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The chemical shift phenomenon refers to the signal intensity alterations
seen in magnetic resonance (MR) imaging that result from the inherent
differences in the resonant frequencies of precessing protons. Chemical
shift was first recognized as a misregistration artifact of image data. More
recently, however, chemical shift has been recognized as a useful diag-
nostic tool. By exploiting inherent differences in resonant frequencies of
lipid and water, fatty elements within tissue can be confirmed with dedi-
cated chemical shift MR pulse sequences. Alternatively, the recognition
of chemical shift on images obtained with standard MR pulse sequences
may corroborate the diagnosis of lesions with substantial fatty elements.
Chemical shift can aid in the diagnosis of lipid-containing lesions of the
brain (lipoma, dermoid, and teratoma) or the body (adrenal adenoma, fo-
cal fat within the liver, and angiomyolipoma). In addition, chemical shift
can be implemented to accentuate visceral margins (eg, kidney and liver).
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LEARNING
OBJECTIVES

After reading this article
and taking the test, the
reader will be able to:

• Describe the chemical
shift artifact and where it
is typically seen on MR
images.

• Identify ways to min-
imize or exaggerate the
chemical shift artifact.

• Give examples of com-
mon body and neurologic
pathologic conditions for
which the use of chemical
shift imaging can be advan-
tageous.



358 ■■■■■ Scientific Exhibit Volume 19 Number 2

■■■■■ INTRODUCTION
Phenomena that may result in image artifacts
can sometimes be used to assist in radiologic
diagnosis. Chemical shift is an example of such
a phenomenon in magnetic resonance (MR) im-
aging. Chemical shift refers to the signal alter-
ations that result from the inherent differences
in the resonant frequencies of precessing pro-
tons. Clinically, the chemical shift phenomenon
is most evident between the signals of water
and lipid. Chemical shift is a complicated phe-
nomenon and is probably best known, or more
precisely, notorious for its ability to cause mis-
registration of MR image data. This effect, also
referred to as chemical shift artifact, results from
the mismapping of water and lipid signals and
is most commonly encountered when one im-
ages fluid-filled structures such as the orbits or
bladder, which are enveloped within fatty tissue
(1–3).

Only recently, chemical shift has been rec-
ognized as a diagnostic aid, possibly as a result
of the growing experience with faster gradient-
echo pulse sequences or of the increased clini-
cal use of MR imaging (4). When pulse sequences
are modified to be sensitive to chemical shift
effects, MR imaging can be used to confirm the
presence of fat within lesions, a finding that can
result in a definitive diagnosis. In addition, chemi-
cal shift can be used to accentuate the fat-water
interfaces that occur at many visceral margins.
This technique can improve the evaluation of
peripheral tumors for possible extravisceral ex-
tension or the visualization of visceral contours.

In this article, the basic principles of chemi-
cal shift and their implications for clinical imag-
ing are reviewed. Specific applications of chemi-
cal shift as a diagnostic tool in neurologic and
body imaging are illustrated.

■■■■■ BASIC PHYSICS OF CHEMICAL
SHIFT

●●●●● Physical Basis
When an external magnetic field is applied to
tissue, its nuclei will resonate at a specific fre-
quency that depends on the strength of that ex-
ternal magnetic field (B

0
) and its local microen-

vironment. The effects of the external magnetic
field can be determined by the Larmor equation:
ω

0
 = γ · B

0
, where ω is the resonant or preces-

sional frequency and γ is the gyromagnetic ratio
for a specific nuclear species (5). The effects
of the local environment on the individual pre-
cessional frequency of each nucleus are further
influenced by the electron shell interactions of
each nucleus with those of surrounding mol-
ecules. These additional electron shell interac-
tions influence the local magnetic shielding of
the protons, creating “effective” local magnetic
field strengths (B

eff
) that have the ultimate con-

trol over the “effective” precessional frequen-
cies (ω

eff
), as shown by the modified Larmor

equation: ω
eff

 = γ · B
eff

 (6,7).
The molecular interactions that determine

B
eff

 form the basis for the chemical shift phe-
nomenon (5). When the chemical environ-
ments of adjacent nuclei are dramatically differ-
ent in their electron (ie, magnetic) shielding, a
shift in the precessional frequencies of the nu-
clei can occur (6). If these precessional fre-
quency shifts are large enough, a measurable

Figure 1. Equation illustrates the relationship between
chemical shift and field strength, where ∆f

cs
 = resonant fre-

quency shift in parts per million (ppm), δ = relative chemical
shift frequency difference, and ω

0
 = main magnetic field reso-

nant frequency. Given that human lipid and water have a
resonant frequency difference of 3.5 ppm (ie, ∆f

cs
= 3.5 ppm), the

chemical shift frequency change (δ) will be approximately
224 Hz at a field strength of 1.5 T (ie, ω

0
 = 64 MHz).
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alteration in MR signal intensity will be ob-
served. When imaging parameters (eg, in gradi-
ent-echo sequences, the time at which the
echo is sampled [ie, echo time or TE]) are ma-
nipulated, the precessional frequency shifts, or
chemical shift phenomenon, can be accentu-
ated to generate visible differences between
lipid and water protons in tissue (5).

In clinical imaging, hydrogen protons form
the basis for MR image signal and contrast. The
chemical shift phenomenon is most noticeable
between the hydrogen protons of lipid and those
of water because of their large relative differ-
ences in magnetic shielding. The difference in
resonant frequencies between lipid and water
protons increases proportionately with the static
magnetic field strength. The approximate chemi-
cal shift between human lipid (methylene [CH

2
]

n

of fatty acids) and water is 3.5 parts per million

(5,8–11). At a field strength of 1.5 T, this shift
translates to approximately a 224-Hz separation
between the resonant frequencies of fat and
water protons (Fig 1).

●●●●● Clinical Implications

Spatial Misregistration: The Artifact.—The
inherent differences in precessional frequen-
cies between fat and water protons have sev-
eral implications in clinical imaging. The oldest
and best characterized effect of chemical shift
is that of spatial misregistration. Frequency and
phase components of MR signal arising from a
tissue are used to encode the x- and y-axis spa-
tial coordinates of the two-dimensional section
(6). Because the frequency displacement caused
by chemical shift cannot be differentiated from
intended spatial frequency encoding, misregis-
tration of the resultant signal may occur along
the frequency-encoding direction (also called
readout axis) (6). If the MR imager is tuned or
centered to the frequency of water, fat will be
shifted or spatially mismapped relative to its
true spatial location. This mismapping occurs
throughout the image, although it is most ap-
parent between regions that are primarily fatty
and those that are composed of water or fluid
(ie, at lipid-water interfaces) (5,6). When the
chemical shift misregistration is greater than or
equal to the size of an individual pixel, a dark or
bright band of signal intensity will occur at the
lipid-water interface in the frequency-encoding
direction of the image (11). This pixel-by-pixel
misregistration along the frequency-encoding
direction visibly manifests itself as a bright or
dark band running perpendicular to the frequency-
encoding direction. Clinically, the chemical shift
artifact is most often recognized at the margins
of predominantly fluid-filled structures that are
embedded in fatty regions, such as the bladder
(Fig 2) and orbits (2,3,5,11). The misregistration
of signal along the frequency-encoding direction

Figure 2. Coronal T1-weighted spin-echo image
(repetition time msec/TE msec = 666/10) of a 52-
year-old woman with an anteverted uterus demon-
strates a chemical shift artifact around the uterus. The
superior border of the uterus (U) has a bright band
(black arrow), whereas the inferior border of the blad-
der has a dark band (white arrow). The severe lipid-
water interface between the uterus and the pelvic fat
produces a strong shift of the protons at the margin
of the bladder.
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results from the erroneous mapping of the sig-
nal of the fatty elements relative to that of the
fluid-filled structures. This misregistration re-
sults in the production of dark or bright bands
at the lipid-water interface (Fig 3). The dark
bands result from the shifting of the lipid pro-
ton signals to a lower frequency, away from
the actual lipid-water interface, which causes a
signal void (Fig 4) (5,6,12). The bright bands re-
sult from the overlapping of water signal with
“shifted” lipid signal on the high-frequency side
of the interface (Fig 4). The bright bands, although
present, may be more difficult to appreciate when
the object being imaged has a curved surface
(6,12).

There are several ways to minimize the spatial
misregistration caused by the chemical shift ar-
tifact, including choice of frequency-encoding
direction, field of view, and receiver bandwidth
and use of fat-suppression techniques. The size
(width of dark and bright bands) and location
of the chemical shift artifact are influenced by
a number of factors. Most important is the se-
lection of the frequency-encoding direction. The
clinical significance of the chemical shift arti-
fact can be reduced by choosing the frequency-
encoding direction in the plane with the nar-
rowest lipid-water interface or by selecting a
direction that minimizes the chemical shift ef-
fect over the area of primary interest (Fig 5).

The imaging field of view is an operator vari-
able that can easily be controlled and has a strong
influence on the size of the chemical shift arti-
fact seen in an image. The artifact can be mini-
mized by decreasing the field of view (5,9).

Receiver bandwidth is another imaging pa-
rameter that may affect the amount of chemi-
cal shift artifact seen in routine MR images. The
artifact is usually not readily apparent in spin-
echo images unless the receiver bandwidth is

Figure 3. Coronal T1-weighted fast multiplanar
spoiled gradient-echo (FMPSPGR) image (repetition
time msec/TE msec, flip angle = 103/5.6, 80°) ob-
tained with right-to-left frequency encoding of a 61-
year-old man demonstrates chemical shift artifact in
many of the abdominal lipid-water interfaces. Dark
bands (arrowheads) are seen along the lateral right
psoas muscle, lateral right renal, medial splenic, and
medial left renal margins. Bright bands are visualized
at the opposing lipid-water interfaces of the lateral
left psoas muscle, medial right renal, lateral splenic,
and lateral left renal margins.

Figure 4. Schematic depicts chemical shift along
the frequency-encoding direction. Lipid signal is
shifted to a lower-frequency position when it is sur-
rounded by water, which leaves a signal void (dark
band) on the high-frequency side of the lipid struc-
ture and an increase in signal (bright band) on the
low-frequency side.
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narrowed to less than the typical ±16 kHz. When
a narrow bandwidth is used, the strength of the
gradients along the frequency-encoding direc-
tion is reduced (5,9,10). The readout (frequency)
window must remain open proportionally longer
to preserve the field of view; thus, the appar-
ent shift in resonant frequencies between lipid
and water protons becomes more widely sepa-
rated spatially (Figs 6, 7) (9,10). The effect of
bandwidth on chemical shift is directly propor-
tional to the static magnetic field strength. When
using MR imaging units with 1.5 T (or greater)
magnetic field strength, the operator must be
very careful when narrowing the bandwidth
to image anatomic areas with lipid-water inter-
faces because this action will increase the de-
gree of chemical shift artifact in the resultant
images (Fig 8) (2).

a. b.

Figure 5. T1-weighted FMPSPGR images (51/2.1, 90°) of a phantom with inner water (w) and outer oil (o) com-
ponents illustrate the chemical shift artifact, which is perpendicular to the frequency-encoding direction. (a) On
the image obtained with left-to-right frequency encoding (open arrow), the dark band of the chemical shift ar-
tifact is noted along the superior-to-inferior water-oil interfaces (solid arrow). (b) On this image, the frequency
encoding is switched to inferior to superior (open arrow), and the dark band of the artifact is noted along the
right-left water-oil interfaces (solid arrow). The bright band is poorly visualized in both images because it is su-
perimposed over the already bright signal of the surrounding oil.

6.

7.

Figures 6, 7. (6) Equation demonstrates the rela-
tionship between chemical shift, frequency shift, field
of view (FOV), and bandwidth. (7) Pulse sequence
diagram shows the differences in readout (frequency)
window length with a change in the receiver band-
width. The readout window must be open longer to
preserve the field of view, which in turn, increases
the chemical shift artifact.
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Chemical shift artifact can also be reduced
by minimizing the signal contribution from lip-
ids with the use of fat-suppression techniques
such as spectral saturation.

Phase Cancellation.—The effects of chemical
shift are most prominent in images obtained
with gradient-echo pulse sequences, such as
FMPSPGR. Because gradient-echo sequences are
faster than spin-echo sequences, they can be
used for dynamic imaging and applications that
require breath-holding techniques. These imag-
ing strategies have contributed to the rise in
popularity of gradient-echo imaging of the body.

Traditional spin-echo imaging uses a 180° re-
focusing radio-frequency pulse applied at the
center of the TE (1/2 TE). This pulse redirects
the fat and water proton precessions or spins
back into phase with respect to one other by
the actual readout or TE (13). In contrast, gradi-
ent-echo sequences do not employ a 180° radio-
frequency pulse to refocus the image signal.
The lack of a 180° refocusing radio-frequency
pulse in gradient-echo sequences results in the
cycling of fat and water proton signals in and
out of phase with respect to each other over
time (5,14). Unlike repetition time, the TE (ie,
the time the echo is sampled) plays a significant
role in determining the relative degree of phase

differences between fat and water protons (ie,
degree of chemical shift) occurring in the im-
age and the amount of signal decay that occurs
over time (5,9,14). At 1.5 T, fat and water sig-
nals precess in phase approximately every 4.4
msec; at 1.0 T, every 7.0 msec; and at 0.5 T, ev-
ery 13.2 msec (5). At in-phase TE selections (eg,
TE of 4.2 msec on a 1.5-T MR imager), the sig-
nal contributions of lipid and water protons are
additive in their contributions to the resultant
image. During other TEs, they become progres-
sively more out of phase, with the peak occur-
ring at the intermediate times of about 2.1 msec
and 6.3 msec on a 1.5-T MR imager. In terms of
image signal, a time component called T2* also
comes into play as the TE lengthens. T2* is the
amount of dephasing that arises from magnetic
field inhomogeneities and causes the signal to
decay over time (5). Use of longer TEs will re-
sult in less signal contributing to the image than
if shorter TEs were used.

If the echo is sampled at a time (TE) when
the fat and water signals are out of phase (Fig 9),
only the difference in fat and water proton sig-
nals within the voxel contributes to the resultant
image. If considerable fat signal is present, the
tissue will manifest diminished signal intensity.
This mixing of lipid and water signals within the
voxel accounts for the improved visualization
of visceral margins seen in out-of-phase gradi-
ent-echo images (Fig 10).

a. b.

Figure 8. T1-weighted FMPSPGR images (51/2.1, 90°) of a phantom with inner water and outer oil components
illustrate the effect of bandwidth on the degree of chemical shift seen in images. (a) This image, obtained with
a bandwidth of 7.8 kHz, shows a dark band on the inferior border (arrow) and a bright band on the superior bor-
der (arrowhead) of the water portion of the phantom. (b) On this image, obtained with a 31.2-kHz bandwidth,
the dark and bright chemical shift bands are barely noticeable.
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a. b.

Figure 9. In-phase FMPSPGR image (90/4.2, 90°) of a 57-year-old man with focal scarring of his right kidney
more accurately demonstrates enhancement (a), compared with the out-of-phase FMPSPGR image (90/2.2, 90°)
(b), which better delineates the renal contours. The out-of-phase gradient-echo image better delineates the focal
scar in the middle of the right kidney (arrow).

Figure 10. Schematic shows lipid and water protons precessing in
and out of phase with respect to each other over time at 1.5 T. When
lipid and water are in phase with each other, the net signal is additive,
as shown at time points A, C, and E. Out-of-phase lipid and water sig-
nals nearly cancel each other out, as shown by the drop in the sine
curve at time points B and D. The sine wave depicts the signal intensity
within a voxel over time as the water and lipid protons oscillate be-
tween in phase and out of phase after the radio-frequency excitation
pulse is delivered. The curve also drops in overall signal intensity due
to T2* decay. (Modified and reprinted, with permission, from refer-
ence 5.)
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Misexcitation.—Most of the structures of
the human body have complex and irregular
shapes. Smith et al (12) explored the effect of
shape on chemical shift artifact. Using a coro-
nal, oil-water interface, they were able to ac-
quire oblique axial sections through the lipid
slab in specific angles. They determined that
chemical shift artifact was still apparent on
oblique images with an angulation range of
−20° to +45° from the lipid-water interface
(12). This effect is postulated to occur because
of chemical shift misregistration, as described
earlier, and because of misexcitation occurring
along the slice-selection direction. Misexcita-
tion is the chemical shift that occurs during the
slice selection of the pulse sequence. Misexci-
tation occurs because a frequency excitation
pulse is applied while the slice-selection en-
coding gradient is being applied. The lipid re-
gion is chemically shifted along the slice-selec-
tion direction, which causes misexcitation of
the lipid components and eventually results as
a chemical shift artifact similar to misregistra-
tion (Fig 11) (5,12,15).

■■■■■ CLINICAL USE OF CHEMICAL SHIFT
EFFECT

●●●●● Tissue Characterization

Neurologic Imaging.—In the head, fatty sub-
stances are mainly found in the orbits, bone
marrow, and subcutaneous tissues of the skull.
Lipid-containing intracranial masses, although
rare, can be well demonstrated as hyperintense
lesions on T1-weighted MR images (16,17).
However, a number of other substances (in-
cluding methemoglobin, protein, calcifications,
and melanin) can also appear hyperintense on
T1-weighted images (18–20). The coexistence
of a chemical shift banding artifact around a
high-signal-intensity focus on a T1-weighted im-
age can help confirm the presence of lipid
within the lesion. Because of the sharp lipid–
cerebrospinal fluid or lipid-brain interface,
chemical shift artifact can be noted in most in-
tracranial lipomas (Fig 12) (10).

Teratomas and dermoids are other lipid-con-
taining lesions that can occur inside the calva-
ria (21,22). Teratomas contain varying amounts
of tissues from more than a single germ layer,

usually in a heterogeneous multiloculated mass
that corresponds to the heterogeneous signal
intensity depicted on MR images (21). Dermoids
can show lipid material floating on top of the
heavier water or proteinaceous material (21).

Body Imaging.—In gradient-echo MR imaging
of the body, the selection of TE can be used to
manipulate the relative contributions of fat and
water signals for diagnostic purposes. For ex-
ample, images obtained with out-of-phase TE
will demonstrate visible or measurable decreases
in signal intensity in tissues with considerable
lipid, compared with the signal intensity on
equivalent in-phase images. This use of “out-of-
phase” gradient-echo sequences has become a
popular technique for aiding in the diagnosis of
both fatty infiltration and focal fat within the
liver (23–27). A visible decrease in signal inten-
sity will be apparent on out-of-phase gradient-
echo images of these benign conditions (Fig
13). Because MR imaging can demonstrate sig-
nal intensity changes (due to fatty infiltration)
quantitatively even at levels as low as 10% (28),

Figure 11. Schematic illustrates chemical shift
misexcitation. During the slice-selection radio-fre-
quency excitation pulse, protons are subjected to
a range of frequencies or bandwidths (BW). The
chemical shift between lipid and water actually
shifts the lipid protons along the slice-selection axis.
The lipid protons are excited in a position that is
shifted slightly lower along the slice-selection axis
than the water protons in the section, which causes
a misexcitation to occur in the slice-selection direc-
tion. (Modified and reprinted, with permission,
from reference 5.)
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a.

Figure 12. (a) Computed tomographic (CT) scan of a 1-year-old boy
with a left external ear deformity shows an intracranial lipoma as a hy-
poattenuating region (*). (b) Sagittal T1-weighted image (617/20) dis-
plays the fatty nature of the intracranial lipoma (L) as a homogeneously
high-signal-intensity structure within the brain. (c) Axial proton-density–
weighted image (3,500/20) obtained with inferior-to-superior frequency
encoding shows a small amount of chemical shift artifact (arrow) occur-
ring between the lipoma and the cerebrospinal fluid in the foramen
magnum. (d) T2-weighted image (3,500/100) obtained with inferior-to-
superior frequency encoding shows a much larger chemical shift
artifact.

b. c. d.

a. b.

Figure 13. (a) Axial T1-weighted image (400/10) of a 48-year-old woman, in whom CT had revealed a focal
hypoattenuating mass in the left lateral hepatic lobe, shows the lesion as a homogeneous, mildly high-signal-in-
tensity area (arrow) without mass effect, findings suggestive of focal fat. The axial in-phase gradient-echo im-
age (not shown) also depicted the lesion as hyperintense compared with the rest of the liver. (b) Axial out-of-
phase FMPSPGR image (34/2.3, 90°) helps confirm that the mass is focal fat by demonstrating the same area as
being very dark (arrow). Because of destructive interaction between fat and water signals on out-of-phase im-
ages, fatty lesions appear as a signal void.
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the selection of TE for dynamic imaging is im-
portant. An inappropriate TE selection may oc-
casionally result in benign fatty infiltration of
the liver and focal fat being mistaken for a ma-
lignancy or may mask the identity of the lesion
(Fig 14) (24–27).

Chemical shift MR imaging has become a popu-
lar technique for diagnosing adrenal adenomas
(29-42). Benign adrenal adenomas, which typi-
cally are composed of approximately 16% lipid
based on in vitro studies (38), can demonstrate
measurable differences in signal intensity when
their appearance on in-phase gradient-echo im-
ages is compared with that on the out-of-phase
counterparts (Fig 15). A decrease in signal in-
tensity of greater than 20% within an adrenal mass
on out-of-phase images helps confirm the diag-
nosis of an adrenal adenoma (40,42). Adrenal
metastases (Fig 16), on the other hand, typically
do not contain any significant lipid elements and

will not demonstrate an appreciable change in
signal intensity with in-phase and out-of-phase
chemical shift imaging (32,33,37,42). Some re-
searchers have reported that chemical shift MR
imaging is even more reliable than the measure-
ment of Hounsfield units on nonenhanced CT
scans for the confirmation of an adrenal adenoma
(39). However, radiologists should be cautious
about their conclusions in cases of subtle, het-
erogeneous signal changes and carefully inspect
the mass for internal signal changes. In a recent
report by Shifrin et al (43), a benign adrenal ad-
enoma demonstrated apparent positive lipid
signal changes on chemical shift images but
also some heterogeneous signal changes due to
a small focus of metastatic adenocarcinoma.

The speed of gradient-echo imaging has al-
lowed for dynamic body MR imaging. Gradient-
echo sequences that can be acquired during a
brief breath hold provide the temporal resolu-
tion needed to evaluate tissue enhancement
following administration of a contrast agent
(Fig 17) (13,28). In an effort to decrease the

a. b.

Figure 14. (a) Axial in-phase FMPSPGR T1-weighted, dynamic gadolinium-enhanced image (89.5/4.2, 80°) of
a 46-year-old woman with diffuse fatty liver and focal nodular hyperplasia shows an enhancing mass, the focal
nodular hyperplasia (arrow), in the right lobe of the liver (the mass was suspected from appearances on previ-
ous T1- and T2-weighted images). (b) Corresponding out-of-phase FMPSPGR image (78.3/2.3, 80°) poorly illus-
trates the mass (arrow). Because of suppression of the signal within surrounding fatty liver, the enhancing mass
was less apparent on the out-of-phase image (b) than on the in-phase image (a). A small second lesion, a he-
mangioma (arrowhead), is incidentally noted just posterior to the focal nodular hyperplasia.
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15a. 15b.

16a. 16b.

Figures 15, 16. (15) Axial in-phase FMPSPGR (89/4.2, 90°) (a) and out-of-phase FMPSPGR (89/3.1, 90°) (b)
images of a 62-year-old woman show a 3-cm left adrenal mass, which had lower signal intensity (arrow) with the
out-of-phase pulse sequence. Region-of-interest measurements of the mass were performed for both images. A
substantial difference in mean signal intensity was measured between the images (in phase = 115, out of phase
= 66; 42% decrease in signal intensity), which helped confirm the presence of fat within the lesion and the di-
agnosis of benign adrenal adenoma. (16) Axial in-phase FMPSPGR (74/4.2, 60°) (a) and out-of-phase (74/2.3, 60°)
(b) images of a 76-year-old man with metastatic non-small cell and squamous cell carcinoma of the lung demon-
strate a left adrenal mass (*). No differences in signal are seen on the two images. Metastases generally do not
contain fat and do not exhibit the signal loss caused by chemical shift effects.
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time needed for the breath hold, gradient-echo
sequences are commonly performed with the
shortest possible TE, which frequently is an
out-of-phase TE (4,41,44). Use of only out-of-

phase images, however, may mask lesions in
the liver (Fig 14). Mitchell et al (44) recently
described a similar phenomenon in the kidney.
They reported paradoxical suppression of sig-
nal intensity in angiomyolipomas (Fig 18) on
out-of-phase gradient-echo images obtained af-
ter administration of a gadolinium-based con-

a. b.

Figure 17. (a) Coronal in-phase FMPSPGR image (57/4.2, 80°) of a 70-year-old woman obtained af-
ter intravenous administration of a gadolinium-chelate contrast agent reveals several nonenhancing
simple renal cysts in the left kidney. (b) Coronal out-of-phase image (57.4/2.4, 80°) better delineates
the renal margins and relative locations of the cysts.

a. b.

Figure 18. (a) Coronal gadolinium-enhanced in-phase FMPSPGR image (90/4.2, 90°) of a 44-year-old woman
demonstrates an enhancing renal mass (arrow). (Previous CT scan revealed a 2-cm complex low-attenuation le-
sion in the inferior pole of the left kidney that was not consistent with a simple renal cyst.) (b) Coronal out-of-
phase image (90/2.3, 90°) obtained less than 30 seconds after a reveals a dramatic reduction in the signal in-
tensity of the mass, despite the gadolinium enhancement.
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trast agent. For these reasons, one should be ju-
dicious in the selection of the TE for dynamic
contrast material–enhanced imaging, especially
if an assessment of signal intensity is desired. A
good example that illustrates the importance of
using an in-phase TE to evaluate contrast media
enhancement patterns is the case in Figure 14,
in which the patient had both focal nodular hy-
perplasia and diffuse fatty infiltration of the liver.
The mass of focal nodular hyperplasia was much
more conspicuous on the in-phase images than
on the out-of-phase images, possibly because of
the signal suppression in adjacent enhancing
fatty liver. Because out-of-phase images can be
used to confirm contrast material enhancement
within lipomatous tumors such as angiomyoli-
pomas (Fig 18), they should be included, albeit
at the end of the dynamic imaging examination.

The out-of-phase images also can be very help-
ful because they afford improved anatomic de-
lineation of peripheral lesions that border on
lipid-water interfaces (Fig 17).

●●●●● Visceral Delineation
Chemical shift can be used as a tool for delin-
eating structures that are surrounded by fat. Out-
of-phase images can aid in the demarcation of
the renal contour (Fig 9), the margin of the ad-
renal glands (Fig 19), and the liver edge (Fig 20).
Gradient-echo images that use out-of-phase chemi-
cal shift demonstrate dark lines around organs
embedded in fat. These dark lines are created
by the phase cancellation of the fat and water
signals that exist within the voxels of the lipid-
water interface. The width of the dark lines can
be accentuated by increasing the field of view.

19a. 19b.

Figures 19, 20. (19a) Axial CT scan of a 69-year-old
woman shows a mass in the left adrenal gland that ap-
pears to invade the left kidney (arrow). (19b) On an
out-of-phase FMPSPGR image (90/6.3, 90°), a black
boundary surrounding the adrenal gland and the kid-
ney can be seen. On a subsequent follow-up MR image
(not shown), the left adrenal mass had decreased in
size, a finding consistent with an adrenal hemorrhage.
(20) Sagittal out-of-phase FMPSPGR image (50/6, 90°)
of a 57-year-old man with known colon cancer shows a
mass (m) invading through the Gerota fascia and into the
anterior aspect of the lower pole of the right kidney
(arrow), as evidenced by the interruption of the dark
cortical line that demarcates the renal margin. The mass
has also invaded the liver, as shown by the absence of
the dark line that should be seen along the inferior mar-
gin of the liver.

20.
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Use of a narrower bandwidth will also increase
the chemical shift banding seen on the images
(2,5). However, narrowing the bandwidth may
increase the TE of the sequence or limit the
number of sections that can be acquired.

■■■■■ CONCLUSIONS
Chemical shift principle can be applied to help
characterize and delineate tissues in the head
and body. The acquisition of both in- and out-of-
phase images, requiring only 1–2 minutes of
imaging time, can be added to almost any MR
imaging protocol. The information from these
quick sequences can often aid in the diagnosis,
either by delineating visceral contours or by dem-
onstrating the presence of lipid elements. This
quick imaging technique is a valuable adjunct
to a radiologist’s bag of tricks.
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