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Abstract
In patients with suspected cerebral glioma, non-invasive preoperative evaluation of brain tumor grading is important for planning treatment 

and prognostication. Conventional MRI is an established and useful tool in brain tumor grading, but MRI-based tumor grading may lead to low-grade 
or high-grade misclassification in some cases. Three-dimensional magnetic resonance spectroscopy (MRS) has been proposed as an alternative 
modality for grading cerebral glioma. It is a noninvasive functional imaging method based on metabolite detection by measurement of a spectrum 
for specific isotopes in tissues, providing additional information to anatomical imaging. MRS can identify several metabolites, but currently only a 
few of them have a role in diagnosis of gliomas. Among them are N-acetylaspartate, choline, creatine, lactate and lipids. [1-5]. Multivoxel magnetic 
resonance spectroscopy is becoming available for clinical applications and can distinguish normal tissue morphology from abnormal based on 
their metabolic composition. The aim of our study was to determine the role of multivoxel MRS in diagnosing and treatment planning of gliomas. 
According to our data obtained the MRS seem to provide unique information that when combined with high-quality anatomical MR images has 
implications for defining tumor type and grade, directing biopsy or surgical resection, planning focal radiation and understanding the mechanisms 
of success and failure of new treatments [6-10].

Introduction 

Gliomas are the most common primary brain tumors in adults, 
with high incidence of poor prognosis due to persisting challenges 
in treatment. Gliomas are characterized by invasive growth into 
normal brain tissue, making complete surgical resection and 
radiotherapy planning very difficult [1]. According to the World 
Health Organization (WHO), gliomas are categorized into four  

 
grades. Grade 1 and 2 (low-grade glioma), grade 3 and 4 (high-grade 
glioma). Recently, an updated classification model was proposed 
by the World Health Organization (WHO) for brain tumors which, 
diversly from the previous one, includes not only histology but also 
isocitrate dehydrogenase status and related genetic parameters 
[10]. Since Georgia currently doesn’t have access to all molecular 
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tests necessary for precise grading, a new term - NOS (not 
otherwise specified) is used [10]. This fact once again underlines 
the importance of additionally more precise diagnostic imaging 
methods.

Low-grade gliomas exhibit benign tendencies and provide a 
better prognosis for the patient. High-grade gliomas tend to grow 
rapidly and spread faster and thus they carry a worse prognosis. 

Materials and Methods 

We performed a prospective cohort study obtaining MR 
spectroscopy examinations during 3 years at our center. We 
investigated a total of 110 patients that addressed the Aversi clinic 
(Tbilisi, Georgia), with their age ranging from 21 to 70. 

Inclusion criteria: 

1.	 patients referred to the Department of Radiodiagnosis.

2.	 MRI evaluation of brain tumors with diagnosis of gliomas 
by standard MRI.

3.	 Patient agrees to participate in the study and has signed 
the informed consent form.

Exclusion criteria: 

1.	 Patients not willing to participate in the study. 

2.	 Patients with pacemakers, cochlear implants, metallic 
clips or metallic foreign bodies. 

3.	 Patients with radiological or histopathological diagnosis 
of other cerebral pathologies. 

The study was approved by the New Vision University (Tbilisi, 
Georgia). All participants submitted their consent in a written form.

According to the above-mentioned criteria, 10 patients 
were excluded from the study, due to cerebral hemorrhage or 
calcified nodules. Eighty patients (46 male and 34 female; 30–
50 years old; mean age - 44 years) with a diagnosis of glioma 
(on standard MRI) and a control group of 20 healthy patients 
underwent 3D MRS examinations. Metabolite ratios choline (Cho)/
creatine (Cr), N-acetylaspartate (NAA)/creatine (Cr) and Cho/
NAA were measured. Tumor grade was determined by using the 
histopathologic grading. characteristic analysis of metabolite ratios 
was performed, and optimum thresholds for tumor grading were 
determined. 

Principle metabolites studied:

N-acetylaspartate

The MR spectrum of the adult central nervous system 
shows a very high peak at 2.0 ppm that corresponds to the total 
N-acetyl-containing compounds (tNAA) consisting mainly of 
N-acetylaspartate (NAA) and therefore this peak is usually labeled 
only as NAA [11-15]. The peak contains also a smaller amount of 
N-acetylaspartylglutamate (NAAG).

 NAA is a derivative of aspartic acid produced in the mitochondria 

of neurons and transported into the neuronal cytoplasm and along 
axons [15-22].

Choline

Choline (Cho) is often referred to as a metabolic marker of cell 
membrane density and integrity. Its spectral peak is at 3.2 ppm and 
its signal is crucial for glioma examination by MRS. MRS detects 
total Cho (tCho) which comprises several choline-containing 
compounds not incorporated into the large macromolecules of 
the cell membrane: phosphocholine (PCh), glycerophosphocholine 
(GPCho) and free choline (fCho) [22-30].

Creatine

Creatine (Cr) is also known as an energy metabolism marker 
that is synthesized from amino acids primarily in the kidneys 
and liver and transported to the peripheral tissues/organs by 
blood [17,31]. It’s a relatively stable element and is used for the 
calcutation of metabolic ratios. Total Cr, which represents the 
quantity of phosphocreatine (PCr) and Cr contained in neurons 
and glial cells, is visualized in the MR spectrum mainly as the high 
peak located at 3.0 ppm [32]. Cr is not a primary metabolite of the 
intracranial space, its brain concentration measured by MRS may 
be affected by other factors [33].

Lactate and lipid

 Lactate (Lac) and lipids (Lip) are markers of anaerobic 
metabolism. Lac is not detected in healthy brain tissue and there is 
a direct correlation between Lac levels, presented as a double peak 
in the MR spectra at 1.31 ppm, and glioma grade. (18). Malignant 
transformation of the glial tumors is accompanied by an increase in 
cell density causing relative cellular ischemia and thus resulting in 
higher levels of Lac. We performed the study at our center. 2D MRS 
was performed on a small region of the brain, which doesn’t analyse 
the entire structure of the tumor. Informative capacity of 3D MRS 
isn’t fully known. Furthermore, the characteristics of the visually 
unchanged brain structures aren’t well understood. The purpose of 
the study was to elaborate protocol for 3D MRS, analyse metabolic 
profile of the healthy brain structures in patients with glioma and 
compare it to a healthy control group.

The Study was performed on a Philips Ingenia 3-Tesla MRI 
scanner using the head coil (DS Head coil). The study includes 
several phases. Firstly, all patients underwent brain screen protocol, 
non-contrast with basic MRI sequences : T1, T2, Flair, DWI, axial, 
sagittal, coronal planes. After that 3D MRS was performed. The 
protocol of 3D MRS included following sequences: 3D T1 axial (for 
choosing the region to study), s3D_PRESS_144. On reconstruction 
images a voxel frame was placed, including the area of interest. 
Additionally, factors like poor shimming and lipid contamination, 
due to skull-based fat, were controlled to avoid a low-quality 
spectrum. Signals from fat and CSF (primary shimming) were 
supressed by saturation bands. with this technique we used not 
only primary shimming (correction of magnetic field homogeneity), 
but also second order shimming. In the area of interest magnetic 
fields were as homogenous as possible (Table 1).
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Table 1: Main metabolite peak correlation between gray and white matter of healthy brain.

Parameter Avarage Deviation Median Min Max

White matter N=85
NAA/Cr 2,56 0,55 2,53 1,48 3,90

Cho/Cr 1,19 0,23 1,17 0,65 1,98

Gray matter N=94

Cho/NAA 0,47 0,12 0,45 0,22 0,97

NAA/Cr 1,73 0,31 1,67 1,11 2,73

Cho/Cr 0,89 0,26 0,84 0,54 2,34

Cho/NAA 0,52 0,14 0,49 0,33 1,08

Results

>	 NAA/Cr correlation in white matter was 40% more than 
in gray matter 

>	 In white matter NAA was slightly elevated

>	 In white matter Cr is stable (p>0.05)

>	 In gray matter Cr was more than in white matter

>	 Gender or hemispheric differences was not found 

>	 Cho capacity in gray matter was less than in white matter 

Conclusion

The results of our study correspond to the results obtained by 
other researchers.

✔	 The results obtained with 3D MRS are more informative.

✔	 Examination was not time consuming and duration can be 
justified by the information obtained (Table 2).

Table 2: Patients with different grade of tumor and contralateral unchanged hemisphere metabolite ratio.

N
Tumor

Tumor grade
Contralateral hemisphere

Cho/Naa Naa/Cr Cho/Cr Cho/Naa Naa/Cr Cho/Cr

1 0,92 1,291 1,189 II 0,365 2,312 0,844

2 1,523 1,242 1,893 II 0,508 1,986 1,008

3 2,885 2,006 5,785 II 0,389 2,221 0,869

4 2,951 0,834 2,461 II 0,293 2,645 0,773

5 1,428 1,623 2,315 II 0,543 1,478 0,803

6 2,002 1,625 3,252 II 0,512 1,859 0,949

7 1,615 0,951 1,535 II 0,373 1,943 0,725

8 1,6 1,348 2,158 II 0,443 1,752 0,775

9 6,238 0,543 3,389 III 0,221 2,529 0,559

10 6,613 0,441 2,922 III 0,643 1,42 0,914

11 2,711 1,182 3,201 III 0,309 2,744 0,844

12 3,072 0,703 2,16 III 0,533 1,52 0,811

13 3,918 0,947 3,715 IV 0,613 1,16 0,711

14 6,432 0,641 4,121 IV 0,393 1,76 0,691

15 2,398 1,273 3,053 IV 0,459 2,607 1,197

16 2,625 1,412 3,079 IV 0,5 2,021 1,01

17 6,152 0,627 3,857 IV 0,49 1,588 0,779

Results

✔	 NAA/Cr ratio measurement hasn’t revealed significand 
difference between the healthy hemisphere of glioma patients 
and healthy volunteers.

✔	 Although Cho/NAA ratio is substantially same between 
the two groups, slight increase of Cho and decrease of NAA is 
seen in the healthy hemisphere of glioma patients due to the 

characteristic metabolic changes.

✔	 Cho/Cr ratio is slightly increased in the healthy 
hemisphere of glioma patients as compared to the healthy 
volunteers. (p< 0,001).

Diffuse astrocytoma (WHO grade II) 

WHO grade II diffuse astrocytoma and main metabolites ratio 
Cho/Cr 2.34±1.22; Cho/NAA 1.7±0.67; NAA/Cr 1.33±0.51 (Table 3).
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Table 3:  Main metabolites ratio in patients with diffuse cerebral astrocytoma (WHO grade II) and  statistical  parameters, 3D MRS shows increase 
of Cho and decrease of NAA. Cr is stable.

Tumor Contralateral Hemisphere

Parameter Cho/NAA NAA/Cr Cho/Cr Cho/NAA NAA/Cr Cho/Cr

Average 1,699 1,334 2,347 0,444 1,989 0,856

deviation 0,675 0,508 1,225 0,089 0,393 0,103

Max 2,951 2,748 5,785 0,572 2,645 1,02

Min 0,738 0,441 0,914 0,293 1,387 0,725

median 1,568 1,295 2,064 0,443 1,965 0,824

Anaplastic astrocytoma (WHO grade III) 

WHO III grade anaplastic astrocytoma metabolites index : Cho/
Cr 2,61±1,37, Cho/NAA 3,68±2,62, NAA/Cr 0,78±2,47 (Table 4). 

Anaplastic oligodendroglioma (WHO grade III)

WHO III grade anaplastic oligodendroglioma metabolites 
index: Cho/Cr 2.78±0.85, Cho/NAA 2.06±0.76, NAA/Cr 1.33±0.31 
(Table 5).

Table 4:  Main metabolite relations in patients with anaplastic astrocytoma (WHO grade III ) and   statistical parameters. 3D MRS shows increase of 
Cho and  NAA was more pronounced decreased. Cho/Cr ratio was significantly higher in contrast enhanced region, where the highly anaplastic focus 
is located.

Tumour Contralateral Hemisphere

parameter Cho/NAA NAA/Cr Cho/Cr Cho/NAA NAA/Cr Cho/Cr

Average 3,677 0,782 2,613 0,406 1,973 0,809

deviation 2,62 2,472 1,370 0,041 0,238 0,166

Max. 7,996 1,248 5,066 0,445 2,334 1,037

Min. 1,143 0,207 1,369 0,352 1,736 0,646

median 2,504 0,799 1,783 0,428 1,875 0,803

Table 5: main metabolite relations in patients with anaplastic oligodendroglioma (WHO grade III ) and statistical parameters. 3D MRS specificity of  
NAA/Cr ratio in differential diagnosis of grade III anaplastic gliomas and grade III anaplastic oligodendroglioma was 85,7%. Sensitivity  75%.

Neoplasm Contralateral Hemisphere

parameter Cho/NAA NAA/Cr Cho/Cr Cho/NAA NAA/Cr Cho/Cr

average 2,059 1,333 2,789 0,430 2,130 0,898

deviation 0,758 0,310 0,846 0,112 0,475 0,253

max 3,072 2,043 3,568 0,533 2,744 1,273

min 0,994 0,703 1,215 0,309 1,52 0,584

median 2,033 1,314 3,18 0,475 2,057 0,844

Table 6: main metabolite relations in patients with glioblastoma (WHO grade IV ) and statistical parameters. 3D MRS shows Choline elevation, re-
duced NAA and noticeable Lac/Lip peak which indicates on more aggressive, high grade glioma.

Neoplasm Contralateral Hemisphere

parameter Cho/NAA NAA/Cr Cho/Cr Cho/NAA NAA/Cr Cho/Cr

average 4,237 0,881 2,922 0,459 1,803 0,827

deviation 2,378 0,541 0,983 0,091 0,757 0,159

Max. 7,996 2,455 5,791 0,613 3,893 1,197

Min. 0,824 0,197 1,191 0,25 1,16 0,674

median 3,029 0,85 3,016 0,453 1,797 0,779

Glioblastoma (WHO grade IV)

WHO grade IV glioblastoma metabolites index: Cho/Cr 
2.9±0.98, Cho/NAA 4.2±2.3, NAA/Cr 0.88±0.54 (Table 6).

3D MRS of healthy hemisphere of glioma patients 

In our study we compared main metabolic ratios of healthy 
volunteers to the healthy hemisphere of glioma patients.
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In our study we observed small difference in Cho/Cr ratio, 
between healthy volunteers and the healthy hemisphere of 
different grade glioma patients. (p<0.03). In comparison to 

healthy volunteers, Cho/Cr ratio is slightly elevated in the healthy 
hemisphere of glioma patient, especially with II-IV grade (Figures 
1-2).

Cho/NAA ratio was slightly higher in the healthy hemisphere of 
glioma patients rather than in healthy volunteers (p<0.07). We can 

suppose that Cho is slightly elevated in the healthy hemisphere of 
glioma patients (Figure 3).

Figure 1:

Figure 2:
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Figure 3:

In our study we suppose that NAA/Cr ratio in the healthy 
hemisphere of glioma patient is not dependent on the grade of the 
glioma (p=0.67). Study did not show significant difference in NAA/
Cr ratio between healthy hemisphere of glioma patient and healthy 
volunteer. To sum up, 3D MRS shows metabolic changes not only 
in the tumoral and the peritumoral region but also in the healthy 
hemisphere of glioma patient. 

Discussion 

1.	 shimming plays an important role during 3D MRS imaging, 
because it allows the area of interest to be homogenous 
and removes any artifacts caused by hemorrhage, air and 
cerebrospinal fluid. Factors like poor shimming and lipid 
contamination due to skull-based fat must be controlled to 
avoid a low-quality spectrum.

2.	 Imaging a large area of interest, while taking a voxel frame 
(FOV 8x8x8) into account, plays a key role in precise diagnosis.

3.	 To insure a high quality MR spectroscopy the area of 
interest should not include bone structures, areas of pooled 
blood and calcified areas.

4.	 An MR spectroscopic analysis from the healthy 
hemisphere of the brain should be performed and used as 
reference to Images obtained from pathological areas.

5.	 spectroscopic analysis consists of not only visual changes 
on MR spectra, but of main metabolites (NAA/Cr, NAA/Cho, 
Cho/Cr) indexes.

6.	 3D MRS spectroscopy should be performed before 
contrast administration to avoid false positive results. 

 Conclusion

1.	 1.3D MRS has high sensitivity (87.5% (Cho/NAA), 76.5 
(Cho/Cr), 82.4% (NAA/Cr)) and specificity (75.0% (Cho/
NAA), 72.3% (Cho/Cr).), 82.4% (NAA/Cr) for anaplastic cells of 
cerebral gliomas (I-II and III-IV ) in differential diagnosis. 

2.	 Glioblastoma (grade IV) presented with the highest main 
metabolic ratio.

3.	 3D MRS showed a high NAA/Cr correletion - sensitivity 
(85.7%) and specificity (75%) for anaplastic astrocytoma 
(grade III) and anaplastic oligodendroglioma (grade III) in 
differential diagnosis.

4.	 3D MR spectroscopy showed low values of sensitivity and 
specificity for grade III and IV malignant gliomas in differential 
diagnosis.

5.	 Insignificant increase in the Cho/Cr ratio in healthy 
hemispheres of patients with both low grade and high grade 
malignant cerebral gliomas.
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