on quantification with realistic spectra have yet to be investigated. Realistic synthetic spectra were generated for three different echo times for each of the three
major vendors: Siemens, GE and Philips. These synthetic spectra were fit to the matched basis set (i.e., the basis set used to generate it), a basis set using the matched
timings and flip 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 quantification 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 specific to the vendor and echo time in
MARSS’. The vendor basis sets were simulated with 128 spatial points to appropriately model the transition bands?, 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 performed®?®. This was achieved by
exponentially line broadening each of the simulated 18 metabolites by ﬂT;z”" where Ty is the transverse relaxation constant for each of the individual metabolites, then

broadening by a Gaussian linewidth of 8 Hz? to resemble the effect of field inhomogeneities (NAA fullwidth at half maximum of 6.2 Hz), which reflects a good linewidth in
the occipital cortex at 3T'°, These broadened simulated spectra were then scaled by their respective concentration'’, and multiplied by the appropriate scaling factors
derived from analytical solutions to the Bloch equation for each echo time and metabolite to incorporate realistic T} and T5 relaxation'?~'6, The macromolecule signal
was approximated as the sum of 10 individual Lorentzian resonances with measured concentration and T, values'’.

Quantification of Spectra
Spectra were simulated for a TE = 30 ms (general-purpose short echo spectroscopy), TE = 80 ms (for glutamate detection®) and TE = 144 ms (for lactate detection®) for
each of the three major vendors. At each individual echo time the synthesized spectra were then fit via linear combination modelling (LCM) in INSPECTOR'®19 to each of

the four basis sets. The relative errors, REB”(TE>

m (T'E) for each of the metabolites and macromolecules calculated using each vendor basis set were then calculated via

e (Tg) - CF

REZTE) (TE) = o ™. 100%

where C’ﬁﬂ(TE) is the concentration extracted from the LCM fit at each of the three echo times using the basis set B, (T'E) and C/L represents the ground truth

concentrations known a priori and hence are irrespective of echo time.

Results and Discussion

At each simulated echo time, small but noticeable differences between the three vendors were observed (Figure 1). Perfect fits were acquired in the case when the basis
set matched the synthesized data, resulting in accurate quantification, i.e. 0% error, as expected. Spectra were noise free so that the measured relative errors can be
directly attributed to imperfect fits. 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 fits 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 fits are a result of overlapping metabolites masquerading for one another. These results are consistent with previous results
demonstrating that fit quality alone cannot validate a model?°.

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 fits, 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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Figure 1: The synthesized spectra for TE = 30 ms, A, TE = 80 ms, B, and TE = 144 ms, C, across the three different 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 differences
in voxel profile due to different pulses (i.e., different transition widths).

Figure 2: The synthesized GE spectra at the three different echo times along with the fits for the four different basis sets. The synthesized spectra are given in black, the fit
in red and the residual in grey. Perfect fits can be observed with the GE basis, as expected, since these particular spectra were synthesized from the GE basis, while non-
perfect fits 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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Metabalite

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

GE spectrum
GE Slemens  Philips
basis  basis  basis
hard
pulses
138.1 882 53.8
15.8 36.0 379
313 382 180

85 a5 0.1
-38.4 36 156.7
a0 18 273

3.2 -4 694
516 134 110.6
-16.8 918 152.2

29 A28 519
1216 947 3803

6.5 51 230

a7 0.2 116
1.8 03 503

-50.2 A8 588
231 -142 550
15 B0 270
481 -324 698
as 05 0.4
131 s 126
1 4.1 1.7
7 04 4.1
5.1 0.1 35

Shemens spectrum
Siemens GE Philips.
basis basis  basis
hard
pulses
79.2 378 313
|2 540 15
831 8.4 49,2
62 103 -1.7
-5 01 1149
-8 281 392
34 519 630
-26.6 382 859
-45.3 5.6 03
6.1 57  -283
365 -12 1594
7 157 -1l
-15 7.0 115
EER N ] 546
637 269 521
74 44 416
-4.9 -18  -226
-326 721 553
16 -39 -11
197 -159 0.3
4.0 35 24
18 19 6.0
31 -13 30

Philips spactium

Philips
basis
hard

pulses

116.2

6.0

38

9.6

-100

7.2

GE

basis

Slemens
basis
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metabolites, indicating a high sensitivity to perturbations in the basis set.

Matabolite

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

GE apectrum
GE | Siemens Philips
basis. basis basis.
hard
pulses
171 99.0 -62.3
859 1834 4.8
106 -56.2 -17.4
0.3 -1 03
prii] -385 163
a3 123 20
91.1 107.4 870
212 1246 1161

320 -10.1 545
1404 725 958
2256 4286 440.6
757 -60.5 656
63 243 13
1074 2414 117.2
-36.7 289 121
222 748 -40.5
A6 -122 13
615 85 245
496 346 290
20 105 74
1545 56.2 B77
126 0.7 341

Siemens spectrum
Siemens  GE Philips
basis  basis | besis
hard
pulses
106.1 -1.5 19.2
1708 100 575
796 910 748
16 16 08
317 133 1285
635 256 337
176 -10.7 -19.1
W28 534 74
-30.0 1575 91
21 437 347
364.5 -0 &7.1
647 102.5 -33.6
-11.7 1.7 6.7
1587 30 737
110 1000 672
1738 5066 462
83 143 11
272 935 416
698 -75 141
158 133 25
174 41 m7
349 -19.6 39
106 13 38

Philips spectrum

Siemens
basis

metabolites, indicating a high sensitivity to perturbations in the basis set.

Metabolite

Asp
Cho

GABA
GPC
GSH

Gin

Ghy

Cho 4 GPC
Ghu +Gln
il + Gly
HAA +
NAAG

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

GE spectrum
GE Siemens | Philigs
basis | basis  basis
hard

pulses

3324 1163 3125

Siemens spectrum

Siemens
basis
hard
pulses
51

GE
basis

20
-B5.8
-65.2

24
1571

-100.0
696.3
3001

43.0
7118
55.5
26
-z
2428
148.8
28.2
514
-61.9

918
79.3

Philips
basis

Philips spectrum

Philips
basis
hard

pulses
103.3
1931
98.1
6.0
-12.1
38.8
127.4
-89.9
-719.2
-6.9
268.9
-16.7
-23.7
ag3.1
-60.1
225
201
35.0
-39

-211
8|7

GE
basis

-64.3
510
024
26
1860
6.8
-03.0
8745
183.4

2849
1008

757
3426
a1
a7

-7
118
I6E
03

Slemens
basis

5.7
165

-32
615
477

77
-25.1
-1000
-30.3
1306
462
3.8
511
1LT
-30.6
358
43.6
-6.2

-44.1
-23.3

33

metabolites, indicating a high sensitivity to perturbations in the basis set.
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