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Quantitative MR Evaluation of Intracranial Epidermoid
Tumors by Fast Fluid-attenuated Inversion Recovery
Imaging and Echo-planar Diffusion-weighted Imaging

Shuda Chen, Fusao Ikawa, Kaoru Kurisu, Katsunori Arita, Junko Takaba, and Yukari Kanou

BACKGROUND AND PURPOSE: Quantification of MR can provide objective, accurate cri-
teria for evaluation of a given MR sequence. We quantitatively compared conventional MR
sequences with fast fluid-attenuated inversion recovery (fast-FLAIR) and echo-planar diffusion-
weighted (DW) MR imaging in the examination of intracranial epidermoid tumors.

METHODS: Eight patients with surgically confirmed intracranial epidermoid tumors were
examined with T1-weighted MR sequences, fast T2- and proton density–weighted dual-echo
sequences, fast-FLAIR sequences, and DW echo-planar sequences. We measured the MR signal
intensity and apparent diffusion coefficient (ADC) of epidermoid tumors, normal brain tissue,
and CSF and calculated the tumor-to-brain and tumor-to-CSF contrast ratios and contrast-to-
noise ratios (CNR). Results were compared among the five MR methods.

RESULTS: On fast-FLAIR imaging, the mean signal intensity of epidermoid tumors was
significantly higher than that of CSF but significantly lower than that of the brain; the contrast
ratio and CNR of tumor-to-CSF were 4.71 and 9.17, respectively, significantly greater than the
values with conventional MR imaging. On echo-planar DW imaging, epidermoid tumors
showed a remarkably hyperintense signal relative to those of the brain and CSF; the mean
contrast ratio and CNR of tumor-to-CSF were 13.25 and 19.34, respectively, significantly great-
er than those on fast-FLAIR or conventional MR imaging. The mean ADC of epidermoid
tumors was 1.197 3 1023 mm2/s, significantly lower than that of CSF but higher than that of
brain tissues.

CONCLUSION: Fast-FLAIR imaging is superior to conventional MR imaging in depicting
intracranial epidermoid tumors. Echo-planar DW imaging provides the best lesion conspicuity
among the five MR methods. The hyperintensity of epidermoid tumors on echo-planar DW
imaging is not caused by the diffusion restriction but by the T2 shine-through effect.

Intracranial epidermoid tumors are congenital neo-
plasms that constitute about 1% of all intracranial
tumors (1–7). They tend to occur in basal subarach-
noid cisterns and ventricles, especially in cerebel-
lopontine angles (CPA), parasellar regions, and the
fourth ventricles (2, 7). Compared with the satis-
factory outcome of surgical treatment of these
slow-growing, biologically benign lesions, their di-
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agnosis by imaging has remained relatively prob-
lematic. This is because on conventional or con-
trast-enhanced CT and MR imaging, epidermoid
tumors usually exhibit poor contrast from sur-
rounding CSF and resemble other cystic masses.

Several imaging techniques have been employed
to improve the detection of these tumors, such as
contrast medium CT cisternography (8), construc-
tive interference in steady state MR sequence (MR
cisternography) (9), and 3D Fourier transform fast
MR imaging with steady-state free precession im-
ages (10). These imaging techniques have not be-
come popular, however, because of either technical
shortcomings (8, 10) or manufacturer-imposed lim-
itations (9).

Fast fluid-attenuated inversion recovery (fast-
FLAIR) MR imaging has been reported to be more
sensitive than conventional MR imaging in detect-
ing various intracranial diseases (11–14), but only
a few investigators have reported the use of FLAIR
imaging in the diagnosis of intracranial epidermoid
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tumors (9, 11). Diffusion-weighted (DW) imaging
has been shown to be a useful method to differ-
entiate epidermoid tumors from arachnoid cysts, by
revealing the solid nature of epidermoid tumors as
opposed to the fluid properties of arachnoid cysts
according to their apparent diffusion coefficients
(ADC) (15, 16). Previous reports of spin-echo DW
imaging have been limited, however, by motion ar-
tifacts that reduced the accuracy of imaging and
compromised its clinical utility. Echo-planar DW
imaging now can acquire necessary MR data within
a very short time, so that these troublesome arti-
facts can be minimized (17–19).

The purposes of this study were to investigate in-
tracranial epidermoid tumors with fast-FLAIR and
echo-planar DW imaging and to make a quantitative
comparison with conventional MR sequences.

Methods

Patients

Eight consecutive patients with intracranial epidermoid tu-
mors, three men and five women with a mean age of 58.9 years
(range, 47 to 72 years), were studied from September 1996 to
May 2000. Each had a single lesion that was surgically con-
firmed as having solid, white or yellowish-white, flaky, and
soft contents, and glistening, irregular nodular surfaces. Mi-
croscopic examinations revealed that the tumors were com-
posed of stratified squamous epithelial capsule tissue and ke-
ratinized debris. Six cases were studied preoperatively, and the
other two were imaged during postoperative follow-up. The
lesion sites were CPA in four cases, the fourth ventricle in
three, and the suprasellar region in one.

MR Imaging and Image Processing

A 1.5-T superconducting MR system capable of echo-planar
imaging (YMS Signa Horizon, General Electric) was used to
perform the conventional MR, precontrast fast-FLAIR, and
echo-planar DW imaging for all patients in this series. Only
axial slices were selected for assessment. The conventional
MR imaging included a T1-weighted spin-echo sequence (400/
8/2 [TR/TE/excitations]), fast T2- and proton density–weighted
dual-echo sequences (3000/14 and 98/2 [TR/first TE eff and
second TE eff/excitations]) with a slice thickness of 5 mm, an
interslice gap of 2.5 cm, a field of view of 22 3 16 cm, and
a matrix size of 256 3 192. Contrast-enhanced T1-weighted
imaging was performed only in the preoperative examinations.
The FLAIR imaging was performed using fast and interleaved
multisection sequences (10002/2200/148/1 [TR/TI/TEeff/exci-
tation]) with a slice thickness of 5 mm, an interslice gap of
2.5 mm, a field of view of 22 3 22 cm, and a matrix size of
256 3 192. A nonselective, 1808 inversion pulse was applied
to the whole brain with the inversion slab being twice as thick
as the imaged volume seated centrally within this inversion
band. Except for T1-weighted images, all others were obtained
with flow-compensation techniques designed to correct the
first-order flow motion (constant velocity, v 5 dx/dt). The ex-
tra gradient pulses for flow compensation were applied along
the direction of slice selection (z axis).

DW imaging was performed using a single-shot, spin-echo
T2-weighted echo-planar sequence with a repetition time of
1600 ms, an echo time of 126 ms, a matrix size of 128 to 256
3 128, a field of view of 24 to 36 3 24 cm, and a slice
thickness of 7.5 mm with no gap. The diffusion gradients were
applied in all three axes (frequency, phase, and slice-selection
encoding directions) with the b values set at 250, 500, 750,

and 1000 s/mm2, respectively. At each b value, the x, y, and
z single-axis DW images and a baseline image (b value 5 0
s/mm2) were acquired, and the synthetic all-axes DW images
were calculated automatically by the MR machine. We ob-
tained 10 slices with 50 images at each b value within 12 to
19 seconds. Thus one examination of DW imaging was
achieved with a total of 200 images.

The signal intensities of epidermoid tumors, adjacent brain
tissue, and CSF were measured during conventional MR and
FLAIR imaging in the regions of interest (ROIs) on the op-
erating display of the MR machine. Circle or oval ROIs with
variable size were used to cover as much of the tumor area as
possible. Care was paid to minimize partial volume effect by
setting the ROIs approaching but not exceeding the tumor mar-
gins. ROIs of adjacent brain tissue were set in the abutting or
neighboring brain stem, cerebellum, and cerebral tissues in the
same slice with the lesions. The ROIs of CSF were settled in
the surrounding cisterns and fourth ventricles also in the same
slices with the lesions. On FLAIR images, however, the ROIs
of CSF were collected not only in the regions near the tumors
but also in the distant lateral ventricles or large sylvian fissures,
because of the CSF flow artifacts sometimes seen in the former.
Thus if the CSF intensity was unevenly distributed in the mea-
sured slices, the mean CSF intensity in this slice was acquired
through averaging the intensities of the two areas of the CSF
with the highest and lowest intensities. For each case, the mean
signal intensities of the epidermoid tumor, adjacent brain tis-
sue, and CSF were obtained by averaging the signal intensities
of the relevant ROIs in each slice.

For the DW images, signal intensity and ADC values were
measured on a computer workstation (SUN Sparc 20) to which
all DW imaging data had been transferred from the MR ma-
chine. A software program, MRvision (version 1.5.5), installed
on this workstation generated ADC maps and quantified both
the ADC values and the DW signal intensities of epidermoid
tumors, adjacent brain tissue, and CSF. To avoid the contrast
from diffusion anisotropy, we selected only the all-axes DW
images to produce the ADC maps, by calculating the signal
intensities of the DW images at different b values on a pixel-
by-pixel basis. To acquire the largest diffusion weighting, we
evaluated only the highest b value DW images for signal in-
tensity. The mean ADC and DW signal intensity for each case
were obtained through procedures similar to those used for
conventional MR images, except the ADC of brain tissue. In
this instance, we measured only the ADC of gray matter for
statistical comparison, because it had less diffusion anisotropy
and a higher ADC value than white matter, the cerebellum, or
brain stem tissue.

Statistical Analysis

We quantitatively compared the tumor-to-brain contrast ra-
tio, the tumor-to-brain contrast-to-noise ratio (CNR), the tu-
mor-to-CSF contrast ratio, and the tumor-to-CSF CNR among
the T1-, T2-, and proton density–weighted images, the fast-
FLAIR images, and the echo-planar DW images. The tumor-
to-brain contrast ratio and tumor-to-brain CNR were calculated
as follows: tumor-to-brain contrast ratio 5 |SI of tumor 2 SI
of brain|/SI of brain; tumor-to-brain CNR 5 |SI of tumor 2
SI of brain|/noise, where the SI represented the signal intensity
and noise indicated the standard deviation of the image noise.
Tumor-to-CSF contrast ratio and tumor-to-CSF CNR were cal-
culated with similar methods. Additionally, in FLAIR images,
the tumor-to-CSF contrast ratio and CNR were calculated sep-
arately according to the source of CSF intensity. For the tumor-
to-CSFcist contrast ratio and CNR, the SI of CSF was acquired
in the cisterns or fourth ventricles near the lesions, whereas in
the tumor-to-CSFventr contrast ratio and CNR, the SI of CSF
was acquired from the distant lateral ventricles or sylvian fis-
sures. The contrast ratios and CNRs also were calculated slice
by slice and then case by case.
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TABLE 1: Contrast ratios, CNRs of tumor-to-brain and tumor-to-CSF in epidermoid tumors

MR Sequences

Contrast Ratio
Mean 6 SD

Tumor-to-Brain Tumor-to-CSF

CNR
Mean 6 SD

Tumor-to-Brain Tumor-to-CSF

T1-weighted
T2-weighted
Proton density-weighted
FLAIRcist*
FLAIRventr†
DW

0.52 6 0.03
1.06 6 0.11
0.10 6 0.07
0.36 6 0.16

—
1.30 6 0.53

0.10 6 0.08
0.03 6 0.02
0.11 6 0.07
1.54 6 0.74
4.71 6 1.60

13.25 6 3.67

14.97 6 2.76
23.80 6 3.78

3.28 6 2.03
6.05 6 2.68

—
11.51 6 3.79

1.32 6 1.21
1.56 6 0.85
3.71 6 1.81
6.14 6 2.70
9.17 6 3.32

19.34 6 5.22

* The signal intensity of CSF was measured in the surrounding arachnoid cisterns of fourth ventricles with the epidermoid tumors.
† The signal intensity of CSF was measured in the lateral ventricles and sylvian fissures.

TABLE 2: Mean ADC Values and signal intensity on FLAIR of epidermoid tumor, brain tissue, and CSF

Case No./Sex/
Age (y)

ADC Values (1023 mm2/sec)

Epidermoid Gray Matter CSF

Signal intensity on FLAIR

Epidermoid Brain CSFventr.* CSFcist.†

1/F/47
2/F/67
3/F/52
4/M/70
5/F/64
6/M/48
7/M/72
8/F/51

1.191
0.971
1.089
1.319
1.203
1.283
1.461
1.058

1.126
0.938
1.036
1.045
0.985
1.002
1.001
0.886

3.280
3.453
3.577
3.123
3.884
3.246
3.739
3.685

95.8
146.5
97.6
74.0
84.0
50.3
66.1

222.9

125.4
140.3
152.8
113.1
136.9
109.2
173.9
295.0

21.2
24.5
17.1
11.1
13.6
12.6
16.9
25.6

55.6
75.0
35.2
23.4
40.8
32.3
36.7
57.8

Mean
(SD)

1.197
(0.158)

1.002
(0.072)

3.498
(0.268)

104.7
(55.6)

155.8
(60.0)

17.8
(5.5)

44.6
(16.8)

* The signal intensity of CSF was measured in the lateral ventricles and sylvian fissures.
† The signal intensity of CSF was measured in the surrounding arachnoid cisterns or fourth ventricles with the epidermoid tumors.

Statistical comparisons used the Student’s paired t test and
the Pearson correlation coefficient and were performed with
Statview software (version 5.0) on a Macintosh PowerPC com-
puter. The significance of the P value was set at .05.

Results
All epidermoid tumors in this study showed the

equivalent to slightly high signal intensity relative
to CSF on T1-, T2-, and proton density–weighted
images and were not enhanced after contrast infu-
sion. On FLAIR imaging, epidermoid tumors
showed signal intensities between those of brain
tissue and CSF in seven cases and a minimally hy-
perintense signal relative to the brain in the re-
maining case. All epidermoid tumors appeared
sharply hyperintense relative to the brain and CSF
on echo-planar DW imaging.

The contrast ratios of both the tumor-to-brain
and the tumor-to-CSF on DW imaging were sig-
nificantly larger than those on the other MR se-
quences (P # .0033), with the exception of the
contrast ratio of tumor-to-brain between DW im-
ages and T2-weighted images (P 5 .2565 [Table
1]). The mean contrast ratio of tumor-to-CSF on
FLAIR imaging was significantly larger than that
on conventional MR imaging (P # .0009). On the
FLAIR sequence, the contrast ratio of tumor-to-
CSFventr was significantly larger than that of tumor-
to-CSFcist (P # .0001).

The mean CNRs of tumor-to-brain differed sig-
nificantly among the five MR methods (P # .0412
[Table 1]). As for the CNRs of tumor-to-CSF, DW
images exhibited the largest mean value compared
with the other MR methods (P # .0035). On
FLAIR images, the mean CNR of tumor-to-
CSFventr was significantly larger than that of tumor-
to-CSFcist (P 5 .0008). Moreover, the mean CNR
of tumor-to-CSFventr on FLAIR imaging was sig-
nificantly larger than that of tumor-to-CSF on pro-
ton density–weighted images (P 5 .0024), whereas
there was no significant difference between the
mean CNR of tumor-to-CSFcist on FLAIR imaging
versus proton density–weighted imaging (P 5
.0622).

The mean ADC of epidermoid tumors was sig-
nificantly lower than that of CSF (P , .0001) and
significantly higher than that of gray matter (P 5
.007 [Table 2]).

The mean CNR of tumor-to-CSFventr on FLAIR
images varied from 4.97 to 14.70 and inversely
correlated to the ADC values of the epidermoid tu-
mors in the corresponding cases (Pearson correla-
tion coefficient, 2.910; P 5 .0006 [Fig 1]).

The mean signal intensity between CSFcist and
CSFventr differed significantly (P 5 .0004 [Table
2]). The mean signal intensity of epidermoid tu-
mors was significantly higher than that of CSFcist
(P 5 .0075) and significantly lower than that of
surrounding brain tissue (P 5 .0032).
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FIG 1. Inverse correlation between CNR of tumor-to-CSFventr on
FLAIR images and ADC of epidermoid tumors in the correspond-
ing cases (Pearson correlation coefficient, 2.910; P 5 .0006).

Discussion
Our study shows that conventional MR imaging

offers minimal tumor-to-CSF contrast ratio and
CNR and is inferior to fast-FLAIR and echo-planar
DW imaging in detecting intracranial epidermoid
tumors.

Conventional MR Imaging
Conventional MR imaging, such as T1-, T2-, and

proton density–weighted sequences, has been
thought to be superior to radiographs, CT, and an-
giography in the diagnosis of intracranial epider-
moid tumors (3, 7, 20–24), largely because of its
capacity for multiplanar imaging, the lack of arti-
facts from bone, and clear delineation of surround-
ing neurovascular structures rather than its potential
to demarcate the lesions. On conventional MR im-
aging, however, most intracranial epidermoid tu-
mors exhibit a signal intensity that is similar to that
of CSF and is not enhanced after contrast admin-
istration (Fig 2A–C). These MR characteristics
made it difficult to differentiate epidermoid tumors
from surrounding CSF or arachnoid cysts. It also
is difficult to detect small epidermoid tumors or
postoperative residual and recurrent tumors. Al-
though the signal intensity of epidermoid tumors
differs to some degree from that of CSF on con-
ventional MR imaging, particularly on proton den-
sity–weighted images (2, 7, 23, 25, 26), this dif-
ference usually is slight and inconstant. In the
diagnosis of intracranial epidermoid tumors by
conventional MR imaging alone, the patient’s his-
tory, the lesion’s site and shape, the surrounding
deformed but uninvaded brain tissue, and the lack
of brain edema probably are more important than
the minor differences in signal intensity between
the tumor and CSF. Some investigators who have
emphasized that epidermoid tumors can be discrim-
inated from CSF on the basis of signal intensity
differences on conventional MR imaging have been
unable to avoid the occasional misdiagnosis (26,
27). We agree with the viewpoint that the greatest
value of conventional MR imaging in the diagnosis
of epidermoid tumors is its assistance in planning
the surgical approach and not its capacity for as-
certaining pathologic diagnosis (20, 22, 23, 28).

FLAIR Imaging

FLAIR imaging, characterized by heavy T2
weighting and CSF signal-nulling, was thought to
have great potential in depicting epidermoid tumors
by suppressing the signal of surrounding CSF and
intensifying the long-T2 quality of the lesions. In
our study, all epidermoid tumors showed signifi-
cantly hyperintense signals relative to CSF, from
which the lesions certainly could be discriminated,
although they also had uneven intensities or
showed unclear tumor margins (Fig 2D). The con-
trast ratio and CNR of tumor-to-CSFventr on FLAIR
images also were significantly higher than that on
conventional MR imaging.

A problem that requires careful treatment in
FLAIR imaging of epidermoid tumors, however, is
the increased signal intensity of surrounding CSF
in the subarachnoid cisterns and ventricles. In our
FLAIR imaging series, the mean signal intensities
of CSF in these areas were higher than those in
lateral ventricles or sylvian fissures. This reduced
the contrast ratio and CNR of tumor-to-CSFcist, and
statistical analysis indicated that they could not be
treated as true contrast ratios and CNRs of tumor-
to-CSF. On observation, the increase in CSF signal
intensity was attributable mainly to the flow arti-
facts of noninverted CSF, although we could not
exclude partial volume effect because the CSF cis-
terns usually were small and narrow. Despite using
the flow-compensation sequences and nonselective
inversion pulse in FLAIR imaging, we could not
completely exclude the CSF artifacts, especially in
the infratentorial subarachnoid cisterns and ventri-
cles, where the epidermoid tumors tended to grow.
These artifacts varied in signal intensity from hy-
pointense to hyperintense relative to brain tissue,
and they occasionally simulated epidermoid tumors
in shape and intensity. Thus a lesion’s existence
and extension might be misinterpreted (Figs 3A
and 4A). In all, of 23 slices with epidermoid lesions
in our FLAIR series, seven slices (30.4%) in four
patients appeared to contain CSF artifacts, of which
three slices (13%) contained artifacts difficult to
distinguish from epidermoid tumors (Figs 3A and
4A). The use of the cardiac-gated sequence or
thicker slab of 1808 inversion pulse may reduce
CSF artifacts on FLAIR imaging, although scan-
ning time would be increased. Additional coronal
or sagittal imaging also is likely to eliminate arti-
facts on the axial image.

Another noticeable point in FLAIR imaging of
epidermoid tumors is that the tumors were not as
hyperintense relative to the brain as on T2-weight-
ed images, but only of intermediate intensity be-
tween the brain and CSF or minimally hyperintense
relative to the brain. As a result, the contrast ratio
and CNR of tumor-to-brain were lower on FLAIR
images than on normal T2-weighted images. Con-
sidering the long-T1 properties of epidermoid tu-
mors, this probably is attributable to the intrinsic
T1 weighting effect in FLAIR sequences. Another
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FIG 2. Right CPA epidermoid tumor in a 72-year-old man.
A-C, Contrast-enhanced T1-weighted (400/8/2 [TR/TE/excitations]) (A), fast T2-weighted (3000/98/2) (B) and proton density–weighted

(3000/14/2) (C) images do not show the epidermoid tumor but only slight expansion of the arachnoid cistern in the right CPA (arrow).
D, Fast-FLAIR imaging (10002/148/1, inversion time of 2200) shows the tumor (arrows) as unevenly hyperintense relative to the CSF

but hypointense relative to the brain.
E, Echo-planar DW imaging (1600/126 [TR/TE] with b value of 1000 s/mm2; field of view, 24 3 24 cm) reveals the tumor as a sharply

hyperintense lesion (arrows) relative to the brain and CSF.
F, ADC map shows that the intensity of the tumor is similar to that of surrounding brain tissue but much different from that of CSF.

Note the uneven diffusion in the lesion (arrows).

explanation may be that epidermoid tumors usually
have irregular, multilobular surfaces that sometimes
insinuate deeply into the lesions and form CSF in-
terstices (2), whose signal then could be suppressed
by FLAIR sequences (Fig 2D).

We also noted that the mean CNR of tumor-to-
CSFventr varied among cases and was inversely cor-
related with the corresponding ADC of the epider-
moid tumors (Fig 1), indicating that the CNR value
of tumor-to-CSF on FLAIR imaging somehow is
associated with water diffusion within the lesions.
Ikushima et al (9) have suggested that CNR values
are inversely proportional to the hydration of the
tumors. We believe that hydration depends in part
on the number of CSF interstices in the lesions. The
degree of hydration in the epidermoid parenchyma
also should be considered.

DW Imaging

DW imaging can map contrast that reflects the
molecular diffusion of water (Brownian motion) in
the examined tissues. Diffusion can be quantita-
tively evaluated by the ADC, which is independent
from proton density, T1, and T2 relaxation effects.
Tsuruda and Maeda reported in succession that DW
imaging could differentiate epidermoid tumors
from other cystic lesions, in that the ADCs of epi-
dermoid tumors were similar to that of brain tissue
whereas the ADCs of cystic lesions were similar to
that of CSF (15, 16). Both investigators, however,
used a non–echo-planar DW sequence, the imaging
accuracy of which can be degraded by motion ar-
tifacts. Moreover, they did not present either the
DW images or the absolute ADC values. Recently,
Dechambre et al (29) illustrated the echo-planar
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FIG 3. Suprasellar region epidermoid tumor in a 47-year-old woman.
A, Fast-FLAIR imaging (10002/148/1, inversion time of 2200) shows that epidermoid tumor (black arrows) fills the suprasellar and

right ambient cisterns; the hyperintensity in the left ambient and interpeduncular cisterns (white arrows) probably is caused by CSF flow
artifacts.

B, Echo-planar DW imaging (1600/126 with b value of 1000 s/mm2; field of view, 36 3 24 cm) clearly shows that the tumor (black
arrows) is in the suprasellar and right ambient cisterns; the signal in the left ambient and interpeduncular cisterns (white arrow) is greatly
attenuated, indicating a fluid nature. Note the susceptibility artifacts (white arrowhead) at the anterior skull base.

C, ADC map shows that the ADC of the tumor (black arrows) is similar to that of surrounding brain tissue; the ADCs of left ambient
and interpeduncular cisterns are similar to that of the eyes (white arrows).

FIG 4. Right CPA epidermoid tumor in a 48-year-old man.
A, On fast-FLAIR imaging (10002/148/1, inversion time of 2200), epidermoid tumor appears to extend over the midline in the prepontine

cistern (arrow).
B, Echo-planar DW imaging (1600/126 with b value of 1000 s/mm2; field of view, 36 3 24 cm) reveals that the lesion (black arrow)

is limited in the right CPA. Note the susceptibility artifacts near the temporal bone (white arrows).
C, ADC map shows that the tumor (arrow) has an ADC similar to that of surrounding brain tissue.

DW images of a single epidermoid tumor and re-
ported its ADC value as 1090 ((6200) 3 (1026

mm2/s.
On echo-planar DW imaging in our study, all epi-

dermoid tumors appeared sharply hyperintense rel-
ative to the brain and CSF. The contrast ratio and
CNR of tumor-to-CSF were as much as several to
100 times the values on FLAIR and conventional
MR images. In our practical observation, echo-pla-
nar DW imaging had the best tumor conspicuity
among the five MR methods; in particular, it greatly
aided in evaluation of the postoperative patients. On

conventional MR imaging, postoperative changes in
the surgical cavity usually make the detection of re-
sidual tumor or recurrence more difficult (30, 31).
Our study revealed that the mean ADC of epider-
moid tumors was 1.197 3 1023 mm2/s, higher than
that of gray matter, implying more active diffusion
in the epidermoid tumors than in the brain paren-
chyma. On ADC mapping with a small field of
view, eg, 24 3 24 cm, epidermoid tumors showed
uneven signal intensity patterns, suggesting uneven
proton diffusion (Fig 2F). Considering that CSF in-
terstices may invaginate into the lesions, the ADC
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of epidermoid parenchyma might be closer to that
of brain tissue. Nonetheless, the ADC values of epi-
dermoid tumors were much different from that of
CSF, which helps avoid confusing the tumors with
CSF or arachnoid cysts.

DW imaging is designed to depict the mobility
of water molecules in the imaged section; however,
the signal intensity on DW images does not simply
represent the water diffusibility (ADC). Because
DW imaging basically is a diffusing proton-atten-
uated T2-weighted sequence with a given b value,
DW contrast depends not only on the ADC but also
on the T2 values and even, although only slightly,
on the proton density of the examined tissues (32).
A tissue’s DW signal intensity inversely correlates
with its diffusibility or ADC but directly correlates
with its T2 values and proton density. In our study,
epidermoid tumors showed a mean DW signal in-
tensity 130% higher than that of brain tissue; how-
ever, without exception, the ADCs of epidermoid
tumors were not lower but higher than that of the
brain. Apparently, this hyperintensity on DW im-
aging should not be attributed to a decrease in
ADC. Because of the remarkable T2 prolongation,
the DW hyperintensity of epidermoid tumors
should be attributed to the T2 shine-through effect
(32, 33), meaning that the T2 properties dominated
the contributions to the DW signal intensity and
even overwhelmed the effect of signal attenuation
resulting from the increase in ADC. The T2 shine-
through effect also is found in subacute cerebral
infarction (32, 33) and other brain tumors; how-
ever, to our knowledge, there have not been ex-
amples of intracranial tumors with T2 shine-
through phenomenon showing such intense contrast
between the lesion and brain as the epidermoid
tumors.

Echo-planar DW imaging did have its disadvan-
tages. Because of the strong diffusion gradients, the
signal-to-noise ratio and tissue contrast were much
reduced, resulting in poor anatomic delineation of
the cerebral structures. This made conventional MR
imaging indispensable in planning surgical proce-
dures. Other limitations were the artifact and ana-
tomic distortion caused by susceptibility effects in
the echo-planar sequence. They usually happened
in regions rich in air-bone interfaces, such as the
anterior and mid-skull bases, and were identified
easily (Figs 3B and 4B).

Limitations
A limitation of our study is that we included only

cases in which the lesions exhibited a classic ap-
pearance on conventional MR imaging. Several re-
ports have described unusual MR imaging findings
of intracranial epidermoid tumors, in which the le-
sions have shown, relative to the brain, a hyperin-
tense signal on T1-weighted images, a hypointense
signal on T2-weighted images, a mixed signal in-
tensity on T1- and T2-weighted images, and no sig-
nal on T2-weighted and proton density–weighted

images (28, 34–38). As reported, these variations
in MR signal intensity resulted from the different
chemical components and physical states of the le-
sion contents. It is reasonable to believe that dif-
ferences in contents will cause variations not only
in the T1, T2, and proton density properties but
also in the ADC values of epidermoid tumors. We
speculate that these unusual epidermoid tumors
likewise may show diverse MR signal intensities
and ADC values on fast-FLAIR and echo-planar
DW images, according to the different chemical
components and physical states of lesion contents.

Conclusion
Fast-FLAIR imaging is superior to conventional

MR imaging in depicting intracranial epidermoid
tumors, showing variable but satisfactory lesion
contrast to both CSF and brain tissue. It may give
an incorrect demarcation of the lesion, however, be-
cause of CSF flow artifacts. Echo-planar DW im-
aging reveals intracranial epidermoid tumors as hy-
perintense lesions relative to the brain and CSF and
has the best conspicuity of the five MR methods
tested. The hyperintensity of epidermoid tumors on
echo-planar DW imaging is not caused by diffusion
restriction in the lesions but by the intrinsic T2
shine-through effect on the diffusion-weighted MR
sequence.
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