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Abstract 

Introduction: MRS is a technique with the purpose of researching the metabolic processes of organs and 

cells, as well as biochemical shifts and the quantitative analysis of chemicals found in people. Several 

metabolites located inside brain tissue, for example, NAA, Cho, Cr, lactate, and lipid, can be measured 

using 1H-MRS. 

Aim of study: To discriminate between low- and high-grade gliomas, especially those that show borderline 

patterns in MRI studies, allowing good data prior to surgery 

Subjects and methods: The research was a correlation analysis study performed on 30 patients with intra-

axial brain tumors diagnosed by CT or MRI and referred from the outpatient clinic of Beni Suef University 

Hospital. 

Results: This research involved 30 patients, 16 male and 14 females. They were on average 49.9 years old; 

however, their ages varied widely from 11 to 58. The most affected age group was between 40 and 50 years 

old. In low-grade gliomas, no enhancement and homogenous enhancement were the most commonly 

encountered enhancement patterns, showing a minimum ADC value >1.07.  MRS data analysis revealed 

mean Cho/Cr ratio ranging 1.46 to 1.17, Cho/NAA   mean ratio of 1.17, and NAA/Cr mean ratio 1.36. In 

high-grade glioma, heterogeneous enhancement was the most encountered enhancement pattern, showing 

minimum ADC value <1.07. MRS data analysis revealed Cho/Cr ratio mean ratio 3.9, Cho/NAA ratio 

ranging mean ratio 3.7 and NAA/Cr ratio mean ratio 1.2. ADC values have a negative correlation with 

tumor grade. 

Conclusion: MRS and DWI are good tools in order to distinguish among low- and high-grade gliomas, 

especially in patients with non-applicable biopsy  

Key words: MRS; DWI; low- and high-grade glioma. 
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1. Introduction 

Brain tumors are a real medical problem 

that is getting worse every year, and they 

continue to contribute significantly to morbidity 

and mortality, especially when they are resistant 

to treatment. Gliomas are the most well-known 

type of brain tumor [1]. 

The grading of brain tumors is crucial 

for clinical management. Unfortunately, a lot of 

tumors might not be accessible for biopsy. MRS 

and DWIs are non-invasive diagnostic tools that 

have been presented as an alternate method of 

brain tumor staging and assessing treatment 

response [2] 

A parameter derived from diffusion-

weighted MR images is the apparent diffusion 

coefficient (ADC). DWI is a type of MRI that 

shows how water molecules in living tissue 

move about randomly, like in a Brownian 

motion [3]. 

For obtaining a metabolic guide for 

large tumors, multivoxel MRS offers excellent 

spatial analysis and could be more helpful than 

single-voxel methods. On the other hand, single-

voxel MRS (SVS) has been shown to be 

effective for glioma grading [4]. 

The hydrogen isotope (1H) contains one 

proton and no neutrons and is found in 99.9% of 

all hydrogen atoms, making it suitable for MR 

spectroscopy characteristic determination. Water 

suppression and spatial localization are therefore 

essential for in vivo 1HMRS studies [5] 

The suppression of the water signal 

allows other metabolite peaks to be seen. 

Around 4.7 ppm, there is usually some residual 

water signal. Poor water suppression has a 

significant impact on the quality of MRS data, 

especially at lower field strengths [6]. 

Chemical Shift Selective (CHESS): one 

of the most prevalent techniques for preventing 

water damage is RF pulses. The water signal is 

excited into the transverse plane and then 

dephased using a set of magnetic field gradients 

[7]. 

The selection of a specific region to 

collect neurochemical information is known as 

localization. Localization is classified into two 

types: single-voxel and multi-voxel. Single 

voxel techniques are the most common used 

technique for human spectroscopy studies. Most 

scanners support the single volume (SV) 

technique. Voxels are placed away from 

susceptibility artefacts and lipid sources. A 2 x 2 

x 2cm (8 cm
3
) voxel is commonly used [8]. 

Two distinct types of sequence are used 

to obtain signal from a selected voxel.  STEAM: 

Stimulated Echo Acquisition Mode, in which the 

three voxel-selection RF pulses have 90° flip 

angles; the sum of the 3 pulses will resemble the 

signal from the voxel of interest [7]. The 

advantage is being away from decision for 

information given by short TE and exact volume 

determination [9]. The disadvantage is that the 

volume localization sequence is extremely 

susceptible to motion, multiple quantum effects, 

and diffusion processes, which result in signal 

intensity loss [10]. PRESS: Point-Resolved 

Spectroscopy, in which the RF pulses used in 

the PRESS have flip angles of 90 degrees, 

followed by two pulses of 180 degrees. The 

signal generated from the voxel of interest is the 

spin echo. It can be done with either short (30 
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ms) or long (135–270 ms) TE [7]. The 

advantages are that the signal intensity is 

doubled, it is less sensitive to motion, and it can 

be used for long echo times (TE > 135 ms), 

making PRESS the volume localization method 

of choice [11]. Myo-inositol and glutamine 

produced by STEAM, which have short T2 

relaxation times, have disadvantages that 

prevent their application in PRESS sequence 

because to considerable signal loss [11] 

The multiple volume (MV) technique 

permits a number of voxels to be placed in the 

brain at the same time to show the extent of 

metabolic disturbances. MV can be performed as 

a two-dimensional (2D) slice study or as a three-

dimensional (3D) assessment across a specific 

volume. The advantages include determining the 

extent of the lesion and obtaining spectra within 

the contralateral/unaffected parenchyma [8]. The 

main disadvantage is voxel bleed, which occurs 

when nearby voxels produce signals with both 

positive and negative intensities [9]. This is 

solved by the use of specific filters; if precise 

quantification is necessary, SVS is preferred [9]. 

During a DWI sequence, diffusion 

sensitization gradients are produced on each side 

of a refocusing pulse that is rotated through 180 

degrees. On trace pictures, diffusion may be 

intuitively assessed and quantitatively assessed 

with a metric that is recognized as the apparent 

diffusion coefficient (ADC). Tissues with 

limited diffusion have a high value on the ADC 

map yet look bright on the trace picture [12]. 

Isotropy refers to homogeneity in all 

directions. Anisotropy means that the property 

changes with direction [13]. Low b-values are 

relatively insensitive to diffusion; they 

determine the sensitivity of DWI to the process 

of diffusion sequences. The diffusion gradients 

affect the b-value factor. Additionally, b and 

ADC values are provided in second/mm2 and 

mm2/second, respectively [14]. 

N-Acetyl-Aspartate is the greatest peak 

in the normal brain, with a value of 2.02 ppm. 

NAA is produced in neurons' mitochondria and 

subsequently transferred into neuronal 

cytoplasm & along axons [15]. Creatine 

spectrum's peak is attributed to 3.02 ppm. Cr 

serves as a marker for energy systems and 

intracellular metabolism; creatine is a stable 

metabolite [15]. The sum of choline normally 

assigned at 3.22 ppm [16]. Because most 

choline-containing brain constituents are 

generally insoluble, any pathology condition 

affects membrane turnover (tumor, dys-

myelination, demyelination) would induce a 

massive increase in Choline peak, which is a 

diagnostic key [15]. Myo-inositol (m-Ins) has no 

clear role in the brain. 3.56 ppm was attributed 

to myo-inositol. Myo-inositol is a metabolite of 

myelin breakdown. As in inflammation, 

increased glial cell size/proliferation causes an 

increase in myo-inositol. Gliosis, Astro-cytosis, 

and Alzheimer's disease all have high Myo 

levels [17]. Glutamate is the most prevalent 

amino acid in the brain, and its metabolite 

glutamine is found at levels ranging from 2.05 to 

2.50 ppm [11]. It is an essential marker in the 

MRS of lymphoma, stroke, hypoxia, and 

metabolic brain diseases such as hepatic 

encephalopathy [18]. Lipids are cell membrane 

components that are not assigned in long TE 

because there is not much time for them to 

unwind. The methylene protons in lipids peak at 

1.3 ppm, while the methyl protons peak at 0.9 

ppm. Normally undetectable in healthy brain; 

increased in cell membrane necrosis, as 

metastases, demyelination, primary neoplasms, 

and inborn metabolic abnormalities [16]. In the 

normal brain, the Lactate peak is not assigned. 

Lactate has a 1.33 ppm peak; lactate peak 

increases in cerebral hypoxia, convulsions, 

ischemia, and metabolic diseases. Acute 

inflammation, cysts, necrotic tumors, and 

normal pressure hydrocephalus are also more 

common due to insufficient washout [15]. 
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Alanine is an amino acid with a ppm of 1.48. 

Lactate may mask the peak (at 1.33 ppm). 

Increased alanine levels have been observed in 

metabolic oxidation abnormalities. 

Meningiomas have an increased alanine peak in 

tumors [5]. 

MRS is most frequently used to 

diagnose brain lesions. When used with 

conventional MRI, especially after radio-

necrosis, it helps with differential diagnosis, 

histologic grading, the extent of infiltration, 

likelihood of recurrence, and treatment response 

[19]. Because of the overlapping of the alanine 

and lactate peaks with long TE, it is important to 

distinguish it from lipids. Because of its spatial 

distribution, single voxel spectroscopy is 

commonly used, although MR spectroscopy 

imaging is typically paired with long TE rather 

than short TE. SVS. The VOI ought to be 

situated inside the mass, away from surrounding 

tissues [19]. If possible, another VOI should be 

put in the homologous contralateral hemisphere 

region for comparison [20]. 

The majority of neoplastic lesions have 

an elevated Choline peak, which is utilized to 

diagnose and evaluate therapy response for 

follow-up [21]. A decrease in NAA levels in a 

brain tumor is associated with the destruction of 

normal tissue, whereas the absence of NAA in 

an intra-axial tumor often indicates extra-neural 

tumoral origin (metastasis) or destruction by a 

greatly malignant neoplasm that affects all 

associated neurons [20]. Creatine peak is a 

changeable peak that occurs in neurological 

tumors. Variations exist according to the type 

and grade of tumor. A brain tumor has a great 

level of Choline, a low level of NAA, and 

minimal alterations in Creatine. As a result, 

Cho/NAA & Cho/Cr ratios in brain neoplasms 

are accurate [22]. Grades for WHO CNS tumor 

types, including entities in which new grades 

have been emplaced, undersigned tumors are 

graded, or newly reckoned tumors have been 

graded. It is essential to note that grade is based 

on natural history, and that for some tumor 

types, specific grading criteria and an 

understanding of natural history are not 

available for morphologically defined 

ependymomas [23].

2. Subjects and methods 

2.1. Subjects 

The study done using data of 30 patients, 

16 male and 14 females. They varied in age 

from 11 years old to 58 years old, with a mean 

age of 49.9 years. The most affected age group 

was between 40 and 50 years. 

Inclusion criteria 

Patients had intra axial brain tumor with 

radiological features suggestive of glioma were 

included. 

Exclusion criteria 

Patients had extra cranial primary 

malignant tumor with brain deposits, with brain 

glioma associated with other intracranial 

pathology, or had post-operative recurrences or 

residuals were excluded. 

Type of study 

This study was a correlation analysis 

study conducted on at 30 patients, with intra-

axial brain tumor, diagnosed by CT or MRI, and 

referred from outpatient clinic of Beni-Suef 

University hospital. 

Cases were referred from outpatient 

clinic of Beni-Suef University hospital. 
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Research conducted at Beni-Suef University 

MRI center. 

2.2. Methods 

All patients were exposed to:    

A. Full clinical history including  

• Name, age, sex, symptoms, signs and any 

medical condition. 

• Time between the presentation and 

complaint. 

B. Clinical examination 

• General examination. 

• Neurological examination. (Speech, motor, 

sensory, sphincteric, cranial nerve 

examination and coordination) 

• Examination for any associated medical 

conditions. 

C. Radiological investigations 

Throughout all of the MR scans, a 1.5 T 

MR imaging equipment (Siemens aera) with a 

regular eight channel head coil was used. First, 

pictures were obtained using standard MR 

imaging techniques such fluid attenuated 

inversion recovery (FLAIR), T1weighted spin-

echo (T1W SE), T2weighted fast spin-echo 

(T2W FSE), and post-contrast T1w SE to define 

the precise site of the lesion. After that, a DWI 

protocol was carried out using a spin echo echo-

planar sequence with b values of 0 and 1000 & 

the application of diffusion gradients encoding 

in 3 orthogonal directions (TR=3700ms/TE 

=114ms/number of signals acquired=1 /slice 

thickness=5mm /inter slice gap=0 

/matrix=192×192/FOV=240×240 mm). 

Additionally, ADC maps were computed. Next, 

many Regions of Interest (ROIs) were placed in 

the tumor on DWI pictures and ADC maps to 

measure the minimum, maximum, and mean 

ADC values and the minimum, maximum, and 

mean DWI signal intensities, respectively. All 

astrocytic tumors were examined throughout all 

continuous slices of ADC maps and DWI 

pictures. The tumor's size informed the decision 

on the optimal number of ROIs, and these ROIs 

were distributed so as to encompass the whole 

tumor. From all the ROIs shown on ADC maps 

and DWI pictures, those with the fewest and 

most extreme ADC values and the fewest and 

most intense DWI signal intensities, 

respectively, were selected. Then, the average 

ADC values and the mean DWI signal 

intensities were taken from the range of highest 

to lowest values to determine the theme. Proton 

spectrum was recorded with TR 2000 ms, TE 

135ms, and 30 ms slice thickness 20 mm, matrix 

128 × 256, FOV 20 mm, number of acquisitions 

128, and duration of scan was 4 min 16 s. The 

peak amplitude of NAA, Cr, Cho, lactate & 

lipids was obtained and the ratios of Cho/Cr, 

Cho/NAA, and NAA/Cr were measured and 

some of them correlated to the pathological 

findings. 

Proton spectrum was documented with 

TR 2000 ms, TE 30ms and 135ms, slice 

thickness 20 mm, matrix 128 × 256, FOV 20 

mm, number of acquisitions 128, and duration of 

scan was 4 min 16 s. The peak amplitude of 

NAA, Cr, Cho, lactate, and lipids was obtained 

and the ratios of Cho/Cr, Cho/NAA, and 

NAA/Cr were calculated and correlated to the 

pathological findings. 

The DWI measurement was performed 

utilizing an echo planar imaging (EPI) sequence 

in the axial plane that had a bipolar gradient 

added on each side of the refocusing 

radiofrequency pulse to improve resolution (TR 

3600/ TE 102; 5 mm thick slices and 230 x 230 

mm FOV). 

2.3. Statistical method 

Data were statistically described in terms 

of frequencies (number of cases) and 

percentages when appropriate. Comparison was 

done using Yates corrected Chi-

Accuracy was represented using the terms 

sensitivity, specificity, +ve predictive value, -ve 
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predictive value, and overall accuracy. Two-

sided p values less than 0.05 was considered 

statistically significant. All statistical 

calculations were done using computer program 

IBM SPSS (Statistical Package for the Social 

Science; IBM Corp, Armonk, NY, USA) release 

22 for Microsoft Windows.  

3.  Results 
This research involved 30 cases—16 

males and 14 females. They were on average 

49.9 years old; however, their ages varied widely 

from 11 to 58. Individuals between the ages of 

40 and 50 suffered the most severely. The 

patients presented with a wide range of 

neurological symptoms; headache was the most 

common symptom (57.1%). The most affected 

region of the brain was the parietal lobe. 

The examined patients were subdivided 

into two groups: low-grade glioma (53.33%) and 

high-grade glioma (46.67%). In low-grade 

gliomas, no enhancement and homogenous 

enhancement were the most encountered 

enhancement patterns and showed a minimum 

ADC value >1.07.  MRS data analysis revealed a 

mean Cho/Cr ratio ranging from 1.46, a 

Cho/NAA mean ratio of 1.17, and an NAA/Cr 

mean ratio of 1.36. In high-grade glioma, 

heterogeneous enhancement was the most 

encountered enhancement pattern and showed a 

minimum ADC value of <1.07. MRS data 

analysis revealed a Cho/Cr ratio mean ratio of 

3.9, a Cho/NAA ratio range mean ratio of 3.7, 

and an NAA/Cr ratio mean ratio of 1.2 (Table 

1).

 

Table 1: The mean metabolite ratio. 

Glioma grade 
Mean metabolite ratio 

Cho/NAA Cho/Cr NAA/Cr 

Low grade glioma 1.7 1.46 1.36 

High grade glioma 3.7 3.9 1.2 

 

After verification of conventional MRI, 

diffusion studies, and MRS findings against 

histopathological data, we found that in low-

grade gliomas, a magnetic resonance 

spectroscopy study shows three possible 

varieties: 

1. The most common curve shows decreased 

choline levels, increased NAA and creatine 

levels, and increased Cho/NAA and Cho/Cr 

levels (Table 2). This curve was found in nine 

cases; seven were correlated with pathology as 

low-grade gliomas, and two cases were not 

correlated. The p-value of this curve is 

significant and becomes reliable for low-grade 

glioma. 

2. The second curve shows normal choline levels, 

decreased NAA and creatine levels, and 

increased Cho/NAA and Cho/Cr ratios (Table 

2). This curve was found in three cases; two 

cases were correlated with pathology as low-

grade gliomas, and one case was not correlated. 

The p-value of this curve is not significant, 

which means it is not reliable for low-grade 

glioma. 

3. The third curve shows an increase in choline 

level, normal NAA and creatine levels, and an 

increase in Cho/NAA and Cho/Cr ratios. This 

curve was found in found cases; three cases were 

correlated with histopathology as low-grade 

gliomas, and one case was not correlated with 
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pathology (Table 1). The P value of this curve is 

not significant, which means it is not reliable for 

low-grade glioma. 

In high-grade glioma, one curve shows a 

marked increase in choline levels, a marked 

decrease in NAA and creatine levels, and a 

marked increase in Cho/NAA and Cho/Cr ratios 

(Table 2). This curve was found in 14 cases; 11 

cases were correlated with pathology as high-

grade gliomas, and three cases were not 

correlated. The P value of this curve is 

significant and has become reliable for high-

grade gliomas.

 

 

Table 2: Magnetic resonance spectroscopy outcomes. 

Variables 
Low grade glioma 

High grade glioma 
1

st
 curve 2

nd
 curve 3

rd
 curve 

Correlated (cases) 7  2 3 11 

Not correlated (Cases) 2  1  1 3 

Total (Cases) 9  3  4 14 

χ2 2.778 0.333 1.000 3.769 

P-value 0.096 0.564 0.317 0.052 

X (Yates) 1.778 0.000 0.250 2.769 

P (Yates) 0.182 1.000 0.617 0.096 

 
Given the previous results, the accuracy 

of the magnetic resonance spectroscopy in the 

guarding gliomas is shown on the graph (Table 

3) (Figure 1).

 

 
Figure 1: Accuracy of MRS in discriminating high-grade from low-grade glioma; according to A) 

Cho/NAA, B) NAA/Cr and C) Cho/Cr ratios. 

 

Table 3: overall accuracy of MRS study. 

Variables Cho/ Cr Cho/NAA NAA/ cr 
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P-value 0.520 0.476 0.218 

AUC 0.574 0.576 0.627 

Sensitivity (95%CI) 75 (47.6 - 92.7) 62.50 (35.4 - 84.8) 50 (24.7 - 75.3) 

Specificity (95%CI) 50 (23.0 - 77.0) 57.14 (28.9 - 82.3) 78.57 (49.2 - 95.3) 

PPV (95%CI) 63.2 (48.6-75.7) 62.5 (44.9-77.3) (72.7 (46.6-89.1) 

NPV (95%CI) 63.6 (39.2-82.6) 57.1 (38-74.4) 57.9 (44-70.7) 

Reduced ADC values in high-grade 

gliomas were found in 14 cases and positively 

correlated with pathology. Elevated ADC values 

in low-grade gliomas were found in 16 cases; 14 

cases correlated with pathology, and 2 cases 

were not correlated. The result was statistically 

significant, with a P-value of 0. 015.  

Examples of the MRI results are shown 

in Figure 2.  in the first case of low-grade 

glioma, a large ill-defined left cerebellar region 

SOL measuring about 4.3x4.2 cm had low T1, 

mixed low and high T2, and FLAIR WI signals 

with a partial restricted DWI signal and 

heterogenous post-contrast enhancement, 

suggesting high-grade glioma. The MRI shows a 

raised choline peak with mildly depressed N-

acetyl aspartate and creatine peaks. The 

increased choline and choline/creatine ratio was 

0.97, and the increased Cho/NAA ratio was 0.56. 

In the second case of high-grade glioma, 

a large ill-defined right medial temporal and 

hippocampal region SOL measuring about 

4.5x2.3 cm with low T1, high T2, and FLAIR 

WI signals with restricted DWI signal and 

heterogenous post-contrast enhancement 

suggests high-grade glioma. The MRI shows a 

raised choline peak with moderately depressed 

N-acetyl aspartate and creatine peaks. The 

increased choline and choline/creatine ratio was 

1.10, and the increased Cho/NAA ratio was 2.71. 

 
Figure 2: Examples of the MRI results

4. Discussion 

MRI gives valuable information about 

contrast material enhancement, margin 

definition, perifocal oedema, necrosis, bleeding, 

and mass effects, all of which aid in 

characterizing tumor aggressiveness and the 

apparent histological grade of glioma. However, 

the sensitivity and specificity for predicting 

tumor grade have been deemed insufficient and 

inadequate [24]. 

According to Yang et al. (2006) and 

Murphy et al (2004), an elevation in Cho with a 

reduction in NAA is a reliable sign of 
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malignancy. There is a lot of literature 

suggesting that metabolite ratios such as Cho/Cr, 

NAA/Cr, and the presence of lipids and lactate 

can be used to grade tumors and predict 

malignant aggressiveness [25, 26]. 

In our study, high-grade gliomas tend to 

show higher mean Cho/NAA and Cho/Cr ratios 

than low-grade gliomas. According to Law et al. 

(2004), the quantitative method is more useful 

when it comes to grading brain gliomas. Their 

study included 160 patients who were diagnosed 

with gliomas by conventional MRI and found a 

great difference in Cho/Cr, Cho/NAA, and 

NAA/Cr ratios among low-grade and high-grade 

gliomas [27]. Even though our study included 

fewer patients than the Law M 2004 study, the 

majority of our results were nearly equal [27]. 

Our study meets the results of Oshiro et 

al. (2007) in those the mean and median values 

for Cho/Cr, Cho/NAA, and NAA/Cr showed 

statistically significant differences between low- 

and high-grade gliomas [28]. 

According to Izumiyama et al. (2004), 

glioma malignancy is likely to increase when 

NAA levels decrease. In the current study, 

declines in NAA in all gliomas demonstrated 

that the neurons had been invaded and 

substituted for neoplasia, resulting in a 

significant reduction in the number of neurons 

and a drop in signal intensity [29]. According to 

Liu et al. (2012), none of the diagnosed low-

grade gliomas had a lipid peak, whereas most 

high-grade gliomas, particularly glioblastoma 

multiformis, had higher lipid peaks [30]. 

This is in agreement with our study, in 

which 20 (52.6%) of the high-grade gliomas 

showed an elevated lactate/lipid peak and 10 

(26.3%) lesions showed a lactate peak. These 

findings show that the presence or rise of lactate 

and lipid peaks is noticed in patients with higher 

tumor malignancy. 

Several metabolite ratios, notably 

Cho/NAA and Cho/Cr, have been demonstrated 

in some studies to help distinguish between low-

grade and high-grade gliomas. Yang (2006) 

demonstrated that tumor grades may be 

accurately discriminated and that Cho/NAA and 

Cho/Cr ratios correlate strongly with tumor 

grades. Even though the study sample was small, 

glioblastoma multiformis tended to have high 

mean Cho/NAA and Cho/Cr ratios associated 

with low-grade gliomas. This suggests that 

histology findings typically match preoperative 

1H-MRS findings [25] 

Cho/NAA and Cho+Cr/NAA ratios 

were shown to be more sensitive (62.5%) than 

previously thought, suggesting that this 

metabolic ratio may help determine tumor 

grades. This ratio's result is a specificity of 57%. 

Our results are comparable with those of 

Toyooka et al. (2008), who found that Cho/NAA 

and Cho/Cr ratios have greater diagnostic 

effectiveness in predicting glioma grade. Cho 

and related measurements (Cho/Cr and 

Cho/NAA) were also found to be superior 

markers for glioma grade compared to other 

metabolite ratios [31]. 

Research in the literature, including 

modern advances in spectroscopy, shows that 

high Cho/Cr and Cho/NAA levels can be used to 

differentiate between low- and high-grade 

malignant tumors [32]. In line with our findings, 

they found that the Cho/Cr and Cr/NAA ratios 

effectively distinguished between cancers of low 

and high grade. 

However, some studies have discovered 

little difference in Cho/Cr or Cho/NAA ratios 

between high- and low-grade malignancies, 

contradicting our results. Distinct methodologies 

with distinct spectrum acquisitions and the 

underlying histological heterogeneity of each 

glioma type and grade were cited as the causes 

of these discrepancies in the article [33]. 

According to our findings, the NAA/Cr 

ratio does not differentiate between low- and 

high-grade malignancies. The results of this 

study agree with those of many others [34]. 

Although the NAA/Cr ratio is useful in 
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predicting tumor grade, it has been found to 

have lesser diagnostic accuracy than the 

Cho/NAA and Cho/Cr ratios in other studies 

[30]. 

To distinguish low-grade from high-

grade gliomas, we have established threshold 

values for the Cho/Cr, Cho/NAA, and lactate/Cr 

ratios in our research. The diagnosis accuracy of 

70.33% was achieved by using a Cho/Cr cutoff 

value of 1.3 and a Cho/NAA ratio cutoff value 

of 1.7 to distinguish between low- and high-

grade gliomas. Literature-based research has 

established threshold values for Cho/Cr between 

1.45 and 2.04 and for Cho/NAA between 1.6 

and 2.49. Overall diagnostic accuracy was 

between 81% and 88%, demonstrating 

appropriate sensitivity, specificity, PPV, and 

NPV with these values [35]. Our Cho/Cr and 

Cho/NAA cutoff values were comparable to 

those found in the literature; however, small 

variations in these values may be attributable to 

variations in MRS imaging techniques, 

including magnetic resonance field strength, 

acquisition parameters, voxel size and location, 

tumor heterogeneity, and sample size and 

distribution [35]. Although the mean results 

were statistically significant in distinguishing 

high- and low-grade gliomas, we were unable to 

establish a threshold value for the NAA/Cr ratio 

due to the overlap in values among classes. A 

diagnosis accuracy of 73%–75% was reported 

for the use of NAA/Cr ratio cutoff values of 0.72 

and 0.97 [36]. 

The minimal ADCT value and 

normalized ADC ratio decreased as the tumor 

grade increased. Furthermore, there was a 

significant variation in ADCT values and the 

normalized ADC ratio among low- and high-

grade gliomas. Server et al. (2011) reported 

remarkably similar findings, with a substantial 

difference between high- and low-grade tumors 

for ADCT and normalized ADC ratios [33]. 

Tumor cellularity is an important parameter for 

WHO glioma grading, with higher grades being 

related to more cellularity. Cellular density is 

inversely related to ADC. Diffusion of free 

water molecules is reduced in high-grade tumors 

due to decreased extracellular space caused by 

increased cellularity. As a result, ADC values 

have a negative correlation with tumor grade. In 

18 glioma patients, Gupta et al. (2000) linked 

cellular density with ADC values. The inverse 

linear correlation between glioma ADC values 

and cellular density was statistically significant 

[37]. Analysis of our data suggested a cut-off 

value of 0.79 and 1.05 for ADCT and ADC 

ratios, respectively, to differentiate high-grade 

from low-grade gliomas. 

 

 

Conclusion 

A considerable decline in NAA and Cr, 

besides an elevation in Cho, are MRS 

characteristics of glioma. NAA reduction 

reflects neuronal element loss as they are 

destroyed and/or replaced by malignant cells. 

Reduced Cr is most likely due to a change in 

metabolism. Cho elevation indicates higher 

membrane production and cellularity. This 

causes an absolute increase in Cho/Cr and 

Cho/NAA ratios while decreasing NAA/Cr 

ratios. To distinguish low- and high-grade 

gliomas, we have specified cutoff values for the 

Cho/Cr, Cho/NAA, and lactate/Cr ratios in our 

research. 

Tumor cellularity is an important 

parameter for WHO glioma grading, with higher 

grades being related to more cellularity. Cellular 

density is inversely related to ADC. Diffusion of 

free water molecules is reduced in high-grade 

tumors due to decreased extracellular space 

caused by increased cellularity. As a result, 
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ADC readings have a negative correlation with 

tumor grade. 

The minimal ADCT value and 

normalized ADC ratio decreased as the tumor 

grade increased. Furthermore, there was a 

statistically significant difference in ADCT 

values and the normalized ADC ratio between 

high and low-grade gliomas. When compared to 

individual sequences, the combination of 

sequences improves the accuracy of image-

assisted grading of gliomas. 
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