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A b s t r a c t

The accurate diagnosis of brain tumour is very important in modern neuro-oncology medicine. Magnetic resonance spec-
troscopy (MRS) is supposed to be a promising tool for detecting cancerous lesions. However, the interpretation of MRS data 
is complicated by the fact that not all cancerous lesions exhibit elevated choline (Cho) levels. The main goal of our study 
was to investigate the lack of Cholesion/Choref elevation in the population of grade II-III gliomas. 
89 cases of gliomas grade II and III were used for the retrospective analysis – glioma (astrocytoma or oligodendroglioma) 
grade II (74 out of 89 cases [83%]) and III (15 out of 89 cases [17%]) underwent conventional MRI extended by MRS before 
treatment. Histopathological diagnosis was obtained either by biopsy or surgical resection. Gliomas were classified to 
the group of no-choline elevation when the ratio of choline measured within the tumour (Cholesion) to choline from NABT 
(Choref) were equal to or lower than 1. Significant differences were observed between ratios of Cholesion/Crlesion calculated 
for no-choline elevation and glial tumour groups as well as in the NAAlesion/Crlesion ratio between the no-choline eleva-
tion group and glial tumour group. With consistent data concerning choline level elevation and slightly lower NAA value,  
the Cholesion/NAAlesion ratio is significantly higher in the WHO II glial tumour group compared to the no-choline elevation 
cases (p < 0.000).
In the current study the results demonstrated possibility of lack of choline elevation in patients with grade II-III gliomas,  
so it is important to remember that the lack of elevated choline levels does not exclude neoplastic lesion.
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Introduction 

Proton magnetic resonance spectroscopy (1H-MRS) 
is an analytical method used for the identification and 
quantification of metabolites. It allows a non-invasive, 
in vivo assessment of metabolites in tissue, comple-
menting the anatomical information obtained with con-
ventional magnetic resonance imaging (MRI) [2,18,20]. 
Because glial tumours have some specific metabolic 
characteristics that change according to the tumour 

grade, MRS can increase the sensitivity of standard 
diagnostic imaging [5,14,17]. 

Gliomas are the most common primary neoplasms 
of the central nervous system (CNS), with a different 
genotype, phenotype and grade [7]. According to 2021 
CNS5 World Health Organisation (WHO) classification, 
Gliomas, Glioneuronal Tumours and Neuronal Tumours 
are divided into 6 different groups [11]. Histopatho 
logical and molecular diagnosis in brain tumours is 
achieved by a  neurosurgical procedure or stereotac-
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tic biopsy, which could be associated with side effects 
(intracranial bleeding, neurological deficits), samples 
might not be taken from the most malignant part of the 
tumour. Imaging makes it possible to assess the entire 
tumour. MRI in conjunction with spectroscopy seems 
to be an important complement to invasive procedures 
especially in cases of doubt as to whether the lesion is 
a neoplastic tumour. Magnetic resonance spectroscopy  
is often used for differential diagnosis and glioma 
grading of intra-axial lesions. Typical 1H-MRS findings 
of cerebral gliomas include elevation of choline (Cho), 
reduction of N-acetyl-aspartate (NAA), varying levels of 
creatine (Cr), lactate (Lac) and lipids. Choline is a precur-
sor of acetylcholine (ACH) and a cell membrane. It reso-
nates at 3.2 ppm chemical shift. Choline is a metabolic 
marker of cellular proliferation and cell membrane integ-
rity. An elevated choline level is adequate to increase 
cell membrane synthesis and degradation. It was found 
that an increase in the choline level is present in brain 
tumours due to increased membrane turnover [3]. 

Statistically significantly higher values of Cho/Cr 
and Cho/NAA are observed in high-grade than in low-
grade gliomas. Although increased choline is related 
to the tumour grade, few grade IV gliomas have lower 
choline levels than grade II or grade III gliomas. This 
may be caused by the presence of necrosis in high-
grade tumours because necrosis is correlated with 
a notable lipid peak and decreased levels of the other 
metabolites [10].

The precise diagnosis of brain tumours is a critical 
challenge within contemporary neuro-oncology med-
icine. Magnetic resonance spectroscopy has emerged 
as a promising tool for the identification of cancerous 
lesions. Nevertheless, the interpretation of MRS data is 
complicated because not all cancerous lesions exhibit 
elevated choline levels. The uncertainty and diagnostic 
confusion associated with this issue have significant 
implications, potentially resulting in serious consequenc-
es for patients. The presence or absence of choline ele-
vation in gliomas offers crucial insights into the tumour 
grade and aggressiveness, given that choline serves as 
a marker for malignant tissue. However, it is important 
to note that gliomas with low choline levels may not 

definitively exclude the presence of a  brain tumour. 
In cases where elevated choline levels are not detect-
ed in MR spectra, the initial inclination is to consider 
a non-neoplastic lesion diagnosis, which, if incorrect, can 
lead to misdiagnoses. Therefore, the primary objective of 
our study is to investigate the absence of Cholesion/Choref 
elevation in the population of grade II-III gliomas.

This has led to uncertainty and diagnostic confu-
sion, with potentially serious consequences for patients.  
The presence or absence of choline elevation in glio-
mas can provide important information about tumour 
grade and aggressiveness since choline is a marker for 
malignant tissue. However, it is possible for gliomas 
with low choline levels not to exclude brain tumour.  
The main objective of our study was to investigate 
the lack of Choles/Choref elevation in the population of 
grade II-III gliomas. 

Material and methods
Over a  span of ten years, 417 cases involving 

grade II and III gliomas were identified. Among these 
patients, we selected those who exhibited supraten-
torial tumour localization without ependymomas, with 
tumour dimensions suitable for voxel insertion not 
smaller than 1 × 1 × 1 cm, and positioned in a way that 
allowed for the acquisition of high-quality diagnostic 
MR spectra (both from the lesion and reference regions) 
with an adequately high signal-to-noise ratio (SNR) 
of no less than 2. Within the specified timeframe of  
1.5 years, 89 patients met these criteria, with a median 
age of 41 years (with a quartile range of 33-47 years). 

Patients with glioma (astrocytoma or oligoden-
droglioma) grade II (74 out of 89 cases [83%]) and III 
(15 out of 89 cases [17%]) underwent conventional 
magnetic resonance imaging extended by MRS before 
treatment. The patients included in the study had his-
tologically confirmed diagnosis of grade II and III glio-
ma (Table I). All cases with poor quality of the obtained 
1H-MRS spectra or a  lack of reliable histopathological 
verification were excluded from the cohort.

The histopathological diagnosis was obtained either 
by biopsy or surgical resection (Table I). All tumours 

Table I. Histological diagnosis of grade II-III gliomas

Histopathology of neoplasms Grade Number of patients Percentage of the group [%]

Gemistocytic astrocytoma II 2 2.2

Diffuse astrocytoma II 42 47.2

Fibrillary astrocytoma II 11 12.3

Mixed glioma (oligo-astrocytoma) II 6 6.7

Oligodendroglioma II 13 14.6

Anaplastic oligodendroglioma III 5 5.6

Anaplastic astrocytoma III 10 11.2
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enrolled into the study were graded according to the cur- 
rently valid WHO criteria.

Methods 
The cuboid-shaped 1H-MRS voxel was placed based 

on 3D images within the solid part of the tumour, with 
avoidance of its cystic/necrotic areas, bleeding, skull 
bones and ventricles. The reference voxel was placed 
contralaterally in normal-appearing brain tissue. Sur-
gical intervention included complete resection of the 
brain tumour or partial resection if the tumour was 
located near sensitive areas of the brain to alleviate 
negative symptoms and facilitate recovery. 

Data acquisition

Conventional MRI 

All patients underwent MRI on a 3T whole body MR 
scanner (VIDA/PRISMA Siemens, Erlangen, Germany) 
equipped with a  20-channel phased array head coil. 
Standard imaging protocol included a three-plane scout 
localizer, T2-weighted, T1-weighted, diffusion-weight-
ed (DWI), and MR perfusion imaging (PWI). Post-con-
trast T1-weighted images were acquired with the same 
parameters as pre-contrast acquisition after adminis-
tration of a standard dose (0.1 mmol/kg) of gadolini-
um-based contrast agent using an automated power 
injector. 

1H-MRS protocol 
1H-MRS studies were performed on the 3T scanners 

mentioned above. Single-voxel PRESS (Point-RESolved 
Spectroscopy) method was used with long (135 ms) and 
short (30 ms) echo time (TE). Within the tumour, the 
size and location of the voxel were carefully adjusted to 
include as much of the solid tumour portion as possible, 
avoiding the inclusion of the scalp, skull base, sinuses, 
areas of obvious necrosis, cyst, haemorrhage, oedema, 
calcification, and normal-appearing brain tissue. To 
optimize the parameters and the magnetic field homo-
geneity in some patients, manual shimming was per-
formed in order to obtain the narrowest possible water 
signal (minimum of the full width at half maximum – 
FWHM – the average value was 11 Hz (values ranged 
from 7 to 18 Hz depending on the voxel location)).  
The residual signal of the water was then eliminated 
from the spectrum.

Data analysis
For the spectroscopic technique, voxels were placed 

within hyperintense regions on T1-weighted images 
after contrast administration or T2-weighted FLAIR 

images (in case of lesions that did not enhance after 
contrast injection). 1H-MRS data were analysed based 
on MR Spectro (SyngoVia software v. B20, Siemens, 
Erlangen, Germany). Signals from contralateral voxels 
containing normal-appearing brain tissue (NABT) were 
analysed for comparison. The MR Spectro software 
allowed fitting of individual metabolite peaks that 
could be optimised by the user. The following metab-
olites were evaluated: NAA – 2.02 ppm, creatine –  
3.02 ppm, choline – 3.22 ppm, Myo-inositol (mI) –  
3.56 ppm and in the next step, their ratio and ratio to 
contralateral NABT were calculated.

 The gliomas were classified into the group of no- 
choline elevation when the ratio of choline measured 
within the tumour (Cholesion) to choline from NABT 
(Choref) was equal to or lower than 1 (Fig. 1). 

The calculated metabolite ratios that were calculat-
ed are shown in Table II.

Metabolite ratios were calculated for echo time 
(TE) 135 ms as follows: Cho/Cr, Cho/NAA within the le- 
sion and the ratio of the choline level in the lesion to  
the choline level in the NABT. All 89 patients included 
into the study had good quality MR spectra. In 20% 
of cases (18 of 89) within grade II-III gliomas, choline 
levels did not increase. Choline levels in these lesions 
were lower than in contralateral reference voxels 
(Cholesion/Choref < 1). 28% (17 of 74) of patients with 
brain tumours with lack of choline elevation in 1H-MRS 
were verified as grade II gliomas, and 7% (1 out of 15) 
as grade III. 

Statistical analysis
Data analysis was performed using the Statistica 

(v.12) statistical software package. The Shapiro-Wilk 
test was used to check whether a continuous variable 
follows a  normal distribution. Data were presented 
as median and quartile ranges. To assess differences 
among variables, the Mann-Whitney U  test was used 
to compare two independent groups. The differences in 
the group were also shown in the box-plots (Figs. 2-5). 
The significance level was established at α = 0.05. 

We would like to increase the number of cases 
under analysis; however, due to the significantly lower 
occurrence rate of the described phenomenon in WHO 
III tumours compared to WHO II, this task is expected 
to span several more years.

Results 
The descriptive statistics of the glial tumour and 

no-choline elevation tumour groups and the p-value 
of the comparison of these groups were presented in 
Table III. 
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Fig. 1. Example of no-choline elevation in 1H-MRS spectra (patient with verified astrocytoma): A) TE = 30 ms, 
B) reference TE = 30 ms, C) TE = 135 ms, D) reference TE = 135 ms.
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Table II. Calculated metabolite ratios obtained 
with echo time (TE) 30 ms and 135 ms

Metabolite ratio
(TE = 135 ms)

Metabolite ratio
(TE = 30 ms)

Cho/Cr mI/Cr

NAA/Cr mIlesion/mIref

Cho/NAA

Cholesion/Choref

NAAlesion/NAAref

Fig. 2. Box-plot of Cholesion/Choref ratios in the no- 
choline elevation and glial tumour groups.
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The Mann-Whitney U  test was used to verify 
a hypothesis determining insignificance of differences 
between analysed variable in 2 groups (the WHO III 
case was excluded). There were no statistically signif-
icant differences in the ratios of the reference values 
between analysed groups. 

The difference between the calculated Cholesion/
Choref ratios allowed us to divide analysed cases into 
two groups – 17 patients were included to the no-cho-

line elevation group and 57 patients were enrolled into 
the rest of the gliomas. 

Significant differences were observed between 
the ratios of Cholesion/Crlesion (p = 0.001) calculated for 
no-choline elevation and glial tumour groups. The val-
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ues computed for the metabolites in no-choline eleva-
tion group were significantly lower.

There were significant differences in the NAAlesion/
Crlesion ratio (p = 0.030) between the no-choline eleva-
tion group and glial tumour group. Values in the no- 
choline elevation group were higher. Based on the cal-
culations there was no difference in creatine levels and 
it should be assumed that this difference resulted from 
a slightly higher level of NAA in the no-choline elevation 
group compared to other WHO II glial tumour group.

With consistent data concerning the choline level 
elevation and slightly lower NAA value, the Cholesion/
NAAlesion ratio was significantly higher in the WHO II 
glial tumour group compared to the no-choline eleva-
tion cases (p < 0.000) (Table IV).

In agreement with earlier calculations, greatest 
differences were observed in the choline level ratios:  
the patient in the no-choline elevation group had sig-
nificantly lower levels of choline in GIII glial tumours 
than in other GIII cases. Also notable is the markedly 
lower level of mIns in the group without choline eleva-
tion compared to the evident increase in this metabolite 

concentration in the standard GIII glial tumour group 
(which was not observed in the WHO II glial tumour 
group). Due to the small size of the group – no-choline 
elevation in GIII glial tumours is only one patient com-
pared to 14 patients with GIII glial tumours, only a case 

Table III. Descriptive statistics of the glial tumour and no-choline elevation tumour WHO II groups

Metabolite ratio, 
Echo time

Glial tumour group with no-choline 
elevation group (WHO II); n = 17 

Median [Q1-Q3]

Glial tumour group (elevated 
choline level) (WHO II), n = 57 

Median [Q1-Q3]

z-value

Cholesion/Choref TE = 135 ms 0.81 [0.71-0.92] 1.46 [1.24-1.81] < 0.000

Crlesion/Crref TE = 135 ms 0.79 [0.66-1.04] 0.89 [0.68-1.11] 0.456

NAAlesion/NAAref TE = 135 ms 0.40 [0.27-0.62] 0.31 [0.19-0.48] 0.217

Cholesion/Crlesion TE = 135 ms 1.37 [1.02-1.51] 1.84 [1.41-2.45] 0.001

NAAlesion/Crlesion TE = 135 ms 0.61 [0.46-0.73] 0.47 [0.34-0.59] 0.030

Cholesion/NAAlesion TE = 135 ms 1.92 [1.67-3.10] 4.75 [2.43-6.89] < 0.000

mInslesion/mInsref TE = 30 ms 1.15 [0.9-1.38] 1.27 [0.91-1.60] 0.544

mInslesion/Crlesion TE = 30 ms 2.04 [1.62-2.79] 2.14 [1.46-2.97] 0.995

Fig. 5. Box-plot of Cholesion/NAAlesion ratios in the 
no-choline elevation and glial tumour groups.

Fig. 3. Box-plot of Cholesion/Crlesion ratios in the no- 
choline elevation and glial tumour groups.

Fig. 4. Box-plot of NAAlesion/Crlesion ratios in the no- 
choline elevation and glial tumour groups.
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report is possible; other statistical calculations will be 
conceivable once the group size is increased. 

Discussion
Until now, histopathology has remained the gold 

standard in neuro-oncology as in all oncology [13]. 
A stereotactic biopsy or an open biopsy are usually the 
best way to verify the suspicious lesion [3], however, 
in some cases this procedure could not be performed. 
1H-MRS is one of the non-invasive methods of differ-
ential diagnosis of intra-axial lesions [15,12,21]. In this 
study, we retrospectively assessed 1H-MRS in a group 
of grade II–III gliomas. It was detected that some of 
the gliomas showed no choline level elevation and we 
tried to estimate the frequency of that abnormality. 
There could be several reasons why some gliomas do 
not show elevation in choline levels on 1H-MRS, includ-
ing tumour localization, partial volume effect, or other 
yet-to-be-understood reasons. Generally, 1H-MRS is 
useful for diagnosis and monitoring of gliomas, the 
lack of elevated choline levels raises doubts about the 
neoplastic nature of the lesion, however, the method 
has some well-known limitations. First, there is a lack 
of standardized analysis, differences in acquisition 
parameters, field strength, and limited availability. Also 
problematic are tissue heterogeneity, voxel size and 
localization that may affect the local concentration of 
metabolites. Despite these facts, therapy planning can 
benefit from 1H-MRS and spectra analysis needs to be 
taken into consideration in the preoperative differential 
evaluation of brain masses.

Several studies have focused on understanding 
metabolic changes in gliomas revealing that Cho/Cr 
and Cho/NAA are the two ratios that have been mainly 
used for the purpose of glioma staging. In some articles 
there were presented calculations of both ratios and 
it was shown that it may be useful in glioma grading 
[6,8,9]; nonetheless, some studies measured only the 
Cho/Cr ratio as the main ratio, and we followed that 
mindset. An increased ratio of Cho/Cr metabolites 
is understood as a  result of increased cellularity and 
higher membrane turnover in brain tumours, which 
was used to differentiate the histological grade based 
on the degree of Cho/Cr elevation [1,6,19]. 

In the present study, we noticed that a certain part 
of the gliomas demonstrated the absence of Cho/
Cr and Cholesion/Choref elevation. To date, few papers 
describing no choline elevation in gliomas were pub-
lished [4,10,16], so in our opinion more studies are 
needed regarding the absence of choline elevation 
in grade II-III gliomas. The exact reason for the lack 
of choline elevation in gliomas is not known; it could 
be due to several factors, however, it is supposed that  
the presence of relatively less neoplastic cells in the 

active division phase of the cell cycle in these gliomas 
could cause not increase choline levels [10]. Another 
possible explanation is that the tumour has a lower cell 
density or a slower growth rate, which would result in 
lower levels of choline. There is also a possibility that 
the tumour has a different metabolic profile or molec-
ular subtype that does not produce high levels of cho-
line. Furthermore, the heterogeneity of gliomas, even 
within the same grade, could contribute to the lack 
of choline elevation. Some regions of the tumour may 
exhibit high levels of choline, whereas other regions 
may not because of different molecular characteristics. 
It is possible that the gliomas without elevation of cho-
line levels were heterogeneous tumours with areas of 
low choline levels. This variability could be influenced 
by a variety of factors, such as the tumour microenvi-
ronment, genetic mutations, or metabolic changes. It is 
also important to consider technical factors that could 
affect choline measurements in MRS. For example, par-
tial volume effects, variability in acquisition parame-
ters, and variations in the size and shape of the voxel 
could all impact choline measurements. The location of 
the tumour within the brain can also affect the choline 
levels detected in 1H-MRS. For example, if the tumour 
is located in an area of the brain with a high lipid con-
tent, such as the occipital lobe, the choline peak may 
be obscured by the lipid signal.

In our study, 89 patients met our specific criteria 
for inclusion cases of grade II and III gliomas. These 
criteria ensured the selection of patients with supra-
tentorial tumour localization, excluding cases with 
ependymomas, and ensuring adequate tumour dimen-
sions for high-quality MRS voxel placement. The SNR 
in the acquired spectra was carefully maintained at 
a minimum of 2. Furthermore, all patients in the study 
received a histologically confirmed diagnosis of grade II 
or III glioma, and cases with poor-quality MRS spectra 
or lacking reliable histopathological verification were 
excluded. The placement of the MRS voxel within the 
solid part of the tumour, avoiding cystic/necrotic areas 
and other confounding factors, was meticulously car-
ried out. The reference voxel was positioned contralat-
erally in the normal brain tissue. Surgical interventions 
were performed to either completely resect the tumour 
or partially resect it when located near sensitive brain 
regions. Interestingly, in 20% of cases within the grade 
II-III glioma group, choline levels did not increase, as 
evidenced by the Cholesion/Choref ratio being equal to 
or lower than 1. Within this subgroup, 28% were iden-
tified as grade II gliomas and 7% as grade III. This divi-
sion into two groups, the no-choline elevation and the 
remaining gliomas, revealed significant differences in 
Cholesion/Crlesion and NAAlesion/Crlesion ratios. The values 
of these metabolites were notably lower in the no-cho-
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no Cho/Cr elevation. In some cases, choline could be 
not elevated in grade II-III gliomas. The lack of elevated 
choline levels does not exclude the neoplastic lesion. 

Therefore, while the presence or absence of choline 
elevation is an important factor to consider in the diag-
nosis and grading of gliomas, it is only one piece of 
the puzzle and should be evaluated in conjunction with 
other clinical and imaging factors.
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Value

Glial tumours group (elevated choline 
level) (WHO III), n = 14 

Median [Q1-Q3]

Cholesion/Choref TE = 135 ms 0.99 2.25 [1.77-3.18]

Crlesion/Crref TE = 135 ms 0.77 0.88 [0.72-1.02]

NAAlesion/NAAref TE = 135 ms 0.43 0.20 [`0.12-0.30]

Cholesion/Crlesion TE = 135 ms 1.40 2.88 [2.10-4.15]

NAAlesion/Crlesion TE = 135 ms 0.67 0.31 [0.19-0.38]

Cholesion/NAAlesion TE = 135 ms 2.08 8.89 [7.13-22.51]

mInslesion/mInsref TE = 30 ms 0.31 1.41 [1.12-1.95]

mInslesion/Crlesion TE = 30 ms 0.44 2.46 [1.93-2.92]

line elevation group, with the Cholesion/NAAlesion ratio 
being significantly higher in WHO II glioma patients 
compared to those with no choline elevation. Addition-
ally, we observed remarkable variations in choline and 
myo-inositol (mIns) levels. Patients in the no-choline 
elevation group exhibited significantly lower choline 
levels in grade III gliomas compared to the standard 
group, while mIns levels were notably lower in the 
no-choline elevation group compared to the evident 
increase in mIns concentration in the standard grade III 
glioma group. However, due to the limited size of the 
no-choline elevation group, further statistical analysis 
awaits a larger sample size.

In general, the lack of choline elevation in certain 
gliomas is a complex phenomenon that could be influ-
enced by a variety of biological and technical factors. 
More research is needed to better understand the 
mechanisms underlying this phenomenon and develop 
more accurate and reliable diagnostic methods for glio-
mas. In summary, this study highlights the importance 
of using multiple imaging techniques to accurately 
assess the grade of glioma and avoid the risk of misdi-
agnosis or exclusion of lower-grade tumours. Magnetic 
resonance spectroscopy can be a valuable tool in this 
process but should be used in conjunction with other 
measures to provide a comprehensive diagnosis. 

Conclusions
Gliomas of each grade have some specific fea-

tures in MRS that can be used for improvement of the 
diagnostic value of conventional MRI in non-invasive 
assessment of the glioma grade. In the current study, 
the results demonstrated the possibility of lack of cho-
line elevation in patients with grade II-III gliomas. It 
is very important in the differential diagnosis of brain 
lesions to rely on conventional diffusion and perfusion 
magnetic resonance imaging and other spectroscopy 
measurements such as Cho/NAA and mI/Cr ratios, to 
avoid the risk of excluding grade II-III glioma if there is 
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