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Synopsis

The hippocampus is one of the most challenging brain regions for proton MR spectroscopy (MRS) applications. Moreover, quantification of J-coupled species such as myo-
inositol (m-Ins) and glutamate + glutamine (GIx) is affected by the presence of macromolecular background. Here we investigate the feasibility of reproducibly measuring
their concentrations at long Tg of 120 ms, using SLASER localization.

Introduction

The hippocampus is one of the most challenging brain regions for obtaining reliable MRS data. Short echo time MRS (Tg < 50 ms) is generally preferred due to increased
SNR and limited J-evolution (i.e. signal complication) of metabolites’. However, resolving spectral overlap at short T¢ remains a challenge, and the optimal way to report
systematic error sources such as the macromolecular (MM) background is still under debate? The effective T, relaxation times of 10 different macromolecular resonances
were recently reported, enabling the selection of the shortest possible T¢ at which the MM background has decayed to the noise level® (Figure 1).

The two objectives of this work were:

1. to minimize chemical shift displacement errors and minimize macromolecular background by employing a semi-adiabatic localization by adiabatic selective
refocusing (SLASER) sequence® with 120 ms T¢.
2. to establish the signal variability of the resulting long-Tg SLASER approach in terms of coefficients of variation (CVs) of metabolite concentrations.

Methods
Subjects & Hardware

Six subjects (3 males; mean + standard deviation 32.5 + 10.2 years)) were scanned as follows: three (1 male) at the Center for Biomedical Imaging (CBI) at New York
University Langone Health, and three (2 males) at the Jerome L. Greene Science Center at Columbia University, part of the Columbia MR Research Center (CMRRC). All
subjects were scanned in Siemens Prisma 3 T systems (Siemens Healthineers, Erlangen, Germany) using a standard clinical 20-channel head coil (Siemens).

MRI, MRS & Data processing

Hippocampi were localized to a 3.4-mL VOI (26x10x13 mm?) in left hippocampus referencing 3D MP-RAGE sequence. VOI brain tissue was segmented from the resultant
images with SPM12°. Metabolites were measured using sLASER with an optimized sinc excitation pulse and four GOIA-W(16,4) refocusing pulses (6) (Tg = 120 ms, Tg = 1.5
s, number of excitations = 256 with 4 dummy scans). All spectra were acquired as 2048 complex points, with a spectral bandwidth of 2000 Hz and 32-step phase cycling’.
Spectral processing and linear combination modeling with a MARSS-simulated®? basis set (myi-inositol: m-Ins, scyllo-inositol: s-Ins, choline-containing compounds: Cho,
creatine: Cr, glutamine: GIn, glutamate: Glu, N-acetyl aspartate: NAA and lactate: Lac) were done in INSPECTOR'%-"2, Since several amino acids resonate close to the signal
of lactate'3, detected signal from this frequency range was termed Lac+. Sum of Glu and GIn was termed Glx. Fit parameter precision was estimated with Cramér-Rao
lower bounds (CRLB)'. Absolute metabolite concentrations were calculated using the measured water signal'®, taking into account published water and metabolic
relaxation times'®-22,

Signal variability

Variability of metabolite concentrations within sessions, within subjects, and between subjects were assessed with coefficients of variation (CV), defined as the ratio of the
standard deviation to the mean. “Within-session” refers to variability among three consecutive scans in one session of the same subject. “Within-subject” was defined as
variability between the first scan from both distinct sessions in the same subject. “Between-subject” was defined as variability among all subject scans, where subject scan
was defined as only the first scan from the first session. Overview of the experimental setup and illustration of calculation of the three variances is shown in Figure 2.
Metabolite concentrations for all subjects were reported from session #1 and scan #1.

Results & Discussion

Voxel placement for the left hippocampus is shown in Figure 3A. A hippocampal spectrum acquired at 120 ms Tg is shown with its fitted linear combination model in
Figure 3B and basis set for quantification in Figure 3C. Mean metabolite concentrations (reported from session #1 and scan #1) from all subjects measured at both sites
are summarized with their corresponding mean CRBLs in Table 1.

The within-session CVs ranged from low values for NAA (across all six subjects: session one 3.5 + 1.4%; session two 2.2 + 1.6%) to high values for s-Ins (62.3 + 59.8%; 56.6 +
59.8%, respectively). The within-session CVs of all basis set metabolites are shown in Table 2A. Within-subject CVs ranged from a minimum of 0.6% for NAA in subject #6
to a maximum of 141.4% for s-Ins in the same subject (Table 2B). Between-subject CVs of volume fractions and metabolite concentrations from session 1 and scan 1 of all
subjects are summarized in Table 2C.

Conclusion

We showed that presented sLASER sequence can be used to reliably measure metabolites in the hippocampus, a key region affected in many neurological disorders,
using the shortest Tg at which macromolecules have been shown in cortical regions to decay to the noise level. We report the CVs of all major metabolites including Glx
and m-Ins to inform sample size estimations for future studies of the hippocampus in which the presence of MM baseline is undesirable.
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Figure 1: Simplified simulations of T, relaxation of normalized signals for macromolecules (MM) and metabolites. The average T, relaxation times and ranges of
macromolecules and metabolites were calculated from literature®'#'5, Note that at Tg = 120 ms, most MM signal is gone, while on average 60% of the metabolite signal
remains. This demonstrates that relatively little metabolite signal was lost while the specific choice of Tg = 120 ms enabled easily quantifiable Glu+GIn (GIx)) and m-Ins

resonances.
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Figure 2: Experimental details. (A) All experimental measurements for one subject and illustrations of data used for calculation of within-session and within-subject
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variability. (B) Illustration of data used for calculation of between-subject variability.
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Figure 3: MRS acquisition and spectral analysis. (A) Placement of the 3.4 mL voxel (26 x 10 x 13 mm?3) in the left hippocampus (52 years, woman), containing mainly its
body and tail. (B) Spectrum from the hippocampus fitted with linear combination modelling. Note, no macromolecular background in the residual signal. (C) Basis set used
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for quantification of hippocampal metabolites.
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Table 1: Metabolite concentrations (mM), standard deviations (S.D.) and Cramér-Rao Lower Bounds (CRLBs in %) of all subjects from Session #1 and Scan #1, measured at

two different sites.
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Table 2: A - Within-session coefficients of variation [%] calculated per subject (Sub.) and session (Sess.). B - Within-subject coefficients of variation [%] calculated per

subject (Sub.). C - Between-subject coefficients of variation [%] calculated from session #1 and scan #1 of all subjects.
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