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BACKGROUND AND PURPOSE: Optimizing high-grade glioma treatment requires the delineation of edematous and normal brain from tumor, perhaps by using potential differences in
the absolute diffusion parameters of water. Our purpose was to determine whether mean
diffusivity 具D典 and diffusion anisotropic MR imaging data help in this differentiation.
METHODS: Nine patients with high-grade cerebral glioblastoma underwent contrast-enhanced structural and diffusion tensor MR imaging before therapy. Tumor, edematous brain,
and apparently normal white matter regions were determined on T2-weighted and contrastenhanced T1-weighted structural images. Fractional anisotropy (FA) and 具D典 were measured in
each tissue type. Differences in these values among the tissue types were assessed with a
standard analysis of variance.
RESULTS: 具D典 was highest in the necrotic tumor core (1825.38 ⴞ404.06) ⴛ 10ⴚ6 mm2/s,
followed by edematous brain (1411.23 ⴞ 322.31) ⴛ 10ⴚ6 mm2/s, enhancing tumor core
(1308.67 ⴞ 292.50) ⴛ 10ⴚ6 mm2/s, enhancing tumor margin (1229.80 ⴞ 206.80) ⴛ 10ⴚ6 mm2/s,
and normal brain (731.53 ⴞ 35.21) ⴛ 10ⴚ6 mm2/s. FA was highest in normal brain (0.47 ⴞ 0.08)
and lowest in the necrotic core (0.09 ⴞ 0.03). 具D典 was significantly different in enhancing tumor
margins and edematous brain in all patients; FA was significantly different in only seven. These
values were significantly different from those of normal brain in all cases in which they were
measurable.
CONCLUSION: 具D典 values can be used to differentiate normal white matter, edematous
brain, and enhancing tumor margins. Diffusion anisotropic data added no benefit to tissue
differentiation. Further studies are required to determine if a 具D典 value that corresponds to the
limit of tumor invasion can be identified.
Despite recent advances in surgery, radiation therapy,
and chemotherapy, the prognosis for patients with
high-grade glioma remains poor (1). Therapies are
aimed at maximizing the patient’s quality of life and
prolonging their life expectancy. To accomplish these
goals, surgical resection or biopsy with adjuvant therapy is performed to remove as much tumor as possible while minimizing damage to healthy brain. Conventional imaging tends to cause underestimation of
the extent of tumor involvement, which can potentially lead to suboptimal treatment (2). The ability to
accurately delineate edematous and normal brain

from tumor could help in optimizing treatment in
these patients.
Intracranial tumors cause neurologic symptoms by
disturbing the architecture and water content of brain
tissue. Such alterations in cell structure and integrity
may be expected to cause changes in the magnitude
and directionality of water diffusion, which can be
measured by using diffusion tensor (DT) MR imaging. This is a relatively new imaging modality that
allows the apparent diffusion tensor of water D to be
measured in each voxel of an image (3). Diagonalizing D produces eigenvalues and eigenvectors, the effective principal diffusivities along the orthotropic
axes of the tissue, which can be used to measure the
mean diffusivity 具D典 and diffusion anisotropy (4) and
track white matter fibre trajectories in vivo (5, 6). The
measurement of these water diffusion parameters is
important not only because they may permit the differentiation of edematous and normal brain from
tumor but also because few groups have reported
such data in human cerebral tumors. Therefore, the
purpose of the present study was to provide fully
quantitative measurements of 具D典 and the diffusion

Received October 10, 2001; accepted after revision January 16,
2002.
From the Departments of Clinical Neurosciences (S.S., I.R.W.,
J.M.W.) and Medical and Radiological Sciences (Medical Physics)
(M.E.B.), University of Edinburgh, Western General Hospital,
Crewe Road, Scotland.
This study was funded by the Cunningham Trust.
Address reprint requests to Saurabh Sinha, Departments of
Clinical Neurosciences, University of Edinburgh, Western General
Hospital, Crewe Road, Edinburgh EH4 2XU, Scotland.

© American Society of Neuroradiology
520

AJNR: 23, April 2002

HIGH-GRADE CEREBRAL GLIOMAS

anisotropy of water molecules in tumor, edematous
brain, and normal tissue in treatment-naive patients
with high-grade cerebral gliomas by using DT-MR
imaging. This baseline information is essential in any
attempt to attribute specific imaging parameters to a
tissue type and in evaluating the mode of action of
different treatments.

Methods
Participants
Nine consecutive patients (six male, three female; age range,
42–74 years, mean age, 57.4 years) with glioblastoma multiforme were included in this prospective study. Their radiologic
data did not suggest any neurologic disorders other than the
primary neoplasm. The presence of the high-grade glioma was
histologically verified by means of either stereotactic biopsy or
surgical resection after MR imaging. None of the patients in
this group had begun corticosteroid treatment, radiation therapy, or chemotherapy at the time of MR imaging. The local
ethics committee approved the study, and written informed
consent was obtained from each patient. This study was undertaken at the Scottish Higher Education Funding Council
(SHEFC) Brain Imaging Research Centre for Scotland.

MR Imaging Acquisition Parameters
All MR imaging data were obtained by using a Signa LX
1.5-T clinical imager (GE Medical Systems, Milwaukee, WI).
The machine was equipped with a self-shielding gradient set
(23 mT/m maximum gradient strength, 120 T/m/s slew rate, and
a horizontal bore with a 60-cm inner diameter) and manufacturer-supplied birdcage quadrature head coil. Each patient
underwent an MR imaging examination that consisted of a fast
spin-echoT2-weighted sequence, the DT-MR imaging protocol
described next, and a contrast material– enhanced T1-weighted
volume sequence. After the DT-MR imaging protocol was
completed, 20 mL of gadopentetate dimeglumine (Magnevist,
Berlex Laboratories, Wayne, NJ) was administered intravenously. Parameters for the contrast-enhanced T1-weighted volume sequence were a TR/TE/TI/NEX of 7.3/3.2/400/1, a field
of view of 240 ⫻ 240 mm, an acquisition matrix of 256 ⫻ 256,
and 110 contiguous axial sections of 1.5 mm thickness. The
acquisition times were approximately 2 minutes for the fast
spin-echo T2-weighted sequence, 15 minutes for the DT-MR
imaging protocol, and 7 minutes for the T1-weighted volume
sequence. Thus, the duration of the entire examination was
approximately 30 minutes for each patient.
The component images of each DT-MR imaging data set
were acquired by using a single-shot diffusion-weighted (DW)
spin-echo echo-planar (EP) imaging sequence in which two
symmetric trapezoidal gradient pulses of duration ␦ ⫽ 32.2 ms,
separation ⌬ ⫽ 39.1 ms, and rise time  ⫽ 1.2 ms were inserted
around the 180° refocusing pulse in the required gradient
channel. Sets of axial DW-EP images (b ⫽ 0 and 1000 s/mm2)
were collected with diffusion gradients applied sequentially
along six non-collinear directions (7). Values for the elements
of the b matrix were calculated numerically (8). Five acquisitions that consisted of a baseline T2-weighted EP image (G0)
and six DW-EP images (G1 to G6), or a total of 35 images, were
collected per section position. Parameters for the DW-EP imaging sequence were a TR/TE of 660/98.8, a field of view of
240 ⫻ 240 mm, an acquisition matrix of 128 ⫻ 128 (zero filled
to 256 ⫻ 256), and 15 axial sections of 5-mm thickness with a
1.0-mm section gap.

Image Analysis
All of the magnitude DW-EP images, in Digital Imaging and
Communications in Medicine format, that were collected in
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each examination were transferred from the imager to a Sun
UltraSparc Station 10 (Sun Microsystems, Mountain View,
CA) and converted into Analyze format (Mayo Foundation,
Rochester, MN) by using in-house software written in C computer language. Computations were then performed on the Sun
UltraSparc Station 10 by using the Matlab programming environment (Mathworks, Natick, MA).
Physiologic motion artifacts were reduced on the component
DW-EP images by separately realigning the five images acquired for each gradient direction within every section using
SPM95 software (available at www.fil.ion.ucl.ac.uk/spm). Each
set of five images was then averaged to provide seven (G0 to
G6) images with a high signal-to-noise ratio for each section (9,
10). Geometric image distortions arising from the strong eddy
currents created by the diffusion gradients were then corrected
in the six averaged DW-EP images by using a modified version
of the iterative cross-correlation algorithm suggested by Haselgrove and Moore (11, 12).
Within each voxel, the six elements of the apparent diffusion
tensor D and the baseline T2-weighted signal intensity were
estimated from the signal intensities measured in the DW-EP
images by means of multivariate linear regression (3). After the
diagonalization of D to yield the magnitude-sorted eigenvalues
i, maps of the T2-weighted signal intensity, 具D典, and the
fractional anisotropy (FA) (13) were generated on a voxel-byvoxel basis and converted into Analyze format.
具D典 was calculated as follows (Eq 1):
具D典 ⫽

1)

共1 ⫹ 2 ⫹ 3兲
.
3

FA is used to measure the fraction of the total magnitude of
D that is anisotropic and has a value of 0 for isotropic diffusion
(1 ⫽ 2 ⫽ 3) and 1 for completely anisotropic diffusion (1 ⬎
0; 2 ⫽ 3 ⫽ 0). FA was calculated as follows (Eq 2):
2)
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冑冑
3
2

共1 ⫺ 具D典兲2 ⫹ 共2 ⫺ 具D典兲2 ⫹ 共3 ⫺ 具D典兲2
.
21 ⫹ 22 ⫹ 23

Wherever possible, a neuroradiologist (J.M.W.) identified
five tissue types in each patient from the imaging features on
the T1-weighted volume and T2-weighted EP images. In addition to normal ipsilateral and contralateral white matter, four
other tissue types were identified according to their enhancement on T1-weighted images and signal intensity on T2weighted images, as follows: 1) enhancing tumor margin, strong
enhancement and high intensity; 2) enhancing tumor core,
diffuse enhancement and high intensity; 3) nonenhancing tumor core, no enhancement and high intensity; and 4) peritumoral edematous brain, no enhancement and high intensity.
Because white matter has a wide range of FA values, the
diffusion anisotropy of the centrum semiovale was measured,
because this structure has a well-characterized FA value (14,
15). The imaging features and physical locations of these tissue
types are shown graphically on representative contrast-enhanced T1-weighted volume and T2-weighted EP images in
patient 4 (Fig 1C and D). To permit the accurate determination
of lesion and edematous brain boundaries on the structural
images acquired in the same axial section position, the contrast-enhanced T1-weighted volume images were directly registered onto the T2-weighted EP images (and hence the
DT-MR imaging parametric maps) by using the image boundary and internal landmark information in the SPM95 software.
The tissue boundaries were then drawn on the structural images and transferred to the 具D典 and FA parametric maps in the
Analyze program. Overall mean 具D典 and FA values were then
calculated from data obtained in each section to provide volume measurements for the entire lesion.
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FIG 1. Images in patient 4.
A and B, Contrast-enhanced T1-weighted volume images. In B, the solid arrow indicates a region of an enhancing tumor margin;
dashed arrow, enhancing tumor core; dotted arrow, nonenhancing tumor core.
C and D, T2-weighted EP images. Arrow in D indicates a region of edematous brain.
E, 具D典 parametric map.
F, FA parametric map.

Statistical Analysis
All data are reported as a mean ⫾ 1 standard deviation. The
significance of the differences between 具D典 and FA values in
the five tissue types in each patient was assessed by using an
analysis of variance and post hoc testing with the Scheffé test.
In all cases, a P value of less than .05 was considered to indicate
a statistically significant difference. The statistical analysis was
performed by using SPSS 10.0 (SPSS, Chicago, IL).

Results
The principal results of this study are presented in
Tables 1–3. Of the nine patients who participated in
this study, the first three had multifocal glioma, as
confirmed by the clinical, histologic, and radiologic
data. In patient 2, the standard clinical MR images
initially showed evidence of a low-grade glioma, and
the patient was treated conservatively. He then had
intractable seizures and, on presentation, standard
MR images showed areas of signal enhancement that
were indicative of malignant transformation. The remaining six patients had a large solitary lesion.

Figures 2 and 3 show representative contrast-enhanced T1-weighted volume and T2-weighted EP images and 具D典 and FA parametric maps in patients 5
and 3, respectively. In Figure 2, the regions corresponding to enhancing tumor rim, enhancing tumor
core, nonenhancing tumor core, and edematous brain
are clearly visible on the contrast-enhanced T1weighted volume and the T2-weighted EP images.
The enhancing tumor rim and enhancing core are
almost isointense compared with the normal-appearing brain parenchyma on the 具D典 map. Conversely,
the 具D典 of edematous brain, and especially the nonenhancing tumor core, was significantly higher than
that of normal appearing brain tissue; the FA was
significantly lower. These differences in 具D典 and FA
among the various tissue structures were also seen on
the parametric maps obtained in patient 4 (Fig 1).
Figure 3 shows that the multifocal glioma had a
smaller enhancing lesion, with no visible core on the
contrast-enhanced T1-weighted volume image. The
edematous brain had a correspondingly lower 具D典
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TABLE 1: 具D典 values in the neoplasm, surrounding edematous brain, and normal white matter in nine patients with high-grade glioma
Mean 具D典 Value (⫻ 10⫺6 mm2/s)
Patient/Age
(y)/Sex
1/61/F*
2/43/M*†
3/56/F*‡
4/65/M
5/71/M
6/50/M
7/42/M
8/55/F
9/74/M§
Mean

Normal White Matter

Enhancing
Tumor Margin

Enhancing
Tumor Core

Nonenhancing
Tumor Core

Edematous Brain

Ipsilateral

Contralateral

958.69 ⫾ 64.28
948.56 ⫾ 52.35
928.34 ⫾ 50.88
1238.54 ⫾ 158.93
1195.37 ⫾ 206.51
1289.65 ⫾ 227.58
1208.40 ⫾ 170.22
1185.35 ⫾ 262.88
1309.58 ⫾ 142.09
1229.80 ⫾ 206.80

NA
NA
NA
1500.83 ⫾ 275.19
1181.63 ⫾ 294.64
1571.22 ⫾ 108.36
1256.69 ⫾ 213.05
1031.14 ⫾ 326.10
1356.45 ⫾ 225.76
1308.67 ⫾ 292.50

NA
NA
NA
1861.26 ⫾ 292.52
1890.93 ⫾ 275.34
1784.93 ⫾ 301.46
1264.92 ⫾ 395.20
NA
1957.34 ⫾ 424.16
1825.38 ⫾ 404.06

1127.17 ⫾ 155.62
923.87 ⫾ 60.71
1221.99 ⫾ 261.25
1494.35 ⫾ 210.91
1477.25 ⫾ 279.53
1575.23 ⫾ 215.07
1143.00 ⫾ 326.96
1674.29 ⫾ 253.11
1565.69 ⫾ 219.01
1411.23 ⫾ 322.31

725.53 ⫾ 16.08
747.34 ⫾ 1.43
NA
717.50 ⫾ 23.28
753.10 ⫾ 50.43
745.16 ⫾ 25.87
739.16 ⫾ 21.58
725.90 ⫾ 27.08
NA
733.51 ⫾ 31.59

720.90 ⫾ 37.18
731.76 ⫾ 11.34
NA
704.44 ⫾ 19.58
774.64 ⫾ 63.37
735.33 ⫾ 29.34
720.83 ⫾ 18.43
715.58 ⫾ 34.79
768.67 ⫾ 9.05
730.00 ⫾ 37.69

Note.—All values are reported as the mean ⫾ the standard deviation. Normal white matter was the centrum semiovale. NA indicates not applicable.
* This patient had a multifocal glioma.
† This patient had a low-grade glioma with a malignant core.
‡ T2-weighted EP images depicted abnormal signal intensity throughout the ipsilateral and contralateral centrum semiovale.
§ T2-weighted EP images depicted abnormal signal intensity throughout the ipsilateral centrum semiovale.

FIG 2. Images in patient 5.
A, Contrast-enhanced T1-weighted volume image. The solid arrow indicates a
region of enhancing tumor margin; dashed
arrow, enhancing tumor core; dotted arrow, nonenhancing tumor core.
B, T2-weighted EP images. Arrow indicates a region of edematous brain.
C and D, Note the high 具D典 and low FA
values in the nonenhancing tumor core
and edematous brain on the 具D典 parametric map (C) and FA parametric map (D).

value than of patients 4 and 5; however, a marked
reduction in diffusion anisotropy in this region was
still observed.
Tables 1 and 2 show 具D典 and FA values in the five
tissue types identified on the contrast-enhanced T1-

weighted volume and T2-weighted EP images in each
patient. The general trend in Table 1 was that normal
white matter tended to have the lowest 具D典 values,
and the nonenhancing tumor core tended to have the
highest values. Edematous brain had a higher 具D典
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FIG 3. Images in patient 3. The thick arrow indicates a region of enhancing tumor
margin; the thin arrow in B indicates
edematous brain.
A, Contrast-enhanced T1-weighted volume image.
B, T2-weighted EP images.
C, 具D典 parametric map. Note the diffuse
nature of the edema.
D, FA parametric map.

value than that of the enhancing tumor margin in all
patients except patients 2 and 7. Table 2 shows that
normal white matter had the highest FA values, and
nonenhancing tumor core, the lowest. Such a clearcut trend was not observed in the FA values in edematous brain and enhancing tumor margin. In patient
2, the relatively low value of 具D典 and high value of FA
in regions of abnormal signal intensity on the T2weighted EP images were probably due to the presence of low-grade tumor in the region of edematous
brain.
Table 3 shows the results of an analysis of the
differences in 具D典 and FA values in enhancing tumor
margin, edematous brain, and ipsilateral white matter. The difference between the 具D典 values in the
enhancing tumor margin and edematous brain was
statistically significant in all nine patients. However,
the difference between the equivalent FA values was
statistically significant in only seven patients. In the
seven patients in whom the ipsilateral centrum semiovale appeared to be normal, the difference between
the 具D典 and FA values in the enhancing tumor margin, edematous brain, and ipsilateral white matter was
statistically significant.

Discussion
The DT-MR imaging data presented indicate that
normal white matter has lower 具D典 and higher FA
values than those in tumor and edematous brain.
Such a trend is consistent with an increase in the free
water fraction (high 具D典 value) and loss of structural
organization (reduced FA value) in the neoplasm and
surrounding edematous brain. Furthermore, if these
具D典 and FA values predominantly reflect the properties of the interstitium (16, 17), then it might be
expected that the decreased mobility of the extracellular water molecules in regions with a high cellularity
would reduce 具D典 values and increase FA values,
compared the values in with regions with a lower cell
density. Such a trend was also seen in our presented
data, in which the enhancing tumor rim had 具D典
values that were lower and FA values that were
higher than those in the necrotic tumor core. In comparison, the heterogeneous middle region, which is
likely to have a mixture of proliferating cells and
areas of necrosis, had intermediate values.
Further analysis of the results showed that 具D典
values in the enhancing tumor rim in patients with
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TABLE 2: FA values in the neoplasm, surrounding edematous brain, and normal white matter in nine patients with high-grade glioma
FA Value

Patient
1*
2*†
3*‡
4
5
6
7
8
9§
Mean

Normal White Matter

Enhancing Tumor
Margin

Enhancing Tumor
Core

Nonenhancing
Tumor Core

Edematous Brain

Ipsilateral

Contralateral

0.20 ⫾ 0.06
0.22 ⫾ 0.04
0.18 ⫾ 0.06
0.16 ⫾ 0.07
0.15 ⫾ 0.05
0.13 ⫾ 0.03
0.18 ⫾ 0.05
0.20 ⫾ 0.05
0.18 ⫾ 0.06
0.16 ⫾ 0.06

NA
NA
NA
0.10 ⫾ 0.03
0.14 ⫾ 0.06
0.08 ⫾ 0.03
0.15 ⫾ 0.07
0.14 ⫾ 0.04
0.13 ⫾ 0.05
0.13 ⫾ 0.06

NA
NA
NA
0.07 ⫾ 0.01
0.08 ⫾ 0.02
0.07 ⫾ 0.01
0.10 ⫾ 0.03
NA
0.10 ⫾ 0.03
0.09 ⫾ 0.03

0.21 ⫾ 0.07
0.23 ⫾ 0.08
0.17 ⫾ 0.07
0.14 ⫾ 0.05
0.18 ⫾ 0.09
0.15 ⫾ 0.05
0.25 ⫾ 0.10
0.15 ⫾ 0.06
0.17 ⫾ 0.06
0.17 ⫾ 0.08

0.51 ⫾ 0.02
0.50 ⫾ 0.04
NA
0.43 ⫾ 0.10
0.47 ⫾ 0.07
0.45 ⫾ 0.09
0.44 ⫾ 0.10
0.48 ⫾ 0.08
NA
0.46 ⫾ 0.08

0.42 ⫾ 0.07
0.47 ⫾ 0.11
NA
0.48 ⫾ 0.06
0.52 ⫾ 0.07
0.51 ⫾ 0.05
0.46 ⫾ 0.09
0.48 ⫾ 0.08
0.46 ⫾ 0.02
0.48 ⫾ 0.08

Note.—All values are reported as the mean ⫾ the standard deviation. Normal white matter was the centrum semiovale. NA indicates not applicable.
* This patient had a multifocal glioma.
† This patient had a low-grade glioma with a malignant core.
‡ T2-weighted EP images depicted abnormal signal intensity throughout the ipsilateral and contralateral centrum semiovale.
§ T2-weighted EP images depicted abnormal signal intensity throughout the ipsilateral centrum semiovale.
TABLE 3: Statistical analysis of differences in 具D典 and FA values in
nine patients with high-grade glioma
Comparison

Patients with a Statistically
Significant Difference*
具D典 Value

Edematous brain versus
enhancing tumor margin
Ipsilateral white matter versus
enhancing tumor margin
Ipsilateral white matter versus
edematous brain

FA

1–9

1, 4–9

1, 2, 4–9

1, 2, 4–9

1, 2, 4–9

1, 2, 4–9

Note.—In patient 3, T2-weighted EP images depicted abnormal
signal intensity throughout the ipsilateral and contralateral centrum
semiovale. In patient 9, T2-weighted EP images depicted abnormal
signal intensity throughout ipsilateral centrum semiovale. Data in the
contralateral centrum semiovale were used in this analysis.
* P ⬍ .05, post hoc Scheffé test.

multifocal glioma were significantly less than those in
the solitary lesions, that is, 具D典 ⫽ (952.45 ⫾ 62.45) ⫻
10⫺6 mm2/s versus (1244.11 ⫾ 201.49) ⫻ 10⫺6 mm2/s.
Conversely, FA values in the enhancing tumor rim in
patients with multifocal glioma were higher than in
the other patients, that is, FA ⫽ 0.20 ⫾ 0.06 versus
0.16 ⫾ 0.06. Several reasons for this difference are
possible. First, because the contrast-enhancing lesions in the three patients with multifocal gliomas
were small, the inclusion of a few normal tissue voxels
would have had a larger effect on the final measured
diffusion parameters than it would have had in larger
lesions. Second, the former disease process may have
produced widespread pockets of tumor in which concentrations of proliferating cells are increased. Interestingly, the diffusion parameters in the associated
edematous brain were also different. Edematous
brain associated with the multifocal disease, excluding
that in patient 2, had 具D典 and FA values that were
lower and slightly higher, respectively, than those in
edematous brain associated with a solitary lesion; that

is, 具D典 values were (1187.78 ⫾ 233.32) ⫻ 10⫺6 mm2/s
versus (1508.84 ⫾ 281.56) ⫻ 10⫺6 mm2/s, and FA
values were 0.18 ⫾ 0.07 versus 0.17 ⫾ 0.08. These
differences may be due to early multifocal disease
that producing pockets of tumor in which no evidence
of contrast enhancement is not yet present. In patient
3, T2-weighted images showed abnormal signal intensity throughout both hemispheres, but only a small
localized area in the left hemisphere showed contrast
enhancement. In the right hemisphere, deposits of
tumor were likely present; these could have resulted
in the edematous brain formation. Also, in other
patients, regions of nonenhancing tumor may have
been present in areas of edematous brain.
In the previous studies of the diffusion parameters
of cerebral gliomas, the apparent diffusion coefficient
(ADC) of water in edematous brain and tumor was
significantly higher than that of normal brain (18 –23).
However, the differentiation of high-grade glioma
from edema was not generally possible. Unfortunately, a number of these studies have notable methodologic limitations. First, Tien et al (18), Krabbe et
al (20), and Stadnik et al (21) characterized water
diffusivity by using diffusion gradients applied along
just one gradient axis, typically that in the cephalocaudal direction. The rotationally invariant measure
of water diffusion, 具D典, requires the collection of DW
images for which diffusion gradients have been applied either simultaneously or sequentially along
three orthogonal directions (24). Second, several of
these groups investigate the diffusion properties of
various different tumor types, instead of concentrating on properties in a single disease (20, 21, 23). This
design has the undesirable effect of clouding potential
differences between healthy tissue and diseased tissue. Third, in several of these studies (18 –21),
whether any intervention was performed prior to MR
imaging is unclear; Castillo et al (22) and Kono et al
(23) present data in patients with recurrent and/or
residual tumors. Because the effect of previous sur-
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gical or adjuvant therapy on 具D典 values is not known,
the interpretation of the diffusion parameters in patients who have received therapy is difficult. Finally,
none of these investigators mention the use of steroids. Dexamethasone, the most frequently used steroid, is often part of the first-line treatment in patients with newly diagnosed brain tumors and
peritumoral edema. However, dexamethasone can
substantially reduce the 具D典 values in both tumor and
edematous brain (25).
Therefore, highlighting why the differentiation of
abnormal tissue from apparently normal tissue was
possible in the current study is important. In our
study, all of the patients examined had newly diagnosed high-grade gliomas, and they had not undergone any prior therapeutic intervention or steroid
treatment. Therefore, the present results are not
complicated by the presence of different tumor types
or the effect of therapies that may alter the 具D典 and
FA values. Furthermore, globally averaged diffusion parameters were obtained from the whole tumor and peritumorous brain, rather than from only
single regions of interest or a range of regions from
a single section (18 –23). This approach helped to
remove any subjective bias that may occur with
sampling single regions.
Although our results indicated that the differentiation between high-grade glioma, peritumoral edematous, and normal brain may be possible, the current
study does have three drawbacks. First, the number of
patients examined was small. Second, although the
tumor type was confirmed with histologic findings,
samples were not obtained from the peritumoral region to confirm edematous brain. Third, only values
in remote white matter (ie, centrum semiovale) were
used to compare normal brain with abnormal brain.
Although this approach did provide 具D典 and FA measurements that could be compared with values in the
literature, in clinical practice, this method would be
more useful in determining if local white matter can
be differentiated from abnormal tissue. (The mean
具D典 and FA values in the contralateral centrum semiovale in Tables 1 and 2 are similar to those measured
by O’Sullivan et al (14), ie, 具D典 ⫽ 750 ⫾ 36 ⫻ 10⫺6
mm2/s, and Zelaya et al (15), ie, FA ⫽ 0.48 ⫾ 0.06, in
DT-MR imaging studies involving healthy volunteers.) Such an analysis might then allow the detection of tumor cell infiltration into peritumoral regions. Of all the previous investigators, only Tien et al
(18) suggested that the differentiation between areas
of peritumoral tumor cell infiltration from predominantly peritumoral edematous brain is possible. However, their methods were based on signal intensity
changes on T2-weighted images, and subsequent
analysis of their data reveals that ADC values cannot
be used to differentiate between these tissues (23).
Finally, to determine whether the diffusion anisotropy information from the DT-MR imaging experiment aids tissue differentiation, differences between
the 具D典 and FA values of enhancing tumor margins,
peritumoral edematous brain, and normal brain were
explored. Although 具D典 values differed significantly
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between the enhancing tumor margin and edematous
brain in all cases, the FA values were significantly
different in only seven of the nine patients. The 具D典
and FA values in these pathologic tissues were also
significantly different from those of normal white
matter in all cases in which they were measurable. In
terms of tissue differentiation, this result suggests that
DT-MR imaging had no obvious advantage over conventional DW-MR imaging. Further data are required to confirm this finding.

Conclusion
In this study, the diffusion parameters of highgrade gliomas were measured in a small cohort of
treatment-naive patients by using DT-MR imaging.
Values of 具D典 in apparently normal white matter,
edematous brain, and enhancing tumor margins were
significantly different. The diffusion anisotropy data
added no benefit in tissue differentiation. Further
studies are required to establish whether this imaging
modality can be refined for use in the evaluation of
tumor cell infiltration in the peritumoral region. Also,
studies are needed to validate these findings with
histologic sampling.
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