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Multisection Fat-Water Imaging with
Chemical Shift Selective Presaturation?!

Proton chemical shift imaging
yielding separate water and lipid
images was performed in a multi-
section mode on a clinical 1.5-T
whole-body magnetic resonance im-
aging unit. Imaging was performed
with a minor modification of the
standard multisection spin-warp
technique: that is, the addition of a
sinc pulse or a soft square pulse and
a homospoil gradient at the begin-
ning of the pulse sequence. Phan-
tom and human anatomic images
are presented.
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ROTON chemical shift imaging

leading to the production of sep-
arate water- and lipid-based images
has been accomplished by several
methods (1-12). T2 weighting alone
yields a certain amount of fat-water
discrimination. Specific techniques
that have been described previously
include those based on chemical shift
selective pulses (1-5), on phase dif-
ference discrimination (6), on varia-
tion of frequency encoding gradients
(7, 8), and on selection by multiple
quantum coherence (9). The avail-
ability of these methods has led to
their application in the diagnosis of
clinical disease.

One of the chief hindrances to
wider application of fat-water imag-
ing is that most of the heretofore
available pulse sequences suitable for
large-bore clinical magnetic reso-
nance (MR) imaging units yield only
single-section chemical shift images
or require computer postprocessing.
A multisection technique using stim-
ulated echoes has been elegantly
demonstrated on a small-bore instru-
ment (3). We describe a simple presa-
turation method for multisection fat-
water imaging on a clinical MR
imaging unit. Implementation of this
technique requires only minor modi-
fication of the standard multisection
spin-echo imaging pulse sequence.

MATERIALS AND METHODS

The basic technique involves append-
ing a radio frequency (RF) pulse and a
“homospoil” gradient immediately be-
fore the beginning of each excitation
pulse sequence (Fig. 1). It is well known
that the power spectrum of a time-do-
main square pulse is a (sine x)/x function
(also known as a sinc function) centered
at the RF carrier frequency (wp). With the
RF carrier frequency set on either the wa-
ter or the lipid resonance the width of the
square pulse is adjusted such that PW =
n/Ad, where PW is the pulse width of this
square RF pulse,n=1,2,3,...,and Aéd is
the chemical shift difference (in hertz)

between the water and lipid signals.
When these RF pulse characteristics are
selected, a null in the power spectrum of
the square pulse occurs at the frequency
of the off-resonance signal. The chemical
shift difference between water and lipid
at 1.5 T is Ad = 210 Hz, which corre-
sponds to an RF pulse width PW = 4.8
msec for the first null (n = 1). The ampli-
tude of the square pulse is selected to
yield a w/2 pulse for the on-resonance
peak. This simple calculation does not
yield the exact position of the null as
would a more rigorous rotating frame
analysis (13), but the error introduced is
small in comparison with the line-widths
encountered.

The effect of the square pulse is the
conversion of the bulk z-magnetization
into xy-magnetization of the on-reso-
nance signal, whereas for the off-reso-
nance peak the bulk magnetization re-
mains along the z-axis. A homospoil
gradient is then applied, which dephases
the xy-magnetization. Thus, no coherent
magnetization as a result of the on-reso-
nance signal remains. At this point, exe-
cution of the usual spin-warp excitation
sequence gives only signals that originate
from the off-resonance peak.

Interleaved multisection image acquisi-
tion is normally accomplished with exclu-
sive use of section selective pulses. This
permits nuclear relaxation to occur in sec-
tions recently excited while excitation/
detection sequences are being performed
in other sections. The addition of a spa-
tially nonselective presaturation pulse to
the sequence does not interfere with
multisection acquisition because the sig-
nal forming the image is not excited by
this pulse. The presaturation pulse and
the homospoil are repeated before every
section excitation in a given repetition
time (TR), insuring that little or no longi-
tudinal magnetization from the saturated
component is present.

The procedure was performed with a
Signa clinical MR imaging system (Gen-
eral Electric Medical Systems, Milwau-
kee) equipped with a 1-m bore super-
conducting magnet operating at 1.5 T. In-
terleaved multisection spin-warp images
were obtained of a 150 ml Griffen beaker
containing aqueous CuSO4 and cooking
oil with use of the head volume coil of
the system. The sinc pulse presaturation
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(a) Modification of multisection spin-warp imaging sequence for use in fat-water imaging. The relationship between time and

frequency domains of a square pulse and the chemical shifts of fat and water resonances are shown. (b) The actual frequencies of the nulls
are more rigorously calculated by a rotating frame analysis Af = {[(2nx/PW)2 — (yH;)*]'/%}/2x, where n = 1, 2, 3,. . ., indicating which 0 cross-
ing is being calculated, and PWvyH] is assumed to equal a 90° pulse on resonance (13). For the 4.8 msec pulse discussed in the text, this analy-
sis yields the first null at £202 Hz from wp rather than £208 Hz as predicted by wp + 1/PW, an error of approximately 3%. This error de-
creases by a factor of 1 as n increases. FT = Fourier transform.

sequence was used to image the right
knee, spine, and head of a healthy human
volunteer. The body volume coil was
used for RF transmission and a rectangu-
lar (32 X 18-cm) surface coil was used for
reception.

RESULTS

A critical analysis of the chemical
shift images of the water- and oil-filled
beaker (Fig. 2) reveals two types of im-
perfections: (a) decreased signal-to-
noise ratios (5/N) compared with S/N
of the normal nonselective image and
(b) small image intensity variations
across regions containing the selected
substance as well as across regions con-
taining the suppressed substance.
These problems are largely attributable
to Bp inhomogeneity over the volume
of the sample; for example, in the case
of the water image, the center of the
water resonance is positioned at the
null in the power spectrum of the
square pulse. However, since By inho-
mogeneity results in spatial variation
of the precise water resonance frequen-
cy, this yields a certain degree of excita-
tion for water resonating at frequencies
on either side of the center of the over-
all water signal. This phenomenon ac-
counts for both aforementioned imper-
fections.

One obvious remedy is to double the
length of the square pulse in order to
place the water resonance (again, the
case of water image production) on the
second null from the middle of the
power spectrum. The amplitude of the
pulse would be decreased by a factor of
two, retaining the 7 /2 flip angle on
resonance. This approach takes advan-
tage of the decreased slope on either
side of the second versus the first null.
In turn, variations in By would have a
smaller effect on the amount of water
z-magnetization remaining after presa-
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turation. However, the By inhomogen-
eity problem for the signal to be sup-
pressed (here lipid) is exacerbated by
this approach because of the narrowing
of the high amplitude region of the
power spectrum, which leads to greater
flip angle variations for the same de-
gree of By inhomogeneity.

A superior alternative solution re-
places the square pulse with a sinc time
domain pulse, which ideally yields a
square power spectrum. This reduces
flip angle variation across both of the
signals. In practice, it was found that a
sinc pulse played out over £7 in 8 msec
gave satisfactory results. These values
predict a bandwidth of approximately
4125 Hz; thus the power spectrum ap-
proaches 0 amplitude approximately
halfway between the water and lipid
signals. This is similar to the technique
of Bottomley et al. (1), except that the
homospoil and the section selective =
pulse permit multisection operation.

Figures 3 and 4 display normal, fat,
and water images of the right knee and
spine, respectively, of a healthy human
volunteer. Some signal from adipose
tissue is still seen in the water image,
but adipose tissue is not free of water.
Moreover, olefinic lipid protons are not
suppressed when this method is used.
Figure 5 shows axial images obtained
in the head of a volunteer. The signal
in the center of the brain is indistin-
guishable from noise, which indicates
good water suppression of the lipid im-
ages. An artifact resulting from suscep-
tibility effects is observed near the eth-
moid sinus.

DISCUSSION

The technique described in this re-
port has several advantages over com-
peting methods. The clinician may se-
lect TR and echo time values in the
usual fashion and obtain images that,

Figure 2. Normal (left), water (center), and
fat (right) images of a beaker containing
aqueous CuSOy and cooking oil; two of five
simultaneously acquired sections are shown.
Note the drop of oil at the bottom of the
beaker in the image at bottom right.

except for the suppression of the fat or
water component, closely resemble the
standard spin-warp values. Our meth-
od does not rely on the ability to super-
impose exactly two image matrices for
subtraction. It is compatible with multi-
section, multiecho acquisitions that use
arbitrary echo times. It is simple to im-
plement and requires no unusual post-
processing of the image data.

The chief detracting feature of our
method lies in its dependence on Bj ho-
mogeneity for signal selection. The
same is true of other published meth-
ods, except for double quantum filtra-
tion (9). The magnet homogeneity of
our system is usually sufficient for fat-
water imaging across a set of sections
spanning up to about 4 cm (field of
view = 24 cm) without active shim-
ming. Obviously the greater the imag-
ing volume is, the more severe the By
inhomogeneity is. Another potential
problem is bulk susceptibility effects
on By in the region of air-tissue inter-
faces, like that observed for the lipid
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Figures 3, 4. (3) Normal, water, and fat sagittal images of the right knee of a healthy volunteer. Two of five simultaneously acquired 5-mm
sections are shown. (4) Normal, water, and fat sagittal images of the spine of a healthy volunteer. Two of eight simultaneously acquired 5-

mm sections are shown.

Figure 5. Normal, fat, and water axial images of the head of a healthy volunteer acquired
with a volume head coil. Two of five simultaneously acquired 3-mm sections are shown.

image in the region of the ethmoid si-
nus in Figure 5. B; inhomogeneity will

cause variation in the degree of sup-
pression of the undesired resonance

because of deviation of the flip angle of
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the presaturation pulse from /2. This
probably accounts for the apparent de-
crease in the fat-water separation ob-
served in the images of the spine. It is
clear, though, that multisection chemi-

cal shift imaging can be implemented
on high-field whole-body MR imaging
systems with minimal modification of
standard imaging technology. ®
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