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We evaluate the value of MR diffusion tensor imaging
(DTI) and dynamic susceptibility-weighted contrast
material-enhanced perfusion-weighted imaging (PWI)
in preoperative grading of supratentorial nonenhancing
gliomas. This institutional review board–approved,
Health Insurance Portability and Accountability Act–
compliant retrospective study involved 52 patients: 37
with low-grade gliomas (LGGs) and 15 with high-
grade gliomas (HGGs). The mean trace apparent diffu-
sion coefficient (ADC), minimal ADC, mean fractional
anisotropy (FA), maximal FA, and maximal relative cer-
ebral blood volume (rCBV) ratio of the lesions were
measured and compared between LGG and HGG. The
efficacy of the above parameters in grading supratentor-
ial nonenhancing gliomas was evaluated. There was no
significant difference in rCBV ratio, minimal ADC,
and mean ADC between LGG and HGG (p > 0.05).
The mean and maximal FA values of LGG were signifi-
cantly lower than the values of HGG (p < 0.001). The
receiver operating characteristic analysis showed that
the mean FA with a cutoff value of 0.129 and the
maximal FA with a cutoff value of 0.219 could differen-
tiate between LGG and HGG with specificity of 69.2%
and 76.9%, respectively, and sensitivity of 93.3% and
100.0%, respectively. The combination of mean FA
and maximal FA based on the linear discriminant analy-
sis improved the diagnostic accuracy with specificity of
92.3% and sensitivity of 86.7%. These findings were
better than maximal rCBV ratio, mean ADC, and
minimum ADC. The mean FA and maximal FA, used
individually or combined, may be useful in preoperative
grading of supratentorial nonenhancing gliomas.
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A
supratentorial nonenhancing high-grade glioma

(HGG) could be misdiagnosed as a low-grade
glioma (LGG) if lack of enhancement is regarded

as a sign of a benign neoplasm.1–3 Several studies have
demonstrated that absence of enhancement does not
necessarily imply LGG status.1–10 As many as 14–
45% of supratentorial nonenhancing gliomas were
found to be malignant,1,2,5–8 and up to 25% of HGGs
may show only faint or no detectable enhancement.2,8,9

Thus, it is a diagnostic challenge to preoperatively grade
supratentorial nonenhancing gliomas based on conven-
tional MR imaging alone.

Dynamic susceptibility-weighted contrast-enhanced
perfusion-weighted imaging (DSC-PWI) is a well-
established technique in grading cerebral gliomas and
predicting prognosis.9–13 Law et al. proposed a relative
cerebral blood volume (rCBV) ratio cutoff value of 1.75
to distinguish LGG from HGG.11 MR PWI has also been
described as being useful in the assessment of nonenhan-
cing gliomas. Fan et al. and Maia et al. demonstrated
that the rCBV ratio of the nonenhancing HGG was sig-
nificantly higher when compared with the nonenhancing
LGG,2,4 but there was no quantitative threshold rec-
ommended to differentiate LGG from HGG. The
utility of the rCBV cutoff value of 1.75 in grading supra-
tentorial nonenhancing gliomas has not been verified.

Apparent diffusion coefficient (ADC) is another
advanced MR imaging parameter used in the evaluation
of brain tumors.14–18 Although Fan et al. did not find
significant difference of mean ADC comparing the non-
enhancing LGG and HGG, they reported that the
minimal ADC was a valuable tool in preoperative
grading of astrocytomas.2 Diffusion tensor imaging
(DTI), besides providing ADC information, uniquely
provides information on anisotropy, including fractional
anisotropy (FA). Goebell et al. found no significant
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difference of FA ratio comparing 11 LGG and 12 ana-
plastic astrocytomas,19 and Lee et al. showed that the
FA ratios of nonenhancing regions in 16 enhancing
HGGs were not significantly different from the FA
ratios of 8 nonenhancing LGGs.20 Studies from the
groups of Inoue et al. and Beppu et al. demonstrated
that FA values could distinguish between LGG and
HGG21–24 and showed a positive correlation between
high FA value and the cell density in gliomas, which
was consistent with the finding of Kinoshita et al.25

These indicate the possible association between the
higher FA value and the malignant gliomas. However,
Stadlbauer et al. found that the mean FA values in 7
patients with World Health Organization (WHO)
grade II gliomas were significantly higher than in 13
patients with WHO grade III gliomas; furthermore, the
FA values had a negative correlation with cell
number.26 The value of FA in preoperative grading of
gliomas is still controversial. We hypothesize that
mean FA and maximal FA may be useful parameters in
differentiating nonenhancing LGG from HGG.

The purpose of this study is to evaluate various
imaging parameters, including maximal rCBV, mean
ADC, minimum ADC, mean FA, and maximal FA
with regard to preoperative grading of supratentorial
nonenhancing gliomas and to investigate the optimal
thresholds of these imaging parameters, which may aid
in differentiation of supratentorial nonenhancing LGG
from HGG.

Materials and Methods

We retrospectively analyzed data acquired as part of
an institutional review board–approved study compli-
ant with the Health Insurance Portability and
Accountability Act. The need to obtain informed
consent was waived.

MR examinations of 52 patients (mean age 40+
13), including 30 patients with LGG (8 astrocytomas,
11 oligodendrogliomas, and 11 oligoastrocytomas) and
22 patients with HGG (10 anaplastic astrocytomas,
8 anaplastic oligoastrocytomas, and 4 glioblastomas),
were reviewed. None of the tumors presented any sig-
nificant enhancement on T1-weighted image (1.5
Tesla, resolution time [TR]/echo time [TE] 550/
9 ms, field of vision [FOV] ¼ 24 × 24 cm2. Matrix ¼
256 × 192, thickness ¼ 5 mm and gap ¼1 mm) or T1
fluid attenuated inversion recovery (FLAIR) images (3
Tesla, TR/TE 2962/8.6 ms, inversion time [TI] ¼
920 ms, FOV ¼ 24 × 24 cm2. Matrix ¼ 320 × 224,
thickness ¼ 5 mm and gap ¼ 1 mm) after contrast
administration. Of these, 49 patients had PWI examin-
ations (29 with LGG and 20 with HGG) and 28
patients had DTI examinations (13 with LGG and
15 with HGG). The pediatric patients that were
excluded as having juvenile pilocytic astrocytomas
(WHO grade I) have been reported to show elevated
rCBV, which may confound the evaluation of rCBV
in the grading of gliomas.27

MR examinations were performed either on a 1.5T or
a 3T MR imaging system (GE Medical Systems). None
of these patients had been given any treatment, including
steroids, prior to the MR examinations treatment. The
precontrast DTI protocol included TR/TE ¼ 12000/
101.7 ms, FOV ¼ 24 × 24 cm2. Matrix ¼ 128 × 128,
thickness ¼ 3 mm and gap ¼ 0 mm using 25
noncollinear gradient directions and a b value of
1000 s/mm2. Another 3 images were acquired without
the use of a diffusion gradient (b ¼ 0 s/mm2).
The DSC-PWI images were acquired with a
single-shot gradient-echo echo-planar imaging sequence
(TR/TE ¼1500/50 milliseconds; flip angle, 808; FOV ¼
24 × 24 cm2; matrix ¼ 96 × 128; thickness ¼ 5 mm
and gap ¼ 0 mm) during the first pass of bolus of gado-
versetamide (body weight–based dose, the maximal is
0.05 mmol per kilogram of body weight at 4 ml/s in
3T and 20 ml at 5 ml/s in 1.5T) through a 20- to
22-gauge intravenous catheter, immediately followed
by a bolus injection of saline (20 ml).

MR PWI and DTI data were processed on the GE
workstation with Functool 5.2 software. The coregistra-
tion of T2*-weighted images (transverse gradient-echo
dynamic susceptibility-weighted perfusion contrast-
enhanced MR image) in MR PWI was firstly performed
to correct the motion artifact with Brainstat software.
The rCBV map (approximated by using the negative
enhancement integral) was then overlaid on the
T2*-weighted image. The rCBV measurements were cal-
culated from regions of interest (ROIs) that were placed
in regions of the highest perfusion as seen on the rCBV
color overlay maps.10–12 Four to six ROIs, ranging in
size from 38 to 45 mm2 each, were placed in the tumor
to record the maximal rCBV value. The placement
of ROIs was carefully performed to avoid cystic or
necrotic parts and large vessels based on the combined
information from T1-weighted image, T2 FLAIR
image, and T2*-weighted image. One additional ROI
of the same size was placed in normal, unaffected con-
tralateral white matter as reference. The maximal
rCBV ratio was calculated by dividing the maximal
rCBV value in the tumor with the rCBV value in the
reference ROI.

After the coregistration of diffusion-weighted
images with the corresponding b ¼ 0 images to
remove distortions, conventional ADC and dimension-
less FA images were generated. The minimal visualiza-
tion threshold of the dimensionless FA was elevated to
0.215 (based on findings in a prior preliminary
study28), and the dimensionless FA map was overlaid
on the T2*-weighted (b ¼ 0) image (Fig. 1). First, a
large ROI was outlined on the dimensionless FA
color overlay map covering the gross tumor, avoiding
cystic or necrotic parts. Four to six ROIs, ranging in
size from 27 to 38 mm2 each, were subsequently
placed in the solid tumor part. The mean ADC,
minimal ADC, mean FA, and maximal FA values of
the tumors were recorded. The placement of ROIs in
PWI and DTI data analysis was decided by consensus
of 2 of the authors (X.L. and W.T., who have 9 and 6
years of experience in MR PWI and DTI data analysis,
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respectively), who were blinded to the histopathologi-
cal and clinical information.

In addition, the tumor size was measured based on the
Macdonald criteria29 using the T2-weighted image
(1.5T, TR/TE 6000/94.9 ms, FOV ¼ 22 × 22 cm2.
Matrix ¼ 380 × 380, thickness ¼ 5 mm and gap ¼
1 mm; 3T, TR/TE 6600/107.1 ms, FOV ¼ 24 ×
24 cm2. Matrix ¼ 480 × 480, thickness ¼ 5 mm and
gap ¼ 1 mm). The difference in age, tumor size, mean
ADC, minimal ADC, mean FA, and maximal FA values
between supratentorial nonenhancing LGG and HGG
were assessed by the Mann–Whitney U test. A linear dis-
criminant analysis (LDA) was performed to build the
optimal discriminant function in grading supratentorial
nonenhancing gliomas. The area under the curve (AUC)
for receiver operating characteristic (ROC) was com-
puted for the above imaging parameters and the LDA
output. Statistical analysis was performed with SPSS for
Windows software, version 15, and the R programming
language,30,31 version 2.9.2, with p-values of less than
0.05 recognized as the criteria for significance.

Histopathological Review

All tumors were confirmed by means of a histopatholo-
gical examination after either biopsy or surgical

resection. Histopathological diagnosis was reviewed
with specimens of each tumor according to the WHO
criteria and by consensus between two authors (G.Y.
and M.J., with 3 and 22 years of experience, respect-
ively, in neuropathology), who were blinded to the histo-
pathological and clinical information.

Results

In the present study, 42.3% (22/52) of supratentorial
nonenhancing gliomas were high grade. The mean
values of parameters in these nonenhancing LGGs and
HGGs are shown in Table 1. There was no significant
difference in age, sex, or tumor size between nonenhan-
cing LGGs and HGGs (p . 0.05). Although the mean
value of maximal rCBV ratio in the LGG was lower
than that of the HGG (Fig. 2), and the mean and
minimal ADC values of the LGG were higher than in
the HGG, there was no significant difference for any of
these parameters (p . 0.05). However, the mean FA
and maximal FA values of LGG were significantly
lower than those of HGG (p , 0.001) (Fig. 3). The
lowest value for maximal FA in the nonenhancing
HGG group was 0.227. There were 3 cases in the LGG
group, with maximal FA values of 0.244, 0.337, and
0.363. The maximal FA values for all other LGG

Fig. 1. A patient with anaplastic astrocytoma (WHO grade III). (1A) Postcontrast T1-weighted image showed a nonenhancing lesion in the

right insular lobe. (1B) The contours and margins of the tumor could not be adequately visualized on the conventional dimensionless color FA

image (FA scale range 0 to 0.6). (1C) The zoomed dimensionless FA color map was overlaid on the T2*-weighted (b ¼ 0) image with the

minimal FA value elevated to 0.215; this overlaid color image clearly showed the nodules with FA values larger than 0.215 within the tumor.

(1D) The color maximal rCBV image overlaid on the T2*-weighted image (transverse gradient-echo dynamic susceptibility-weighted

perfusion contrast-enhanced MR image) showed that there was no significant increased rCBV within the tumor (the maximal rCBV

ratio value was 0.87). (1E) Hematoxylin and eosin, 400×, Infiltrating neoplastic cells have angulated elongated hyperchromatic nuclei.
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gliomas were less than 0.215. Representative images are
shown in Figure 1, Figure 4. and Figure 5.

As the mean FA value and maximal FA value were
significantly different between LGG and HGG groups,
the Wilk’s lambda test in the multivariate analysis of
variance showed significantly different joint distribution
of the mean FA value and maximal FA value between
LGG and HGG groups (p , 0.0001). Thus, LDA was
performed with both mean FA value and maximal FA
value as predictors. The resulting discriminant score,
expressed as bivariate(mean FA + maximal FA), is:

bivariate(mean FA + maximal FA) ¼ 7.943
(maximal FA) + 11.431 (mean FA) 2 4.154. A
patient with bivariate(mean FA + maximal
FA) , 0 is diagnosed as LGG, otherwise HGG.

The result of the ROC analysis of the above parameters
is recorded in Table 2, Figure 6. The prediction analysis
with univariate showed that mean FA (AUC of 0.928)
and maximal FA (AUC of 0.931) were better than
other imaging parameters. The mean FA cutoff value
of 0.129 and a maximal FA cutoff value of 0.219
could differentiate LGG from HGG with a specificity
of 69.2% and 76.9%, respectively, and sensitivity of
93.3% and 100.0%, respectively. The bivariate(mean
FA + maximal FA) on LDA method had a higher AUC

of 0.944, with specificity of 92.3% and sensitivity of
86.7%, respectively. In contrast, the sensitivity and
specificity, based on an rCBV ratio threshold value of
1.75, were 60% and 58.6%, respectively, with AUC
of 0.682.

There were 24 patients who had both PWI and
DTI examinations. The Spearman correlation analysis
was conducted to assess the correlation between the
rCBV ratio and FA values in these cases. However,
there was no significant correlation between the
rCBV ratio and the mean FA value (correlation coef-
ficient was 0.117, and p-value ¼ 0.588) or the
maximal FA value (correlation coefficient was 0.3,
and p-value ¼ 0.155).

Discussion

The present study could not detect any significant differ-
ence between the supratentorial nonenhancing LGG and

Fig. 2. The mean value plot of maximal rCBV ratio in

nonenhancing LGG and HGG. There was no significant difference

of mean values of maximal rCBV ratio between nonenhancing

LGG and HGG. The error bars represent a 95% confidence interval.
Fig. 3. Scatter plot of maximal FA and mean FA in nonenhancing

LGG and HGG with discriminant lines. The vertical line represents

cutoff value ¼ 0.219 for maximal FA. The horizontal line

represents cutoff value ¼ 0.129 for mean FA. The oblique line

represents cutoff value ¼ 0.0 for the linear discriminant score

(bivariate(mean FA + maximal FA)), which separates LGG from

HGG better than either maximal FA or mean FA alone.

Table 1. Mean Values (mean+SD) of Various Imaging Parameters in Nonenhancing LGG and HGG

Imaging Parameters LGG HGG p-Value

Age 42+14 38+12 0.612

Tumor size (mm2) 2017.6+1268.78 1645.97+630.74 0.491

Mean FA 0.124+0.02 (range 0.09–0.17) 0.182+0.039 (range 0.12–0.28) p , 0.001*

Maximal FA 0.198+0.079 (range 0.11–0.36) 0.386+0.099 (range 0.23–0.55) p , 0.001*

Mean ADC (×1023mm2/s) 1.407+0.466 (range 0.17–2.15) 1.322+0.312 (range 0.94–2.19) 0.57

Minimal ADC (×1023mm2/s) 1.184+0.511 (range 0.12–1.96) 0.994+0.399 (range 0.31–1.65) 0.279

Maximal rCBV ratio 1.922+1.469 (range 0.49–6.7) 2.419+1.315 (range 0.87–5.44) 0.222

* Indicates statistical significance.
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HGG with regard to age, sex, tumor size, maximal rCBV
ratio, mean ADC, or minimal ADC. The values of mean
FA and maximal FA, however, were significantly higher
in HGG than in LGG, with a higher sensitivity and speci-
ficity in the grading of nonenhancing gliomas than the
other imaging parameters.

The mean ADC and minimal ADC values have been
reported to correlate with tumor cell density and have
been used to grade astrocytomas.14–18 The present
study showed no significant difference for these two par-
ameters, which is consistent with the study by Fan et al.2

This may relate to the larger population in our study,
which included not only astrocytomas, but also oligo-
dendrogliomas and oligoastrocytomas.

FA has been used to grade gliomas, with consensus in
a majority of studies showing a trend toward higher FA
values in HGG relative to LGG.19–20,22,24,25

Comparison of mean FA values in the nonenhancing
part of gliomas also revealed a higher FA value in high-
grade gliomas (0.220+0.087) compared with low-
grade gliomas (0.169+0.085).20 Stadlbauer et al.,26

however, found that the mean FA value in grade III
gliomas (0.170+0.051) was lower than that of grade
II gliomas (0.196+0.032). This apparent contradiction

in theories was hypothesized to be due to a difference in
placement of ROIs for measurement of FA.25 ROIs were
placed not only within the center of the tumor but also at
the junction of the tumor with adjacent white matter in
the study by Stadlbauer et al.26 The relatively less
destroyed adjacent white matter fibers in grade II
gliomas may have contributed to the higher FA values
in the low-grade gliomas in that study.25

Mean and maximal FA values within nonenhancing
gliomas of our study were also significantly higher in
HGG when compared with LGG. These findings are
consistent with the results in studies by Inoue et al.,
Beppu et al., and Kinoshita et al.21–25 The mechanisms
underlying the higher FA values in HGG are complex
but can be attributed to the following factors as hypoth-
esized by various authors:

1. Higher tumor cellularity in HGG may positively cor-
relate with higher FA values.21–25,32

2. Increase in the degree of directionality of water diffu-
sion due to decrease in extracellular volume
(increased cellularity) may also induce increased FA
values.32

Fig. 4. A case of oligodendroglioma (WHO grade II). (4A) Postcontrast T1-weighted image showed a nonenhancing lesion in the left frontal

lobe. (4B) The color maximal rCBV image overlaid on the T2*-weighted image (transverse gradient-echo dynamic susceptibility-weighted

perfusion contrast-enhanced MR image) showed that the maximal rCBV ratio of the tumor was 2.02. (4C) Hematoxylin and eosin, 400×,

neoplastic cells show round nuclei and a network of thin capillaries.

Fig. 5. A case of astrocytoma (WHO grade II). (5A) Postcontrast T1-weighted image showed a nonenhancing lesion in right frontal lobe.

(5B) The color maximal rCBV image overlaid on the T2*-weighted image (transverse gradient-echo dynamic susceptibility-weighted

perfusion contrast-enhanced MR image) showed that there was no significant increased rCBV ratio within the tumor (the maximal rCBV

ratio value was 0.88). (5C) The color FA map overlaid on the T2*-weighted (b ¼ 0) image with the minimal FA of 0.215 showed that

there was no evident voxels with FA values higher than 0.215. (5D) Hematoxylin and eosin, 400×, neoplastic cells have round nuclei

without perinuclear clearing.
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3. The pseudopalisading structure in glioblastomas may
contribute to the higher FA values similar to the high
FA values in meningiomas.33,34

There was no maximal FA value in the nonenhancing
HGG lower than 0.215, but there were 3 cases in the
LGG group whose maximal FA values were higher
(0.244, 0.337, and 0.363). The first case was an astrocy-
toma with a Ki-67 index of 5% and increased tumor cel-
lularity; the second case was a diffuse astrocytoma with
a Ki-67 index of 8%, a focal oligodendroglial com-
ponent, and features suggestive of early anaplasia; and
the third case was a diffuse astrocytoma with infiltration
of the corpus callosum. The first two cases may suggest a
positive correlation between FA value and increased
tumor cellularity. The high FA value of the third case
may be due to a measurement contamination with
residual fibers in the corpus callosum.25 This may limit
the utility of maximal FA in grading nonenhancing
gliomas, when the tumors infiltrate predominantly
large fiber structures with high FA values, such as
corpus callosum. In those instances, careful interpret-
ation should be performed comprehensively with other
advanced imaging modalities, including PWI and MR
spectroscopy.25

Accurate preoperative grading of supratentorial
nonenhancing gliomas may require more than conven-
tional MR imaging, a technique that cannot always dis-
tinguish nonenhancing HGG from LGG. Such
misdiagnosis could lead to conservative treatment of
an aggressive neoplasm.10,35 Our preliminary study not
only indicated that the mean FA and maximal FA
could differentiate grade in nonenhancing gliomas, but
also provided the maximal FA color overlay map,
which could easily visualize the tumor content with
high FA value. This might be useful in guiding stereotac-
tic biopsy of nonenhancing gliomas (Fig. 7) in future
prospective studies.

The maximal FA had the highest sensitivity (100%)
in grading supratentorial nonenhancing gliomas.
However, the bivariate(mean FA + maximal FA) on
LDA method improved the diagnostic accuracy with
better AUC of 0.944, specificity of 92.3%, and sensi-
tivity of 86.7%. These indicated that a combination of
univariate and bivariate(mean FA + maximal FA) on
the LDA method could supply useful information for
more accurate grading prediction of supratentorial
nonenhancing gliomas.

Previous studies have demonstrated that the maximal
rCBV ratio of HGG was significantly higher than the
rCBV ratio of LGG,9,11 which was attributed to angio-
genesis in the HGG. However, increased tumor vascu-
larity can also be found in LGG, which will result in
an elevated rCBV ratio. The pilocytic astrocytomas
(WHO grade I), although biologically benign, have
been described to exhibit histological evidence of angio-
genesis and elevated rCBV ratio.27 The low-grade oligo-
dendrogliomas have also been reported to show elevated
rCBV ratio due to their inherent dense network of
branching capillaries resembling a “chicken wire”
pattern.9–13,36,37 Xu et al. found no significant differ-
ence in rCBV ratio between low- and high-grade oligo-
dendrogliomas.36 Lev et al. reported that 50% of
low-grade oligodendrogliomas presented elevated
rCBV ratio.9 Cha et al. examined 14 low-grade oligo-
dendrogliomas and found a range of rCBV ratio values
from 1.29 to 9.24.37

In this study we could not find any significant differ-
ence in maximal rCBV ratio comparing supratentorial
nonenhancing LGG and HGG. This is in conflict with
the findings by Fan et al. and Maia et al.2,4 We suspect
that this may be related to the higher number of

Table 2. Sensitivity and Specificity of Imaging Parameters in Grading Nonenhancing Glioma Using Receiver Operating Characteristic
Analysis

Parameters Cutoff Value Sensitivity Specificity AUC

Mean FA 0.129 0.933 0.692 0.928

Maximal FA 0.219 1 0.769 0.931

Mean ADC (×1023mm2/s) 1.22 0.667 0.308 0.367

Minimal ADC (×1023mm2/s) 0.912 0.6 0. 308 0.692

Maximal rCBV ratio 1.84 0.6 0.621 0.682

AUC, area under curve.

Fig. 6. ROC curve for differentiation of LGG from HGG. Predictors:

the linear discriminant score (bivariate(mean FA + maximal FA) on

LDA method), maximal rCBV ratio, maximum FA value, and mean

FA value.
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oligodendroglioma cases with higher rCBV ratio in our
study. On the other hand, our study revealed that low
rCBV ratio values were also present in nonenhancing
HGG. There were 7/19 HGGs with rCBV ratio values
lower than 1.75, the lowest value being 0.87. This may
indicate the changes in vascularity as gliomas’ dediffer-
entiation into HGG is probably a continuum and
highly variable. Consequently, we cannot exclude that
some HGGs may not have yet exhibited significant
angiogenesis at the time of biopsy or areas of neovascu-
larity were not biopsied.13 The ROC analysis of
maximal rCBV ratio showed a sensitivity of 60% and
specificity of 62.1% with a cutoff value of 1.84 in

discriminating between the nonenhancing LGGs and
HGGs, which may indicate that maximal rCBV ratio
alone may have a limited value in this respect.

One major limitation in the present study is that there
were no biopsies guided by maximal FA information.
Thus, the correlation of maximal FA with histopatholo-
gical change could not be assessed. Another limitation is
the use of ROI measurement to detect maximal FA and
minimum ADC values. Computer-aided voxel-based
semi-automated segmentation techniques may reduce
the subjective bias inherent in manual ROI placement.
The third limitation relates to the relatively small popu-
lation, with only 28 DTI examinations. Future

Fig. 7. A case with large mass involving the left insular, temporal, and frontal lobes. (7A) is a postcontrast T1-weighted image, which shows

the nonenhancing lesion. (7B) The color maximal rCBV image overlaid on the T2*-weighted image (transverse gradient-echo dynamic

susceptibility-weighted perfusion contrast-enhanced MR image) showed the maximal rCBV ratio of the tumor was 1.51, which might

suggest an LGG. (7C) and (7D) The color FA maps overlaid on the T2*-weighted (b ¼ 0) image with the minimal FA of 0.215 showed

that there were multiple nodules with increased FA values higher than 0.215 (arrows) and the maximal FA was 0.357, which suggested

HGG. (7E) The postcontrast T1-weighted image after biopsy, indicating that the biopsy area was posterior to the area with high FA

values revealed on (7D). (7F) Hematoxylin and eosin, 400× of the specimen of the biopsy. The pathology diagnosis of the biopsy

specimen was astrocytoma, WHO grade II, with atypical elongated nuclei but no mitotic activity. (7G) Immunohistochemical stain

(400×) of the biopsy specimen showed a Ki-67 proliferation index of 5%. The patient was suggested conservative therapy because of

the histopathological diagnosis of LGG; however, as the review of advanced MR images, including maximal FA information, suggested a

higher grade of this tumor, the patient insisted on partial resection 1 month later without aggressive treatment. (7H) Postcontrast

T1-weighted image showed the partial resection cavity. (7I) Hematoxylin and eosin, 400× of the specimen of the partial resection. The

pathology diagnosis of the resection specimen was anaplastic astrocytoma, WHO grade III, with pleomorphic nuclei and a mitotic figure.

This pathologic diagnosis was consistent with our preoperative evaluation. (7J) Immunohistochemical stain (400×) of the partial

resection specimen showed a Ki-67 proliferation index of 7% in the resected neoplasm.
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prospective studies with larger populations will be
necessary to verify our findings of optimal parameters
for accurate preoperative grading of nonenhancing
gliomas. Studies combing information from dynamic
contrast enhancement may be useful in determining the
permeability of tumor vessels in such nonenhancing
gliomas to assess the extent of possible minor leakage
of contrast material into the interstitium, which may
not necessarily be visible on T1-weighted imaging.

In summary, our study did not demonstrate signifi-
cant difference in maximal rCBV ratio between the
supratentorial nonenhancing LGG and HGG. The uni-
variate analysis showed that the mean FA and
maximal FA were better imaging parameters, with

regard to grading of supratentorial nonenhancing
gliomas, than mean ADC, minimum ADC, and
maximal rCBV ratio. The bivariate(mean FA +
maximal FA) on LDA method improved the diagnostic
accuracy with a specificity of 92.3%, sensitivity of
86.7%, and AUC of 0.944, which was better than any
of other imaging parameters evaluated alone. The
mean FA and maximal FA, used individually or com-
bined, may be useful in preoperative grading of supra-
tentorial nonenhancing gliomas.
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