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Chemical Shift Artifact: Dependence on Shape
and Orientation of the Lipid-Water Interface’

On magnetic resonance images,
chemical shift artifact (CSA) can be
seen at a planar lipid-water interface
oriented within the plane of the
phase-encoding and section-select
directions (ie, perpendicular to the
frequency-encoding direction). Phan-
toms and a clinical case were used to
demonstrate that when a lipid-water
interface is curvilinear (eg, spherical)
or planar but not oriented along the
section-select direction, CSA may be
absent or diminished. This effect can
be seen at interfaces of normal struc-
tures (kidneys, bladder) as well as at
interfaces with pathologic lesions
such as lipid-containing dermoids.
Not only is this effect dependent on
section thickness, field of view, ma-
trix size, and receiver bandwidth, but
it is also strongly dependent on the
orientation of the interface with re-
spect to the section-select direction.
Knowledge of the factors that can
alter CSA is important since it is used
to distinguish lipid-containing from
nonlipid-containing structures of
similar signal intensities.

Index terms: Dermoid, 852.313 ¢ Endometrio-
sis, 85.3192 ¢ Magnetic resonance (MR),
artifact « Magnetic resonance (MR), chemical
shift « Magnetic resonance (MR), experimen-
tal ¢ Pelvis, MR studies, 85.1214, 852.313,
85.3192
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CHEMICAL shift artifact (CSA) and
the potential pitfall of labeling it
as a disease process have been de-
scribed previously (1-3). The presence
of this artifact within or contiguous to
a lesion is, nonetheless, a key observa-
tion enabling the diagnosis of a lipid-
water interface. In magnetic reso-
nance (MR) imaging of the female
pelvis, CSA is particularly useful in
differentiating a dermoid from an en-
dometrioma. The former diagnosis
necessitates surgery, whereas the lat-
ter may be treated conservatively.

On MR images obtained from
women with adnexal masses, we no-
ticed that surgically proved dermoids
did not always exhibit CSA. Similarly,
we noted that at the lipid-water inter-
face of normal structures (eg, kidneys
surrounded by perirenal fat, bladder
surrounded by perivesical fat), CSA is
not always apparent. We undertook
this study to examine why CSA is
present at some lipid-water interfaces
and absent or diminished at others.

MATERIALS AND METHODS

Initially, images of phantoms were ob-
tained. A solution consisting of liquid oil
in water was used to create a planar lipid-
water interface. The oil layered on the wa-
ter, creating an interface within the coro-
nal plane. The water was titrated with
copper chloride so that the ratio of signal
intensities of the oil and water on T1-
weighted spin-echo (SE) 500/20 (repeti-
tion time [TR] msec/echo time [TE] msec)
images was 2.5—approximately the same
as that of subcutaneous fat and soft tissue
within the body. Spheres of solid vegeta-
ble shortening embedded in gelatin were
used to create a spherical lipid-water in-
terface. The spheres varied in diameter
from 1.5 to 3.5 cm.

Imaging was conducted within a linear
transmit-and-receive extremity coil with
use of a 1.5-T system (Signa; GE Medical
Systems, Milwaukee). A 256 x 256 matrix
with two excitations per phase-encoding
step was used to minimize Gibbs artifact
and produce an adequate signal-to-noise
ratio. The majority of the images were ob-

Figure 1. The convention for the sign of the
angle of obliquity.

tained with a TR of 500 msec, a TE of 20
msec, and a 28-cm field of view (FOV)—a
size comparable to that typically used for
pelvic MR imaging. FOVs of 8 and 48 cm
(the allowable instrument extremes) were
also used to demonstrate the effect of this
parameter on CSA. Section thicknesses
included were 3, 5, 7, and 10 mm. The
standard receiver bandwidth of +16 kHz
was used for all images. Identical transmit-
and-receive gain settings were used for
images of equal section thickness and
FOV.

For the planar interface of the oil-water
phantom, a sagittal localizer image was
obtained and used to prescribe oblique
axial sections. The angle of obliquity could
be varied in 1° increments by using the
graphic prescription feature of the imager.
The angle was defined with respect to an
axis oriented perpendicular to the inter-
face (ie, the standard axial plane of sec-
tion). The angle was denoted as positive
or negative with the convention shown in
Figure 1 and could be oriented in the di-
rection of either increasing or decreasing
frequency with respect to the direction of
the section-select gradient. The frequency-
encoding direction (FED) is along the line
of the graphical prescription, with the di-
rection of increasing frequency as indi-
cated in Figure 1.

Abbreviations: CSA = chemical shift artifact,
FED = frequency-encoding direction, FOV =
field of view, SE = spin echo, TE = echo time,
TR = repetition time.
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Figure 2. Axial oblique images with section thickness of 10 mm and FOV of 28 cm. Top row,
from left to right: —5°, —10°, —15°, —20°, —30°. Bottom row, from left to right: +5°, +10°, +15°,
+20°, +30°. For this section thickness, the CSA disappears at 6 < —20° but remains apparent

for0° < 0 < 30°.

Figure 3.

(a) Axial localizer image of lipid spheres in gelatin. The numbers on the right corre-

spond to image number. (b) Depiction of 5-mm-thick coronal images as indicated on localizer
image. Fourth row of numbers indicates image number. The CSA is apparent in image 5 (bot-
tom row, left), which was obtained through the center of the sphere. On image 4 (top row,
right), which is located on the low-frequency side of the section-select gradient with respect to
the center of the sphere, CSA is almost completely absent. On image 6 (bottom row, middle),
which is located on the high-frequency side of the section-select gradient, CSA is readily ap-

parent.

The oblique axial images of the lipid-
water phantom were evaluated for the
presence or absence of CSA at the lipid-
water interface. This evaluation was made
visually as well as by profile analysis. The
profile analysis displays a plot of signal
intensity as a function of position (with
1-pixel position increments) along a line
perpendicular to the interface. Multipla-
nar images obtained through the lipid
spheres were evaluated visually for pres-
ence or absence of CSA.

A clinical study was also used to verify
observations. The patient, a 42-year-old
woman, was referred for MR imaging to
evaluate an adnexal mass visualized at
ultrasound but indeterminate for type of
disease process. Subsequent pathologic
examination of the mass showed it to be a
dermoid, consisting almost entirely of
lipid. The patient was imaged in the body
coil with use of respiratory compensation,
saturation pulses, no phase wrap, and glu-
cagon. The respiratory compensation op-
tion reorders the phase-encoding steps
based on respiratory motion to reduce
phase artifacts from structures with peri-
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odic motion. Saturation pulses applied
outside the imaging volume reduce vascu-
lar pulsation artifacts. Parameters con-
sisted of axial T1-weighted (SE 500/20)
images, with 5- and 10-mm section thick-
nesses, 2.5-mm intersection spacing, 28-cm
FOV, 256 x 128 matrix, and two excita-
tions. Axial and sagittal intermediate and
T2-weighted (SE 1,700/20-80) images were
obtained with 5-mm-thick sections,
2.5-mm intersection spacing, 28-cm FOV,
256 x 128 matrix, and two excitations.

RESULTS

With the acquisition of oblique axial
sections through the planar lipid-wa-
ter interface, the angle of obliquity 6
at which CSA became absent was
found to depend on section thickness,
FOV, and orientation of the plane of
section (ie, positive or negative angu-
lation).

Images obtained with a 28-cm FOV,
10-mm section thickness, and positive

Figure 4. Sagittal image obtained through
the center of a dermoid. CSA is readily ap-
parent on both inferior and superior surfaces
that are relatively flat.

Table 1
Critical Angle for FOV of 28 cm
Section
Thickness (mm) Critical Angle

10 < —19°
7 < =22
5 < -29°
3 < —36°

Note.—The critical angle is that at which the
CSA is no longer apparent.

Table 2

Negative Critical Angles as a Function
of FOV

FOV (cm) Critical Angle
8 < —6°
16 = =10°
28 < —19°
48 = —36"

Note —Only negative angles were tested
with varying FOV. Section thickness = 10 mm.

and negative angles of obliquity are
shown in Figure 2. Each image in-
cludes a signal intensity profile. The
profile is a plot of signal intensity as a
function of position along the line
shown in the image. The profile anal-
ysis was used to avoid Mach effect
errors inherent in direct visual inspec-
tion of images with sharp interfaces.
With a 10-mm section thickness,
CSA gradually diminished as 6 was
varied in 5° increments with negative
angulation. CSA is absent for 6 =
—20° or greater negative angulation
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5.

6.

Figures 5,6. Bottom row of numbers indicates image number. (5) Adjacent 5-mm-thick axial views (a—¢) obtained through a dermoid in planes
indicated on sagittal localizer image (bottom right). CSA is readily apparent on image 15 (b) obtained at the high-frequency side of the section-
select gradient. CSA is less visible on images 19 (d) and 21 (e), which are from the low-frequency side. Note correspondence with images in Fig-
ure 3. (6) Adjacent 10-mm-thick axial views (a—d) obtained through a dermoid in planes indicated on sagittal localizer image. CSA is essentially

absent in all sections.
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Figure 7. Top: Representation of a row of
object voxels viewed perpendicular to the
section-select direction. Arrows indicate the
section-select gradient direction (SS) and
FED (F) from low to high frequency. Bottom:
The well-known chemical shift misregistra-
tion, due to the lower resonance frequency
of lipid protons, is depicted.

(Fig 2). As 6 was varied in 5° incre-
ments with positive angulation, CSA
remained apparent at 8 = +30° (Fig 2)
and was present to 8 = +45°, the larg-
est positive angle tested (not shown).
As section thickness was decreased
through 7, 5, and 3 mm with a 28-cm
FOV, the negative angle of obliquity
at which CSA was absent (the critical
angle) increased in magnitude. The

? When the field strength is G (in tesla), the
bandwidth along the FED is AB,, and the num-
ber of frequency encodings is N, the location of
lipid protons will be shifted (220/1.5) - G - (N,/
AB,) pixels in the direction of decreasing fre-
quency. On the Signa system, G = 1.5 T and
AB, = 3.2 x 10° Hz. When 256 frequency encod-
ings are used, this shift will equal 1.76 pixels.
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critical angles are shown in Table 1.
For positive angles of obliquity (up to
the maximum tested of +45°), CSA
remained apparent for these section
thicknesses.

Images were also obtained with a
10-mm section thickness and varying
FOV. The negative critical angles for
various FOVs are given in Table 2.
The magnitude of the negative critical
angle increases with increasing FOV.

These results demonstrate a depen-
dence on section thickness, FOV, and
orientation of the plane of section.
The appearance of CSA is clearly not
symmetric about zero obliquity (ie,
with all other parameters identical,
the appearances of CSA on sections
obtained at +6° and —0° are not
equivalent).

The images obtained through lipid
spheres embedded in gelatin are
shown in Figure 3. These are adjacent
images obtained through two lipid
spheres. The appearance of CSA can
be seen to depend on the location of
the section with respect to the sec-
tion-select gradient direction. CSA is
less apparent when the section is lo-
cated in that half of the sphere on the
low-frequency side of the section-
select direction (Fig 3).

Images obtained through a patho-
logically proved dermoid consisting
almost entirely of lipid are shown in
Figures 4-6. The superior and inferior
surfaces of the dermoid are relatively

flat so that CSA is readily seen along
these surfaces on sagittal images. Im-
ages obtained with axial 5- and 10-
mm-thick sections demonstrate the
dependence of the appearance of
CSA on section thickness and loca-
tion. With 5-mm-thick sections, CSA is
readily seen through the center of the
dermoid and on the high-frequency
side of the section-select gradient di-
rection (cf Fig 3). With 10-mm-thick
sections, CSA is not visible.

DISCUSSION

The theoretical basis of the results
described depends on two effects. The
first is chemical shift misregistration
along the FED. This effect is well
known. The second is chemical shift
misexcitation along the section-select
direction. The effect of misexcitation
has not been previously described in
clinical imaging, but is a known effect
().

To review the first effect, at a field
strength of 1.5 T, the precession fre-
quency of water protons is approxi-
mately 220 Hz greater than that of
lipid protons. This causes misregistra-
tion of the position of lipid proton
voxels along the FED with a posi-
tional shift toward the direction of
decreasing frequencies.? At a planar
lipid-water interface oriented perpen-
dicular to the FED, this positional mis-
registration can cause two effects: A
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Figures 8-10.  Arrows indicate the section-select gradient direction (SS) and FED (F) from low to high frequency. (8) Top: Representation of a
row of object voxels viewed perpendicular to the section-select direction. Middle: Chemical shift misexcitation. The low-frequency side of the
section-select gradient is on the inferior side of the row of voxels. Bottom: The result of chemical shift misexcitation combined with chemical
shift misregistration. (9) Top: A model of a lipid object with parallel sides in water, oriented obliquely to both section-select and frequency-en-
coding gradients. Middle: Chemical shift misexcitation. Bottom: The combination of chemical shift misexcitation and chemical shift misregistra-
tion. The numbers below the image pixels are relative signal intensities assuming a 37° angle of obliquity, 5-mm section thickness, 32-cm FOV,
256 frequency encodings, and a bandwidth of +16 kHz. Signal intensity of lipid is equal to 2.5 times that of water. There is a sharp drop in sig-
nal intensity at the water-lipid interface and a bright strip at the lipid-water interface. (10) Top: A model of a lipid object with parallel sides in
water, with orientation opposite of that in 9. Middle: Chemical shift misexcitation. Bottom: Combination of misexcitation and misregistration,
with same imaging parameters and relative signal intensities as in 9. There is only a small decrease in signal intensity at the water-lipid inter-
face. The bright strip at the lipid-water interface remains.

linear band of pixels with decreased
signal intensity occurs at the interface
when lipid is on the low-frequency
side of the FED (with respect to wa-
ter). This results from the lipid pixels
being shifted away from the water pix-
els, which leaves pixels on the lipid
side of the interface with absent sig-
nal. A linear band of pixels with in-
creased signal intensity occurs at the
interface when lipid is on the high-
frequency side of the FED (with re-
spect to water). This results from the
lipid pixels being shifted toward the
water pixels, which causes pixels on
the water side of the interface to have
signal intensity equal to the sum of
the lipid- and water-containing pixels.
This effect is illustrated in Figure 7. Figures 11,12. Arrows indicate the section-select gradient direction (SS) and FED (F) from

A similar effect will occur along the IO\IN ;?f?igh fregtufincy. I;(l):t) Top’i‘ }? quel (‘)tf ati spheri;al !ipid .olt)lietc.t in waéer. Midd}l‘e: Cl:iemi-

s H H : cal snit misexcitaton. om: e misexcitation and misregistration produces a sha ro

SeCt‘on-§eIQCt dlreFtlon due to th.e dif- in signal intensity at the water-lipid interface. (12) Top: Moil of a |iprd sphere in wartir. M}i)d-
ference in precessional frequencies of yj. Chemical shift misexcitation. Bottom: The misexcitation and misregistration produces

lipid and water protons. When reso- only a modest decrease in signal intensity at the lipid-water interface.
nance frequency excitation pulse is

applied to a lipid-containing region

in the presence of the section-select when lipid is present beyond the sec-
' When the resonance frequency excitation gradient, 'the actual region of lipid tion to be excited, a linear band of

bandwidth along the section-select direction is excited will be shifted along the lipid at the high-frequency side of the
AB,, field strength is G (tesla), and the thickness  section-select direction causing a mis-  section-select gradient will be excited
of ‘:e section s AhT' ;‘2‘8 Tgsexgtatﬂ‘m“ e excitation. A linear band of lipid and contribute to the received signal.’
e Overa ehgt dgrect/io'n.)For Sian éar d')i:n:[g‘gs within the region on the low-fre- This effect is illustrated in Figure 8.
on the Signa system, AB, = 1276 Hzand G = 1.5 quency side of the section-select gra- At a planar lipid-water interface not
T. dient will remain unexcited. Similarly, oriented along the section-select di-
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rection (and therefore also not per-
pendicular to the FED), voxels along
the interface contain both lipid and
water protons. Therefore, when the
lipid-containing region is on the low-
frequency side of the FED, positional
misregistration of the lipid proton
voxels no longer results in pixels with
absent signal. Similarly, when lipid is
on the high-frequency side of the
FED, positional misregistration of
lipid proton voxels no longer results
in pixels with signal intensity equal to
the sum of a water pixel and a lipid
pixel. This effect is dependent on the
number of pixels along which the in-
terface extends.* In addition, due to
chemical shift misexcitation along the
section-select direction, the above ef-
fect is also dependent on the sign of
the angle 8 as defined in Figure 1.
These effects are illustrated in Figures
9 and 10.

At a spherical lipid-water interface,
the effect of positional misregistration
along the FED will be similar to that
described previously. The effect of
chemical shift misexcitation will de-
pend on whether the section is within
that half of the spherical interface on
the low- or high-frequency side of the
section-select direction.’ These effects

* If the interface is oriented along the axis of
the phase-encoding direction and at an angle 6
with respect to the axis of the section-select di-
rection, the interface will extend over P pixels,
where P = AT - tan@ - (N, /FOV). For a sphere of
radius r, P = (AT ) N, /(r - FOV).

* On the Signa system, the low-frequency side
of the section-select gradient for axial sections is
inferior and for coronal sections is posterior.
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are shown in Figures 11 and 12. The
number of pixels along which the in-
terface extends will depend on the
radius of curvature of the sphere.

A common application of these ef-
fects in the female pelvis is in the dif-
ferential diagnosis of an ovarian
mass—specifically, in distinguishing
between an endometrioma and a der-
moid. Depending on the age of the
blood, endometriomas can have sig-
nal intensity characteristics that are
identical to those of dermoids (on
conventional T1- and T2-weighted
images as well as on short inversion
time inversion-recovery images). The
presence of CSA within the lesion or
at the lesion interface with surround-
ing tissue is definitive for a dermoid
(5). Therefore, knowledge of the pa-
rameters that can enhance (or dimin-
ish) the appearance of CSA is crucial.
Dermoids need surgical removal but
do not require urgent or immediate
excision as do malignant masses. En-
dometriomas, the main entity that can
be mistaken for a dermoid, do not
require surgery, and are often treated
with conservative medical therapy
(6).
The effect of matrix size and band-
width on the appearance of CSA was
not examined. A decrease in matrix
size is equivalent to an increase in
FOV. The effect of bandwidth has
been previously described (7).

In conclusion, the presence of CSA
is an important observation in the
differential diagnosis of a lipid-con-
taining mass. One must be aware that,
depending on the choice of imaging
parameters, plane of section, shape

and orientation of the lipid-water in-
terface, and the specific instrument
and field strength employed, CSA
may be absent even around lipid-con-
taining masses. Manipulation of these
parameters may then be necessary to
bring out the CSA. In cases in which
the findings are not definitive, lipid-
or water-suppression techniques
should be employed to resolve the
question (Kier et al, unpublished data,
1991). =m
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