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BACKGROUND AND PURPOSE: Echo time (TE) can have a large influence on the spectra in proton MR
spectroscopy (1H-MR spectroscopy). The purpose of this study was to comparatively assess the
diagnostic value of 3T single-voxel 1H-MR spectroscopy with short or intermediate TEs in grading
cerebral gliomas.

METHODS: Single voxel 1H-MR spectroscopy was performed at 3T in 35 patients with cerebral glioma.
The spectra were obtained with both short (35 ms) and intermediate TEs (144 ms). Metabolite ratios
of choline (Cho)/creatine (Cr), Cho/N-acetylaspartate (NAA), lipid and lactate (LL)/Cr and myo-inositol
(mIns)/Cr were calculated and compared between short and intermediate TEs in each grade. After
receiver operating characteristic curve analysis, diagnostic accuracy for each TE in differentiating
high-grade glioma from low-grade glioma was compared.

RESULTS: At short TE, Cho/Cr and Cho/NAA ratios were significantly lower, and LL/Cr and mIns/Cr
were significantly higher, compared with those at intermediate TE, regardless of tumor grade. Lactate
inversion at intermediate TE was found in only 2 patients. At both TEs, there were significant
differences in Cho/Cr and LL/Cr ratios between low- and high-grade gliomas. Diagnostic accuracy was
slightly higher at short TE alone or combined with intermediate TE than intermediate TE alone (85.7%
versus 82.9%).

CONCLUSION: Metabolite ratios were significantly different between short and intermediate TE.
Cho/Cr and LL/Cr ratios at either TE were similarly useful in differentiating high-grade gliomas from
low-grade gliomas. If only a single spectroscopic sequence can be acquired, short TE seems preferable
because of poor lactate inversion at intermediate TE on 3T single-voxel 1H-MR spectroscopy.

Noninvasive preoperative prediction of cerebral glioma grade
is important for treatment planning and prediction of prog-

nosis. Although in vivo proton MR spectroscopy (1H- MR spec-
troscopy) at 1.5T has been attempted to predict the degree of
malignancy of the gliomas, some studies have yielded the some-
what disappointing result that there was no reliable indicator for
tumor grading.1-3 At both short and intermediate echo time (TE)
sequences, different criteria have been argued in favor and against
every option in the evaluation of the brain tumors.4 With the
integration of 3T MR into clinical practice, there has been grow-
ing interest in the practical improvement of 1H-MR spectroscopy
at 3T with respect to the established magnetic field strength of
1.5T, because both spectral and spatial resolutions depend lin-
early on the magnetic field.5-8 Here, we tried to assess the effect of
various TEs at 3T single-voxel 1H-MR spectroscopy in low- and
high-grade cerebral gliomas.

Materials and Methods

Patients
Thirty-five patients (23 men and 12 women; age range, 23–71 years;

mean age, 47.3 years) with untreated gliomas were studied before

surgical biopsy and/or resection. Histopathologic diagnosis obtained

via either surgical biopsy (n � 14) or resection (n � 21) was graded by

the World Health Organization II (WHO II) criteria. The biopsies

were performed at the locations similar to the voxel placement in 1H-

MR spectroscopy. Seven patients were grade II (3 astrocytomas and

4 oligodendrogliomas), 12 were grade III (5 anaplastic astrocytomas,

1 anaplastic oligoastrocytoma, 2 anaplastic gemistocytic astrocyto-

mas, and 4 anaplastic oligodendrogliomas), and 16 were grade IV

(glioblastoma). All patients provided informed consent for participation

in the study, which was approved by our institutional review board.

1H-MR Spectroscopy Methods
All 1H-MR spectroscopy studies were performed using the automated

single-voxel MR spectroscopy package Proton Brain Examination/

Single Voxel (PROBE/SV) with 3T units (GE Medical Systems, Mil-

waukee, Wis) equipped with circularly polarized head coil. We ac-

quired the data using point-resolved spectroscopy (PRESS) pulse

sequences at both short TE (2000/35) (repetition time [TR]/TE) and

intermediate TE (1500/144) sequences in all patients. MR imaging

with T2-weighted fast spin-echo sequences (4000 –5000/104 –121,

24-cm field of view, 256 � 224 matrix, 5-mm sections) or fluid-

attenuated inversion recovery (FLAIR) (9902/161, 24-cm field of

view, 256 � 256 matrix, 5-mm sections) in axial or coronal planes

preceded 1H-MR spectroscopy to define the volume of interest (VOI).

The VOIs varied from 1.6 to 10.8 cm3 depending on the tumor size.

The size and location of the voxel were carefully adjusted to include as

much of the solid tumor portion as possible as determined from the

previously obtained MR images. We intended to avoid inclusion in

the voxel of obvious necrosis, cyst, hemorrhage, edema, calcification,

and normal-appearing brain. All the 1H-MR spectroscopy spectra

were obtained without contrast material administration.
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All the spectra were processed using Mrdx (CAD Impact, Seoul,

Korea), a software program for MR data postprocessing, based on

IDL software (Research Systems, Boulder, Colo). Typical full widths

at half-maximum of 3– 6 Hz were achieved in most examinations. A

frequency-selective saturation pulse at the water resonance sup-

pressed the water signal intensity. A sweep width of 1000 Hz was used

with a data size of 1024 points. Only the second half of the echo was

acquired. After the zero-filling of 8192 points in all free induction-

decay data, an exponential line broadening (center, 0 ms; half time,

150 ms) was done before Fourier transformation. A zero-order phase

correction was applied to all spectra.

Evaluation of the Spectra and Statistical Analysis
We estimated the levels of myo-inositol (mIns) at 3.6 ppm, choline

compounds (Cho) at 3.2 ppm, creatine phosphocreatine (Cr) at 3.0

ppm, and N-acetylaspartate (NAA) at 2.0 ppm as heights of the peaks

at both TEs. Concerning lipid and lactate, we defined and estimated

the sum of the peak heights between 0.9 and 1.3 ppm as lipid and

lactate (LL) at short TE. At intermediate TE, we defined and estimated

the sum of the upright lipid peak around 0.9 –1.3 ppm and the abso-

lute value of the inverted lactate peak at 1.3 ppm as LL.

The metabolite ratios of Cho/Cr, Cho/NAA, LL/Cr, and mIns/Cr

were calculated (mean � SD) from both TE spectra and compared for

short and intermediate TEs in 3 grades of gliomas and in 2-tiered

classification (low [II] versus high [II � IV] grade). In addition, to

assess the lactate inversion at intermediate TE, we evaluated the pres-

ence of the definite upright doublet peak at 1.3 ppm of short TE

spectrum and the inverted lactate peak at 1.3 ppm of intermediate TE

spectrum.

Statistical analysis was performed with the use of SPSS software

for Windows (ver. 11.0; SPSS, Chicago, Ill). A P value less than 0.05

was considered to indicate a statistically significant difference. Mann-

Whitney U tests were used to evaluate the significance in the differ-

ences of the metabolite ratios among the 3 grades and in 2-tiered

classification of the gliomas. The paired t tests for the matched pairs

were performed to compare metabolite ratios between short and in-

termediate TE.

Receiver operating characteristic (ROC) curve analysis was done

to evaluate the performance of the Cho/Cr and LL/Cr ratios of both

TEs in differentiating high grade (III � IV) from low grade (II) of the

gliomas using the ROCKIT algorithm (available through the Internet

from C. E. Metz, University of Chicago, Ill). The area under the ROC

curve (Az) was calculated to summarize the performance of each

Cho/Cr and LL/Cr ratio at both TEs in the task of differentiation of

2-tiered classification. We calculated sensitivity, specificity, positive

predictive value, and negative predictive value using both Cho/Cr and

LL/Cr ratios of the cutoff value obtained with minimum C1 error

from the ROC analysis, where C1 equals 1 � (sensitivity � specifici-

ty)/2. When any ratio of either Cho/Cr or LL/Cr was larger than its

cutoff value, we regarded it as high grade. Afterward, diagnostic ac-

curacy was also calculated and compared at short TE, intermediate

TE, and both TE sequences.

Results

Comparison of Metabolite Ratios between Short and
Intermediate TE and Lactate Inversion at
Intermediate TE
The metabolite ratios of cerebral gliomas at both TEs are
given in Tables 1 and 2 and Fig 1. Mean Cho/Cr and Cho/
NAA ratios of all tumors at short TE were significantly
lower than those at intermediate TE, regardless of tumor
grades (2.03 � 0.80 at short TE versus 3.23 � 2.87 at inter-
mediate TE for Cho/Cr [P � .01]; 1.99 � 0.93 at short TE
versus 6.59 � 6.32 at intermediate TE for Cho/NAA [P �
.0001]). On the contrary, mean LL/Cr and mIns/Cr ratios of
all tumors at short TE were significantly higher than those
at intermediate TE, regardless of tumor grades (5.15 � 7.71
at short TE versus 2.11 � 3.83 at intermediate TE for LL/Cr
[P � .01]; 1.12 � 0.43 at short TE versus 0.63 � 0.63 at
intermediate TE for mIns/Cr [P � .0001]).

Focusing on the lactate signal intensity, of the 6 patients
who showed the definite doublet peak at 1.3 ppm of short TE
spectrum, 4 patients failed to show the lactate inversion at
intermediate TE spectrum (Figs 2, 3), whereas other 2 patients
revealed the lactate inversion with decreased LL/Cr ratio (Fig
4). All the other cases showed neither doublet peak at 1.3 ppm
in short TE spectrum nor lactate inversion in intermediate TE
spectrum. Baseline of the spectra seemed to be slightly noisier
in intermediate TE than in short TE in most patients.

Comparison of Metabolite Ratios among Three Grades
The medians of Cho/Cr and LL/Cr ratios had increasing ten-
dency with grade at both TEs. But the medians of Cho/NAA
and mIns/Cr ratios did not tend to increase with grade at both
TEs (Fig 1). Except for LL/Cr of grade IV at both TEs, all the

Table 1: Metabolite ratios of 3 grades of cerebral gliomas at both echo time (TE) sequences

Short TE Intermediate TE

Cho/Cr Cho/NAA LL/Cr mIns/Cr Cho/Cr Cho/NAA LL/Cr mIns/Cr
Grade II (n � 7) 1.52 � 0.66 1.88 � 0.96 1.07 � 0.46 0.86 � 0.19 1.92 � 0.89 4.57 � 4.35 0.30 � 0.21 0.36 � 0.11
Grade III (n � 12) 2.09 � 0.82 2.51 � 1.20 1.62 � 0.80 1.23 � 0.37 2.64 � 1.39 8.14 � 9.52 0.38 � 0.23 0.49 � 0.19
Grade IV (n � 16) 2.21 � 0.79 1.66 � 0.46 10.31 � 10.22 1.15 � 0.52 4.25 � 3.83 6.31 � 3.54 4.20 � 4.95 0.74 � 0.75

Note:—Cho indicates choline, Cr, creatine; NAA, N-acetylaspartate; LL, lipid and lactate; MI, myo-inositol.

Table 2: Metabolite ratios of low-grade (II) and high-grade (III � IV) cerebral gliomas at both echo time (TE) sequences

Short TE Intermediate TE

Cho/Cr Cho/NAA LL/Cr mIns/Cr Cho/Cr Cho/NAA LL/Cr mIns/Cr
Low grade (II) (n � 7) 1.52 � 0.66 1.88 � 0.96 1.07 � 0.46 0.86 � 0.19 1.92 � 0.89 4.57 � 4.35 0.30 � 0.21 0.36 � 0.11
High grade (III � IV) (n � 28) 2.17 � 0.79 2.02 � 0.94 6.17 � 8.33 1.18 � 0.45 3.56 � 3.10 7.09 � 6.69 2.56 � 4.17 0.63 � 0.59
P value .0152 NS �.001 NS .0111 NS .0152 NS

Note:—Cho indicates choline, Cr, creatine; NAA, N-acetylaspartate; LL, lipid and lactate; mIns, myo-inositol; NS, not significant.
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other metabolite ratios had much overlap with the adjacent
grade. Cho/Cr ratio had significant difference between grade II
and IV (1.52 � 0.66 versus 2.21 � 0.79 at short TE [P � .05],

1.92 � 0.89 versus 4.25 � 3.83 at intermediate TE [P � .05]),
but not between grade II and III and not between III and IV.
LL/Cr ratio had significant differences between grade II and IV

Fig 1. Box plots of the ratios of the metabolites at both TE sequences in the patients with cerebral gliomas. The horizontal thick line is the median, the upper and lower ends of the boxes
are the 3rd and 1st quartiles, and the vertical lines show the full range of values in the data. The extremes and outliers were omitted.

A, Cho/Cr at short TE; B, Cho/NAA at short TE; C, LL/Cr at short TE; D, mIns/Cr at short TE; E, Cho/Cr at intermediate TE; F, Cho/NAA at intermediate TE; G, LL/Cr at intermediate TE;
H, mIns/Cr at intermediate TE.

1414 Kim � AJNR 27 � Aug 2006 � www.ajnr.org



(1.07 � 0.46 versus 10.31 � 10.22 at short TE [P � .001],
0.30 � 0.21 versus 4.20 � 4.95 at intermediate TE [P � .01]),
and between grade III and IV (1.62 � 0.80 versus 10.31 �
10.22 at short TE [P � .001] and 0.38 � 0.23 versus 4.20 �
4.95 at intermediate TE [P � .01]), but not between grades II
and III. Representative cases are shown in Figs 2– 4.

Comparison of Metabolite Ratios in
Two-Tiered Classification
The mean metabolite ratios at both TEs in 2-tiered classifica-
tion, low (grade II) and high (grade III � IV) grades, are given
in the Table 1. Cho/Cr and LL/Cr ratios demonstrated signif-
icant differences between low- and high-grade gliomas at both
TEs (Cho/Cr, 1.52 � 0.66 versus 2.17 � 0.79 at short TE [P �
.05] and 1.92 � 0.89 versus 3.56 � 3.10 at intermediate TE
[P � .05]; LL/Cr, 1.07 � 0.46, versus 6.17 � 8.33 at short TE
[P � .001] and 0.30 � 0.21 versus 2.56 � 4.17 at intermediate
TE [P � .05]) but both mIns/Cr and Cho/NAA did not show
any significant difference.

In the evaluation of the performance differences of Cho/Cr

and LL/Cr ratios at both TEs in the differentiation between
low- and high-grade tumors using ROC analysis, there were
no significant differences in the Az values of Cho/Cr and LL/Cr
ratios between short and intermediate TEs (P � .05), even
though the Az values of Cho/Cr and LL/Cr at short TE were
slightly larger than those at intermediate TE. The correspond-
ing ROC curves and the Az values for each metabolite ratio are
shown in Fig 5.

Cutoff values with minimum C1 error of Cho/Cr and
LL/Cr at short TE were 1.47 and 1.63, respectively, whereas
those at intermediate TE were 1.84 and 0.59, respectively. Di-
agnostic accuracy, sensitivity, specificity, positive predictive
value, and negative predictive value of Cho/Cr and/or LL/Cr
ratios at both TEs for differentiating high-grade (III � IV)
from low-grade (II) are given in Table 2. Sensitivity at short
TE, intermediate TE, and both TE sequences was 92.9%,
89.3%, and 96.4%, respectively. Overall diagnostic accuracy at
short TE, either alone or combined with intermediate TE, is
slightly superior to that at intermediate TE alone, but the dif-
ference was not statistically significant among short TE, inter-

Fig 2. A 35-year-old man with low-grade (grade II) astrocytoma.

A, Axial T2-weighted image reveals diffuse infiltrating glioma involving left basal ganglia and frontotemporal area with a square voxel (6.2 cm3).

B, 1H-MR spectrum obtained at short TE (2000/35) shows increased Cho/Cr ratio (1.9:1), increased Cho/NAA ratio (2.3:1) and increased lipid-lactate (LL)/Cr ratio (1.6:1).

C, 1H-MR spectrum obtained at intermediate TE (1500/144) shows more increased Cho/Cr ratio (2.4:1), more increased Cho/NAA ratio (4.9:1) and hardly discernible peak of lipid-lactate
between 0.9 and 1.3 ppm (LL/Cr ratio: 0.3:1). The baseline of the spectrum is noisier than B.

Fig 3. A 38-year-old man with anaplastic (grade III) oligodendroglioma.

A, Axial FLAIR image reveals a infiltrating tumor in the right parietal lobe with a square voxel (4.2 cm3).

B, 1H-MR spectrum obtained at short TE (2000/35) shows increased Cho/Cr ratio (2.4:1), increased Cho/NAA ratio (4.1:1), and increased lipid-lactate (LL)/Cr ratio (2.1:1).

C, 1H-MR spectrum obtained at intermediate TE (1500/144) shows more increased Cho/Cr ratio (2.9:1), more increased Cho/NAA ratio (5.7:1), and much smaller peaks of lipid-lactate at
1.3 ppm (LL/Cr: 0.8:1). The baseline of the spectrum is noisier than B.
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mediate TE, and both TE sequences (85.7%, 82.9%, and
85.7%, respectively).

Discussion
In the present study, the Cho/Cr and Cho/NAA ratios were
significantly lower at short TE compared with those at inter-
mediate TE. It can be explained by that T2 relaxation time of
Cho changes to be longer than those of Cr and NAA in cerebral
gliomas. This is in contrast to the reports that in normal brain
NAA showed the longest T2 relaxation time, followed by Cho,
and Cr in descending order.6,9-12 At 3T, the T2 relaxation
times of the metabolites are shortened compared with 1.5T,
but the descending order of them is not changed in normal
brain.6,12 Our results are supported by a study by Isobe et al13

in which T2 relaxation time of NAA is significantly shorter in
glioma than in healthy subjects. Differences in the T2 relax-
ation times of metabolites between glioma and normal brain
may result from the changeable cellular environments, includ-
ing cellular energy metabolism, pH, oxygen pressure, para-

magnetic substances, such as microscopic hemorrhage, and
susceptibility effect.13

Our results of significantly higher mIns/Cr and LL/Cr ra-
tios at short TE compared with those of intermediate TE might
be attributed to the shorter T2 relaxation times of mIns and
lipid relative to T2 relaxation time of Cr.11,14,15

The optimal pulse sequence parameters for 1H-MR spec-
troscopy in glioma grading are yet to be investigated at 3T. In
general, using short TE, it is possible to detect metabolites with
short T2 relaxation times, and there is little need for T2 cor-
rection, but there are such disadvantages as the distortions of
baseline of spectrum by the effect of the eddy current and the
overlapped lipids and lactate peaks in short TE. Intermediate
or longer TE may be chosen to detect the metabolites of rela-
tively longer T2 relaxation times with little or no contamina-
tion of lipid or fat tissue with underlying undistorted base-
lines. For precise detection of lactate at 1.3 ppm, intermediate
TE sequence is necessary because the doublet lactate peak at
1.3 ppm is superimposed with lipid at short TE but separated
from lipid peak with inversion at intermediate TE because of J
coupling at 1.5T.4,8,13 In the present study with 3T, the lactate
inversion at intermediate TE was found in only 2 of 6 patients
with doublet peak at 1.3 ppm on short TE spectra, suggesting
lactate. This result is contrary to that of a previous report at
1.5T in which there was inverted lactate peak with intermedi-
ate TE in 10 of 11 patients who showed doublet peak at 1.3
ppm with short TE.14 According to our study16 dealing with
intraindividual comparison between 1.5T and 3T in 13 pa-
tients, only 3 patients showed inverted lactate at 3T, whereas 7
patients revealed lactate inversion at 1.5T. The mean signal-
to-noise ratio (SNR) of the inverted lactate at intermediate TE
decreased down to 49.2 � 18.5% at 3T compared with 1.5T.16

According to the studies by Dydak et al17 and Kelley et al,18

poor lactate inversion in intermediate TE at 3T is due to chem-
ical shift misregistration effect caused by the narrow band-
width of the refocusing pulses used with 3T. This is a short-
coming of clinical 3T units at present. In theory, increasing the
bandwidth of the radiofrequency pulses can reduce this effect.
Kelley et al18 suggested a new technique, BASING, to reduce
the chemical shift misregistration effect. Dydak et al17 advised

Fig 4. A 61-year-old man with glioblastoma (grade IV).

A, Axial FLAIR image reveals a large necrotic tumor in the right frontal lobe with a rectangular voxel (8.0 cm3).

B, 1H-MR spectrum obtained at short TE (2000/35) shows increased Cho/Cr ratio (1.5:1), increased Cho/NAA ratio (1.2:1), and markedly increased LL/Cr ratio (3.8:1) at 1.3 ppm.

C, 1H-MR spectrum obtained at intermediate TE (1500/144) shows more increased Cho/Cr ratio of (2.2:1), more increased Cho/NAA ratio (2.1:1), and a smaller inverted lactate peak with
smaller lipid peaks at 1.2–1.4 and 0.9 ppm (LL/Cr: 0.9:1). The baseline of the spectrum is noisier than B.

Fig 5. Graph shows 4 ROC curves of Cho/Cr and LL/Cr ratios at both TEs for differentiation
of high-grade glioma from low-grade glioma. Az value (area under the ROC curve) is the
highest in LL/Cr ratio at short TE and lowest in Cho/Cr ratio at intermediate TE. But there
are no significant differences among all the Az values.
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to acquire with TE of 288 ms when lactate is a metabolite of
concern using a high field unit.

The metabolite ratios of Cho/Cr, LL/Cr, Cho/NAA, and
MI/Cr at 3T in the present study were not significantly differ-
ent from those at 1.5T as reported in the literature.3,19-22 Sig-
nificant increase of Cho/Cr and LL/Cr ratios in high-grade
gliomas (III � IV) compared with those of low-grade (II) at
either short TE or intermediate TE was in accordance with
many other studies.3,19-21 However, LL/Cr ratios of high grade
tumors (III � IV) were much lower at intermediate TE than
those at short TE (2.56 � 4.17 versus 6.17 � 8.33, in respect),
as seen in Table 2. It could be explained by poor inversion of
lactate caused by chemical shift misregistration effect at inter-
mediate TE with 3T as described earlier, in addition to rela-
tively short T2 relaxation time of lipids. The LL/Cr ratio is
higher in the necrotic portion of the tumor. As compared with
grade III tumors, grade IV tumors have more necrotic por-
tions and less solid (nonnecrotic) portions within them. In a
relatively small-sized voxel, more necrotic portions are inevi-
tably contained in grade IV tumors than in grade III tumors.
Thus, inclusion of more necrotic portions within the voxel in
grade IV tumors results in a higher LL/Cr ratio compared with
those of grade III tumors. MIns/Cr ratio tended to increase
with grade in the present study with 3T, which was similar to
the results of a study at 1.5T by Fan et al23 but disagreed with
an article by Castillo et al.22

It is not always clear what criteria should be used in deter-
mining the optimal cutoff values (threshold values) in grading
gliomas. To obtain potentially useful cutoff values of Cho/Cr
and LL/Cr in differentiating high-grade from low-grade gli-
oma, we chose to minimize C1 error, which maximizes the
average of the observed sensitivity and specificity from the
ROC analysis. Alternatively, one may choose to minimize the
C2 error (fraction of total number of misclassified tumors).
The sensitivities of Cho/Cr and/or LL/Cr ratios at short TE,
intermediate TE, and both TEs of 92.9%, 89.3%, and 96.4%,
respectively, in the present study indicates that the metabolite
ratios can be useful in determining glioma grade.

Metabolite ratios of gliomas and their threshold values for
grading varied among many papers. These variations are
caused by the differences in the methods of acquisition param-
eters, voxel size and location, number of patients, tumor’s own
heterogeneity, and extrinsic factors such as MR field strength.
In the present study, the ranges of all the metabolite ratios
including Cho/Cr and LL/Cr were wide and overlapped
among each grade, particularly between grades II and III and
between grades III and IV. These wide ranges might be due
mainly to the partial volume-averaging effect from the heter-
ogeneous tumor tissue, including cyst, necrosis, hemorrhage,
etc. Even small amounts of extraneous fat tissue, such as sub-
cutaneous or retroorbital fat, may contaminate the spectra
when the voxel is located adjacent to those tissues.24 Although

attempts were made to avoid such contaminations, they were
inevitable in many cases. In some patients, intraindividual dif-
ferences in the spectra of a tumor between different locations
may be often larger than differences between the spectra of
tumors with different grades.1

Our results suggest that single-voxel 1H-MR spectroscopy
even at 3T with higher SNR also is of limited value for the
grading of cerebral gliomas like 1.5T. To overcome the limita-
tions of single-voxel technique, more precisely refined chem-
ical shift imaging technique with reduced voxel size should be
developed and applied to the evaluation of large heterogenous
tumors to more accurately predict the tumor grade.

Conclusion
Metabolite ratios were significantly different between short
and intermediate TEs. Cho/Cr and LL/Cr ratios at either TE
were similarly useful in differentiating high-grade from low-
grade gliomas. Combined short and intermediate TEs are
more desirable, even though either TE alone showed no sig-
nificant difference in diagnostic accuracy in grading cerebral
gliomas. If only a single spectroscopic sequence can be ac-
quired, short TE seems preferable, because of some limitations
at intermediate TE including poor lactate inversion, increased
baseline noise, and slightly lower diagnostic accuracy and sen-
sitivity at 3T single-voxel 1H-MR spectroscopy.
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