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Abstract—y-Amino butyric acid (GABA) is aninhibitory ~ guish, 1) spin-echo-based difference techniques [6, 17];
neurotransmitter that plays an important role in several  2) ‘single-shot’ techniques using multiple quantum fil-
brain disorders. Reliable detection of GABAIn vivo, Us-  tgrg (MQF) [5, 7-9, 11]. Multiple quantum techniques
ing "H Magnetic Resonance Spectroscopy is difficult and fre generally preferred because they have better perfor-

faces various challenges. Spectral-Editing sequences base L \ance with regards to sinalet suppression and difference
on multiple quantum filtering techniques enable remov- ) 9 o 9 pp
techniques are limited by subtraction errors.

ing overlapping signals. However, advanced signal pro-
cessing accommodating sequence-dependence of the editedVe propose, 1) To use a single-voxel PRESS se-
signals are needed for quantitation of GABA. We propose quence including a double-quantum (DQ) filter [18] to
to optimally exploit Quantum Mechanics and the time- edit/measure the GABA signal. DQ filtering is an excel-
domain QUEST quantitation algorithm. Quantitation with lent tool to effective|y suppress the intense Sing|et reso-
QUEST of 'H in vitro double-quantum signals at 300 MHz  yances of Cr, Cho and NAA overlapping the GABA spec-
e reomeyaieg ™ """ ttum: 2) To simulte by Quantum Wechanics with the
' NMR-SCOPE program [19] or measure the DQ GABA
signal and use it as prior knowledge in the QUEST
guantitation algorithm [20-23]; 3) To refine available
spin Hamiltonian parameters of GABA with both the
Quantum-Chemistry software package Gaussian [24] and
|. INTRODUCTION NMR-SCOPE, 4) To quantitate the edited DQ GABA sig-
~-Amino butyric acid (GABA) is an inhibitory neuro- nal with QUEST. The method is tested on a phantom so-
transmitter that plays an important role in several braitition of cerebral metabolites with concentrations corre-
disorders such as epilepsy, schizophrenia [1], alcoholissponding to a normal human brain. The GABA signal
[2] and in cocaine dependence [3, 4]. Reliable detetvas perfectly edited. Finally, we apply QUEST success-
tion of GABA in vivo, using 'H Magnetic Resonance fully to quantitate the corresponding signal.
Spectroscopy (MRS), is difficult and faces various chal-
lenges [5-16], 1) GABA has a low concentration; 2) there Il. MATERIAL AND METHODS
are strong overlaps with many metabolite resonances Rf
higher intensity, such as N-Acetylaspartate (NAA), cre-"
atine (Cr), glutamate (Glu) and glutamine (GIn) in the GABA — NHj-*CHy-3CHy-2CH,-'COOH — is an
brain spectra and GABA cannot be directly observed at,MsXs spin system with thre€H, groups; see Fig. 1
1.5T. Advanced ‘spectral editing’ ie., data acquisition displaying the 3D structure of the molecule. We op-
with guantum-mechanical filtering — and adapted sigimized this lowest-energy geometrical structure using
nal processing algorithmsi-e., using maximak priori  Quantum Chemical calculations based on a DFT/B3LYP
knowledge — are therefore essential to its measuremeqtproach with basis sets 6-311+G(2d,p) with the Gaus-
and quantitation. Note that in MRS, signal processingian software package. The normal spectrum of GABA
and quantitation are considered synonyms. exhibits a quintet (GABA-3) at 1.88 ppm, a triplet
Among the spectral-editing methods, one can distifGABA-2) at 2.28 ppm and a multiplet resembling a

Keywords— Magnetic Resonance Spectroscopy (MRS),
Signal Processing, GABA Spectral-Editing, Double Quan-
tum Filtering, Quantitation.

Spin Hamiltonian parameters of GABA
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the product-operator formalism, can handle various NMR
pulse sequences such as PRESS-DQF. It directly provides
the corresponding time-domain signals; see also Sec. IlI-
C.1.

C. Quantitation

The QUEST quantitation algorithm [20, 26—28] was
used to quantitate the edited double-quantum signals as
it can easily take into account the MR editing-sequence
dependence of the signal and cope with low SNR.
QUEST is a time-domain method which fits a combi-
Fig. 1. Optimized 3D structure of the GABA molecule op-nation of weighted whole-metabolite signals (quantum-

tained using Quantum-Chemical calculations with GaussiameChan'CaIIy simulated an vitro measured) directly to

Carbon atoms are in green, hydrogen atoms in yellow, oxygdfie (n vivo) data at hand.
atoms in red and nitrogen atoms in blue.

An in vivo MRS signal, contaminated by a nondescript

triplet (GABA-4) at 2.99 ppm, see Fig. 2c. The Ham”_background signal, can be modelled by

tonian spin parameters given in Govindaragti al. [25]
were refined with NMR-SCOPE and Gaussian and the J

(_:oupllng_c7o rglzt?_lnt.s were Sound_tc; %&j - J2‘3'__ J‘]Z"?’ wherei is the metabolite part whose model function

_ 22'8‘ T—/|z_ A strorf(j;%:ogugli é‘é‘z f;ec;[ S ff),u%];jg;);t V\;lle_egrll 1hdS known,b the background signal whose model function
: ) is often only partially known, and Gaussian-distributed

protonsonGand G at1.5T. nois

Our objective was to quantitate the edited GABA triplet|s:Or o

at 2.28 ppm and 2.99 ppm.

z = Bnmet(p) + () + € @

ptimal fitting of Eqg. (1) to (contaminated) MRS
data, QUEST needs

B. PRESS sequence with a Double-Quantum Filter 1. A time-domain basis set of ‘whole-metabolite’ sig-
nals.

We uged T I?RI?SS-DQIIIZD;?Sugnce based on r[]ll]f'_ T9eTime-domain semi-parametric estimation of metabo-
conven_tlona single voxe sequence with a 'quée and macromolecule parametersandé.
echo time of 68 ms1(/2J where J = 7.35 Hz) was
modified by adding a double quantum filter midway be- . . .
tween the twol80° slice-selective pulses. Double quan-QUEST.IS n qut based on a semi-parametric approach

. sequentially using untangling of the background from the
tum coherences were created by the first three pUISr%St bolite sianal. and rate modelling and .
(90°—180°—90°). The delayr between these pulses was clabolite signal, and separate modeting and a para
: o : metric nonlinear least-squares fitting of the untangled
fixed to 17 ms (/8 J). Then, after a mixing period TM, o :

. metabolite signal knowing the background.
these coherences were converted into observable quan-
tum coherences by a Gaussian frequency selegfioe . .
pulse, tuned to the GABA-3 resonance at 1.88 ppm. Grz(a:—'l Whole-Metabolite Basis Set
dients were used to crush magnetization that did not orig- In order to invoke optimura priori knowledge, the
inate from a double-quantum coherence. basis set must comprise the double quantum signals of
edited metabolites. Ideally, only the double quantum sig-

The theoretical analysis (not reported in this study) afal of GABA is needed. The latter can be either simulated
this PRESS-DQF sequence was done by Quantum May NMR-SCOPE or measured vitro. If necessary, the
chanics using the product-operator formalism [18, 19] ieignals of the basis set can be multiplied by an appropri-
order to tune the sequence parameteiend TM. This ate function —e.g, determined from the signal of a ref-
analysis enables to predict the amplitudes and phaseseoénce molecule — such that they better approximate the
the edited spectral components. As such, it is very usaetualin vivo metabolite signal-shape. Alternatively, one
ful for MR sequence design. We also simulate by Quarcan use the signal of a reference molecule or a singlet to
tum Mechanics with NMR-SCOPE the expected doublesorrect the actuah vivo metabolite signal-shape with the

guantum spectrum of GABA. NMR-SCOPE, based otime-domain procedure QUALITY [29].
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C.2 QUEST Parametric nonlinear least-squares fitting procedure Subtract-QUEST [22]. The background sig-
In absence of — or after removal of — the nonparar]al is first gstlmated in a preprocessing step based on sig-
.nal truncation and subsequently subtracted from the raw

metric part, a Levenberg-Marquardt algorithm is used i o .
QUEST to minimize the distance between the raw signgﬁta before the QU.EST qua_ntltatlon step. Thls progedure
will be useful for disentangling the overlapping residual

h | function )
v and the model function macromolecule signal at 2.99 ppm from the double quan-

|z — 4|2 — min ) tum triplet signal of GABA-4.
The complex-valued time-domain model sampigsn = Hl. RESULTS
1,2,...,N where N is the number of data-points, The experiments were performitvitro on a 300 Mhz

is written as a linear combination of th&/ — ei-  Bruker spectrometer. The PRESS-DQF sequence was
ther quantum-mechanically simulated ior vitro mea- jmplemented. The delay was chosen equal to 17 ms

sured — weighted metabolite model sampigs m = corresponding td /8 J, the mixing time TM was opti-

L,2,...,M,n=1,2,..., N of the basis set mized and found equal to 10 ms, and we used a Gaussian
frequency selective70° pulse of 13 ms.

&n = exp(igo) X Two phantoms were used, a phantom containing a so-

M lution of 1.5 mM GABA and eleven metabolites whose

Z iy’ exp[(Aam + iAwm)ty +i8bm] s (3)  known concentrations correspond to a normal adult hu-

m=1 man brain [25] inD,O, see Table I, and a phantom con-
where taining only a solution of 1.5 mM GABA iD,O. The
« 2™, m being a superscript, can be modelled first as TABLE |

a sum of exponentially damped sinusoids or used as MMETABOLITE CONCENTRATIONS CORRESPONDING TO A
whole.

* a,, are M amplitudes to be estimated. Note that these

NORMAL ADULT HUMAN BRAIN USED IN THE PHANTOM

SOLUTION
amplitudes represent the relative proportions of e

metabolite signals™ in the signalz.

o Aayy,, Awn,, Agy, represent small changes of the ex- Metabolite Concentration
ponential part of the damping factors, angular frequen- mM

cies, and phase shifts respectively. These changes —|"N_Acetylaspartate (NAA) 13.0
relative to the initial values in the metabolite basis set | creatine (Cr) 8.0

— are included in the estimation procedure to automati- | pposphocreatine (PCr) 4.0

cally compensate for the effect of magnetic field inhomo- | \yo-Inositol (ml) 55
geneities. Soft constraints @i, andAw,, have been | Glutamate (Glu) 95

used in the minimization procedure;, Glutamine (GIn) 4.0

o tp = nts+tg,n =1,2,..., N, are the sampling times, Aspartate (Asp) 1.2

in whlc_h to s the dead-time of the receiver — included in | »_Amino butyric acid (GABA) 15

the estimation — and, the sampling interval, Lactate (Lac) 0.6

« ¢g is an overall phase, included in the estimation, Glucose (Glc) 1.0

« i’ =-1 Taurine (Tau) 1.2

The vectorp of the metabolite parameters to be es- | Choline (Cho) 20
timated is thenp = ((am, Aam, Awm, App),m =

1,2,...,M;¢o, to)T where the superscript denotes

- == proton signals of both phantom solutions were measured
transposition. Note that the number of parameters is onlii, the conventional one pulse sequence and the men-
AM +2. tioned PRESS-DQF sequence. GABA was well edited,
see Figs. 2b and d and 'doublets’ are observed at 2.99
ppm and 2.28 ppm. The intense NAA, Cho, Cr singlets
are perfectly suppressed as well as most of the metabolite
In the case oin vivo signals, one needs to handle aoupled spectral components. The additional peaks be-
perturbing background originating mainly from macrotween 2.2 ppm and 2.5 ppm are DQ peaks of Glu and GIn.
molecules plus lipids. This can be achieved with th&hey are due to the imperfect selectivity of the Gaussian

C.3 QUEST Semi-parametric approach
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Fig. 2. Spectra of phantoms containing metabolite solutions obtained at 300 MHz with a PRESS-DQF and a one pulse sequence:
respectively. a) Zoom in of normal spectrum of the solution containing GABA and eleven metabolites with concentrations
corresponding to a normal adult human brain; b) Edited double quantum spectrum of this solution, note that the intense singlets
of NAA, Cr and Cho have been well suppressed and that mainly GABA spectrum is edited; c) Normal spectrum of GABA; and
d) Double quantum spectrum of GABA used in the QUEST metabolite basis set.

frequency selective pulse. concentration was negligible. Quantitation results are in
For quantitation, we used the jMRUI software packaggood agreement with the true GABA concentration in the
[30, 31]. After water removal with ER-Filter [32], the phantom solution of metabolites.

edited double quantum signal of the solution containing

all metabolites (see Fig. 2b) and exhibiting mainly GABA IV. CONCLUSIONS

was quantitated with QUEST. The basis set was mage e syccessfully edited the GABA signal from a solu-
only of the DQ GABA signal measured vitro from the  jon containing GABA and eleven metabolites with con-
GABA solution. Consequently, only this signal was inentrations corresponding to a normal adult human brain
cluded in the QUEST fit. Quantitation results are 9IVe{ising a PRESS-DQF sequence.

in Fig. 3. The DQ spectrum of GABA was perfectly €55 \ye demonstrated that QUEST is well-suited to ac-
timated. The observed residue is mainly due to the Dgmmodating sequence-dependence of the edited signals.
spectra of Glu and GIn. For better quantitationiotivo 3 saBA in edited PRESS-DQFNn vitro signals of
signals, the basis set should also include the DQ sign@gaholites was automatically and reliably quantitated
of Glu and GIn. with QUEST.

lefere_nt gains of the receptorwere_ used when acquInng,r method will be applied to automatic quantitation of
the edited metabolite and GABA signals. After COITeCt Ly in vivo MRS signals

tion of the gain differences, the estimated proportion of
GABA signal in the phantom with respect to the metabo- V. ACKNOWLEDGEMENTS

lite basis set was + 5% a.u which is to be compared . ) . _
with the true value of 1. a.u. provided that the error on This work is supported by Philips Medical Systems,
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