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Spectral editing using gradient-selected double-quantum filter-
ing (DQF) with PRESS localization has been used for selective
observation of metabolites in vivo. In previous studies using lo-
calized DQF sequences, it is generally assumed that the slice-
selective pulses used in the sequence have no roles in coherence
transfer, and do not interfere with DQF. To validate this assump-
tion, the effects of slice-selective excitation/refocusing on DQF
were investigated in DQF lactate editing sequences combined with
PRESS localization. Contrary to the previous assumption, the re-
sults show that, due to chemical shift displacement artifact and
J coupling, slice selection in DQF does interfere with coherence
transfer, affecting both the accuracy of spatial localization and the
detection sensitivity adversely. In the case of lactate editing, the ef-
fects of this interference can be accounted for simply by adjusting
the strength of the slice-selection gradients and by using narrow-
band slice-selective refocusing pulses. © 2001 Academic Press

Key Words: spectral editing; double-quantum coherence trans-
fer; double-quantum filtering; chemical shift displacement artifact;
spatial localization.

INTRODUCTION

ther by mechanisms such as transverse relaxation, spin difft
sion,J modulation, and RF pulse imperfectioB, @). For spa-
tial localization, DQF has been combined with both methods
using chemical shift imaging (CSI) and methods using slice se
lection @-19). Because of the intrinsically reduced detection
sensitivity of the DQF sequences and the large voxel matri
size needed in CSI to avoid intervoxel leakage, DQF with CSI
often requires a long acquisition time that is undesirable for
in vivo applications 4-7). Localization in DQF has also been
achieved using slice-selection techniques, including stimulatec
echo acquisition mode (STEAMB(9), volume-selective spec-
tral editing (VOSING) (0), volume-selective refocusing (VSR)
(11), spatial and chemical shift-encoded excitation (SPACE)
(12), image-selecteih vivospectroscopy (ISIS1Q), longitudi-

nal Hadamard encodind 4), and point-resolved spectroscopy
(PRESS) 15-19). DQF with PRESS localization seems to be
the most successful among these, and has been used to perfo
localized spectral editing for lactat&s), y-aminobutyric acid
(GABA) (16), glucose 17), glutathione 18), and glutamatel(9)
invivo. The main reasons for its success are because the pulse
quence is simple, it achieves spatial localization in a single sho

Severe spectral overlap and interference from lipid and wafdd more importantly itis believed that PRESS localization doe:

signals often limit the usefulness's magnetic resonance specot introduce any further reduction in detection sensitivity.
troscopy (MRS)n vivo (1). A family of spectral editing tech-  All spatial localization techniques using slice selection suffer
niques has been developed to observe the resonafa@@apled  from the well-known chemical shift displacement artifact, and
metabolites selectively and to suppress lipid/water signdfis has beeninvestigated thoroughly in PRESS and PRESS-lik
(2, 3). Among these, techniques using gradient-selected dout#eéguence20-22). In addition, homonuclearcoupling affects
quantum filtering (DQF) provide a good compromise betwedRe accuracy of spatial localization for lactate in PRE33).(
lipid/water suppression, detection sensitivity for metabolite(d)} Previous studies using localized DQF sequences with slict
and motion sensitivity, and show considerable promise f&election, it has generally been assumed that the slice-selecti
in vivo application p—4). pulses have no roles in coherence transfer, and therefore th
However, the routine use of DQF in practice is still hinderethe spatial localization element of the sequence does not inte
by technical limitations such as reduced detection sensitivii§re with DQF. However, it was recently shown that the slice pro-
and poor understanding in combining DQF with spatial localiz&le obtained by a slice-selective refocusing pulse in DQF with
tion. Theoretically, only a fraction (i.e., 25-50%) of the signalERESS is different from that obtained by the same pulse in cor
from the target resonance can pass through a DQF sequeiiégtional PRESSX4). To clarify this observation and to further

and the signals passing through the sequence are attenuatedygstigate the roles of slice-selective pulses in DQF, the effect
of slice-selective excitation/refocusing on DQ coherence trans
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18 LEI AND DUNN

J coupling of the edited spin(s), slice-selective excitation/re- g
focusing in DQF interferes with coherence transfer within the
region of interest (ROI). The consequences of this interference
and their solutions are also discussed.

THEORY

Figure 1 shows two commonly used DQF sequences with
PRESS localization. The first 9@ulse and two 180pulses in
these sequences are slice selective to achieve three-dimensional
spatial localization 15-19). Compared to sequence a, sequ- b
ence b has an extra hard I88ulse inserted in the middle of
the DQ evolution periodty).

Let us consider the sequence shown in Fig. 1a first. It is well
known that spatial localization obtained by slice-selective exci-
tation/refocusing depends on the chemical shift of the resonance
observed. For instance, for a weakly coupled two-spin€lys-
tem (I1S) with a frequency differencas between the two spins,
the center of the slice selected by a slice-selective pulse for spin
S is shifted relative to that for spin | by an amount C
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FIG. 1. Pulse sequences for spectral editing using double-quantum cohéHO DQ coherence by the second*fllse. Aftert;, the third
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FIG. 2. Schematic representations of chemical shift-induced spatial dis:
placement (a). Because of the chemical shift-induced spatial displacement au
J coupling, calculating the strength of the slice-selective gradient and the fre
guency offset of the slice-selective pulse in double-quantum filtering (DQF)
with PRESS localization (c) is different from that in normal PRESS (b) in order
to obtain the same region of interestis the slice thickness of the region of
interest, and\r is the chemical shift-induced spatial displacement.

wherer is the slice thickness, add$§ > |wis|) is the bandwidth
of the slice-selective pulse. Figure 2a shows a schematic re
presentation of the chemical shift-induced spatial displacemen
Suppose that the carrier frequency of the slice-selective puls
is set on resonance for | and the open area (i.e., region ii ar
region iii combined) is the desired ROI. Because the resonanc
frequency of S differs from that of I, the area in which S is
selected by the pulse in the presence of a slice-selective gradie
(i.e., region i and region ii combined) is shifted by relative
to the desired ROI. Note that both | and S are selected in regio
ii, while only S is selected in region i and only | is selected in
region iii.

For the DQF element of the sequence without considering
the pulses to be slice selective, antiphase coherence is gen
ated during the DQ creation periodz(2and is then converted

90 pulse (i.e., the DQ read pulse) converts the DQ coherenc
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back into single-quantum (SQ) coherence which is then detectekere J is the scalar coupling constant between | and S, anc
at the end of the detection period & t2). When | is edited, the the subscripts | and S in Egs. [2] and [3] represent | spins an
frequency of all the RF pulses in the sequence is set on reSospins, respectively. In region i, S is inverted and | is not re-
nance for I, except for the DQ read pulse for which a frequenciecused so that the antiphase coherence will be dephased |
selective pulse with a frequency set on resonance for S is usudlilg crusher gradients around the 1®ilse, and there will be

used to increase the intrinsic detection sensitivy Using a no contribution from this region to the final signal observed.
product operator formalism in the spherical ba&s)(the co- If r; = 7, = 1/4J, no signal will be received from region

herence transfer pathways involving the DQ coherehc8,() iii (Eq. [3]), and consequently the slice observed will have re-

and leading to observable signals of spih.l)(are duced thickness-Ar and the center of the slice will be shifted
by Ar/2 compared to the desired ROI which is assumed tc
|O$§ I 51.S 180 .S 5% 1,S, _be the slice observed for_nonedited spins by the same puls
in a normal PRESS experiment. In some of the previous stud
1% .S E>13(>P|,SOE> l_ ies (15), r; and t, were set tor — t; and t + t; respec-
tively to simultaneously refocus the coherence transfer ech
and and theBy inhomogeneity experienced by the DQ coherence
during thet; period. In this case, signal from region iii will
P 1, 5 |+501§§’ I_S5% .S, be 180 out of phase with that from regiqn i (Eq. [3]), and
. o 180 . thus thg signals from'thefse two regions WI|| cgncel each othel
>, 1_S=>1_, Assuming that the distribution of the spins is homogeneou:s

and an integrated signal intensity of unity from the desired
wherely and S, represent the longitudinal magnetization of ROI, the signal intensity detected experimentally, tipf(will
and S, respectively, arld S, andl S, represent the antiphasebe,

coherence.
Now consider the effects on DQ coherence transfer of making lois \wis|
the pulses slice selective. The first9fulse convert$y andSy Int(ty) = [(1 — %) — % sin(2r Jtl)] x cOF(r Ity).

into SQ coherence. Because evolution of the SQ coherence of S
in the subsequent coherence transfer steps does not lead to any [4]
observable signal of I, the chemical shift displacement artifact

caused by this pulse will have no effects on the final resu

. . ) Iﬁe rofile of the slice actually selected will be irregular because
and thus can be ignored. The function of the two°j8@ises in P y 9

. . ! of cancellation between the signals from the two regions. A sim:
the sequence is to interchanigeS, and! _ . To obtain perfect ilar analysis can be also applied to the first 1fQIse. Because

e perfoctreloousing puisefo| and smultancously as a pertg DQ creation period is aiays symmetrical with respect t
asape gp o X y PETRE center of the first 18(ulse, no antiphase coherence will be
inversion pulseforS. Hoyvever, th|§W|IIobv!ousI_y notbgthe Case, orated in thewr at the end of 2 (Eq. [3]) and subsequent
In practice. When no sI.|ce-seIect|\_/e gradient IS appl!eq, a I'&Bherence transfer in this region will result in no observable
180 pulse converts, Sy into | - Sy with a conversion efficiency sianal.

factor which is determined by experimental parameters such a he simplest way to ameliorate this problem is to use slice

the Iength and the RF power of the pulse as well as the pro_pertéta ective 180pulses with high bandwidths to reduce the size of
of thelspm sy;tem such ags (24). In the presence of.a Sl'ce'Ar relative tor. However, pulses with high bandwidths require
§ele_ct|ve grad|ent,_the same Igulse refocuses I.and Inverts Snigh RF power which can be limited by the RF amplifier. The
Iherefore coherence ransfer i iferent parts of the RO wil E0bIe can also be solved by adiusting the strengih of the s
diff ¢ Consider the effects of maki F:h & Selective gradient3) and the frequency offset of the pulsed)
ifferent. Consider the effects of making the second"Yafse ép select a slice that has the same slice thickness and is at tl

in Fig. 1a slice selective. In region i of Fig 2a, | is refocuse ame localization as the desired ROI. Figures 2b and 2c illustrat

and simultaneously S is inverted, allowing normal coherenﬁ%w this can be done experimentally. Normally, when a slice-

transfer: selective pulse with bandwidih (8§ > |ws|) is used to select a
18051, slice of thickness and with a spatial offseéd, G and Aw are
1,SH5—> - = sm[(rl + 'L'2)7T J]l _. [2] given by
In region iii, | is refocused, but S is not inverted. Coherence 8
transfer in this region is G= r [5]
§xD

1S3 % sin[(ry — w1 [3] ro °
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However, as discussed above, this combinatio®@&nd Aw  Underthese condition§andAw should be calculated normally
will actually select a slice with a reduced thickness and withusing Egs. [5] and [6].
shifted center when used in DQF with PRESS (Fig. 2b{s i§

calculated using EXPERIMENTAL

8 — |wis] All experiments were carried out on a Varidh'™ INOVA

G= Ty [7] console connected to a 7-T/20-cm Magnex magnet equippe

with actively shielded gradients. A Varian quadrature coil with a

a slice with a thickness,e Will be selected in normal PRESS, diameter of 4 cm was used for both transmission and receptiol

All experiments were performed on a 1.2-cm-diameter cylin-

Sr r2 drical phantom containing 27 mM lactate solution in saline.

5 — |org] = r —Ar) [8] Lactate-edited spectra were acquired with the sequences sho

in Figs. 1a and 1b using a 10-ms single-lobe sinc pulse for th
DQread pulse, TR 6.0 s, 2 =72 ms, a spectral bandwidth of

Provided that there is no contribution from tig region to X
the observed signal, the slice thickness obtained in DQF witf00 Hz, 2048 data points, and 16 averages. For other puls

Mew =

PRESS will be (Fig. 2c) |n the sequences, hard pulses_we(e used unless otherwise sp
ified. In the sequence shown in Fig. Xa,andt, were set to

o] T — ty andr + ty, respectively. In the sequence shown in Fig. 1b,

I ew X <1 — %) =T. [0] © = w = t. The carrier frequency was set on resonance fol

the lactate methyl group, and the frequency of the read pulse w:

) _centered on the lactate methine resonance. The flip angles of :
Inorder for the slice actually selected to correspond to the des”ﬁﬂses were carefully calibrated. The orientation and the am

ROI (Fig. 2c), the offset of the pulse must be determined usingide of all crusher gradients and coherence transfer pathwa

selection gradients were adjusted experimentally to maximiz
Aw = (6 — |ans]) x D I wis [10 the efficiency of water suppression and to minimize the forma
r 2 tion of gradient echoes.
The first set of four experiments was done without spatial lo-
The above method works well for the first T8fllse. However, cgjization, and three-lobe sinc pulses were used fof p8es.
to be able to use Egs. [7] and [10] to calcul@eand Aw for  |n the first experiment, theormalrefocusing profiles of 1- and
the second 180pulse,r; = 2 is required. By setting: = 72,  2-ms sinc pulses were determined by acquiring water spect
however, theB, inhomogeneity experienced by the DQ coherUSing a double spin-echo sequence (EEIE2=72 ms) as
ence during the; period will not be refocused, affecting bothi,e frequency offset of the second 1§fulse was varied from
the intensity and the lineshape of the final signal obser8gd (_4000 (e.g., upfield) to 4000 Hz (e.g., downfield) relative to the
The sequence shown in Fig. 1b is a sequence in which 72 resonance frequency of water. In the second experiment, lacta
and simultaneously thBo inhomogeneity is refocuse®,(16  editing was performed using either 1- or 2-ms sinc pulses fo
17). The extra hard 18Qpulse at the center f refocuses both poth the first and the last 18@ulses as the frequency offset of
chemical shift andB, inhomogeneity experienced by | and Sne |ast 180 pulse was varied from-3000 to 3000 Hz with re-
during this period. Because no cancellation of signals occurssjﬁect to the carrier frequendy= 16 ms. In the third experiment
this sequence, in theory it should give higher detection sengjithout spatial localization, a sinc pulse was used for either th
tivity than the sequence shown in Fig. 1a. However, in practiGgst 180 pulse or the last 180pulse, with a hard pulse used
because more RF pulse and crusher gradients are involved, histhe other 180 pulse(s). Lactate editing was performed as
sequence is often more susceptible to imperfection in RF powgg |ength of the sinc pulse was varied from 1 to 8 ms in 0.5-m:
calibration, breaking through of unwanted coherence transfﬁﬁrements, witht; = 16 ms. In the fourth experiment, a sinc
pathways, and formation of gradient echoes. pulse of either 1 or 6 ms was used for the last°lg0ise. Lac-
In cases whereyis is relatively large (i.e., in the order of tate editing was performed aswas varied from 10 to 26 ms in
several hundred hertz), the localization problem for the secopdys increments.
180" pulse in the sequence shown in Fig. 1a can also be solved by, the second set of experiments, lactate-edited spectra we
using a narrowband pulse with< |ws|. Such a pulse refocusesacquired from a 10-mm slice located at the center of the magn:
I'uniformly throughout the desired ROI, but does not invert Sglected by using a slice-selective three-lobe sinc pulse for th
As long as the DQ detection periods are asymmetrical aroupdt 180 pulse in the pulse sequence shown in Fig. 1a. The puls
the 180 pulse, refocusing in this way will generate a signal witfength of the sinc refocusing pulse varied from 1 to 8 ms, an
an integrated intensity which can be described by Eq. [11] t, — 16 or 24 ms.
In the third set of experiments, lactate-edited spectra wer
Int(ty) = — sin(27 Jt;) cog(r Ity). [11] acquired from a 2& 20 x 10-mn? voxel, witht; of either 16
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or 24 ms. Three-lobe sinc pulses 1 ms long were used for ghefiles of the sinc pulses numerically. Depending on the puls
first 90> pulse and for the first 180pulse. A three-lobe sinc length, the RF power used for simulation was such that & 180
pulse with a length of either 1 or 6 ms was used for the secofligp angle was produced at the carrier frequency. The chemice
slice-selective 180pulse. The phasepj of the DQ creation shift difference and thé coupling constant between the lactate
pulse and the DQ read pulse was determined as describedrmthyl group and the lactate methine group used for simula
Trabesingeet al. (18). For the first slice-selective 18@ulse, tion were 832 and 7 Hz, respectivelgd). When needed, the
G and Aw were calculated using Egs. [7] and [10]. For thareas under the profile curves were calculated by a 1000-ste
second slice-selective 18@ulse,G and Aw were calculated numerical integration.
using either Egs. [7] and [10] or Egs. [5] and [6].

Post-acquisition spectral processing in all casesincluded zero- RESULTS
filling the free induction decays to either 4096 or 8192 data points
and applying a 2- to 5-Hz exponential line broadening. SpectraThe dependence of the water signal intensity on the frequenc
were phased individually to give a pure absorption lineshapéset of the second 18(@ulse in the double spin-echo sequence
and then corrected for baseline drifting. For quantification, theshown in Fig. 3a. For both 1- and 2-ms pulses, the profiles ar
intensity of the lactate methyl signal was used when it coukymmetrical with respect to the resonance frequency of wate
be confirmed that the linewidth remained constant throughaarid have shapes typically seen for sinc pulses. The refocusir
the experiment. Otherwise, the area under the edited lactate sigrdwidths for 1- and 2-ms sinc pulses are 4400 and 2200 H:
nal, derived using spectral deconvolution with a pure Lorentziaespectively. When used as the last 180Ise in DQF lactate
lineshape, was used. editing sequences, the refocusing profiles of the sinc pulses a

A custom-written Fortran 77 program using a rotation maemarkably different from those shown in Fig. 3a. In the se-
trix algorithm was used to evaluate the refocusing and inversignence shown in Fig. 1b, the refocusing profiles have reduce
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FIG. 3. The dependence of water signal intensity on the frequency offset of the laspaR@ in a double spin-echo sequence (a). The dependence of edite
lactate signal intensity on the frequency offset of the last I80se in the pulse sequences shown Figs. 1b and 1a is shown in b and c, respectively. In a—c, ¢
and closed circles represent the experimental data obtained using 1- and 2-ms three-lobe pnts&80respectively. The solid lines connect data points. Pane
d shows stacked spectra of an edited lactate methyl resonance acquired using the sequence shown in Fig. 1a, with a 2-ms sinc pulse used foptiigelast 1
whose frequency offset was varied betweel00 (rightmost) and 1400 Hz (leftmost) in 100-Hz increments.
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bandwidths and are shifted downfield (Fig. 3b). In the sequenbecame constant again when the pulse was longer than 5 n
shown in Fig. 1a, the refocusing profiles of the sinc puls@he solid line represents a numerical simulation for the dat:
are irregular in shape, with two components under each cunepresented by the closed squares, and models the shape of
(Fig. 3c). The total bandwidth of the two components for eaaxperimental curve well. The dashed lines connect data point
pulse is similar to the bandwidth for the same pulse when useijure 4b shows the dependence of the integrated lactate sigr
in a double spin-echo experiment (Fig. 3a). The bandwidthsiotensity ont; in the sequence shown in Fig. 1a when a sinc
the upfield components are virtually the same, about 800 Humjlse of either 1 (closed circle) or 6 (open triangle) ms was
for the 1- and 2-ms pulses. The downfield components of theed for the second 18@ulse. With the 1-ms refocusing pulse
profiles resemble the profiles in Fig. 3b, and have higher sigr{al= 4400 Hz), the lactate signal intensity decreased monotor
intensity than the corresponding upfield components. Figure @ally with increasingt;. With the 6-ms refocusing pulsé £
shows stacked spectra of an edited lactate methyl resonance7&8 Hz), however, the lactate signal intensity increased with
quired using the sequence shown in Fig. 1a with a 2-ms siwnithin the observed; range, and reached a maximumtaof
pulse used for the last 18@ulse. The frequency offset of the22—-24 ms. The solid curves are theoretical predictions from Eq
sinc pulse was varied betweer1400 (rightmost) and 1400 Hz [4] and [11], and fit the shape of the experimental curves well.
(leftmost) in 100-Hz increments. All spectra were scaled identi- Figure 5 shows the dependence of the integrated lactate sigr
cally and had the same zero-order phase correction. Adi&fse intensity on the length of the last 18t the sequence shown
reversal for the edited lactate signals occurs betwe®®0 and in Fig. 1a, which was used to achieve one-dimensional spati
—400 Hz, the frequency separating the two components of tleealization. Att; =16 ms, a 6-ms sinc pulse resulted in an
profile curve of the pulse (Fig. 3c). integrated lactate intensity 12% higher than that obtained usin
Figure 4a shows the dependence of the integrated lactate sig-=ms sinc pulse. Aty =24 ms, the increase was as high as
nal intensities on the lengths of the sinc refocusing pulses witB%. The numerical simulations using Eqgs. [4] and [11] models
out spatial localization. The lactate signal intensities remaindtk basic features of the experimental data reasonably well.
constant when the pulse lengths of the first?1fQlse in the  Figure 6 shows lactate-edited spectra acquired from
sequence from Fig. 1a (closed circles), or the last 180se in 20 x 20 x 10-mn? voxel and gives the integrated signal intensi-
the sequence from Fig. 1b (open circles), were between 1 dias (ISI) of the lactate peaks. The spectra shown in the left an
2 ms, declined when the pulses had lengths between 2 and 3rght columns were acquired with of 16 and 24 ms, respec-
and disappeared when the pulses were longer than 3 ms. Wtiesly. Spectra 6a to 6d were obtained using the sequence shov
the sinc pulse was used as the second p8Bse in the sequencein Fig. 1a. Spectra 6a and 6b were obtained using a 6-ms sir
from Fig. 1a (closed squares), the lactate signal intensities pedse for the second slice-selective refocusing pulse, while spe:
mained constant when the pulse length was between 1 and 2 tres6c and 6d were obtained with a 1-ms refocusing pulse. Spe
fluctuated when the pulse had a length between 2 and 5 ms, &adse to 6h were acquired using the sequence shown in Fig. 1
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FIG. 4. The dependence of edited lactate signal intensity on the pulse lengths of thpul86s (a) and the duration tf (b) without spatial localization.
In &, open and closed circles represent the experiment data acquired when the pulse lengths of tiegaktel®0the sequence shown in Fig. 1b and the first
180 pulse in the sequence shown in Fig. 1a were changed, respectively. Closed squares represent the experiment data acquired when the pulsédsingths
180 pulse in the sequence shown in Fig. 1a were changed, and the solid line represents a numerical simulation for these data. The dashed linesa@iotsect d
In b, solid lines represent numerical simulation for the experimental data (open triangles and closed circles) using Egs. [4] and [11].
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200.0 DISCUSSION
< 1800 I ) _ _ i i
2 160,01 = Gradient-selected DQF techniques acquire metabolite-edite
= spectrum in a single-shot with good lipid and water suppressior
S 140.0] o
5 1001 a_nd thus are useful fan vivoMR spectro_scopyi). These tech.—
2 100'0 nigues have been used successfully in a number of studies
8 1 observe cerebral metabolite vivo (15-19, 27). However, two
g 3004 major technical problems have yet to be solved before the routin
% 60.0 | use of gradient-selected DQF in practice. First, as the cost for de
40.0 | tecting metabolites selectively, the DQF sequences only obsen
20.0 | coherence transfer pathways involving DQ coherence, whicl
0.0 contribute only 25-50% of the total signals available. In practice

00 10 20 30 40 50 60 70 80 90 theobservedsignals are attenuated further by mechanisms su
as transverse relaxation, spin diffusidnmodulation, and RF
pulse imperfectiord). One way to improve detection sensitivity
FIG.5. Thedependence of edited lactate signal intensity on the pulse lengghto develop DQF sequences which recover full signals of the

of the last 180 pulse in the sequence shown in Fig. 1a with one-dimensionéHited metabollte(s)(l_( 2& However, these sequences requ|re

spatial localization. Open circles and closed squares represent the experi (?ﬂll : : : ;
; . . . rph ling or traction of ntiall ire
data acquired when the duration tafwas 16 and 24 ms, respectively. Sohdné erphase cycling o add/subtraction o sequentially acquire

lines represent numerical simulation for the experimental data using Egs. réﬁeCtra_’ _and Fhus are su_sceptlble tO_ motion f_irt'faCt and also a
and [11]. ess efficient in water/lipid suppression, making them less use

ful for in vivoapplications. Another way, probably also the most
with a second slice-selective refocusing pulse of 1 @snd practical way, to ameliorate the detection sensitivity problem for
Aw of this pulse were determined using either Egs. [7] and [1€je conventional DQF techniques is to identify and understan
(6g and 6h) or Egs. [5] and [6] (6e and 6f). The edited lactats the mechanisms that reduce the detection sensitivity expe
methyl signal is a singlet when the refocusing pulse refocus@asentally. By doing so and by making technical improvements
the lactate methyl resonance only (6a and 6b), while all othigir each of them, it is possible to have an experimental detec
spectra show a doublet signal. Spectrum 6b has the largest imitga sensitivity that is close to the theoretical maximum which,
grated signal intensity among all the spectra, about 40% highethough reduced from full, will still make these editing tech-

Pulse Length (ms)

than spectra 6¢ and 6e. nigues useful in practice. The second difficulty in using DQF
;=16 ms : t,=24 ms
i b
t=>6ms ISI=11.04 t=6ms ISI=12.58
sequence ‘ ‘ = : o
in Flg 13. 1.6 1.5 1.4 1.3 1.2 1.1 ppm

f

i t=1lms ISI = 6.64

sequence
in Fig. 1b

FIG. 6. Spectra and integrated signal intensities (ISI) of edited lactate methyl resonance acquired fran2@-200-mn? voxel in a lactate-containing
phantom using stated experimental settings. The effects of the selection of pulse sequetheaduration of the second slice-selective refocusing putgesiid
the methods for calculating the strength of the slice-selective gradients on IS are shown. See Results for detailed descriptions.
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in vivo is to combine it with spatial localization, an essentidbetween 2 and 5.5 ms), or not inverted at all (e.g., pulse lengt
element for alin vivoMRS. Most of the earlier developments inlonger than 5.5 ms). The refocusing patterns of the lactate at
DQF sequences were done either without spatial localizationtgghase coherence are therefore different with refocusing pulse
with spatial localization that either reduces the already-reducefddifferent lengths. Through coherence transfer, the eventus
detection sensitivity or compromises the motion sensitivity ahanifest is the dependence of the signal intensity on the refc
the sequence8{14). cusing pulse length observed in Fig. 4a. Similarly the lengths o
DQF with single-shot PRESS localization has recentthe refocusing pulses affect the intensities of the edited lactat
emerged as the most successful and practical spectral edisignals in the presence of a slice-selective gradient (Fig. 5). |
technique forin vivo applications 15-19). However, despite both cases, theoretical simulations agree with experimental da
the success, two questions remain. First, is spatial localizati@asonably well, and the noticeable discrepancy between the tv
achieved by PRESS in DQF sequences fércaupled metabo- could be due td3; inhomogeneity of the RF coil, other imper-
lite the same as that achieved by normal PRESS for noncoupfedtions of the pulses, and coherence transfer during the puls
metabolites? Second, does PRESS localization interfere withich is not considered in the theoretical simulation used in thi:
DQF in any way and impose any reduction in detection sensitistudy £9).
ity for the edited metabolite(s)? To answer these two questions;This study used DQF sequences with PRESS localizatio
the effects of slice-selective excitation and refocusing on DQ cas examples. However, the results obtained can readily be e
herence transfer were investigated in this study. The results shtewded to other localized DQF sequences using slice selectio
that, due to the chemical shift displacement artifact dodu- By understanding the mechanisms underlying the interferenc
pling, slice-selective excitation/refocusing in DQF sequencbstween slice selection and DQF, it is possible to design lo
does interfere with coherence transfer. If not accounted for, tltiglized DQF sequences with more accurate spatial localizatic
interference will result in inaccuracy in spatial localization andnd better detection sensitivities as shown in Fig. 6. Although th
a reduced detection sensitivity. detection sensitivities obtained experimentally by using the con
When a shaped pulse is used as a slice-selective pulse in D@Rtional and the proposed experimental settings are not cor
with PRESS localization, the frequency profile generated Ipared relative to the maximum theoretical detection sensitivity
the pulse is different from that observed in a simple PRESf#ectly, it is clear from Fig. 6 that, by using the experimental
experiment for observing noncoupled metabolites, and thisssttings proposed in this study for lactate editing (Fig. 6b), the
especially true for slice-selective refocusing pulses (Fig. 3). Idetection sensitivity for lactate can be improved by as mucl
stead of acting on SQ coherence as they do in normal PRE&S40% compared to what is obtained when the convention:
for observing noncoupled metabolites, the two slice-selectigettings are used (Figs. 6¢ and 6e).
refocusing pulses in DQF sequences with PRESS localizatioriThe exact interference pattern and the extent to which thi
act on antiphase coherence that always involves two or maméerference affects the experimental outcome depend on tf
coupled spins with different chemical shifts. The RF pulses thiald strength and the RF pulses used, and on the spin system
are on resonance for one spin will be off resonance for othefithe metabolite(s) observed. For metabolites with complicate
spin(s). Because of the off-resonance effects, refocusing of taupling systems such as glutamate and glutathione, analy
antiphase coherence will be inhomogeneously across the R€L expressions that can be used to describe the interferen
ThroughJ-coupling-induced coherence evolution, this in turgquantitatively, such as Egs. [4] and [11] in this study, are no
causes different coherence transfer in different parts of the R@lays readily obtainable. Therefore, the simple solutions pro
The final manifestation of this effect is that the signal from ongosed in this study for lactate editing might not be applicable
part of the ROl vanishes (Fig. 3b) or cancels with the signal froor sufficient in dealing with spectral editing for other metabo-
another part (Figs. 3c and 3d), resulting in a difference betwel@es. For a given pulse sequence and a given metabolite target
the volume actually selected experimentally and the target Rfot editing, another possible solution would be developing ar
and therefore inaccuracy in spatial localization and a reducalgorithm that can be used to evaluate the performance of tf
detection sensitivity. sequence theoretically in terms of both the accuracy in spe
The interference between DQF and slice-selective refocus localization and the actual detection sensitivity); The
ing is further demonstrated in Fig. 4 and Fig. 5. Even withouésults obtained from the evaluation could then be used e
slice-selective gradients, the lengths of the refocusing pulgber to optimize the pulse sequence before acquisition or t
affect the observed intensities of the edited lactate signalscount for the experimental errors in data analysis after ac
(Fig. 4a). This is a result of bandwidth of the refocusing pulsguisition.
and off-resonance effects mentioned above. When the refocus-
ing pulse is set on resonance for the lactate methyl group, it will
be off resonance for the lactate methine group. Depending on
the bandwidth and therefore the length of the refocusing pU|SeDr. J. J. H. Ackerman is thanked for bringing one of the key references to the

the lactate methine group is either inverted completely (€.guthor's attention. Dr. J. Peeling is thanked for reviewing the manuscript and hi
pulse length less than 2 ms) or incompletely (e.g., pulse lengipful suggestions.
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