
Abstract. Background: Advanced magnetic resonance (MR)
techniques provide physiological and metabolic information
that complements the anatomical information available from
conventional MR imaging. The purpose of this study was to
evaluate the clinical usefulness of proton MR spectroscopy
(1H-MRS) in preoperative quantitative assessment of
intracranial gliomas. Patients and Methods: Eight patients with
histologically verified gliomas, comprising 2 cases with
glioblastoma multiforme (GBM, grade 4), 5 cases with
anaplastic oligodendroglioma (AO, grade 3; high-grade
glioma), and 1 case with fibrillary astrocytoma (FA, grade 2;
low-grade glioma) were evaluated using the 1H-MRS protocol
following conventional MR imaging, diffusion-weighted
imaging (DWI), and perfusion-weighted imaging (PWI)
preoperatively. Results: High-grade gliomas tended to
demonstrate signal hyperintensity by DWI and higher relative
cerebral blood volume (rCBV) by PWI. Increased ratios of
choline (Cho) to N-acetylaspartate (NAA) (Cho/NAA) and
Cho to creatine (Cr) (Cho/Cr) correlated highly with tumor
malignancy. The presence of lactate and lipid was
predominately detected in patients with high-grade glioma.
Conclusion: The combination of multiple MR parameters,
based on DWI, PWI and 1H-MRS, appears valuable for
preoperatively predicting the degree of malignancy in glioma.

Conventional magnetic resonance (MR) imaging and
sequences with contrast agents are some of the most used
tools in the characterization of brain tumors (1, 2). These
techniques provide important information regarding
contrast material enhancement, perifocal edema, border
definition, hemorrhage, necrosis and mass effects, which are
helpful in characterizing tumor aggressiveness and apparent

histological grade of glioma (3-6). However, sensitivity and
specificity for predicting tumor grade have been considered
insufficient and unsatisfactory (3, 6).

MR spectroscopy (MRS) is a method for analyzing the
metabolism of organs and cells, biochemical changes and
quantitative analysis of compounds in humans. Various
metabolites in brain tissue, such as N-acetylaspartate (NAA),
choline compounds (Cho), creatine and phosphocreatine
(Cr), lactate and lipid, can be measured using proton MRS
(1H-MRS). Various studies have shown that 1H-MRS is
valuable for distinguishing active tumors from normal tissue.
This suggests that 1H-MRS may offer important information
for defining tumor characteristics (7-11).

The purpose of this study was to evaluate whether 
1H-MRS offers a useful method of preoperative quantitative
assessment of glioma in comparison with histologically
proven tumor malignancy.

Patients and Methods

Patients. The study comprised 8 patients (5 men, 3 women) with
glioma. Median age at the time of diagnosis was 43 years (range,
25-66 years). Intracerebral masses comprised 2 cases of
glioblastoma multiforme (GBM), 5 cases of anaplastic
oligodendroglioma (AO), and 1 case of fibrillary astrocytoma (FA).
No patients had undergone chemo- or radiotherapy before the MR
examinations. Diagnoses were confirmed histopathologically after
surgery and tumor grades were determined using revised World
Health Organization (WHO) criteria (12).

MR techniques. All the MR imagings were performed using an
Intera Achieva 1.5-T system (Philips Medical Systems, Amsterdam,
the Netherlands) with a circularly polarized head coil using single-
voxel proton regional imaging of metabolites, which generates a
spin-echo sequence. Preoperative conventional MR imaging,
diffusion-weighted imaging (DWI), 1H-MRS and perfusion-
weighted imaging (PWI) were acquired in that order during the
same examination to allow exact comparison of results.

Conventional MR imaging included pre-contrast axial T1- and
T2-weighted imaging (WI) and fluid-attenuated inversion recovery
(FLAIR) sequences followed by DWI examination. Gadolinium-
enhanced axial, coronal and sagittal images were acquired after 
1H-MRS, DWI and PWI. Based on post-contrast enhanced imaging,
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3 types of contrast enhancement of the tumor were delineated: none
(1 case); heterogeneous (5 cases) and spotty (2 cases). Perilesional
brain edema was evaluated using T2-WI or FLAIR sequences, and
graded as mild (1+), moderate (2+) or severe (3+).

PWI and DWI data processing and image analysis. For PWI, a series
of T2-weighted gradient-echo-planar images was obtained during the
first pass of a bolus of contrast material at a dose of 0.1 mmol/kg
body weight. The region of interest (ROI) size was 2-5 mm in
diameter and was positioned on the basis of color overlap maps
within the enhancing tumor. Relative cerebral blood volume (rCBV)
values were then measured in 2 ROIs and expressed relative to the
values measured in contralateral white matter. The maximal rCBV
values were obtained by identifying regions of maximal perfusion
from color maps. The full calculation of rCBV outlined above was
then applied to ROIs over these regions. PWI analysis is thought to
provide noninvasive measurement of tumor vascularity (13-15).

DWI analysis characterizes diffusive transport of water using the
diffusion coefficient D, which is then calculated into the scalar
apparent diffusion coefficient (ADC) map to represent mean
diffusivity. After pixel-by-pixel calculation, an ADC map was
constructed automatically from averaged DWI and T2-WI using
standard formulae. The standardized ROI was 2-3 mm2 and was
used for most measurements. The ADC values were calculated
from the ROIs by dividing the signal intensity by 1,000 to obtain
values in terms of ADC x103 mm2/s. The ROI placement and ADC
calculations were made from the solid portions of tumors avoiding
cystic or necrotic parts. Restricted diffusion in densely cellular
neoplasms giving rise to increased signals on DWI is likely, based
on a relative increase of the intracellular compartment, indicating
high cellularity in the lesion (16-18).

1H-MRS. The data from 1H-MRS were analyzed on a workstation.
Spectral data were baseline corrected, apodized, filtered, and
Fourier transformed. Since 3-dimensional acquisitions were used,
spectra could be reconstructed to coincide with the ROI specified
in 3 dimensions using these programs. Gaussian curves were fitted
to Cho, Cr or NAA peaks and peak area ratios (Cho/NAA and
Cho/Cr) were assumed to correspond to nonviable tissue.
Metabolic ratios were calculated in single voxels. However, only
maximal values in 2 locations (within enhancing tumor and normal
contralateral brain parenchyma) were included. Normalization of

each metabolite was obtained by dividing the value within the
tumor by that within an exactly contralateral and symmetrical
normal ROI, when possible, or within a contralateral
representative normal ROI (7, 8).

Histological diagnosis and proliferative activity. Histological diagnosis
was made according to revised WHO criteria (12). Ki-67 was used
as an estimator of tumor aggressiveness (19), and Ki-67 labeling
index in paraffin-embedded sections was made using monoclonal
antibody MIB-1 (DAKO LSAB, Kyoto, Japan). MIB-1-positive
cells were counted and cell density was determined under high
magnification (x400). Depending on the cellularity of the specimen,
1-3 high-power fields were counted. Cell density was normalized
for 1 high-power field and the MIB-1 index was calculated as the
percentage of positively stained cells.

Results

Two patients were diagnosed with GBM (grade 4), 5
patients with AO (grade 3), and 1 patient with FA (grade
2) based on the surgical specimens. The FA was defined as
a low-grade glioma, while all the AOs and GBMs were
graded as high-grade gliomas.

Conventional MR imaging, DWI and 1H-MRS
examinations were performed in all 8 patients. PWI data was
obtained for 6 of the 8 patients. Although final histological
diagnosis was obtained from the surgical specimen in all the
patients, the proliferative activity of the tumors was
immunohistochemically analyzed in 7 patients using MIB-1.

The findings from conventional MR imaging, DWI and
PWI are summarized in Table I. Only 1 patient with FA
(Case 1) did not show any enhancement within the tumor
following contrast material administration. The other 7
patients diagnosed with AO or GBM demonstrated contrast
enhancement with some spotty and some heterogeneous
patterns. Perilesional brain edema was absent only in the
patient with FA. Pronounced perilesional edema was
predominately observed in one of the patients with GBM
(Case 8). Intralesional necrosis in tumors was observed in

ANTICANCER RESEARCH 27: 3757-3764 (2007)

3758

Table I. Conventional MRI, DWI and PWI analyses for each patient with gliomas.

Case Age (years)/ Histology T1-WI T2-WI Enhancement pattern Edema Cyst/Necrosis DWI PWI
gender

1 51/M FA low high none none none low 1.4
2 29/M AO low high spotty 1+ cyst iso 2.9
3 33/F AO low high spotty 1+ cyst low 4.1
4 50/M AO low high heterogeneous 2+ necrosis iso 2.7
5 45/F AO iso high heterogeneous 2+ necrosis iso ND
6 45/M AO low high heterogeneous 2+ necrosis iso 7.4
7 66/F GBM low high heterogeneous 2+ necrosis high 9.4
8 25/M GBM low high heterogeneous 3+ necrosis high ND 

DWI, diffusion-weighted imaging; PWI, perfusion-weighted imaging; FA, fibrillary astrocytoma; AO, anaplastic oligodendroglioma; GBM,
glioblastoma multiforme; ND, not done.



both AO and GBM cases. Small cystic formation was
detected in 2 patients with AO (Cases 2 and 3) by
conventional MR studies.

With PWI, the maximal rCBV values were relatively high
in both the AOs and GBMs. In particular, the GBM patients
tended to show higher rCBV when compared to other tumors.
The case of FA without any enhancement or perilesional
edema demonstrated the lowest rCBV of all the tumors.

With DWI, all the tumors except for the 2 GBMs
displayed signal hypo- or isointensity to surrounding white
matter. In both the GBMS (Cases 7 and 8), the tumors were
verified as signal hyperintense. Although considerable
variations were seen in intensity within lesions, elevated
intensity appeared to be seen for cases with malignant
tumoral grading.

Results of 1H-MRS examinations were analyzed
separately for each tumor (Table II). The mean Cho/NAA
ratio was 5.06±2.33 (range, 2.15-8.06) in the 5 AOs,
compared to 6.65±3.89 (range, 3.90-9.40) in the 2 GBMs.
The mean Cho/Cr ratio was 3.28±0.97 (range, 2.38-4.68) in
the AOs, compared to 3.54±1.70 (range, 2.33-4.74) in the
GBMs. No significant differences were seen between mean
Cho/NAA and Cho/Cr ratios and grading of gliomas.
However, this study found a tendency toward increased
glioma malignancy with increases in mean Cho/NAA or
Cho/Cr ratios. The presence of lactate was observed in 7 of
8 patients. The lipid peak was also detected in 2 patients
with GBMs and 1 patient with AO, respectively. Conversely,
the patient with FA displayed neither lactate nor lipid peaks
on 1H-MRS. Although a positive correlation between mean
Cho/NAA and Cho/Cr ratios and MIB-1 index could not be
clearly demonstrated, some patients showed a tendency
toward good agreement between preoperative 1H-MRS and
tumoral grading including MIB-1 index.

Representative cases. Case 1, a 51-year-old man, presented
with partial epilepsy. Axial contrast-enhanced T1-WI
showed a left frontal mass lesion without enhancement or
peritumoral edema (Figure 1A). The rCBV map derived
from PWI (Figure 1B) demonstrated no evidence of
increased tumor vascularity (maximal rCBV: 1.4), and DWI
showed a hypointense tumor (Figure 1C). A notable
decrease in NAA within the tumor was seen on 1H-MRS
analysis (Figure 1E), and the Cho and Cr levels were
virtually unaltered compared with the contralateral normal
brain (Figure 1D). The Cho/NAA and Cho/Cr ratios were
4.68 and 1.40, respectively. Neither lactate nor lipid peaks
were observed in this study. The final histological diagnosis
was grade 2 FA (Figure 1F).

Case 7, a 66-year-old woman, presented with left-side
weakness. Axial T1-WI showed a right frontal mass lesion
with heterogeneous enhancement (Figure 2A). The rCBV
map revealed a low rCBV ratio within necrosis and an
elevated rCBV value in enhancing regions of the lesion
(maximal rCBV: 9.4) (Figure 2B). The DWI demonstrated a
hyperintense tumor in the solid component (Figure 2C). A
marked increase of Cho and decreased NAA peaks in the
tumor lesion were seen on 1H-MRS (Figure 2E), compared
to the control (Figure 2D). The Cho/NAA and Cho/Cr ratios
were 9.40 and 2.33, respectively. The presence of both lactate
and lipid peaks was clearly detected in the tumor tissue. The
surgical specimen demonstrated increased cellularity, nuclear
atypia with endothelial proliferation and necrosis, displaying
the pattern of grade 4 GBM (Figure 2F).

Discussion

Conventional MR imaging with gadolinium contrast agents is
an established tool in the characterization of cerebral tumors,
but differentiation of these tumors on the basis of
conventional MR findings alone is sometimes difficult. With
regard to gliomas, classification and grading with conventional
MR imaging may sometimes be unreliable (3, 20, 21).

In histopathological grading of gliomas, tumor cellularity
and vascularity are the major factors to be determined.
Providing reliable information about these factors on
conventional MR imaging is not possible. Advanced MR
techniques such as DWI and PWI have found increasing
utility in determining these factors. The rCBV maps derived
from PWI have been shown correlations with tumor
vascularity, and ADC values on DWI have been shown to
correlate with tumor cellularity. Brain neoplasms with
higher cellularity or higher grade reportedly demonstrate
significant reductions in ADC values and markedly
increased signals on DWI. With regard to tumor vascularity,
higher vascularity has been considered to correspond to
higher tumoral grade (13-18). High rCBV values are thus
more likely in high-grade glioma.
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Table II. Correlation between preoperative 1H-MRS analysis and
pathological findings.

Proton MRS
Case Histology WHO  MIB-1 Cho/ Cho/Cr Lactate Lipid 

grading NAA

1 FA 2 1 4.68 1.40 - -
2 AO 3 20 4.06 4.69 + +
3 AO 3 6 8.06 2.79 + -
4 AO 3 ND 6.69 3.87 + -
5 AO 3 50 2.15 2.38 + -
6 AO 3 45 4.33 2.69 + -
7 GBM 4 40 9.40 2.33 + +
8 GBM 4 >50 3.90 4.74 + +

Cho/NAA, ratio of choline to N-acetylaspartate; Cho/Cr, ratio of
choline to creatine; FA, fibrillary astrocytoma; AO, anaplastic
oligodendroglioma; GBM, glioblastoma multiforme; ND, not done.
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Figure 1. Case 1 with fibrillary astrocytoma (grade 2). Axial contrast-
enhanced T1-weighted imaging shows a round lesion in the left frontal
lobe without any enhancement or peritumoral edema (A). An rCBV map
by perfusion-weighted imaging demonstrates no evidence of increased
tumor vascularity (maximal rCBV ratio: 1.4) (B). Diffusion-weighted
imaging shows a low-signal intensity tumor (C). A 1H-MRS map in the
contralateral normal brain shows a pattern of normal brain tissue (D). In
the tumor, 1H-MRS analysis reveals a notable decrease in the NAA peak
of the lesion; the mean Cho/NAA and Cho/Cr ratios are 4.68 and 1.40,
respectively (E). The tumor specimen demonstrates low-grade astrocytoma
with no increased cellularity or endothelial proliferation (original
magnification x200) (F).
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Figure 2. Case 6 with glioblastoma multiforme (grade 4). Axial contrast-
enhanced T1-weighted imaging demonstrates a right frontal mass lesion
with heterogeneous enhancement and peritumoral edema (A). An
intratumoral rCBV map reveals elevated rCBV ratio in the enhancing
tumor (maximal rCBV: 9.4) and low rCBV in areas of necrosis (B).
Diffusion-weighted imaging demonstrates a hyperintense tumor in the solid
component of the lesion (C). A contralateral 1H-MRS map shows a
normal pattern of brain tissue (D). In the tumor, 1H-MRS mapping
reveals markedly increased Cho and decreased NAA peaks of the lesion;
the mean Cho/NAA and Cho/Cr ratios are 9.40 and 2.33, respectively (E).
The surgical specimen demonstrates increased cellularity and nuclear
atypia with endothelial proliferation, displaying the pattern of GBM
(original magnification x200) (F).



In the present study, considerable variations in signal
intensity within lesions were seen by DWI. Signal
hyperintensity of the tumor was detected only in the 2
patients with GBMs. Conversely, the tumor in the patient
with grade 2 FA demonstrated signal hypointensity, and
most AOs showed signal isointensity. High-grade gliomas
thus tended to display signal hyperintensity on DWI, and
correlated with higher tumor cellularity.

With PWI, the mean rCBV values were relatively higher
in both the AOs and GBMs, compared to the FA.
Differences tended to exist between high-grade glioma
(AOs and GBMs) and low-grade glioma with regard to
mean rCBV, but no significant differences were identified.
While rCBV is not an absolute measure of regional blood
volume, this measurement can reflect tumor vascularity and
may offer a good indicator of histological grade (22).

The utilization of energy and metabolism of glucose,
amino acids, fatty acids and so forth can be reflected by 
1H-MRS. Further developments in imaging should allow
analysis at the microscopic level of the biochemistry of
intracranial tumors.

NAA is present mainly in normal neurons and is
recognized as an internal neuronal marker. In normal brain,
NAA produces the highest peak on 1H-MRS examination.
Izumiyama et al. reported that glioma malignancy tends to
increase with decreases in NAA (23). In the present study,
decreases in NAA in all the gliomas reflected the fact that
the neurons had been encroached upon and replaced by
neoplasm, leading to decreased numbers of neurons and
decline in signal strength.

In contrast to NAA, Cho signal intensity is always
increased in glioma and increases at a higher rate with more
rapid development of the neoplasm. Cho is one of the
components of metabolites of the membrane and reflects
membrane turnover. Cho is likely to increase in all
intracranial tumors other than craniopharyngioma.
Elevation of the Cho peak found in the present study was
due to rapid cellular proliferation, as a result of increased
mitosis, leading to abnormal increases in membrane
metabolism and subsequent cellular destruction.
Researchers have thus identified the Cho peak as a marker
of tumor cell proliferation (24-26).

Some reports have shown the usefulness of several
metabolite ratios to distinguish between low- and high-grade
gliomas, including Cho/NAA and Cho/Cr (7). Yang et al.
found that tumor grades can be differentiated with a high
degree of precision and that Cho/NAA and Cho/Cr ratios
are highly correlated with tumor grade (15). In the current
study, GBM tended to display higher mean Cho/NAA and
Cho/Cr ratios compared to FA and AO, although the study
population was only small. This suggests that histological
results generally correlate with the findings from
preoperative 1H-MRS.

The presence or elevation of lactate and lipid has been
attributed to rapid tumor growth, with subsequent hypoxia
and necrosis, and indicates high tumoral grade. Necrosis
may help to distinguish anaplastic glioma from GBM, as this
finding is much more frequent in GBM (27, 28). In our
series, elevations of both lactate and lipid were observed in
2 patients with GBM and 1 patient with AO, while these
products were not detected in the patient with FA. These
findings showed that the presence or elevation of lactate
and lipid peaks tends to be detected in patients with higher
tumor malignancy.

In conclusion, DWI, PWI and 1H-MRS represent
advanced MR techniques used to add important
physiological and metabolic information to that obtained
from conventional MR imaging. These parameters provide
information that can be related to histology and are
consistent with known characteristics that are used to
determine tumoral grade, namely tumor vascularity,
cellularity and necrosis. The combination of such multiple
MR parameters may be valuable for more accurate
evaluation of tumoral grade for preoperative quantitative
assessment.
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