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Most Magnetic Resonance Spectroscopy (MRS) localization
methods can generate gradient vibrations at acoustic frequencies
and/or magnetic field oscillation, which can cause a time-varying
magnetic field superimposed onto the static one. This effect can
produce frequency modulations of the spectral resonances. When
localized MRS data are acquired without water suppression, the
associated frequency modulations are manifested as a manifold
of spurious peaks, called sidebands, which occur symmetrically
around the water resonance. These sidebands can be larger than the
small metabolite resonances and can present a problem for the quan-
titation of the spectra, especially at short echo times. Furthermore,
the resonance lineshapes may be distorted if any low frequency
modulations are present. A simple solution is presented which con-
sists of selecting the modulus of the acquired Free Induction Decay
(FID) signal. Since the frequency modulations affect only the phase
of the FID signal, the obtained real spectrum of the modulus is
free from the spurious peaks where quantitative results may be di-
rectly obtained. Using this method, the distortions caused by the
sidebands are removed. This is demonstrated by processing proton
MRS spectra acquired without water suppression collected from a
phantom containing metabolites at concentrations comparable to
those in human brain and from a human subject using two different
localization methods (PRESS and Chemical Shift Imaging PRESS-
(CSD)). The results obtained illustrate the ability of this approach
to remove the spurious peaks. The corrected spectra can then be fit
accurately. This is confirmed by the results obtained from both the
relative and the absolute metabolites concentrations in phantoms
and in vivo. © 2002 Elsevier Science

Key Words: magnetic resonance spectroscopy; water suppression;
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1. INTRODUCTION

Acquisition of localized proton!H) Magnetic Resonance

suppression can exhibit an ensemble of spurious peaks added
the metabolite resonanced).(According to the literature, the
origin of these spurious peaks, called sidebands, might be th
vibrations of the gradients at acoustic frequencies during dat
acquisition 4), the oscillation of the magnetic fieldB§) (5), or

a correlation between both gradient-induced acoustic vibration
and the oscillation of theRp) field (6). Either one of these fluc-
tuations induce a time-varying magnetic field, which causes i
time domain signal phase contamination, manifested as sign:
frequency modulations. The quantification of the data obtaine
may be compromised if this problem is not solved. Furthermore
the lineshapes of the sighal components may be distorted if th
frequency modulations occur at low frequencies. The main gog
of this paper is to propose a method to remove the spurious peal
from the acquired data.

Hurd et al. have proposed an over-sampled PRESS-localize
2D J-resolved experiment to eliminate these distortioBs (
However, this solution is time consuming and can limit the min-
imum TE possible in localized MRS techniques. A second solu:
tion, which consists of subtracting a pure water signal from the
unsuppressed water data, has been propagedtiis method
may suffer from sensitivity to motion artifacts as two sepa-
rate acquisitions are required. A number of gradient phase cy
cling schemes might also reduce these distortions, but thes
require at least two data acquisitions per phase cygler);
Postprocessing methods such as the HLSVD method have be
proposed §). This approach removes only the first order har-
monic of the sidebands, as they appear symmetric about tf
water resonance with an antiphaSe The remaining higher or-
der harmonics may overlap with signal metabolites with small
intensities.

To overcome the frequency modulation problem, we present
simple solution described as follows: Since the frequency modu

(MR) spectra at short echo delay without water suppression nmagions affect the phase of the Free Induction Decay (FID) signal
provide several advantages compared to those acquired vattly the modulus of the FID signal is selected producing a rea
water suppressiori). Preserving the water line can serve as asignal. As a consequence, the spurious peaks are removed frc
internal reference for metabolite absolute concentration mehe obtained real spectrum. An additional benefit is that the line
surements. It can also be used for corrections of lineshape disapes of the resonances can be corrected if low frequency mo

tortions as well as intervoxel frequency shifts adjustmegis (

ulations are present. However, as the modulus is real, the rest

However, these localized MR spectra acquired without solvetaint spectrum is symmetrical. It includes a set of real metabolit:
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peaks and a set of reflected peaks symmetrically located aband ¢; are the amplitude and the phase of the signal compc
the water resonance. Nevertheless, the metabolite resonameegs;, respectively. The above equation represents frequenc
may be directly estimated from the spectrum of the modulus modulation of the signal induced by the teaq(t). Due to the
Here we show corrected proton phantom data emdivo antiphase of the closest symmetric sidebands to the water lir
brain spectra of a normal volunteer acquired without water suffirst harmonic) and the phased further sidebands (second he
pression at short and long echo delay with PRESS and PRE&®nic), the termwg(t) may be modeled as a sinusoidl ©).
Chemical Shift Imaging (CSI) techniques. The sidebands dfarthermore, it has been shown that these spurious peaks &
removed from the spectra and the lineshapes of the resonarmesd and their magnitudes decay as the echo time of the er
are corrected. To demonstrate that the proposed solution dpks/ed localization technique increasds §). The termwg(t)
not affect the metabolite signals and that accurate data quantitey be written as
tion is obtainable, the relative and absolute concentrations of the B , (T To)
major metabolites, namely, NAA, creatine, and choline of the ws(t) = Assin(Zrfe -t + ¢g) - € ’ [3]
unsuppressed water phantom amaivo brain data at short TE \yhere, A, fg, ¢, andTg are the amplitude, the ringing fre-
were estimated. The relative concentrations were comparegylzncy, phase, and damping time of the gradients oscillator
those obtained from data with water suppression. The absolyi§ration, respectively.
concentrations were compared to the known concentrations folnccording to Egs. [2] and [3], the teras (t) produces a group
the phantom and results from the literature forith@ivodata, of symmetric peaks (sidebands) for each signal component. Tt
respectively. Good results for both relative and absolute conceRagnitudes of these sidebands depend on the ampligdss
trations of the metabolites were obtained from both phantom agd|| as the amplituded; (j=1,..., N,t = 0) of the corre-
in-vivo brain data. sponding signal component. As the strength of the magneti
Theoretically, selecting the modulus should reduce the signgikig B (t) is very small compared t8y, the amplitudeAg is
to-noise (SNR) byw/2. This operation corresponds to selectingery small compared tdj(j =1,..., N, t = 0) and the side-
areal part of an FID signal. However, in practice we have founghnds are negligible in the localized proton spectra with wate
that the SNR is maintained and may even be increased at skefipression. If however, the water resonance is not suppress
TE after frequency demodulations. Possible reasons for the S sidebands whose intensities are scaled to the water resona
increase observation are given in the Results and Discussiitome larger in intensity and may obscure the small metaboli

section. signals. Furthermore, in the case whégds low (fg < 10 Hz),
the apparent lineshape of the signal resonances may be distort
2. FREQUENCY MODULATIONS OF SIGNALS by the overlapping sidebands, which occur at low frequencies
IN LOCALIZED MR SPECTROSCOPY As the frequency modulations affect only the phase of the sig

nal, areal signal free from frequency modulations containing th
As presented elsewheré-@), the major source of the spuri-major signal information may be obtained from the modulus.

ous peaks present throughout the spectrum at discrete frequersonsides(t) as a noise free FID signal composed of a phase:
cies is the vibration of the gradient coils at acoustic frequenciesiter peak and one phased metabolite resonance
activated during their switching immediately prior to data acqui- _ _ _
sition and/or the oscillation of the magnetic field. The latter may s(t) = (Aw(t) - €' + An(t) - €<nt) . e
be seen then as a superimposition of a time dependent magnetic — M(t) - & (®O+es®) [4]
field Bg(t) and a static magnetic fiel@g). This effect produces a ’
time-varying frequencywg(t), which produces spurious peaksvhere Ay (t), An(t), ww = 278y, andwn, = 278y are the am-
with their frequencies linearly added to each metabolite regalitudes and angular frequencies (chemical $hifs,) of water

nance frequency of the signad; (j =1,..., N), whereN is and the metabolite, respectively. The modui&) of the equa-
the total number of the signal resonances, tion above is given by
wj +wa(t) = ¥ (Bo(1 — ) + Bo(t) B iy = | D) -0 1) 4 An(t) - cOsEom - D)
+[Aw(t) - sin(y - t) + Am(t) - sin(@m - t)]z-
with o; denoting the shielding constant. Under these conditions 5]

an acquired FID signal takes the form
After some algebraic manipulations, we obtain

N N
t) = A (1) - & @itte) | dost) — (1) - dee® 12
0 ; 0 ;S‘() ) 2 M(t) = Vs OF + [An(t) - sindo - D2, [6]

whereA; (t), which may be expressed by an exponential decayheres (t) = Ay(t) + An(t) - CoOsAw - t) with Aw = wy — wm.
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Since the water amplitude is very large compared to the am-another form. The proposed solution corrects only for the
plitude of the metabolite component, the assump#gqiit) > frequency modulations.
An(t) holds, allowing neglecting the second termrgt). If the
water peak is on-resonanas,( = 0), the above equation may 3. MATERIALS AND METHODS
be approximated by
Two sets of proton spectra were collected at 127 MHz on ¢

M(t) ~ Aw(t) + An(t) - cOSEm - t). [7] 3T scanner with a maximum gradient strength of 4 gauss/cn
(General Electric Medical Systems, Milwaukee, WI). The first
set was collected from a 2.7 L spherical phantom and the secor

However, as the modulus is real, the resultant spectrum is sy#fit from & healthy volunteer. Each data set contains data wit

metrical about the water resonance with a real metabolite péaéw without Water. suppression gcquwed from a localized sin
and a reflected peak symmetrically located about the water (gl voxel and a single slice region. PRESS and PRESS-CS
onance. To analyze the data, the high field part of the spg€dueénces were used to collect the single voxel and the 2L
trum may be selected and the metabolite peak as well as {ha! data, respectively. The single voxivivobrain data were
on-resonance water peak may be estimated. However, as qﬂgected from white matter. The acquisition _parameters were
spectrum is real, its power is divided by two, the estimated peaR = 2'S: TE= 35and 144 ms, 32 accumulations for the single
area of the metabolite peak must be multiplied by two. If conyoxel dqta and 1 NEX for the CSI datax2 x 2 cn? voxel size
plex data is required for analysis and/or to avoid the power spdt the single voxel and & 1.5x 1.5 cn for the 2D-CS, 16+

trum division as well as the symmetry of the metabolite peaks® VOXels, 24 cm FOV, 5000 Hz spectral width, and 2K points.

one suggestion is to use the Hilbert Transform, which is a timg0" thein-vivo 2D-CSI data, the spectral width was reduced to
domain to a time-domain transformatiot0f to produce as an 2000 Hz and the data length to 512 points. For the data acquire

output a complex signal from the input real moduMg). with water suppression, three CHESS pulses were added b
In the general case where the sigsé) contains the on- fore the sequences to suppress the water resonance before d

resonance water signaby, = 0) and more than one metabomea_cquisition. The spherical phantom consists of 50 mM potas

component, which are not symmetric to the water resonance, fi¢™ Phosphate monobasic (KPHG;), 56 mM sodium hydrox-
modulus is written as ide (NaOH), 12.5 mM N-acetyl-L-aspartic acid (NAA), 10 mM

creatine hydrate (Cr), 3 mM choline chloride (Ch), 7.5 mM myo-
T PR— 7 inositol (mi), 12.5 mM L-glutamic acid (monosodium salt Glu),
M(t):J |:Aw(t)+ZA,(t)-cos@j -t)} + {Z Aj(t) - sin, ~t)] +C (1) 5 mM DL-lactic acid (lithium salt Lac), and 0.10 % sodium
= = azide. The modulus of each signal was obtained in order t
[8]  remove the sidebands from all the data collected without wa
. ter suppression and an exponential signal apodization was pe
The two remaining terms, where the second term representsghie, o g (LB = 2 Hz) before data analysis. As the magnitudes
cross-terms of the metabolite components, are givenby ot the added sidebands are larger at short TE than longer T
(Eq. [3]), only data acquired at TE 35 ms are analyzed. Data

Note that in the equation above, the tetg(t) disappears.

N-1 N1 acquired at TE= 144 ms are used to demonstrate that the phe
CM)=2-Y" " Aj(t)- At) - cosgx - ) nomenon of sidebands appears at every TE but with magnitude
I=1k=j+1 decreasing as the TE becomes longer. We chose to quantify dz

-[cos(w; — wi)t) — cos;j - t)], [9] directly from the spectra of the moduli by using spectral fitting

methods based upon the Levenberg—Marquardt algorithm avai

and are negligible compared to the first term M(t), able in a software package provided by GE (SAGE package]
which may be approximated by its first termA,(t) + Only the three major metabolite peaks, namely, NAA, creatine
ZJ-N:?Aj (t) - cosj - t). The spectrum o (t) is free from side- and choline, were estimated along with the water peak in th
bands and is mainly composed of the water signal and the symsuppressed water data. Absolute quantitation for the metab
metrical metabolite resonances. The baseline distortions are dibes was obtained based on the water content of 110 M for th
rected and the signal components recover their forms in the cabantom data and 70 M for the white matter détd)(Due to
of low frequency modulations. The aliphatic part of the spethe decay of the signal resonances during the TE interval, th
trum of M(t) could be selected to quantify the water and themplitudes of the metabolites and the water peak at the origil
metabolites peaks. (t = 0) were calculated based on the estimated amplitude va

Note that the static field inhomogeneities, eddy currents, etees and the T1 and T2 values of the metabolites and the watt
also induce an increase of the overlapping peaks and distortgiven in the literature {2, 13. For the SNR calculations, the
of the spectral baseline. They affect the modulli§) and/or creatine resonance was selected and the SNR was calculat
the phaseb(t) in Eq. [4] by changing the form of the envelopeas (creatine peak height/“rms” noiseR.5. Both data without
of the signal components from an expected exponential decagter suppression acquired at BE35 and 144 ms were used
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4. RESULTS AND DISCUSSION

The single voxel spectra obtained from the phantom ac
quired at TE= 35 and 144 ms, before and after frequency
demodulations, respectively, with the water peak on-resonanc
(ww = OHz) are shown in Fig. 1. Note that all of the spurious
peaks are removed leading to a corrected baseline. As shown
Eqg. [3], the magnitudes of the spurious peaks in the spectrur
acquired at TE= 35 ms are larger than the spectrum acquired
at TE= 144 ms.

Figure 2 shows the aliphatic parts of the selected voxel spec
trum obtained from the white matter of the 2D-Glvivo data
(TE = 35 ms) before and after frequency demodulations, re
spectively. The sidebands are removed from the original signa
As a consequence, the baseline is corrected and the metabol
resonances emerge, especially the NAA peak. For data witl

(B)  out water suppression, the water peak was fit first before th
: . metabolite resonances in the frequency domain using spectr
8 6 4 2 o fitting methods (Figs. 3 and 4).
Frequency (ppm) The results of relative and absolute concentrations fo
both the phantom anéh-vivo data with and without water
suppression acquired at TE 35 ms are reported in Table 1.
The fractional mean error was calculated as follows: For relative
concentration the fractional mean error is the mean value c
- the absolute differences between both the NAA/creatine an
choline/creatine ratios and their reference values divided b
(C) the reference values. For absolute concentration, the fraction
mean error is the mean value of the absolute differences betwe
AN
NAA
[ (D)
r— .+ 1r - 1 - 1 1
8 6 4 2 0 (A)
Frequency (ppm)
FIG. 1. (A) The single voxel spectrum of the phantom acquired without
water suppression using the PRESS sequence at 3EHBE ms, TR= 2 s,
2K points, and 5000 Hz). The arrows show the symmetric sidebands related to (B)

the water peak. (B) The spectrum of the modulus of the signal whose spectrum
is shown in Fig. 1A. The sidebands are removed. Note the symmetry of the
metabolite peaks about the water peak.(C) The single voxel spectrum of the

phantom acquired without water suppression using the PRESS sequence at 3T

(TE=144 ms, TR=2 s, 2K points, and 5000 Hz). The arrows show the sym- =" "~ T 7 7T 7T 0T orr T
metric sidebands related to the water peak which decrease compared to those in 3.5 3.0 2.5 2.0 1.5 1.0

Fig. 1A. (D) The spectrum of the modulus of Fig. 1C. The sidebands are removed. Frequency (ppm)

to compute the SNR and the width at half height (WHH) of the FIG.2. (A)Anexpansion ofthe aliphatic part of the spectrum of the selected

water peak before (spectrum of the original data) and after f

i

voxel from the white matter (2D-CSI PRESS, 4616, 1 NEX, FOV= 24 cm,
= 2s, TE= 35 ms, 512 points and 2000 Hz). Note that the baseline shows

quency demodulations (spectrum of the modulus of the originglevere distortion, especially in the NAA region. (B) The aliphatic part of the

data).

spectrum of Fig. 2A after removal of the sidebands. The baseline is corrected
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cr NAA
Ch

(A)

(A)
(B)

(B)
(®)

5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3 2 1
Frequency (ppm) Frequency (ppm)

FIG. 3. (A) The water peak from the spectrum of Fig. 2B. (B) The re- _FIG. 4. (A) The region of NAA, creatine, and gholinefrpr_n the spectrum of
sults obtained by fitting the water peak using spectral fitting methods. (C) Thig. 3C after water removal. (B) The results obtained by fitting the three peak
difference between (A) and (B). using spectral fitting methods. (C) The difference between (A) and (B).

the estimated concentrations of NAA, creatine, and choline, atiet suppressed and the unsuppressed water data are also cc
their reference values, respectively, divided by the referenparable and the differences between the unsuppressed and 1
ones. The reference values for both relative and absolsigppressed water data are 0.13 and 0.07 for the NAA/creatir
concentrations in the phantom are given in bold in Table &nd choline/creatine ratios, respectively. For the phantom dat:
whereas for thén-vivo data the values given in the literaturethe calculated fractional mean errors of absolute concentratior
(14) are taken as reference values for absolute concentratifmsNAA, creatine and choline lead to an overestimation by 7,
and given in italic bold in Table 1. The fractional mean error af0, and 11%, respectively. These errors are comparable to tho
the relative concentration for the phantom data was286 in  published elsewherel$). The fractional mean errors for the
the unsuppressed water data and decreases id8in the sup- absolute concentration for the-vivo data are as follows:
pressed results. These errors are comparable and indicate tikihg the results obtained by Kreds al. (14) as a reference,
the removal of sidebands can lead to accurate quantitation. e NAA resonance is overestimated by approximately 10%
the in-vivo data collected with both single voxel and 2D-CSlthe creatine by 6%, whereas choline is underestimated b
the values of the NAA/creatine and choline/creatine ratios 0%.

TABLE 1
Estimated and Reference Relative and Absolute Metabolite Concentrations of the Single Voxel
and 2D-CSI in-Vitro and in-Vivo Data at TE = 35 ms

NAA creatine choline Water
NAA/creatine Choline/creatine (mmol/kg) (mmol/kg) (mmol/kg) suppression
In vitro (SV) 1.30[1.25] 0.88[0.90] / / / yes
In vitro (SV) 1.20[1.25] 0.96[0.90] 12.8[12.5] 10.7[10] 3.4[3] no
In vivo (SV) 1.58 0.72 / / / yes
In vivo (SV) 1.52 0.74 9.668.81] 6.32[6.33] 1.55[1.58] no
In vitro (2D-CSl) 1.26[1.25] 0.93[0.90] / / / yes
In vitro (2D-CSl) 1.231.25] 0.87[0.90] 13.9[12.5] 11.4[10] 3.3[3] no
In vivo (2D-CSl) 1.57 0.70 / / / yes
In vivo (2D-CSlI) 1.44 0.63 9.18.81] 6.73[6.33] 1.42[1.58] no

Note.The written values in bold are the reference values foirthétro data. The written values in italic bold are the reference values taken from the literatur
for thein-vivo white matter regiong). SV stands for single voxel.
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TABLE 2 The results reported in Table 2 of the calculated SNR fol

Calculated Creatine SNR (Peak Height) and Width at Half creatine serve to illustrate these hypotheses. The differencesk
Height (WHH) of the Water Peak before and after Frequency tweenthe SNR of data without water suppression after frequenc
Demodulations demodulations and before frequency demodulations are alwa:
SNR (peak SNR (peak higher at.shc_)rtTE than Ionggr TE.A possi.ble explanation Qf this

height) heighty ~WHH (Hz) WHH (Hz) Observationisthatthe magnitudes of spurious peaks are higher

TE (ms) [before] [after] [before] [after]  short TE thanlong TE as stated by Eq. [3]. As a consequence, tt
. “noise” corrupted by higher order harmonics of the sidebands i
In vitro (SV) 35 101, 14/1. 3.3 2.8 d ith ion is hiaher at short TE th
Invitro (SV) 144 71 101, 30 28 proton data without water suppression is higher at shor a
In vitro (CSI) 35 41. 8/1. 3.6 27 long TE. At TE= 144 ms, the SNR of the corrected data after
Invitro (CSIl) 144 3.51. 6/1. 2.7 2.7 the removal of the spurious peaks is still slightly better than the
In vivo (SV) 35 1. 6/1. 8.2 7.8 SNR of data before correction. One possible explanation for thi
Invivo(SV) 144 91 1. 7.9 78 second observation is that even if the SNR is reduce¢/Byn
In vivo (CSI) 35 71 13/1. 8.8 7.6 h dulus. th | of sidebands f th tabolite re:
Invivo(CSl) 144 451, 51, 78 76 the modulus, the removal of sidebands from the metabolite re:

onances as well as the noise region is still sufficient for the SNF
to be slightly higher in the corrected spectra (after frequenc
demodulations) than the uncorrected ones (before frequent
demodulations).

A consequence of the proposed method is that if differen
metabolite peaks occur at symmetric frequencies about the wat

As shown above, the highest fractional mean error obtaingds,nance in the original spectrum, they will be added and appe
for both relative and absolute concentrationsinboth datatfo 5t the same frequency after selecting the modulus. Peaks wi

e_mdin vivo_) is 11%. These errors may arise from the approxima 4| amplitudes between 6 and 8 ppm have been observe
tion used in the modulus formula (see Eg. [7]), as well as to the the proton spectra of brairl ). The use of the modulus

quantitation method used, which is limited to one signal modgli)| reflect these observed peaks in the NAA/glutamate region
namely the lorentzian model. Other quantification methods wiglyvever in order to optimize the SNR in the acquired data
more flexibility on signal model may be usets 19. the bandwidths of the spatially selective PRESS sequence us
_ Itis important to note that selecting the modulus makes thg the GE scanner are centered on the creatine/choline regic
lineshape of the peaks symmetric and theoretically broadgfy set to about 600 Hz in the spectral dimension. We hav
than the original ones. However, as some of the modulgyyerimentally observed thatusing this sequence, the amplitud
tions may occur at low frequencyf¢ < 10 Hz), the resulting ot heaks at 6-8 ppm are attenuated by about 75%. Thus, tt

sideband peaks resonating close the metabolite peaks inclglact of these reflected peaks on the NAA/glutamate regiol
ing the water resonance are added to the metabolite peaks gpg, selecting the modulus are probably insignificant.
may make them appear broader than they should. In this case, the

technique described here will remove all of the sidebands, which
may lead to narrower resonances in the spectrum (Table 2).
Selecting the modulus of an FID signal should decrease its
SNR byv/2, which corresponds to selecting the real part of an e have described a method for removing spurious peak
FID. However, in this case, as the spurious peaks generatedyy 1o the frequency modulations induced by the gradient vi
the frequency modulations are added throughout the spectryiytions at acoustic frequencies in localized proton MRS dat
their higher order harmonics at high frequencies decreasejihout suppression of water. The method is based on selec
magnitudes and may be added to the “pure” noise of the Sighg the modulus of the MRS signal. The results obtained shov
in the noise region leading to an overestimation of the “nois§qat any baseline distortions and signal component lineshay
especially at short TE. As a consequence, the SNR may @@formations caused by the presence of the spurious peaks :

crease in the data without water suppression before frequeRgyrected in localized MRS spectra acquired without water sup
demodulations. The use of modulus may improve the S'\B:Fession at short TE.

Note. SV stands for single voxel. BeforeData without water suppres-
sion+ FT. After=Modulus of the data without water suppressioRT. an
LB = 2 Hz was used.

5. CONCLUSIONS

because: We have also demonstrated that after frequency demodt
lations the metabolite signals can be fit, and their absolut

(i) The removal of the modulations will lead to a “purer” repconcentrations can be obtained using the water peak as an int
resentation of the noise which should lower the estimates of thal reference. In the absolute quantitation we concentrated c
“rms” noise level, the principal metabolite peaks, NAA, creatine, and choline. Thi:
(i) The resulting metabolite peak in this region may be sharpguantitation can be extended to other metabolites with smalle
since its corresponding sidebands due to the low frequency madncentrations, and metabolites closer to the water peak m:
ulations are removed. be added to illustrate the feasibility of the approach. Howevel
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as the main target of this work is to demonstrate that selec$- L. N. Ryner, P. Stroman, T. Wessel, D. I. Hoult, and J. K. Saunders, Effect

ing the modulus is sufficient to remove the spurious peaks and of oscillatory eddy currents on MR spectroscopy, Proceedings of the VI

to preserve the metabolite signals, no attempt was made to an- "< Meeting, Sydney, April, Vol. 3, p. 1903 (1998).

. .Wu, B. A. Chronik, C. Bowen, C. K. Mechefske, and B. K. Rutt, Gradient-
alyze other metabolite resonances. Furthermore, the prOpOS%qT]duced acoustic and magnetic field fluctuations in a 4T whole-body MR

method is independent of the acquisition parameters, especiallyimager Magn. Reson. Medi4, 532-536 (2000).

the echo time (TE). Although the use of the modulus should; g kreis and C. Boesch, Localized 1H-MRS without water saturation: Tech-
in principle, reduce the SNR by'2 and lead to broader reso-  niques and initial results for human brain and muscle, Proceeding of the V
nances, in practice we found that the SNR is maintained or in- ISMRM meeting, Sydney April, p. 24 (1998).

creased and the resonance linewidths are retained. The metho@ i8!. A. Elliott, D. B. Clayton, and R. E. Lenkinski, 1H spectroscopy without
straightforward, computationally rapid, and easily implemented water suppression: Removal of sidebands modulations at short TE, Procee

in the analysis ofin-vivo single voxel and multi-voxel CSI Ings of the VIl ISMRM Meeting, Glasgow, April, p. 1667 (2001).
9. H. S. Black, “Modulation Theory,” Van Nostrand, New York (1953).
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