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Evaluation of cerebral glioma grade by using 
normal side creatine as an internal reference in 
multi-voxel 1H-MR spectroscopy

Hasan Yerli, Ahmet Muhteşem Ağıldere, Özlem Özen, Elif Geyik, Başar Atalay, Atilla Halil Elhan

It is important to determine brain tumor grade before establishing ef-
fective therapy. Although conventional magnetic resonance imaging 
(MRI) is a useful method (1, 2), it is not always possible to determine 

brain tumor grade (3, 4). Several noninvasive neuroimaging methods, 
including proton magnetic resonance spectroscopy imaging (1H-MRS), 
diffusion-weighted MRI, and perfusion MRI, have been used to deter-
mine brain tumor grade (3, 5–7). Numerous studies have shown that 1H-
MRS improves preoperative diagnosis of brain tumor grading, although 
the accuracy of noninvasive advanced neuroimaging methods is contro-
versial (3, 5, 8–10). Further investigations have been recommended to 
increase the clinical utility of these methods (5, 9). 

1H-MRS provides data related to biochemical changes in the tumor 
and may therefore help in predicting brain tumor grade as a noninvasive 
diagnostic tool. Choline (Cho) is known as a radiological marker sug-
gesting cell turnover. Brain tumors mostly demonstrate elevation in the 
ratio of Cho/Creatine (Cr); however, glial neoplasms without elevated 
Cho/Cr ratios also have been reported (11–13). N-acetyl aspartate (NAA) 
decreases in any disease associated with loss of neurons. Cr metabolite 
reflects information on energy metabolism. Results of several studies 
suggest, surprisingly, that levels of Cr are the same in both low- and 
high-grade gliomas (14, 15). Nonetheless, previous studies have pointed 
out that decreased Cr levels can be seen in brain tumors (16, 17). Ad-
ditionally, the amount of Cr may be variable in different regions of the 
same tumor. Elevated Cr may be seen in the hypometabolic areas and 
decreased Cr may be observed in the hypermetabolic areas of the same 
tumor (4, 18). The importance of Cr levels is not clear in the differentia-
tion of low- and high-grade gliomas. If the Cr signal in the tumor area 
is used as an internal standard, it may be difficult to identify differences 
in metabolite ratios and it also might cause errors in predicting tumor 
grade. 

In this study, we used the metabolite of Cr from the symmetrical nor-
mal brain area as a normal reference peak. We calculated both the ra-
tios of tumor main metabolites to Cr from contralateral normal brain 
parenchyma and the ratios of tumor main metabolites to each other, 
semiquantitatively. Our purpose was to evaluate cerebral glioma grade 
by using normal side Cr as an internal reference in multi-voxel 1H-MRS 
to avoid the problems of using Cr as a reference peak from the tumor 
area.

Materials and methods 
Patient population

This study was approved by the ethics committee of our hospital and 
informed consent was obtained from all patients. The 30-month pro-
spective study included 25 consecutive adult patients (aged between 
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PURPOSE
Our purpose was to evaluate cerebral glioma grade 
by using normal side creatine (Cr) as an internal ref-
erence in multi-voxel 1H-MR spectroscopy.

MATERIALS AND METHODS
We examined 25 adult patients with glial brain 
tumors. Ratios of maximum Cho/Crnormal (max-
Cho/Crn) and minimum NAA/Crnormal (min-NAA/
Crn) were determined using Cr levels in the normal 
parenchyma. In addition, maximum Cho/Cr (max-
Cho/Cr) and minimum NAA/Cr (min-NAA/Cr) were 
calculated from spectrum in the tumor areas. Tu-
mors were graded according to metabolite ratios 
and the findings were compared to histopathologi-
cal test results. The sensitivity, specificity, positive 
and negative predictive values of metabolite ratios 
were determined.

RESULTS
The ratio of max-Cho/Crn was lower than that of 
max-Cho/Cr in the high-grade group (P = 0.001). 
Min-NAA/Crn, min-NAA/Cr, and max-Cho/Cr ra-
tios demonstrated statistically significant differ-
ences between high-grade (n = 19) and low-grade 
tumors (n = 6). The min-NAA/Cr and min-NAA/Crn 
ratios were inversely correlated with tumor grade 
(P = 0.027 and P = 0.009, respectively).

CONCLUSION
Use of normal side Cr as an internal reference provides 
a more objective evaluation for brain tumor grading. 
Our data showed that Cr tended to be low in the 
high-grade tumors. In addition to conventional me-
tabolite ratios, the Min-NAA/Crn ratio might be useful 
in brain tumor grading. Combined use of metabolite 
ratios might be helpful in grading brain tumors in 
cases without significantly increased Cho/Cr ratios.
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in the axial plane, and T2-weighted 
turbo spin-echo images in the coro-
nal plane (TR/TE, 4510/112 ms). In 
addition, axial (TR/TE, 911/15 ms), 
coronal (TR/TE, 839/15 ms), and sagit-
tal fat-suppressed (TR/TE, 903/14 ms) 
T1-weighted images with 5 mm slice 
thickness were obtained after intrave-
nous injection of 0.1 mmol/kg gado-
linium compound.

Multi-voxel 1H-MRS imaging
Multi-voxel 1H-MRS was performed 

with a 2D chemical shift imaging (CSI) 
technique, with CSI-SE volume prese-
lection. 1H-MRS scanning was obtained 
after gadolinium administration (Fig. 
1). FLAIR and T2-weighted MR images 
were used as references for the lesions 
that did not demonstrate contrast en-
hancement (Figs. 2, 3). 

1H-MRS was performed before treat-
ment to avoid the effects of radiation, 
surgery, or chemotherapy, and auto-

mated shimming and water suppres-
sion were used. The scanning volume 
included both the tumor region and 
the normal-appearing symmetric con-
tralateral brain region, depending on 
lesion size, for each case. The scanning 
parameters were as follows: field of 
view, 16 × 16 cm; phase encoding ma-
trix, 16 × 16; TE, 135 ms; TR, 1500 ms; 
NEX, 4; voxel size, 1 cm3; acquisition 
time, 6.5 min. 

To prevent contamination of the 
spectra from scalp fat, normal brain pa-
renchyma, partial volume of bone, cer-
ebrospinal fluid, and paranasal sinus 
aeration, the volume of interest was 
completely enclosed within the brain. 
To assure spectral quality, the metab-
olite ratios from the tumor area were 
compared to the ratios obtained from 
normal-appearing contralateral brain 
parenchyma. Cr peak in the normal 
contralateral symmetric brain paren-
chyma was used as an internal stand-

22–79 years; mean age, 47 years) with  
glial brain tumors (19 high-grade and 6 
low-grade). Among the patients, 21 did 
not have any therapeutic or diagnostic 
intervention before MRI examinations, 
and 4 patients (2 low-grade, 2 high-
grade) underwent stereotactic biopsy 
before MRI examinations, but none of 
them had any therapy before 1H-MRS. 
All patients were diagnosed histopatho-
logically after tumor resection (n = 19 
patients) or stereotactic biopsy (n = 6). 
The biopsy targets were determined by 
a radiologist and a neurosurgeon. 

Conventional MRI
All MRI scans were performed us-

ing a 1.5 T MR system with a head 
coil (Symphony, Siemens, Erlangen, 
Germany). Routine brain MRI was 
performed with T1-weighted (TR/TE, 
575/15 ms), T2-weighted turbo spin-
echo (TR/TE, 5160/103 ms), and FLAIR 
(TR/TE/TI, 9000/110/2500 ms) images 

Figure 1. a-d. A 54-year-old woman with glioblastoma multiforme. Post-contrast axial T1-weighted MR image (a) shows strong contrast 
enhancement crossing the corpus callosum and midline. Spectra from the tumor area (b) and normal cerebral hemisphere (c) show markedly 
decreased NAA/Cr (0.07) and NAA/Crn (0.10) ratios, and markedly increased Cho/Cr ratio (2.63). These findings appear to be consistent with 
a high-grade tumor. Pathologic specimen (d) shows microvascular proliferation, high cellularity, and necrosis with pseudopalisading of tumor 
cells (HE; x10, original magnification).
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ard peak to investigate changes in the 
tumors’ metabolites.

Postprocessing was performed using 
a workstation with standard software 
(Leonardo, Siemens Medical Systems, 
Malvern, PA, USA). After automated 
postprocessing of 1H-MRS data, Cho 
(at 3.22 ppm), Cr (at 3.02 ppm), NAA 
(at 2.02 ppm), lipids (at 0.8-1.3 ppm), 
and lactate (at 1.3 ppm) were identi-
fied. The ratios of maximum Cho/Cr-
normal (max-Cho/Crn) and minimum 
NAA/Crnormal (min-NAA/Crn) were cal-
culated using Cr levels in the contral-
ateral normal brain parenchyma. In 
addition, conventional max-Cho/Cr 
and min-NAA/Cr ratios were obtained 
from spectra in the solid tumor areas. 
1H-MRS analysis was performed by ob-
servers that were blinded to the final 
histopathological diagnoses of the tu-
mors. The abbreviations used in this 
article are shown in Table 1. All ratios 
were compared with their normal ra-

tios in normal-appearing contralateral 
brain parenchyma.

Histopathological evaluation
The tissues used in this study were 

formaldehyde-fixed and paraffin-em-
bedded specimens obtained from pa-
tients who had brain tumors. In each 
case, the histopathological diagnosis 
was established by standard light-mi-
croscopic evaluation of sections stained 
with hematoxylin and eosin. The sec-
tions of each neoplasm were evalu-
ated using World Health Organization 
(WHO) criteria for brain tumor classifi-
cation (19). According to this system, 
pilocytic astrocytomas (n = 2) were clas-
sified as grade I, diffuse astrocytomas 
(n = 3) and oligodendroglioma (n = 1) 
as grade II; anaplastic astrocytomas (n 
= 5), anaplastic oligodendroglioma (n 
= 1), and anaplastic oligoastrocytoma 
(n = 1) as grade III, and glioblastoma 
multiforme (n = 11) and gliosarcoma 

(n = 1) as grade IV. Ki-67 proliferation 
indices were immunohistochemically 
established for each tumor.

Statistical analysis
Comparisons of median metabolite 

ratios between low- and high-grade tu-
mors were analyzed using the Mann-
Whitney U test. Differences for paired 
comparisons were evaluated by Wil-
coxon signed ranks test. The sensitivi-
ty, specificity, positive predictive value 
(PPV), and negative predictive value 
(NPV), as well as related cutoffs of dif-
ferent metabolite ratios, were calculat-
ed. High-grade tumors were regarded 
as true positive, and low-grade tumors 
were considered true negative. Receiver 
operating characteristic (ROC) curves 
were used to describe and compare the 
performance of the diagnostic values 
of the metabolite ratios. The area un-
der the ROC curve gives an estimate of 
the overall accuracy of each metabolite 

Figure 2. a-d. A 28-year-old woman with grade II astrocytoma. Post-contrast axial T1-weighted MR image (a) demonstrates minimal contrast 
enhancement involving the tumor area. Spectra from the tumor area (b) and symmetric normal cerebral hemisphere (c) show slightly 
decreased NAA/Cr (0.82) and NAA/Crn (0.76) ratios, and slightly increased Cho/Cr (1.2) ratio (1.12). These findings are consistent with a low-
grade tumor. Pathologic specimen (d) shows intermediate cellularity and prominent nuclear pleomorphism (HE; x20, original magnification).
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ratio. An area of 0.50 implies that the 
variable adds no information, whereas 
an area of 1 implies perfect accuracy. 
The areas under the ROC curves for all 
variables were calculated as described 
by Hanley and McNeil (20, 21). We 
assessed whether the difference in 
the areas under 2 curves was random 
or real by calculating a critical ratio, z 
(AccuROC for Windows, Version 2.5, 
Accumetric Corp, Montreal, Quebec, 
Canada). P values < 0.05 were consid-
ered statistically significant. Statistical 
analyses were performed using SPSS 
software (Statistical Package for the 
Social Sciences, Version 11.5, SPSS Inc, 
Chicago, IL, USA).

Results
Ratios of metabolites according to 

tumor grade are shown in Table 1. 
The ratio of max-Cho/Crn was signifi-
cantly lower than that of max-Cho/Cr 

in the high-grade group (P = 0.001). 
Max-Cho/Cr, min-NAA/Cr, and  min-
NAA/Crn ratios demonstrated a statis-
tically significant difference between 
high- and low-grade tumors (P = 0.007, 
0.027, and 0.009, respectively). Both 
max-Cho/Crn and max-Cho/Cr ratios 
in the high- and low-grade tumors 
were higher than that of normal Cho/
Cr ratios. 

Although the ratio of min-NAA/Crn 
was lower than that of min-NAA/Cr 
in the low- and high-grade groups, 
these differences were not statistically 
significant (P = 0.917 and P = 0.065, 
respectively). The median max-Cho/
Cr (2.45) and max-Cho/Crn (1.34) ra-
tios were higher in high-grade tumors 
than in low-grade tumors. The median 
min-NAA/Cr ratio (0.32) and median 
min-NAA/Crn ratio (0.19) were found 
to be lower in high-grade tumors than 
in low-grade tumors (Table 1). The 

Cho/Cr and NAA/Cr ratios for normal-
appearing contralateral brain areas are 
shown in Table 1. 

Lactate peaks were found more fre-
quently in high-grade tumors than in 
low-grade tumors (P = 0.002). There was 
no statistically significant difference 
between high- and low-grade tumors 
in terms of lipid peaks (P = 0.363). 

The area under the ROC curves re-
vealed that each metabolite ratio 
proved to be significantly powerful 
in predicting tumor grading, except 
for max-Cho/Crn (Table 2). The min-
NAA/Cr and min-NAA/Crn ratios were 
correlated inversely with tumor grad-
ing. An inverse correlation was more 
prominent with min-NAA/Crn. The 
max-Cho/Cr ratios correlated positive-
ly with tumor grading. The sensitivity, 
specificity, PPV, and NPV, together 
with cutoffs, are shown in Table 2. 

Figure 3. a-d. A 26-year-old woman with anaplastic astrocytoma. Post-contrast axial T1-weighted MR image (a) demonstrates decreased signal 
intensity without contrast enhancement involving the left basal ganglion, the insular cortex, and the frontal lobe in the left cerebral hemisphere. 
The lesion was initially considered as a low-grade tumor, owing to minimal edema, the lack of contrast enhancement, and necrosis. Spectra 
from the tumor area (b) and symmetric normal cerebral hemisphere (c) demonstrate markedly decreased NAA/Cr (0.11) and NAA/Crn (0.12) 
ratios. These findings are consistent with a high-grade tumor, although the Cho/Cr ratio (0.87) appears to be within normal limits. Pathologic 
specimen (d) shows relatively low cellularity (Ki-67 labeling index was 4%) (immunoperoxidase; × 20, original magnification).
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Discussion
Conventional MRI is an important 

method in brain tumor grading (1, 2), 
but MRI-based tumor grading is some-
times limited and may lead to low- or 
high-grade misclassification in some 
cases (2, 3) (Fig. 2). In general, the 1H-
MRS technique cannot eliminate the 
need for a biopsy and histopathologi-
cal confirmation; however, in some 
patients, operation is not possible 
due to impaired clinical condition 
and 1H-MRS provides data related to 
biochemical changes in the tissue and 
may therefore be beneficial, at least in 
assessing the tumor entity (22). CSI has 
the advantage of using multiple spec-
tra from multiple contiguous voxels; 
both the tumor itself and the adjacent 
tissue, and other brain areas that may 
appear unremarkable in conventional 
MRI can be evaluated. It is reported 

that perfusion and diffusion MRI can 
also be helpful tools for the discrimi-
nation of glial tumor grades, and these 
tools may be combined to increase di-
agnostic accuracy (3, 6, 23–29). 

The Cr peak includes Cr and phos-
phocreatine. Cr is a metabolite that 
provides phosphate through phospho-
creatine for adenosine triphosphate 
(ATP) and has a critical function in the 
cell energy system (4, 8, 14). Levels of 
Cr in glioma tumors are controversial. 
In a study by Stadlbauer et al., there 
were no significant differences in tu-
mor Cr between grade I and grade II 
gliomas; however, they found higher 
values of the Cr in grade III astrocyto-
mas compared to other grade III glio-
mas, including oligodendrogliomas 
and oligoastrocytomas (14). Likav-
canova et al. studied the metabolism 
of gliomas and found that the levels 

of Cr were the same in low- and high-
grade gliomas (15). A reason for the 
varying results might be the heteroge-
nous histological and metabolic nature 
of gliomas (14, 30). In our study, the 
ratio of max-Cho/Crn was lower than 
that of max-Cho/Cr in the high-grade 
group (P = 0.001). This result points 
out that lower Cr levels might have 
been present in our high-grade tumor 
population. If Cr signal in the tumor 
area is regarded as the sole internal ref-
erence, the calculated ratio would not 
reliably reflect the amount of the me-
tabolite tested. On the other hand, Cr 
is relatively constant in normal brain 
regions and it is considered an internal 
standard (7, 31). 

Yang et al. determined that there 
were no significant differences be-
tween max-Cho/Crn ratios in gliob-
lastoma and anaplastic gliomas in 17 

Table 1. Metabolite ratios according to tumor grade

Low-grade (grade I-II) 
n = 6

High-grade (grade III-IV)
 n = 19

Mean ± SD Median (min-max) Mean ± SD Median (min-max) P value

max-Cho/Cr 1.75 ± 0.29 1.7 (1.4-2.28) 3.03 ± 2.34 2.45 (0.87-12.50) 0.007

max-Cho/Crn 1.4 ± 0.64 1.2 (0.4-2.29) 1.65 ± 0.82 1.34 (0.57-3.01) 0.525

min-NAA/Cr 0.64 ± 0.25 0.6 (0.28-1.06) 0.37 ± 0.28 0.32 (0.06-1.13) 0.027

min-NAA/Crn 0.58 ± 0.18 0.50 (0.37-0.80) 0.29 ± 0.23 0.19 (0.03-0.80) 0.009

Normal ratios

Cho/Cr 0.97 ± 0.41 0.85 (0.50-1.67) 1.01 ± 0.22 0.99 (0.66-1.52) 0.542

NAA/Cr 1.49 ± 0.56 1.8 (0.62-2.05) 1.61 ± 0.52 1.55 (0.90-3.08) 0.803

SD: standard deviation; min: minimum; max: maximum; n: number 
max-Cho/Cr: maximum tumor choline/tumor creatine ratio
max-Cho/Crn: maximum tumor choline/normal creatine ratio
min-NAA/Cr: minimum tumor N-acetyl aspartate/tumor creatine ratio
min-NAA/Crn: minimum tumor N-acetyl aspartate/normal creatine ratio
Cho/Cr: normal choline/creatine ratio
NAA/Cr: normal N-acetyl aspartate/creatine ratio

Table 2. Sensitivity, specificity, PPV, and NPV of different metabolite ratios in predicting tumor grade

Cutoff Sensitivity Specificity PPV NPV AUC ± SE

max-Cho/Cr 2 0.85 0.86 0.94 0.67 0.850 ± 0.075

max-Cho/Crn 1.95 0.40 0.86 0.89 0.33 0.582 ± 0.119a

min-NAA/Cr 0.5 0.75 0.86 0.94 0.55 0.786 ± 0.091

min-NAA/Crn 0.44 0.80 0.86 0.94 0.60 0.839 ± 0.076

PPV: positive predictive value; NPV: negative predictive value; AUC: area under curve; SE: standard error
a Not statistically significant.
max-Cho/Cr: maximum tumor choline/tumor creatine ratio 
max-Cho/Crn: maximum tumor choline/normal creatine ratio 
min-NAA/Cr: minimum tumor N-acetyl aspartate/tumor creatine ratio
min-NAA/Crn: minimum tumor N-acetyl aspartate/normal creatine ratio
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patients with gliomas (7); however, 
they found that there were significant 
differences between the high- and low-
grade gliomas for max-Cho/Crn ratio. 
In our study, max-Cho/Crn ratios were 
slightly different than those presented 
by Yang et al. Although the ratios of 
max-Cho/Crn were elevated in both 
low- and high-grade gliomas when 
compared with that of the symmetric 
normal voxel, this relationship was not 
statistically significant. In other words, 
max-Cho/Crn ratio may not be helpful 
in differentiation of low- and high-
grade gliomas. The max-Cho/Crn ratio 
may not be adequate for tumor grade 
differentiation because Cho signals 
can correlate with tumor cellularity, 
but tumor cellularity cannot directly 
reflect tumor grade. Mitotic activity, 
necrosis, and vascular proliferation 
are the most important parameters in 
the histopathological differentiation 
of tumor grade (3, 21). Both low- and 
high-grade gliomas can cause high cell 
membrane turnover, and using only 
the comparison of Cho signal without 
the contribution of decreased tumor 
Cr signal might be inadequate for mak-
ing the diagnosis of glioma grading. 
Hence, max-Cho/Cr ratio might be 
more valuable than max-Cho/Crn ratio 
for grading of gliomas. Nevertheless, 
contralateral normal Cr may be used 
for more objective evaluation of tumor 
Cho and Cr signals (31). The results of 
our study might have also been affect-
ed by the heterogeneity of cases within 
the group of low- and high-grade tu-
mors, because it has been reported that 
glial tumors with an oligodendrocytic 
component tend to demonstrate a 
more pronounced increase in Cho and 
Cr than astrocytomas do (32). Larger 
series with greater numbers of astro-
cytomas and glial tumors with an oli-
godendrocytic component are needed 
to evaluate the accuracy of metabolite 
ratios for these tumor groups. 

It has been reported that treated 
brain tumors have relatively lower Cho 
levels compared to untreated tumors 
(29, 33). Three case reports regarding 
untreated glial tumors demonstrated 
no significant increase in Cho peak or 
Cho/Cr ratio (11–13). It was thought 
that this scenario might be related to 
the non-proliferative phase of the cell 
cycle. In our study, we determined one 
anaplastic astrocytoma case with low 
NAA/Crn and NAA/Cr ratios. This case 
did not demonstrate an increased Cho/

Cr ratio (Fig. 3). This was most proba-
bly due to high NAA destruction in the 
tumor area and the non-proliferative 
phase of the cell cycle. To minimize 
the pitfalls of the evaluation of unu-
sual MR spectra, all brain metabolites 
should be evaluated together in tumor 
grading.

Stadlbauer et al. found a negative lin-
ear correlation between the total tumor 
NAA and the degree of tumor infiltra-
tion (14). The most malignant features 
of the tumor define grade of glioma. 
It can be considered that the destruc-
tion of the NAA metabolite is maximal 
in the most malignant regions of the 
tumor and minimal NAA-related me-
tabolite ratios (min-NAA/Crn and min-
NAA/Cr) associated with neuron de-
struction and necrosis might reflect the 
most malignant portion, and therefore, 
grade of the tumor. On the basis of our 
results, the min-NAA/Crn ratio appears 
to be a good parameter for determining 
glioma grade. We think that NAA de-
struction may be significant, although 
the decreased anabolism of tumor cells 
may cause a slightly increased Cho sig-
nal with low cell membrane prolifera-
tion (Fig. 3). As a result, min-NAA/Crn 
ratio might be more reliable than max-
Cho/Crn ratio for glioma grading. 

Several studies have demonstrated 
that myo-inositol, lipid, and lactate 
can be markers of tumor malignancy 
(4, 5, 7, 34). We determined that there 
was a strong correlation between lac-
tate and tumor grade. The results of 
our study are in good agreement with 
previous studies; however, we did not 
identify a statistically significant differ-
ence between high- and low-grades tu-
mors based on lipid signal. This result 
was probably the outcome of the effect 
of noise. Lipid peak, which can be seen 
as a broad peak, might be interfered 
with by noise (35). We did not evaluate 
myo-inositol levels. It is known that a 
short TE sequence is more sensitive in 
detecting myo-inositol (34). 

One potential limitation of our study 
was the small number of patients with 
low-grade tumors. Our study was also 
limited by the fact that we calculated 
metabolite ratios semiquantitatively. 
We did not calculate molar metabolite 
concentrations. 

To conclude, the use of normal side Cr 
as an internal reference provides a more 
objective evaluation for brain tumor 
grading. In our study, Cr tended to be 
low in the high-grade tumor area, and 

such a decrease plays an important role 
in brain tumor grading. From this point 
of view, Cr signals from normal-appear-
ing contralateral brain areas can be used 
as an internal reference for the tumor 
metabolites. Min-NAA/Crn as well as 
max-Cho/Cr and min-NAA/Cr ratios 
might be useful in brain tumor grading. 
Some malignant brain tumors did not 
demonstrate a marked increase in Cho/
Cr ratios, probably due to low tumor cell 
proliferative activity. This pitfall should 
be considered as well as that evaluation 
of all metabolite ratios might be useful 
in predicting brain tumor grade.
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