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A pulse sequence for localized in vivo *H NMR spectroscopy is
presented, which selectively filters single-quantum coherence built
up by strongly coupled spin systems. Uncoupled and weakly cou-
pled spin systems do not contribute to the signal output. Analytical
calculations using a product operator description of the strongly
coupled AB spin system as well as in vitro tests demonstrate that
the proposed filter produces a signal output for a strongly coupled
AB spin system, whereas the resonances of a weakly coupled AX
spin system and of uncoupled spins are widely suppressed. As a

pulse sequences); They make use of a specific network of
J-coupling and chemical shift values to label spin system
whose signal should be selectively detected, whereas the sig
from all other spin systems (or at least of those resonating
the same spectral region) should be suppressed. Among vz
ous techniques, multiple-quantum coherence (MQC) filterin
sequences are increasingly applied on clinical scanners for t
selective detection of human brain metabolitds-10. The

potential application, the detection of the strongly coupled
AA'BB’ spin system of taurine at 1.5 T is discussed. © 2000 Academic
Press

Key Words: single-quantum coherence; strong coupling; weak
coupling; brain.

concept of MQC filtering promises good background discrim
ination, in particular against uncoupled spin systems. In adc
tion, several approaches have been proposed during the p
decade to combine the filtering section with spatial localizatio
procedures to a single-shot methot] %, 11-1% leading to

small susceptibility to patient movement. On the other side, «
the intensity of the MQC filtered spectrum depends on th
number of transitions contributing to it, MQC filtering se-
quences suffer from inherent signal loss, which is often to
The number of metabolites that may be unequivocally idehigh to allow the detection of low concentrated metabolites i
tified in conventionain vivo ‘H NMR spectra of brain tissue the brain.
acquired on clinical scanners with field strengths of 1.5 T is Single-quantum coherence (SQC) filtering has promisin
guite small compared with the considerably larger number tefatures forin vivo applications, especially promising signal
small molecules that contribute to the proton spectra. Problegigld. On the other hand, SQC filtering has disadvantageo
arise from low metabolite concentrations in brain tissgd@ properties of its own that must be taken care of with precat
mmol/L) as well as from spectral overlap of resonance lineion. In particular, every spin system—including uncouplec
The latter fact stems from the small dispersion of the NMRpins—potentially contributes to the SQC filtered signal.
signals of carbon-bound hydrogen nucleid00 Hzat 1.5 T)in  In this report, a spatially fully localized SQC filtering se-
combination with spectral linewidths 0f1 Hz caused by the quence is presented, which inherently suppresses signals a
rather poor field homogeneity of whole-body NMR spectronming from uncoupled and weakly coupled spins, but yield:
eters. signal for strongly coupled spins. This feature is particularl
Spatial localization is a prerequisite that pulse sequences ifateresting for low and medium fields, which are used ifor
in vivo use have to fulfill. Most'H in vivo MR spectroscopy Vivo experiments on humans and animals. The usefulness
sequences employ pulsed field gradients in combination withthe proposed sequence fior vivo applications is exemplified
least three spatially selective RF pulses for this task. Due ftr the strongly coupled taurine ABB’ spin system.
spin evolution in the delays in between the pulses, signals of
spin systems with active couplings will usually appear as
J-modulated multiplets, e.g., in PRESS) (or STEAM (2)
spectra. Strong coupling between hydrogen nuclei lead
complicated spectral patterns and thus to a still more difficult
spectral assignment of the detected resonances. Multiple-quantum transitions are generally detected indi
An alternative to acquiring the entire proton spectrum of thectly in a three-step process (cf. Fig. 1), consisting of (e
sample under investigation is the use of metabolite-speciégcitation of MQC, (b) their free evolution, and (c) conversior
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(w2),, m, (m2), (W2, ), lead to excitations of MQC of the desired order. In the follow:
ing, the effect of the sequence depicted in Fig. 2 withet to
ﬁ X (instead ofy) is analyzed.
T For the analysis ofveakly coupled (and uncoupled) spias,

ﬂ H_ﬂ H product operator descriptiol&—20 is employed. We adapt
G, G, G,

4

. the convention of positive rotation in the right-handed sens
Gradients”  (18). Without the restriction of generality we treat the case o
a spin A imbedded in an AXspin system, i.e., one spin which
t t ™ ' ¢ is weakly coupled tan magnetically equivalent spins (= 0
. . : el 23 | for uncoupled spins). The weak coupling condition demanc
for [Jax| < |[va — vy|. After the (7r/ 2), excitation pulse (cf. Fig.
g2), the A spin density matrix, which initially described thermal
equilibrium magnetization, has evolved into

Time

FIG. 1. Volume-selective multiple-quantum coherence (MQC) filterin
sequence¢ = x for even MQC orders¢p = y for odd MQC orders.

into observable single-quantum coherent6).(Excitation of p(07) = —A,. [1]
MQC is usually achieved using the pulse sandwich/R),.—

ti—(m)—ti—(7/ 2),], with ¢ = x if even orders of MQC pyring the following spin-echo period0< t < 2t;, the
should be excited andi = y for odd MQC orders. After a free |inear Zeeman interaction shows no net effect; therefore, tt

evolution period TM, a [/ 2),~t,—(),~t.] Sequence creates oy modulation is due to the bilinedrcoupling interaction:
single-quantum antiphase coherence and allows it to be con-

verted into in-phase coherence, which is subsequently detected.
To specifically select coherence of oraercoherence pathway
filtering with static field gradients1) may be applied by + 2AX,c08" N 2mIaxty)SIN(27 I pxt 1)
inserting two filter gradients Gand G = n - G, (cf. Fig. 1).

In this way, the method becomes a genuine single-shot tech-
nique as opposed to methods employing phase cycling for the longitudinal single spin operator. [2]
selection of specific MQC orders.

Localization properties are introduced into the sequence p§2t, ) is a superposition of basis product operators of the fort
making the initial (/2) pulse and the two refocusing pulse2™A, 112, X,, 0=m=n, ¢ = xforoddmande =y
slice selective, in analogy to the PRESS localization sequerfoe evenm.

(). These three pulses are appropriate for localization pur-The subsequentr{ 2), pulse att = 2t, has the following
poses as they play a null role in coherence transfer. We weféect on the products appearing p(2t; ):
optimized sinc-Gauss pulses. The additionaf2] pulses are

+ terms containing more than one

block pulses. m (w1 2) m
For SQC filtering (cf. Fig. 2), the pulse sequence may be 2ma, [T X, * (—2)"A, I X, 3]
simplified, as the single-quantum coherence built up by the ¢ -1 -1 g

second 4/2) pulse is already detectable. Therefore, the third
(7/2) pulse may be skipped and, in addition, the filterin
gradients may be abandoned as the MQC ordetsare not
detectable and thus need not be dephased.

As at leastn coupled spins; are necessary to form a
n-quantum transition, coherence order is limited by the number(mz) " ) ®
of spins in the spin system. Thus a MQC filter may be regarded™ ™ Y ® Y
as a high pass filter in the spin number domain. From this point A

B=m= n, ¢ = x for oddm and ¢ = z for evenm.
From [3] it becomes evident thai(2t,) contains only

of view, all spins potentially contribute to the SQC filtered
signal.

The above-mentioned choice of the phase of the secon HG_” H
(m/2) pulse (i.e.¢ = x for even MQC orders$ = y for odd i i - —
MQC orders) is motivated by calculations made for weakly U
coupled spin system4§, 18. In the following discussion, not
only weakly coupled spins (with the special case of uncoupled 1 t i, t, Acq _
spins), but also strongly coupled spins shall be treated. When Time

dealing with strongly coupled spin systems, phase settingssig. 2. volume-selective single-quantum coherence (SQC) filtering se
which differ from the ones conventionally chosen, may alsfuence.¢ = x.

v RF

»
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z-magnetization of spin A (fom = 0) and product operators 2A.X,

with an even number of transversal single spin operators.
Expressing the latter in terms of shifting operators,

Illekxiilky [4]

shows that all product operators p{2t;) are of an even
coherence order, as each operatgrand |, is a linear
combination of raising and lowering operators and thus the
number of raising minus the number of lowering operators is 2A.X,
even in each product appearing p2t;). During the fot
lowing periods of free evolution, the coherence order is
preserved. The only RF pulse left before acquisition isrh (
refocusing pulse at= 2t;, + t,, which does not change the
modulus of the coherence order. This means that during
acquisition the density matrix contains only longitudinal -A, Ay
spin order and even coherence orders, all of which are not
directly observable. The output of the SQC filter is therefore
expected to contain no signal arising from uncoupled and
from weakly coupled spins.

The general analysis ddtrongly coupled spin systenis
considerably more complicated. Therefore we shall restrict the 24X,
discussion to the SlmpleSt_ Case, of the _AB_ Spll’.l system of _thZIG. 3. Projection of the density matrix describing an ideal weakly cou-
strongly coupled sping which gives an insight into the basiCpled A spin system after a spin echo experiment. Echo times range from 0
mechanism that leads to observable magnetization at the b8-p(TE = 0) = —A,). Only the four operators containing transversal A
ginning of the acquisition period. spin magnetization are shown.

The Hamiltonian generating the time evolution of a strongly
coupled AB spin system during free evolution writes as

Thus, exactly four types of transversal magnetization are p
H = wsA + 0B + 2mJ,6AB. [5] tentially present in the density operaje(t) at each timeA,,
A, AB,, AB,.

In the case of a weakly coupled spin system, the net effe
of a spin echo (i.e., fop(2t;)) is a rotation exclusively in
the [A,, 2A,X,] plane of the Liouville space (only spin A
considered, cf. Eq. [2]), i.e., a rotation abowA X, (cf. Eq.

) N ) ) [6]; the bilinear rotations with transverse components ar
Extracting from Eq. [6] the bilinear rotations with transversgeglected)_ Figure 3 shows projections of the trajectory c

components (which are neglected in the weak coupling approxa density matrix onto theAf,, 2A,X,] and the A, 2A,X,]

gatEZB)y?;gswriting them in terms of shifting operators (Cfplanes for increasing echo times FE2t,. As expected, the

magnetization remains in thé\[, 2A,X,] plane for all echo
times (cf. Fig. 6 in Ref. 18)). In the presence of strong
coupling, components in theAl, 2A,B,] plane are also
mixed in, equivalent to the appearance of product operato
From Eq. [7] it becomes clear that during free evolution gf the formA, and 2A,B, in p(2t;). This is demonstrated in
(periodical) magnetization transfer between the strongly copig. 4, which shows the same projections as Fig. 3 for th
pled spins takes place, yet under conservation of the coheregg@ngw coupled citrate AB spin system in a field of 1.5 T
order. Under the %) refocusing pulse, the modulus of thea, = 8.4 Hz,J = 15.4 Hz). Thecalculations are based on

Expanding the scalar product in Eq. [5] results in

AB = AB, + AB, + AB,. 6]

AB,+ AB,=XA'B” +A B"). 7]

coherence order is conserved. Starting from the product operator description of the AB spin systen
given by Kay and McClung2q1l). The two projections show
p(07) = —A, [8] clearly the periodic appearance of terms of the fakgand

2A,B, as the echo time is increased.
(only spin A considered), exactly one spin operator in eachThe transformation of the product operatédtsand 2A,B,
term of the density matrix is transversal during & t = 2t;. under the {/2), pulse att = 2t, is according to
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2A.B, (7/2) pulses on the location of the VO8,(7). If not accounted
for, these phase shifts not only lead to a malfunctioning of th
SQC filter but also impede intra- and interindividual compa
rability between spectra taken in different spatial locations. T
avoid these drawbacks, we modified a calibration procedu
proposed by Keltneet al. (7) to ensure that bothna{2) pulses
invoke rotations around the same flip axis. A detailed descrij
tion of the calibration procedure is given ihQ).

-2A,B, EXPERIMENTAL

The sequence as summarized in Fig. 2 was implemented
a 1.5 T Philips Gyroscan ACS NT whole-body scanne
equipped with a transmit/receive birdcage resonator (Philif
Medical Systems, Best, The Netherlands) and a gradient c
set, providing three perpendicular gradient fields (maxime
strength: 21 mT/m, maximal slew rate: 100 mT/{ims)).

The specificity of the proposed sequence for strongly cot
pled spin systems was evaluated using phantoms containin

(&) ~10 mmol/L 2,4-dichloropyrimidine (weakly coupled
-2A,B, AX spin system),
FIG. 4. Projection of the density matrix describing the strongly coupled (b) 100 mmol/L trilithium citrate (strongly COUpIed AB spin

AB spin system of citrateAv = 8.4 Hz,J = 15.4 Hz)after a spin echo SYSt€m), . o .
experiment. Echo times range from 0 to 900 md.4/J (o(TE = 0) = —A,). (c) a mixture of 100 mmol/L trilithium citrate (strongly

Only the four operators containing transversal A spin magnetization are showoupled AB spin system), 100 mmol/L alanine (weakly cou
pled AX; spin system), and 100 mmol/L creatine (consisting o
an uncoupled Aand an uncoupled Aspin system).

(ml2),
Ai——m—> A
2A.X;
(ml2),
2AB,——— —2AB,. [9]
'Ay Ay

The termsA, and 2A,B, in p(2t;) are of coherence orderl
and will thus lead to observable magnetization during the
acquisition period.

Figure 5 shows the same trajectories as those in Figs. 3 and 24X,
4 for the 2,4-dichloropyrimidine AX spin system in a field of
15T Av = 63.3 Hz,J = 5.6 Hz). This spin system behaves
nearly like an idealized weakly coupled spin system (cf. Fig.
3), but still shows some small deviations, which manifest
themselves in the appearance of tedmand 2A,B, in p(2t;).

Phase Calibration

As apparent from the discussion given above, the tw/@)
pulses must induce exactly the same flip axis for proper work-
ing of the proposed sequence. When the volume of interest 2AX,

(VOI) is located outside the isocenter, the slice-selective RF
pulses of the sQC filtering sequence (Cf. Fig. 1) norma”y haveF'G' 5. Projection of the density matrix describing the weakly couplec

. AX spin system of 2,4-dicholropyrimidine\¢ = 63.3 Hz,J = 5.6 Hz) after
nonzero frequency offsets. This leads to phase accumulatgogbin echo for echo times ranging from 0 to 360 m2/J (p(TE = 0) —

during the switching of the synthesizer frequency and therefo':%y). Only the four operators containing transversal A spin magnetization al
to a dependence of the relative phase between the first tstiown.
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In addition to experiments with these model systems, we
studied the behavior of taurine, a metabolite of considerable
importance in biochemistry2@, 23, under the proposed se-

quence. A phantom containing a 100 mmol/L solution was

used. Taurine (2-aminoethanesulfonic acid) forms a strongly

coupled AABB’ spin system. Its resonances appear at physi-

ological pH at 3.27 ppm (N-ChHland 3.43 ppm (S—C}), i.e.,

Av=10.2Hz at 1.5 T. The A and B spins are scalarly coupled \4..,. A '\{h’A

with J = 6.4 Hz. In'"H NMR spectra of brain tissue, the

taurine resonances are overlapped by the singlet assigned to

choline containing compounds at 3.23 ppm as well as by the

signal of themyoinositol [5Jmethine and [1,3Jmethine com- FIG. 7. Spectra of the trilithium citrate AB spin system. From left to right:

pounds at 3.28 and 3.54 ppiilyo-inositol forms a strongly press spectrum (TE 30 ms), SQC filtered spectrty (= t, = 7; TE = 4r =
coupled AMMNN'X spin system. In order to estimate theso, 80, 100, 120, 140 ms).

contamination of the taurine peak in SQC filtered spectra with
interfering signals, SQC filtered spectra of taurine, choline and
myecinositol (each in 100 mmol/L solutions) were comparedgffect the spins inside the VOI, but those in the outer compar
In order to demonstrate spatial selectivity of the proposédent. If the sequence depicted in Fig. 2 was used with x
sequence, its localization properties were compared with thdse., the proposed SQC filter), the signals of both weak
of a standard PRESS sequenty @ two-chamber Plexiglas coupled spin systems would have been suppressed. In both
phantom was used, consisting of a cylindrical bath (inn€RESS and the f/2),~1—(m),~1—(7/2),~7—(7),~7—ac
diameter 137 mm, filled up to a height of 93 mm), in the centéiuire] sequence, the third slice selection gradient (cf. Fig. :
of which a cuboid (inner dimensions: 40 mm29 mmx 29 was chosen such that the selected slice includes the two we
mm) was placed. Four walls of the cuboid are made of Plexdf the cuboid that are made of foil.
glas and two of plastic foil (cf. Fig. 9). The inner compartment In all experiments, 32 measurements, which were pre
was filled with a 2100 mmol/L solution of ethanol {X, spin ceded by 4 dummy excitations, were averaged at a repetiti
system,J = 7.3 Hz); the outer compartment contained a 10@te of 2000 ms (except for the phantom containing 2,4
mmol/L solution of alanine (AXspin system] = 7.3 Hz). A dichloropyrimidine, where 128 measurements were ave
volume of interest comprising (26 miyas chosen accordingaged). A total of 2048 complex data points were acquired :
to Fig. 8. Spectra were acquired using either an asymmetéiccampling frequency of 2000 Hz. If not stated differently
PRESS sequence (TE 2/J = 272 ms) or the sequencethe VOI comprised (25 mmi) All spectra were acquired
depicted in Fig. 2 with¢ = y (t, = t, = 1/2]J = 68 ms, using a phase cycling scheme, which integrates the phase
resulting in a total sequence duration of 272 ms). The lattéte additional ¢/2) pulse into an extended 16-step “exor-
sequence has the same localization properties as the proposed
SQC filter (where¢ = Xx), as it has to be shown that the )
additional @/2) pulse does not cause contamination of the Cl,t
signal with contributions from outside the nominal VOI. With
the chosen timing, the X spins will be in phase algnatt =
2t, = 136 ms. Therefore, then{ 2), pulse at = 2t, does not

Cre
Cre

500 1000 150.0 2000
[hz}

""’"\M M/\J\-w\ A.J\IM, ,.»J\'\” Mﬂv FIG. 8. Spectra of a mixture of 100 mmol/L trilithium citrate (strongly

coupled AB spin system), 100 mmol/L alanine (weakly coupled;AYin
system), and 100 mmol/L creatine (uncoupled @d uncoupled A spin
FIG. 6. Spectra of the 2,4-dichloropyrimidine AX spin system. Only thesystem). Top: PRESS spectrum (FE30 ms), bottom: SQC filtered spectra
signal of the A spin is shown. From left to right: PRESS spectrum €TB0  (t, = t, = 7; TE = 47 = 80 ms). Note that the SQC filtered spectrum is 180°
ms), SQC filtered spectra,(= t, = ; TE = 47 = 60, 80, 100, 120, 140 ms). phase shifted for better comparability. Cre: creatine; Cit: citrate; Ala: alanine
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Outer compartment

)j \/ LS Middle

Inner compartment

1500 2000 2500 3000
[hz]

e
Outer compartment
J\/\r/\\ Middle
f/\’\ Inner compartment
1500 2000 2500 3000

[hz]

FIG. 9. Two-chamber phantom containing 100 mmol/L ethanol (inner compartment) and 100 mmol/L alanine (outer compartment). (a)—(c) Position:
VOls. (d) PRESS spectra (TE 272 ms) acquired in the three VOlIs depicted in (a)—(c). (e) Spectra acquired in the three VOIs depicted in (a)—(c) us
[(7/ 2)—1—(1) )—7—(7] 2) ,—7—(7) —T—acquire] sequence,(= t, = 7; TE = 47 = 272 ms). Dashed lines indicate position of the plastic foils separating tf
compartments.
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Figure 9 shows the CHegion of the spectra obtained in the
two-chamber phantom. The nominal VOI was placed in th
inner compartment (Fig. 9a), on the parting line (Fig. 9b) or i
the outer compartment, but close to the plastic foil separatir
the two compartments (Fig. 9¢). For both, the PRESS sequer
(Fig. 9d) and the [{/2),—71—(7),—1—(7/2),—7—(7),~T7—aC

quire] sequence (Fig. 9e), no visible contamination from ou
side the selected VOlI is present.

J b\. Figure 10 displays signals of the taurine /3B’ spin
system formed up by the SQC filtering sequence. A sign:

maximum for the SQC filter occurs at TE 80 ms, where
the “observable” yield of the SQC filtering sequence (i.e.
FIG. 10. Spectra of the taurine B, spin system. From left to right: the signal amplitude of the taurine peak in the filterec
PRESS spectrum (TE 30 ms), SQC filtered spectréy (= t, = 7; TE= 4= gpectrum compared to a spectrum recorded with a pulse
60, 80, 100, 120, 140 ms). acquire sequence) is 40%. This echotime was used to recc
signals from phantoms containing choline anglainositol,
respectively (Fig. 11). When comparing short echo-timi
PRESS spectra (Fig. 11a) with the filtered spectra, or
notices considerable reduced contributions from choline ar
oinositol, while the taurine peak becomes sharper. How
g]\jl@r, residual signals arising fromycinositol still heavily
disturb the baseline in the spectral region of the taurin
resonances.

cycle” phase cycleZd). In order to avoid signal arising from
spins which see only the seconal/) pulse, but not the first
one (i.e., spins experiencing a{2),~t,—(m)—t,—acquire]
sequence), the used phase cycling scheme was designe
such a way that the phase of the secom?f pulse alter-
nates throughout the phase cycling betweesnd —x or y
and —vy, respectively.

Postprocessing consisted of direct current correction, zero-
filling to 4096 complex points, and exponential filtering, re- a
sulting in a line broadening of 1.5 Hz.

RESULTS

SQC Filter Performance

Figures 6 and 7 show SQC filtered spectra of 2,4-dichlore- Choline
pyrimidine and trilithium citrate, respectively. The echo times’—_—/\_A/L_’\_‘—L;
TE = 471 (t, = t, = 7) range from 60 to 140 ms in both cases: Myo-inositol
For comparison, a short echo-time PRESS spectrum=T30 o~ Taurine

ms; TE = TE, = 15 ms) is shown. ; ; . ;
As expected, a pronounced signal is obtained in the SQC 45 4.0 35 30

filtered spectrum of the trilithium citrate AB spin system (o]
(Fig. 7). The dependence on the echo time is apparenb

For the 2,4-dichloropyrimidine AX spin system (Fig. 6),

the SQC filter yields only a considerably attenuated sig- Choline

nal, which is still dependent on the echo time. This observ-
able signal is not only due to experimental imperfections,
but also stems from residual strong coupling effects (cf.

Fig. 5). T\~
Figure 8, which compares a short echo-time PRESS spec-

trum (TE= 30 ms; TE = TE, = 15 ms) and a SQC filtered ——\,\_v__,\/j\/\,v )
spectrum (TE= 4r = 80 ms;t, = t, = 7) of the mix phantom, Taurine
demonstrates the selectivity of the sequence for strongly cot " 2 5 "

. . h . 4.
pled spin systems. The two creatine resonances, which arise [ppm ]

from uncoupled spin systems, as well as the resonances of the -
IG. 11. (a) PRESS spectra (TE 30 ms) of phantoms containing (top to

Weakly COUpIed alanine SP'” SySt_em’ are W'de'Y SUppreSSgSEtom) 100 mmol/L choline, 100 mmol/imycainositol, and 100 mmol/L
For thg strongly coupled citrate spin system the filter returnsaarine. (b) SQC filtered spectrt (= t, = ; TE = 4r = 80 ms) of the same
clear signal. phantoms, vertical scale six times larger than in (a).

Myo-inositol
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DISCUSSION quantum coherence filtering sequence as describedlGn (
showed disappointing results in terms of signal yield (unput
In the approach chosen in this paper, the proposed pulshed data).
sequence for localized NMR spectroscopy is treated as a spe@ur preliminary results demonstrate that taurine might b
cial form of a MQC filter. The sequence consists of the sandetectable using the proposed SQC filtering sequence, cons
sequel of RF pulses as th&refocused double spin echoering the signal yield of 40% at a relatively short echo time o
experiment discussed i2%, 2. The latter experiment uses a80 ms. However, the suppression of the singlet arising from tt
(w1 2), pulse introduced to the double spin echo experimentaimethyl entity of choline-containing compounds at 3.23 ppn
the time of the first echo top for inducing a homonucleanust be improved. The contamination of the taurine SQ
magnetization transfer. In the proposed SQC filter, the corrgignal with contributions of the strongly coupletycinositol
sponding {/2) pulse induces a rotation along thkeaxis and spin system at 3.28 and 3.54 ppm was alleviated by the pror
transforms SQC built up by uncoupled and weakly couplatjustment of the sequence timing.
spin systems into nonobservable longitudinal magnetizationThe use of the proposed sequence is not restricted to a m
and MQC of even orders. On this basis, the single-quantdiald of 1.5 T. In quite a number of biomolecules (as, e.g.
coherence filtering technique provides discrimination betwetaurine), strong coupling effects should be also present at fiel
strongly coupled spins on the one hand and uncoupled as wall to 4.7 T as used in animal scanners. The evolution
as weakly coupled spins on the other hand, as demonstratedthongly coupled spin systems depends on the chemical st
thein vitro experiments. differences between spins as well as on the scalar coupli
Singlet suppression is accomplished by creating longitudinadnstants. The former introduces a field dependence of t
spin order by the seconar(2) pulse. Thus, accurate calibratiorfilter output. This means that the filter performance must b
of the pulse phase is essential. However, the first experimeosdculated for each main field used.
presented in this report suggest that the proposed calibratiohn conclusion, the proposed SQC filtering sequence pron
procedure, which proved itself to be useful for calibrating mes to be a versatile tool for the selective localizedsivo
DQC filter (10), is not sufficient to achieve a singlet suppresdetection of strongly coupled spin systems. The implement
sion of a factor>100, as is possible with sequences that usien on a whole-body scanner is straightforward, as it onl
dephasing gradients for this purpose. Alleinal. propose the requires the introduction of one additional pulse to the PRES
use of self-refocusing pulse3)(for spectral editing sequencessequence. From the results presented in Fig. 9, we conclu
These ensure that all terms in the density operator are in phts# the localization properties are equal to those of the ro
after a RF pulse3;, 8). Such pulses may contribute to far bettetinely used PRESS sequendg. (
suppression factors of unwanted signal of uncoupled spins. A
second essential point is the integrity of the pulse angles. If the
angle induced by the two refocusing pulses deviates from 180°,
unwanted reS|dugl Slgnal-S may be induced. Thesg are remov is research was supported by Swiss National Science Foundation Gr:
by means of spoiler gradients around the refocusing pulses (Gf.55173 97
Fig. 2).
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