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Abstract

The relationship between MR configuration and pathological grade was studied in 41 histo-
logically verified supratentorial astrocytic gliomas with a 0.5T superconductive MR system. The
gliomas included 13 low-grade astrocytomas (LGAs), 14 anaplastic astrocytomas (AAs) and 14
glioblastoma multiformes (GBMs). MRI configurations were classified into nine criteria which
were scored and statistically analyzed. The mean values of LGAs, AAs and GBMs were 0.45 +/-
0.31, 1.18 4+/- 0.20 and 1.47 +/- 0.22. In each grade, MRI score increased as pathological grades
increased (p < 0.01-0.001). LGAs had significantly lower values than AAs in five of the nine
criteria (55.6%); heterogeneity, cyst or necrosis, edema or mass effect, border definition, and the
degree of contrast enhancement, and lower values than GBMs in eight criteria (88.9%) except for
hemorrhage. Three criteria (33.3%), heterogeneity, cyst or necrosis, and flow void sign were sig-
nificantly higher in GBMs than AAs. The four variables, heterogeneity, cyst or necrosis, edema or
mass effect and border definition, proved to be important factors related to the pathological grade
in a multiple regression analysis.
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The relationship between MR configuration and pathological grade was studied in 41 histological-
ly verified supratentorial astrocytic gliomas with a 0.5T superconductive MR system. The gliomas
included 13 low-grade astrocytomas (LGAs), 14 anaplastic astrocytomas (AAs) and 14 glioblastoma
multiformes (GBMs). MRI configurations were classified into nine criteria which were scored and
statistically analyzed. The mean values of LGAs, AAs and GBMs were 0.45 + 0.31, 1.18 - 0.20, and
1.47 + 0.22. In each grade, MRI score increased as pathological grades increased (p < 0.01-0.001).
LGAs had significantly lower values than AAs in five of the nine criteria (55.6 %); heterogeneity,
cyst or necrosis, edema or mass effect, border definition, and the degree of contrast enhancement,
and lower values than GBMs in eight criteria (88.9 %) except for hemorrhage. Three criteria (33.3
%), heterogeneity, cyst or necrosis, and flow void sign were significantly higher in GBMs than
AAs. The four variables, heterogeneity, cyst or necrosis, edema or mass effect and border
definition, proved to be important factors related to the pathological grade in a multiple regression
analysis.
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predict the qualitative tissue characteristics from the
configurations that are shown on MR images.

In this paper, the authors evaluated MR confi-
gurations of astrocytic gliomas in terms of an MRI score
to determine if it could serve as a useful index for
predicting the pathological grade of astrocytic gliomas.

[t is very important to predict the pathological grade of
glial tumors prior to clinical management because the
treatment and the prognosis of patients are dependent on
accurate neuropathological diagnosis.

Ever since Damadian (1) reported prolongation of the
longitudinal relaxation time (T1) and the transverse relaxa-
tion time (T2) of proton in malignant tumors using
magnetic resonance (MR) imaging in 1971, and Gold-
smith (2) introduced the malignancy index in gastrointesti-
nal tumors in 1978, there have been many attempts to
determine the malignancy of tumors using T1 and T2
relaxation times (3-5). But, because their values in dif-

Materials and Methods

From March 1988 to September 1991, our department treated
41 supratentorial astrocytic glioma cases; 21 men and 20 women

ferentiating malignant tumors from other lesions are still
controversial due to the wide variation in the relaxation
times, it has recently become inappropriate to predict the
qualitative tumor characteristics on the basis of measure-
ments of relaxation times alone (6-8). It is also difficult to

% To whom correspondence should be addressed.

whose ages ranged from 5 to 77 years with the average age of 43.8
years. The tumors were graded as low-grade astrocytomas
(LGAs), anaplastic astrocytomas (AAs), or glioblastoma multi-
formes (GBMs) based on the World Health Organization (WHO)
classification of astrocytomas (9). Forty-one astrocytic gliomas
consisted of 13 LGAs (6 men and 7 women, 5-72 years; average
of 30.0 years), 14 AAs (8 men and 6 women, 16-77 years;
average of 4.8 vears), and 14 GBMs (7 men and 7 women, 30-77
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years; average of 54.8 years).

These tumors were histologically confirmed by means of
computed tomography (CT) or MRI guided stereotactic biopsy (7
cases including 4 AAs and 3 GBMs) with 2mm-cup biopsy forceps
(Brown-Roberts-Wells system, Radionics Inc., Burlington, MA)
or by surgery (34 cases including 13 LGAs, 10 AAs and 11
GBMs). In stereotactic biopsy, tumor specimens were obtained
from several different parts to make an accurate diagnosis.

MR images were obtained on a 0.5T superconducting magnet
(Resona, Yokogawa Medical Systems, Tokyo, Japan) prior to
biopsy or surgery in all patients. Spin echo (SE) sequences with
an echo time (TE) of 25 msec and a repetition time (TR) of 600
msec were used to take T1 weighted images, and SE sequences
with a long TE of 100 msec and a long TR of 2000 msec were
used to take T2 weighted images. Five to tenmm slice thickness,
a 256 X 256 acquisition matrix, and a 25c¢m field of view were
used in all studies. An axial plane image was obtained routinely and
an additional coronal plane image was taken when indicated.
Contrast-enhanced T1 weighted images were taken when indicated.

Table 1 Criteria of MR configuration and score

MR configuration Score

Heterogeneity None 0, mild 1, moderate 2, marked 3
Cyst or necrosis None 0, equivocal 1, yes 2
Hemorrhage None 0, equivocal 1, yes 2

None 0, equivocal 1, yes 2
None 0, mild 1, moderate 2, severe 3
Well defined 0, poorly defined 1

Crossing of the midline
Edema or mass effect
Border definition

Flow void sign None 0, equivocal 1, yes 2

Contrast enhancement
Degree None 0, slight 1, moderate 2, marked 3
Heterogeneity None 0, homogeneous 1, heterogeneous 2

Asari et al

Contrast-enhanced T1 weighted images were obtained after intra-
venous administration of gadolinium diethylenetriaminepentaacetic
acid (Gd-DTPA) at a dose of 0.1 mmol/kg of the body weight.

The nine criteria of heterogeneity, cyst or necrosis, hemor-
rhage, crossing of the midline, edema or mass effect, border
definition, flow void sign, and the degree and the heterogeneity of
the contrast enhancement, which were modification of Dean’s
grading criteria (10), were scored on the basis of degree and
configuration of signal abnormalities, respectively (Table 1). At
first, all MR configurations were reviewed and evaluated indepen-
dently by two of the authors (S. K. and T. I.) solely on the basis
of the data for astrocytic gliomas. After a discussion, a score was
given for each criterion. The scores were averaged for each case
and for each criterion, and were subjected to statistical analysis
using Student’s #-test and a multiple regression analysis to deter-
mine the reliability of MRI score for predicting the pathological
grade of astrocytic gliomas. Multiple regression analysis was
performed in 7 criteria except for the contrast enhancement
because it was not done in all of the cases.

Results

The astrocytic gliomas generally displayed the follow-
ing MR characteristics: LGAs showed a homogeneous
signal intensity, little edema or mass effect, a well-defined
border with no contrast enhancement (Fig. 1); AAs
showed a moderate degree of heterogeneous signal inten-
sity, edema or mass effect and contrast enhancement, and
a less-defined border (Fig. 2); GBMs showed heteroge-
neous signal intensity, larger edema or mass effect, a
poorly defined border, and irregular and marked contrast

Fig. 1

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/iss6/5

MR images of a low-grade astrocytoma showing a low-signal homogeneity, well-demarcated border, little edema, and no contrast enhancement. (&)
T1 weighted image, (b) T2 weighted image, (¢) contrast-enhanced T1 weighted image.
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enhancement (Fig. 3).

The accuracy rate of diagnosis based on MR images in
comparison with the histopathological results is shown in
Table 2. The overall impression given by MR images was
correct in 26 of 41 case (63.4 %) including 76.9 % of
LGAs, 50 % of AAs and 64.3% of GBMs.

The mean MRI score, which was the total score
divided by the number of criterion in each pathological
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grade, was 0.45 = 0.31 with a range of 0.11 to 1.0 in 13
LGAs, 1.18 + 0.20 with a range of 0.78 to 1.56 in 14
AAs, and 1.47 £ 0.22 with a range of 0.89 to 1.89 in 14
GBMs (Table 3). The mean value of LGAs was sig-
nificantly lower than those of high-grade astrocytomas
including AAs and GBMs (p < 0.001). There was also a
significant difference between AAs and GBMs (p < 0.01).
Mean MRI score increased in proportion to the pathologi-

Fig. 2

MR images of an anaplastic astrocytoma. T1 weighted image (a) shows a slightly heterogeneous and ill-defined low intense mass in the basal ganglia

region. This mass is highly intense and accompanied by marked surrounding edema on T2 weighted image (b), and well enhanced by Gd-DTPA ().

Fig. 3

MR images of a glioblastoma multiforme. An ill-defined, low-intense mass with moderate midline shift is demonstrated in the deep temporal region

on T1 weighted image (a). T2 weighted image (b) shows a little heterogeneous high signal, poorly-defined border, and a marked edema. Contrast-enhanced
T1 weighted image (¢) demonstrates a heterogeneous, highly intense, well- but irregularly-outlined lesion which involves central low intensity indicating

necrosis.
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cal grade. Table 4 shows the correlation between the
mean MRI score of each criterion and pathological grade.

Table 2 Accuracy of diagnosis based on MRI diagnosis to histopath-
ological results

Histopathological results

MRI diagnosis Total
LGAs AAs GBMs

LGAs 10 2 1 13

AAs 3 7 4 14

GBMs 0 5 9 14

Total 13 14 14 41

LGAs = low-grade astrocytomas
AAs = anaplastic astrocytomas
GBMs = glioblastoma multiformes

Table 3 Correlation between the MRI score of all cases and pathological

grade

Pathological grade Mean MRI score

Low-grade astrocytomas 0.45+0.31
Anaplastic astrocytomas 1.18+0.20 *
Glioblastoma multiformes 1.47+0.22 +, §

* p<0.01, compared to low-grade astrocytomas
+ p<0.01, compared to anaplastic astrocytomas
§ p<0.001, compared to low-grade astrocytomas

Fig. 4

Fig. 4
Fig. 5

“flow void sign”, indicating abnormal tumor vessels.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/iss6/5
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Five of 9 criteria (55.6 % ) revealed statistically significant
lower values n LGAs than in AAs. These criteria includ-
ed edema or mass effect, border definition and the degree
of contrast enhancement (p < 0.001), heterogeneity (p <
0.01), and cyst or necrosis (p <0.05). There were
significant differences between I.GAs and GBMs in 8 of
the 9 criteria (88.9 %); heterogeneity, cyst or necrosis,
edema or mass effect, border definition and the degree of
contrast enhancement (p < 0.001), and crossing of the
midline, flow void sign and heterogeneity by contrast
enhancement (p < 0.05). Although MRI scores of GBMs
revealed higher values in all criteria than AAs, only 3
criteria were statistically significant; heterogeneity, cyst
or necrosis, and flow void sign (p < 0.05). Hemorrhage
was not seen in LLGAs, but it was observed in one case
of AA (7.1%) and one case of GBM (7.1 %). Crossing
of the midline was not seen in LLGAs, but it was seen in
4 AAs (286 %) and 5 GBMs (35.7%) (Fig. 4). Flow
void sign was noticed in 4 GBMs (286 %) on T2
weighted images (Fig. 5).

Multiple regression analysis was formulated for the
prediction of tumor grade for this study (Table 5):

Y = 0.612275 + 0.205964(HET) + 0.1986(CN) +
0.0393738(HEM) + 0.140996(CM) +
0.267088(EM) + 0.325206(BD) + 0.234188(FV),

where HET = heterogeneity, CN = cyst or necrosis,

Fig. 5

Contrast-enhanced T1 weighted image, coronal plane, of glioblastoma multiforme shows the so-called “the buttertfly” shaped configuration.
T2 weighted image of glioblstoma multiforme reveals the ill-defined, high-intense lesion which partly involves low-intense spots (arrows), so-called
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Table 4  Correlation between MRI score of each criterion and pathological grade
. Cyst or Hemo- Crossing of Edema or Border . Contrast enhancement
Heterogeneity . e . Flow void sign
necrosis rthage  midline mass effect definition Degree Heterogeneity
0.62 1.0 0.23 0.8 1.0
LGAs  Togs 0 4058 +0.44 0 +0.79 +£0.94
1.71 - * 0.36 2.07 ; 1.07 § 2.20 $ 1.7
Ads  Joq7 S Y073 4063 Tor3” | Y foarm |Y 0 * foes” |3 4048 |*
* % *
2.14 0.64 2.36 1.0 0.57 _ 2.67
GBMs 1053 4073 +093 074 £0.39 +0.94 £0.65 20

LGAs = low-grade astrocytomas, AAs = anaplastic astrocytomas, GBMs = glioblastoma multiformes,
Values are expressed as mean value + standard deviation, * = p <0.05, + = p <0.01, § = p <0.001

Table 5 Statistical data given by multiple regression analysis
MR configuration Standard -re-gression P value Conela!.ion
coefficient coefficient
Heterogeneity 0.499703 < 0.001 0.742246
Cyst or necrosis 0.358715 < 0.001 0.572233
Hemorrhage 0.092801 N. S. 0.192791
Crossing of the midline 0.211184 <0.02 0.380266
FEdema or mass effect 0.443189 <0.001 0.620354
Border definition 0.249256 <0.001 0.592607
Flow void sign 0.190363 <0.02 0.395468
N. S.: not significant
HEM = hemorrhage, CM = crossing of the midline,

EM = edema or mass effect, BD = border definition, and
FV = flow void sign.

As a result, four variables, indicating heterogeneity,
cyst or necrosis, edema or mass effect, and border
definition, were found to be statistically significant predic-
tors for distinguishing pathological grade.

Discussion

Because of the low measurement value of T1 and T2
relaxation times in determining the qualitative tumor
characteristics (6-8), we attempted to evaluate the patho-
logical grade of astrocytic glioma series by scoring each
MR configuration. Dean et al (10) described seven
criteria including crossing of the midline, edema, heter-
ogeneity, hemorrhage, border defmition, cyst or ne-
crosis, and mass effect for evaluation of the pathological

Produced by The Berkeley Electronic Press, 1993

grade of astrocytomas on MR images in 1990. However,
they did not include flow void sign and the effect on MR
findings after contrast enhancement which were very
important factors for histopathological diagnosis of the
tumors. So, we added these factors and proposed a new
MR grading criteria in this study.

The mean values of all cases and criteria were lower in
LGAs than in AAs and GBMs. By statistical analysis,
the mean value was significantly lower in five criteria of
LGAs than in AAs and lower than GBMs in eight
criteria. These facts indicate that it is possible to easily
differentiate LLGAs from high-grade astrocytomas (AAs
and GBMs) on MR images. Also in accuracy rate based
on MR findings to histopathological results, the diagnosis
of LGAs were made correctly in high percentage rather
than in AAs and GBMs. Sometimes, however, there is
a difficulty in distinguishing of the pathological grade only
by means of MR findings (Fig. 6). The mean values of all
criteria of AAs were lower than those of GBMs, and in
the three criteria of heterogeneity, cyst or necrosis, and
flow void sign, the differences were statistically
significant. According to multiple regression analysis,
four variables were determined to be statistically
significant predictors for tumor malignancy: hetero-
geneity, cyst or necrosis, edema or mass effect and
border definition. Also, the heterogeneous tissue compo-
nents including cystic or necrotic degeneration, hemor-
rhage, abnormal tumor vessels or increasing density of
viable cells may be responsible for the pathological grade
(11-13) and complicate the signal intensity and config-
uration on MR images (14). Between AAs and GBMs,
some configurations overlapped each other. This fact
seemed to decrease the accuracy rate of MR diagnosis
between AAs and GBMs. However, the different degree
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Fig. 6

One case showing atypical MR images of glioblastoma multiforme. A well-defined, round, slightly low-intense mass is shown on T1 weighted image

(a, arrow), and T2 weighted image (b) reveals a round and high-intense lesion with little edema. This lesion is slightly enhanced by Gd-DTPA administration
(¢). MRI score of this case is 0.89. Although MR images of this tumor resembled those of low-grade astrocytoma, histopathological diagnosis was glioblastoma

multiforme.

of the necrotic or cystic foci and increased abnormal
vascularity seemed to be the key criteria in distinguishing
GBMs from AAs. Also from a histological view point,
the presence of necrosis is the most important factor in
distinguishing them (11, 13).

There was a significant difference in the values for
edema or mass effect between LLGAs and high-grade
astrocytomas (AAs and GBMs), but no significant dif-
ference between AAs and GBMs. This result indicates
that edema may result not only from the density of tumor
cells in the surrounding area, but also from the differences
in the degree of spreading of vasogenic edema (15, 16).

Concerning the border definition of tumors, it was
well-demarcated in LGAs, but unclear in high-grade
astrocytomas (AAs and GBMs). Statistical analysis
showed a significant difference between these two groups.

Extensive or microhemorrhages are sometimes observ-
ed in gliomas of all grades (17). In our series, the inci-
dence of hemorrhage was not statistically significant
different among the pathological grades. Kondziolka e? al
(18) reported that the incidence of hemorrhage was 12.5
% in LGAs and 19 % in GBMs. It seems unlikely that
the hemorrhage is closely related to the pathological grade
of gliomas.

It is well known that GBMs sometimes cross the
midline through the corpus callosum and appears as “the
butterfly” pattern. Although this phenomenon was valu-

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/iss6/5

able in differentiating pathological grades of gliomas in
Dean’s report (10), there was no statistically significant
difference between AAs and GBMs in our series. This
discrepancy may result from the location of the tumor, as
some tumors were in the deep structures of the hemi-
sphere and infiltrated through the midline into the
contralateral site in our AAs group.

The degree of contrast enhancement is shown to be
closely related to the pathological grade of astrocytic
gliomas. Graif et al (19) showed a mean decrease of 16
% in T1 relaxation time in LGAs and that of 29 % in
high-grade astrocytomas in the maximal contrast enhance-
ment region. The heterogeneity of signal intensity after
contrast enhancement also depends on the tumor malig-
nancy. This may be due to the various damages of the
blood-brain barrier and the complexity of the tumor tissue
including necrosis, cyst, hemorrhage, abnormal tumor
vessels and/or viable tumor cells.

Evaluation of the pathological grade using MRI score
is so simple and practical that we believe MRI score can
serve to predict the qualitative tumor characteristics prior
to clinical management. An additional advantage of this
method is the applicability to different kinds of MRI
machines because there is no need to calculate relaxation
times.
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