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Diffusion-weighted MR Imaging of Intracerebral Masses:

Comparison with Conventional MR Imaging and
Histologic Findings

Tadeusz W. Stadnik, Cristo Chaskis, Alex Michotte, Wael M. Shabana, Katrijn van Rompaey, Robert Luypaert,

Lubos Budinsky, Vladimir Jellus, and Michel Osteaux

BACKGROUND AND PURPOSE: The purposes of this study were to find the role of diffu-
sion-weighted MR imaging in characterizing intracerebral masses and to find a correlation, if
any, between the different parameters of diffusion-weighted imaging and histologic analysis of
tumors. The usefulness of diffusion-weighted imaging and apparent diffusion coefficient (ADC)
maps in tumor delineation was evaluated. Contrast with white matter and ADC values for
tumor components with available histology were also evaluated.

METHODS: Twenty patients with clinical and routine MR imaging/CT evidence of intracer ebral
neoplasm were examined with routine MR imaging and echo-planar diffusion-weighted imaging.
The routine MR imaging included at least the axial T2-weighted fast spin-echo and axial T1-
weighted spin-echo sequences before and after contrast enhancement. The diffusion-weighted im-
aging included an echo-planar spin-echo sequence with three b values (0, 300, and 1200 mm),
sengitizing gradient in the z direction, and calculated ADC maps. The visual comparison of routine
MR images with diffusion-weighted images for tumor delineation was performed as was the sta-
tigtical analysis of quantitative diffuson-weighted imaging parameters with histologic evaluation.

RESULTS: For tumors, the diffusion-weighted images and ADC maps of gliomas were less
useful than the T2-weighted spin-echo and contrast-enhanced T 1-weighted spin-echo imagesin
definition of tumor boundaries. Additionally, in six cases of gliomas, neither T2-wighted spin-
echo nor diffusion-weighted images wer e able to show a boundary between tumor and edema,
which was present on contrast-enhanced T1-weighted and/or perfusion echo-planar images.
The ADC values of solid gliomas, metastases, and meningioma were in the same range. In two
cases of lymphomas, there was a good contrast with white matter, with strongly reduced ADC
values. For infection, the highest contrast on diffusion-weighted images and lowest ADC values
were observed in association with inflammatory granuloma and abscess.

CONCLUSION: Contrary to the findings of previous studies, we found no clear advantage
of diffusion-weighted echo-planar imaging in the evaluation of tumor extension. The contrast
between gliomas, metastases, meningioma, and white matter was generally lower on diffusion-
weighted images and ADC maps compared with conventional MR imaging. Unlike gliomas,
the two cases of lymphomas showed hyperintense signal on diffusion-weighted images wher eas
the case of cerebral abscess showed the highest contrast on diffusion-weighted images with very
low ADC values. Further study is required to find out whether this may be useful in the
differentiation of gliomas and metastasis from lymphoma and abscess.

The high sengitivity and specificity of echo-planar
diffusion-weighted imaging in the diagnosis of acute
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cerebral infarction is widely accepted (1). The re-
duced diffusion typical of acute stroke is thought to
be related to the cytotoxic edema and shrinking of
the extracellular space (2, 3). We can hypothesize that
diffusion-weighted imaging may enable us to differ-
entiate various tumor components and to distinguish
tumoral invasion from normal tissue or edema. This
distinction, if possible, would be very important for
planning surgical resection, biopsies, and radiation
therapy.

Diffusion-weighted MR imaging has been used
by some to evauate intra-axial tumors. Brunberg
et a (4) reported that the apparent diffusion coef-
ficient (ADC) vaues and index of diffusion an-
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TABLE 1: Summary of histologic diagnoses

Histologic Diagnosis Number of Cases

Gliobastoma
Astrocytoma Il or 111
Pilocytic astrocytoma
Lymphoma
Meningioma
Metastases

Infarct

Granulomas

Abscess

Total
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isotropy (index of diffusion anisotropy = ADC
maximum — ADC minimum/ADC mean) distin-
guished norma white matter areas from necrosis
and cyst formation, edema, and solid enhancing tu-
mor. Tien et a (5) found that areas of enhancing
tumor were relatively hyperintense on diffusion-
weighted images and that it was possible to distin-
guish areas of predominantly unenhanced tumor
from areas of predominantly peritumoral edema
when the abnormality was located in white matter
and aligned in the direction of the diffusion-weight-
ed gradient. Krabbe et a (6) reported that ADC
values in contrast-enhancing areas within cerebral
metastases were statistically significantly higher
than the ADC values in contrast-enhancing areasin
cases of high grade gliomas.

The purposes of our study were as follows: 1) to
compare the capability of conventional MR imag-
ing and diffusion-weighted imaging to delineate
components of brain tumor; 2) to evauate diffu-
sion-weighted images and ADC maps of contrast-
enhancing components of tumors; 3) to calculate
contrast and ADC values for tumor components
confirmed by histology; 4) to find a correlation, if
any, between different parameters of diffusion-
weighted imaging and histologic analysis of
tumors.

M ethods

Between August 1996 and February 1998, 20 patients with
clinical and routine MR imaging/CT evidence of cerebral mas-
ses were examined with routine MR imaging and echo-planar
diffusion-weighted imaging on a Siemens Vision 1.5-T imager
(Siemens, Erlangen, Germany) (Table 1). The routine MR im-
aging included an axial T2-weighted fast spin-echo sequence
(6000/90 [TR/TE]; signas acquired, one or two; section thick-
ness, 6 mm; echo train length, 23; matrix, 192 X 256 or 230
X 512; field of view, 184 X 205 or 230 X 230 mm) and an
axial T1l-weighted spin-echo sequence (600/14; signals ac-
quired, two or three; section thickness, 6 mm; matrix, 220 X
256; field of view, 230 X 230 mm) before and after injection
of contrast material.

Between August 1996 and February 1997, the diffusion-
weighted imaging included an axial echo-planar spin-echo se-
quence (800/123; signals acquired, 10; section thickness, 6
mm; matrix, 128 X 200; field of view, 280 X 280 mm; three
b values of 0, 300, and 1200 Ymm?; sensitising gradient in the
z direction in al cases and occasionaly in the x and y direc-
tions). & (duration) and G (amplitude) of the pulsed gradients
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were 26 ms and O, 11, and 22 mT/m, respectively. A (distance
between the leading edges of the two pulsed gradients) was
59.7 ms.

Since February 1997, the previous sequence was imple-
mented with tensor, Eigen values, and anisotropy calculations
(800/123; signals acquired, five; section thickness, 6 mm; ma-
trix, 128 X 200; field of view, 280 X 280 mm; three b values
of 0, 300, and 1200 mm?; sensitising gradients in the z, x,
Yy, zX, zy, and xy directions).

Comparison of Mass Delineation between Conventional MR
Imaging and Diffusion-weighted |maging

Neither contrast-enhanced images nor T2-weighted images
can reliably define tumor boundaries. Therefore, the observers
were asked to report only if apparent tumor boundaries avail-
able on contrast-enhanced T1-weighted spin-echo and fast T2-
weighted spin-echo images were better, equally, or less well
delineated on diffusion-weighted images and ADC maps. All
images were interpreted by two experienced neuroradiologists
(TW.S., W.M.S.)). When disagreement arose, a third neurora-
diologist (M.O.) adjudicated.

Previous reports (5) suggest that areas of contrast-enhancing
tumor were markedly hyperintense on diffusion-weighted im-
ages. Therefore, the observers were asked also to report wheth-
er enhancing tumor areas were hyper-, iso-, or hypointense on
diffusion-weighted images and ADC maps with respect to the
underlying white matter.

It is well known that differentiation between tumor invasion
and edema is frequently impossible using conventiona MR
imaging. In such cases (presence of peritumoral or diffuse hy-
perintensity on T2-weighted spin-echo images without contrast
material uptake on T1-weighted spin-echo images) the observ-
ers were aso asked to report presence or not on diffusion-
weighted images and ADC maps of signal intensity variations
that may suggest the presence of tumoral invasion (ie, areas
with signal intensity similar to that of the histologically proven
tumoral components).

Comparison of Quantitative Diffusion-weighted |maging
Parameters with Histologic Evaluation

For nine patients, the biopsy was performed using a stereo-
tactic frame. For 11 patients, the neurosurgeon was asked to
perform the biopsies in predefined areas of tumor. The histo-
logic analysis of the biopsies included the evaluation of cel-
lularity, vascularity, endothelial abnormalities, malignity using
4-digit notification (eg, 0 = no, 1 = low, 2 = medium, 3 =
high), and volume of extracellular space using 3-digit notifi-
cation (eg, 1 = small, 2 = medium, 3 = large).

The following diffusion-weighted imaging parameters were
calculated for stereotactic biopsy targets or for surgical biopsy
areas. Contrast between target/white matter on contrast-en-
hanced T1-weighted spin-echo and diffusion-weighted images
was defined as (signal intensity of target — signal intensity of
white matter)/signal intensity of noise. Signal intensity of noise
is signal intensity of the region of interest measured outside
the skull of the patient. Contrast between target/white matter
on ADC maps was defined as (signa intensity of target —
signa intensity of white matter)/((signal intensity of target +
signal intensity of white matter)/2). ADC values for target and
white matter were obtained in the z, x, and y directions and,
when available, ADC values of trace and Eigen values were
aso obtained. ADC values were expressed in 102 m?/s. The
regions of interest for the calculation of ADC values for white
matter were chosen in the areas of low anisotropy (eg, in fron-
tal or occipital lobes).

The lattice index maps are also available for eight patients
(four glioblastomas, one astrocytoma, one granuloma, one me-
ningioma, and one abscess). The lattice index was calculated
using a modification of the technique described by Pierpaoli
and Basser (7) and provides a scalar measure for the degree
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TABLE 2: Comparison of fast T2-weighted spin-echo and con-
trast-enhanced T1-weighted spin-echo with diffusion-weighted
echo-planar imaging and ADC maps in delineation of cerebral tu-
mor boundaries (n = 17)*

T1SE +

Histologic T2SE = TISE + Gd =

Diagnosis T2SE = ADC Gd = ADC

(number of cases) DWI Maps DWI Map
Gliobastoma (6) 0 2 0 0
Astrocytoma (4) 0 2 0 2
Pilocytic astrocytoma (1) 1 1 1 1
Lymphoma (2) 2 0 1 0
Meningioma (2) 0 0 0 0
Metastases (2) 1 1 0 0

* Only the cases judged equivalent are reported. In the remaining
cases the T2-weighted spin-echo or contrast-enhanced T1-weighted
spin-echo/diffusion-weighted imaging were judged superior to diffu-
sion-weighted imaging and ADC maps.

Note—T2SE indicates T2-weighted spin-echo; DWI, diffusion-
weighted imaging; T1-weighted contrast-enhanced spin-echo.

of intervoxel anisotropy coherence (ie, the similarity in the
anisotropy characteristics of adjacent voxels).

Pearson statistical analysis was used to correlate the histo-
logic evaluation with the imaging parameters. P < .05 was
considered to indicate a statistically significant correlation, and
P = .05 to .10 was considered to be marginally significant.

Results

Twenty patients (six glioblastomas, four astro-
cytomas, one pilocytic astrocytoma, two lympho-
mas, two metastasis, two metastases, two menini-
giomas, one infarct, one granuloma, and one
abscess) were available for evaluation (Table 1). A
comparison of mass delineation between conven-
tional MR imaging and diffusion-weighted imaging
is shown in Table 2.

Glial Tumors

In al cases of glioblastoma (six cases) and as-
trocytomas (four cases) the diffusion-weighted im-
ages were judged to be inferior to the T2-weighted
spin-echo and contrast-enhanced T1-weighted spin-
echo images in mass delineation. The solid com-
ponents were frequently heterogeneous and diffi-
cult to differentiate from white matter (Fig 1).

The calculated ADC maps did alittle better than
did the diffusion-weighted images. The delineation
was judged to be equivaent to that on the T2-
weighted spin-echo and/or contrast-enhanced T1-
weighted spin-echo images in two of six cases of
gliobastomas and in two of four cases of astrocy-
toma. For the remaining cases of gliomas, the dif-
fusion-weighted images and ADC maps were
judged to be inferior to the T2-weighted spin-echo
and contrast-enhanced T1-weighted spin-echo im-

ages (Fig 2).
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Lymphomas
The delineation of lymphomas on diffusion-
weighted images was equivalent to that on the T2-
weighted spin-echo and/or contrast-enhanced T1-
weighted spin-echo imaging in both cases (Fig 3)
but was inferior on ADC maps.

Meningioma
The delineation of meningioma on diffusion-
weighted images and ADC maps was inferior to
that on T2-weighted spin-echo and contrast-en-
hanced T1-weighted spin-echo images.

Metastases

The delineation of metastases on the diffusion-
weighted images was inferior to that on the con-
trast-enhanced T1-weighted spin-echo images in
two cases and equivalent to that on the T2-weight-
ed MR images in one case.

Evaluation of Enhancing Tumor Areas with
Diffusion-weighted Images and ADC Maps

Glial Tumors—The enhancing components of
glioblastomas (six cases) on diffusion-weighted im-
ages generally showed a mixture of hyper- and
isointensities with respect to white matter (Fig 2).
The calculated contrast values on the diffusion-
weighted images were in the range of 0.3 to 4.6
(mean, 1.8). The calculated ADC values were in
the range of 0.78 to 1.79 (mean, 1.14).

Lymphomas.—In two cases of lymphomas, the
enhancing components were hyperintense on dif-
fusion-weighted images. The contrast with white
matter was as high as 9.4 (Fig 3). The correspond-
ing ADC values were as low as 0.58 and 0.55.

Meningioma.—Meningioma was nearly isoin-
tense with white matter on the diffusion-weighted
images (Table 3), and the ADC values were only
slightly superior to those of white matter (Table 4).

Metastases.—Two cases of metastases were
isointense to dlightly hyperintense to white matter
(Table 3, contrast 1 and 3). The calculated ADC
values were 0.82 and 1.24.

Diffusion-weighted Images and ADC Maps in
Peritumoral Areas

In case of peritumoral hyperintensity on fast T2-
weighted spin-echo images without evidence of tu-
mor invasion on contrast-enhanced T1-weighted
images, the diffusion-weighted images and ADC
maps did not show a consistent signal intensity var-
iation, which could suggest the presence of tumoral
invasion and advocate the stereotactic confirmation.

Quantitative Diffusion-weighted Imaging
Parameters and Histologic Evaluation
Diffusion-weighted Imaging.—For gliomas, the
calculated tumor:white matter contrast values on
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Fic 1. Images from the case of a 34-year-old man with a large
grade Il astrocytoma in the inferior frontal and parietal area. Dif-
ferentiation between edema and tumor is unclear on all sequenc-
es.

A, Fast T2-weighted spin-echo image.

B, Contrast-enhanced T1-weighted spin-echo image. The ste-
reotactic biopsy was performed in the area of faint contrast ma-
terial uptake (arrow).

C, Diffusion-weighted echo-planar image acquired with x sen-
sitizing gradient.

D, Diffusion-weighted echo-planar image acquired with y sen-
sitizing gradient.

E, Diffusion-weighted echo-planar image acquired with z sen-
sitizing gradient.

F, Tensor ADC map.

G, Lattice index map. The red/yellow areas represent high/
medium anisotropy, and the blue/dark blue areas represent lower
anisotropy.

diffusion-weighted images obtained in the z direc-
tion were generally low (range, 0.3—4.6; mean, 2.2)
(Table 3). These contrast values were also low in
cases of meningioma and metastases. However, the
two cases of intracerebral lymphomas were strong-
ly hyperintense on diffusion-weighted images (con-
trast with white matter as high as 9.4) (Fig 3). The
highest contrast (24) was observed in one case of
cerebral abscess. This finding was helpful in the
differential diagnosis with necrotic glioblastoma
(Table 3) (Fig 4).

ADC Values in the z Direction—The ADC val-
ues (X102 m?/s) for solid components of gliomas
measured in the z direction were in the range of
0.71 to 1.48 (mean, 1.14). These values are supe-
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rior to the ADC vaues of white matter (range,
0.55—0.78; mean, 0.63). The ADC values for me-
ningioma and metastases were in the range of the
ADC values of gliomas (Table 4.). However, the
ADC values of lymphomas were as low as 0.58
and 0.55, respectively. The lowest ADC value was
observed in a case of cerebral abscess (0.29) and
granulomas (0.39).

Satistical Analysis of Solid Tumor Compo-
nents—There was a high correlation (P < .01) be-
tween the contrast values measured on diffusion-
weighted images and the histologic evaluation of
the volume of extracellular space. The ADC values
were also strongly correlated with the extracellular
space (P = .04). On the other hand, there was no
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Fic 2. Images from the case of a 52-year-old man with a large glioblastoma.
A, Invasion of corpus callosum and of occipitotemporal white matter is recognized on fast T2-weighted spin-echo image.
B, Invasion of corpus callosum and of occipitotemporal white matter is recognized on contrast-enhanced T1-weighted spin-echoimage.
C, Invasion of subinsular white matter is clearly recognized only on the perfusion-weighted echo-planar image (arrow).
D, On the diffusion-weighted image, only cystic components of tumor are clearly shown. There is no clear difference between contrast-

enhancing tumor (arrowhead) and edema (arrow).

E, On the ADC map, only cystic components of tumor are clearly shown. There is no clear difference between contrast-enhancing

tumor (arrowhead) and edema (arrow).

F, Histologic examination (hematoxylin and eosin; original magnification, X250) shows a medium sized extracellular space and mod-

erate cellularity.

significant correlation between the number of cells
and contrast enhancement on diffusion-weighted
images or ADC maps (P = .16 and .23, respec-
tively). There was no correlation between the de-
gree of malignancy (for intra-axial tumors, includ-
ing metastases and lymphomas) and the contrast on
diffusion-weighted images versus ADC maps (P =
.6 and .9, respectively).

The ADC values calculated in six directions (as
well as trace and Eigen values) were available in
six cases (four glioblastomas, one astrocytoma, and
one meningioma). The ADC values for solid tumor
components (range, 0.84—2.4; mean, 1.11) and for
white matter (range, 0.69-0.84; mean, 0.71) pro-
vided by trace were similar to the values measured
in the z directions. The Eigen values sorted for
white matter also showed lower values than the Ei-
gen values sorted for gliomas (range, 0.3-1.12 and
0.88-1.5, respectively). Similarly, on lattice index

maps, a striking contrast was observed between
high anisotropy areas of white matter and tumor
areas. However, this contrast was much lower be-
tween low anisotropy white matter, gray matter, and
tumor areas (Fig 1E).

Discussion

Diffusion-weighted imaging has been most con-
clusive in the differentiation of epidermoid from
arachnoid cysts (8, 9). The diffusion of water in
white matter is restricted (10, 11), and diffusion-
weighted imaging may be potentially useful in dif-
ferentiation between solid tumor and edema as well
as in tissue characterization.

Brunberg et a (4) used a motion-insensitive
spin-echo sequence that uses standard MR imaging
hardware with diffusion characterized in a single
column of interest in 40 patients with cerebral gli-
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Fic 3. Images from the case of a 72-
year-old woman with a cerebral lympho-
ma. A, Fast T2-weighted spin-echo image
shows lesion to be moderately hyperin-
tense. B, Tl-weighted spin-echo image
shows strong enhancement of lesion after
the administration of contrast material. C,
Diffusion-weighted image shows the lym-
phoma also to be hyperintense. D, ADC
values are in the range of 0.55 to 0.6, sim-
ilar to the values described in association
with acute infarction. E, Histologic exami-
nation (hematoxylin and eosin; original
magnification, X250) shows high cellularity
and small extracellular space, which was
significantly associated with reduced ADC
values.

TABLE 3: Tumor/white matter contrast values on diffusion-
weighted images acquired in ““z"” direction for solid components
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TABLE 4: ADC’svalues for solid tumor componentsand for white
matter acquired in “‘z” direction

Contrast on Diffusion-

Histologic Number of weighted Images

Diagnosis Cases Range Mean
Gliomas 11 0.3-4.6 22
Lymphoma 2 7.1-94 8.3
Meningioma 2 0.5-1.5 1.0
Abscess 1 24 24.0
Infarct 1 95 95
Granuloma 1 3.6 3.6
Metastases 2 1-3 2.0

omas. ADC values were determined in only a co-
lumnar region of interest of 0.8 X 0.8 X 20 cm.
The authors found a mean ADC value in enhancing
tumor of 1.31 X 10° m?#/s (1.14 in our study), in
unenhanced solid tumor of 1.43, and in normal
white matter of 0.83 (0.63 in our study). Consid-
ering the differences in data acquisitions, these re-
sults are in agreement. The mean values for ADC
and index of diffusion anisotropy were significantly
different between tumor and normal white matter.
However, there was no difference between ADC
values derived from regions of edema and those

Num-
ber , , :
. ) ADC'’s Tumor ADC's White Matter

Histologic of

Diagnosis Cases Range Mean Range Mean
Gliomas 11 071174 114 0.55-0.75 0.66
Lymphoma 2 05506 0.58 0.55-0.58 0.56
Meningioma 2 07509 085 0.75-0.78  0.765
Abscess 1 0.29 o 0.56
Infarct 1 0.55 o 0.62
Granuloma 1 S 0.39 S 0.59
Metastasis 2 0.82-1.24 103 0.68-0.69 0.685

derived from regions of enhancing or unenhanced
tumor. These results are in agreement with our
evaluation of tumor delineation on ADC maps (for
11 gliomas, only six ADC maps were judged
equivalent to T2-weighted spin-echo and/or en-
hanced T1-weighted spin-echo images, with the re-
maining being less useful). This poor delineation
between gliomas, edema, and white matter on dif-
fusion-weighted imaging may be easily explained
by the conjoined effect of T2 and ADC values. The
different ADC values of white matter, gliomas, and
edema are counter-compensated by T2 values.
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The ADC maps are independent of T2 effects,
but the differences between edema and gliomas are
small, which explains poor results of ADC mapsin
differentiation between tumor and edema. Only the
differentiation between edema and white matter is
satisfactory, but thisis also available on T2-weight-
ed sequences.

Brunberg et a (4) found a significant difference
in mean diffusion anisotropy between the region of
edema and tumor. In our study, the lattice index
maps provided high contrast between tumor and
high anisotropy white matter. However, the contrast
between tumor and edema was much lower.

In another study of 10 patients with high grade
gliomas, Tien et a (5) used echo-planar diffusion-
weighted images, measuring ADC along the ceph-
alocaudal axis in a single coronal section. They
found a mean ADC value in enhancing tumor of
1.1 X 102 m/s (1.14 in our study), in unenhanced
solid tumor of 1.16, and in white matter between
0.5 and 1.5 (depending on the direction of white
matter fibers). Our findings in patients with high
grade gliomas are in good agreement. Tien et al
also found that unenhanced tumor and vasogenic
edema involving corticospinal tracts could have
similar ADC vaues, but the diffusion-weighted
echo-planar imaging allow the differentiation be-
tween edema and tumor when the abnormality was
located in white matter aligned in the direction of
the diffusion-weighted gradient. The differentiation
between edema and tumor invasion of the white
matter tract was based on different signal intensity
suppression on diffusion-weighted images, whereas
the ADC measurements showed no variations. Fur-
thermore, the histologic confirmation for differen-
tiation of unenhanced tumor/edema was not pro-
vided, and this finding remains speculative.

In our study, the signal intensity of gliomas was
frequently heterogeneous (iso- or hyperintense with
respect to white matter) and the exact delineation
was generally judged to be less convincing than on
T2-weighted spin-echo and contrast-enhanced T1-
weighted spin-echo images.

Recently, Krabbe et a (6) evaluated the cases of
28 patients with intracranial masses (12 high grade
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Fic 4. Images from the case of a 70-
year-old man with a streptococcus ab-
scess, recent history of acute dizziness,
and focal seizures.

A, T2-weighted spin-echo image is con-
sistent with the diagnosis of glioblastoma
or necrotic metastasis.

B, Contrast-enhanced T1-weighted spin-
echo image is consistent with the diagno-
sis of glioblastoma or necrotic metastasis.

C, On the diffusion-weighted echo-pla-
nar image, however, the “necrotic” area
shows high signal intensity (arrow).

D, On the ADC map, very low ADC val-
ues (0.29 e—® mm?/s) are found (arrow).
Such behavior was never present in the
necrotic parts of gliomas (compare with
Fig. 3D and E) or metastases and may be
highly specific for abscess formation.

and three low grade gliomas, seven metastases, five
meningioma, and one cerebral abscess) using an
axial spin-echo sequence with diffusion sensitizing
gradients in the z direction and ECG triggering to
minimize the influence of brain pulsations. They
found that ADC in contrast-enhancing areas within
cerebral metastases was significantly higher than
ADC in contrast-enhancing areas in high grade gli-
omas. Furthermore, the ADC values in edema sur-
rounding metastases were statistically significantly
higher than the ADC values in edema around high
grade gliomas. This finding may be helpful in dis-
tinguishing between these tumors.

The number of metastases in our study (two cas-
es) istoo small for statistical analysis of these find-
ings. The ADC values of metastases were 0.82 and
1.24, whereas the enhancing part of the gliomas
showed variation between 0.71 and 1.74. Consid-
ering the difficulty in distinguishing edema from
tumor invasion in gliomas, this parameter was not
calculated in our study. Furthermore, the ADC val-
ues for metastases and enhancing gliomas overlaps
largely in the study presented by Krabbe et a (6)
(1.2-2.73 and 0.72-2.61, respectively). Even if
confirmed, this finding will have only relative val-
ue. The ADC values for meningioma reported by
Krabbe et a (mean, 1.54) are similar to the ADC
values of gliomas. This result is in agreement with
our study.

Krabbe et a (6) also reported one case of ab-
scess. The ADC value of the central part was 1.88
X 10-9 m?%s. In our study, a central part of strep-
tococcus abscess showed a striking hyperintensity
on diffusion-weighted images with very low ADC
values of 0.29. Similar behavior was observed in a
case of multiple mucormycosis granulomasin a pa-
tient with AIDS (hyperintense on diffusion-weight-
ed images with 0.39 ADC values). On the other
hand, in a recent study of diffusion-weighted im-
ages in cases of acute stroke (1), one false positive
finding (hyperintense on diffusion-weighted imag-
es) was a cerebral abscess.

All these results are in contradiction with the
ADC value of abscess reported by Krabbe et a (6).
A possible explanation for this discrepancy may be
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a partial volume effect (only one section of 8 mm
was used for diffusion-weighted imaging) or mo-
tion (examination time of 30 min with motion-sen-
sitive spin-echo technique). The usefulness of dif-
fusion-weighted MR imaging in the differential
diagnosis between intracerebral necrotic tumors
and cerebral abscesses was aso recently confirmed
by Desprechin at a (12).

In our study, two cases of lymphomas showed a
good contrast with white matter on diffusion-
weighted images and reduced ADC values (mean,
0.58). This may be useful in differentiation with
gliomas and metastases, which showed higher
ADC values (1.14 and 1.03, respectively).

To our knowledge, no data are available regard-
ing the histologic analysis of tumors and diffusion-
weighted imaging parameters. In our study, the
contrast on diffusion-weighted images and ADC
values of solid tumors correlated strongly with the
volume of extracellular space. This finding sup-
ports the hypothesis that the low diffusion is main-
ly related to volume of extracellular space, as pre-
viously postulated in the mechanism of acute
infarction (13, 14). In two cases of lymphoma (low
ADC value) the volume of extracellular space was
small; in al other tumors, including meningioma,
the extracellular space was medium or large. This
may explain why lymphomas were hyperintense on
diffusion-weighted images although meningioma,
metastases, and gliomas were not. There was not
significant association between cellularity and
ADC values. The lymphomas had high cellularity,
but so did one metastases and one glioblastoma.

On the other hand, the diffusion-weighted im-
aging and ADC calculations were without signifi-
cant relation with the malignancy of intra-axial tu-
mors (including metastases and lymphomas).
However, the number of cases per histology is
small (only two grade Il and two grade Ill astro-
cytomas), and a larger sample is needed.

Conclusion

Previous studies (4—6) reported variable results
in the differentiation of tumors and edema by dif-
fusion-weighted imaging. In our study, tumor de-
lineation on diffusion-weighted images and ADC
maps was generally poorer (except in two cases of
lymphomas) than on T2-weighted spin-echo and/or
contrast-enhanced T1-weighted spin-echo images.
Therefore, the value of diffusion-weighted imaging
and ADC maps in differentiation tumor/edema re-
mains highly questionable.

In our study (limited number of patients), the
lattice index maps showed a high contrast between
high anisotropy white matter and tumor. However,
the contrast between tumor, edema, and gray matter
was much lower. The value of these more sophis-
ticated calculated maps in differentiation of tumor/
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edema (diffusion lattice index, Eigen value sorted
index map) needs further study.

Two cases of lymphomas also showed good con-
trast with white matter on diffusion-weighted im-
ages and reduced ADC values (mean, 0.58). This
may be useful in differentiation with gliomas and
metastases, which showed higher ADC values.

In our study, the contrast on diffusion-weighted
images and the ADC values of solid tumors cor-
related strongly with the volume of extracellular
space. This finding supports the hypothesis that the
low diffusion is mainly related to the volume of
extracellular space.
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