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ABSTRACT
Introduction. The utilization of Magnetic Resonance Spectroscopy (MRS) brings an important piece of information to 
an overall MR study, thus aiding the physician in making an accurate assumption regarding the histological grade of a 
tumour. The purpose of this study is to verify the reliability of MRS in correctly diagnosing both the nature of tumours 
and their grade.
Material and methods. This is an observational study that was conducted from January 2011 to June 2016 on 49 
patients confirmed to be low-grade gliomas (LGG) by pathological examination, who were admitted in our 
Neurosurgery Department in this period. Both retrospective and prospective data were collected. Inclusion criteria 
comprise unique tumoral lesion at the moment of diagnosis, follow-up for at least one year. Exclusion criteria included: 
other types of tumors with any location, patient refusal to undergo histopathological examination of the resected tissue, 
uncompliant and non-collaborating patients. Of all patients, 22 were subjected to an MRS study which suggested the 
presence of a low-grade glioma subsequently confirmed by the pathological examination.
Results. MRS has been shown to provide accurate non-invasive diagnosis of LGG’s, by analysing the concentration 
of metabolites inside the lesions which tend to be specifi c for these tumours: relatively elevated levels of N-
acetylaspartate and creatine with reduced levels in the concentration of choline and absent lipids and lactate. It has 
also been observed that pre-operative MRS assists the physician in selecting the optimal place for biopsy, so that the 
pathological examination provides conclusive results.
Conclusions. With the increased availability of MRI technology, MRS comes as a milestone in the advancement of 
more accurate and patient-friendly methods of diagnostic for pathologies as LGG’s which constitute a permanent 
challenge for neurosurgeons. The result of this study underlines the importance of MRS as a method for follow up 
patients with LGG, but cannot replace the need for obtaining biotic tissue for pathological examination, especially 
after the new grading system of WHO, which was published in June 2016. This new grading system takes into 
account the molecular biology in predicting the natural history of cerebral tumours. 
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INTRODUCTION

Gliomas are a type of neuroepithelial tumors 
that develop from glial cells. They are primarily lo-
cated in the brain and, on rare occasions, in the 
spine. The WHO grading system classifi es gliomas 
by assessing histological features of the tumours: 
necrosis, endothelial proliferation, atypical cellu-
larity, mitoses and, as of 2016, by adding the use of 
molecular parameters (1). There are 4 grades for 
the classifi cation of brain tumours, of which grades 
I-II are considered to have a more benign develop-
ment, being known as low-grade gliomas. Grades
III-IV tumours having a more malignant behavior,
are known as high-grade gliomas. Despite the fact
that both grade I and II gliomas are called low-
grade, the management for each type is different:
grade I tumors are prone to surgical cure, while the
management for grade II tumors is very controver-
sial. The purposes of surgical treatment would be to
obtain representative specimens that lead to an ac-
curate diagnosis, to reduce tumour mass in order to
alleviate neurological symptoms and to decrease
the chance of relapse, knowing that large tumour
volumes and growth rates are associated with ma-
lignant transformation. When choosing surgical
treatment, one has to take into account the clinical
and neurological state of the patient. The ones who
would benefi t the most from surgery are those with
neurological defi cits, depending on whether they
are caused by large masses of the tumours or by
disruption of the brain tissue, because a conserva-
tive approach will surely lead to neurologic deteri-
oration. Seizure producing tumours are also candi-
dates for surgical removal, the benefi t for the
patients being a better control through antiepileptic
drugs (2).

Imaging studies usually performed in patients 
with LGGs consist mostly of MRI techniques (T1, 
contrast-enhanced T1, T2, FLAIR, perfusion MR 
etc), of which a great volume of information has 
been lately provided by MR spectroscopy. This 
technique analyzes the concentration of multiple 
metabolites (N-acetylaspartate, Creatine, Choline, 
Lactate, Lipids, Myoinositol, Alanine, Gluta-
mate-Glutamine) in scanned brain tissue areas, pro-
viding metabolites sequences that are specifi c for 

each different type of lesion. NAA concentration 
declines with the rise of neuronal destruction, cho-
line is a marker for cell membrane density and in-
tegrity and it rises proportionally with the grade of 
the tumour, creatine being linked to energy metab-
olism, will decrease with the increase of the grade, 
lactates and lipids suggest anaerobic metabolism 
and are mainly absent in low-grade gliomas. The 
signature for LGG is represented by relatively ele-
vated levels of N-acetylaspartate and creatine with 
reduced levels in the concentration of choline and 
absent lipids and lactate (3,4), but of course, some 
atypical fi ndings may exist. There are also some 
important ratios to be taken into account, of which 
we remember NAA/Cr, Cho/NAA and Cho/Cr (Ta-
ble 1). The latter two are relatively elevated in low 
grade gliomas, whereas high-grade gliomas have 
even more elevated ratios (5). 

This allows for a better evaluation of the site of 
needle-biopsy, where this is the preferred option for 
management of the tumours, so that the collected 
specimen can provide accurate information regard-
ing the nature and grading of the mass (6).

The aim of this study is to show the raising im-
portance of Magnetic Resonance Spectroscopy in 
the challenging management of low-grade glioma, 
emphasizing its usefulness regarding preoperative 
planning. Magnetic Resonance Spectroscopy is a 
non-invasive, harmless tool for obtaining precious 
information about the place, type and possible be-
haviour of brain tumours.

MATERIAL AND METHODS

For this study, we collected data about 49 pa-
tients confi rmed to be low-grade gliomas (LGG) by 
pathological examination, admitted in our depart-
ment from January 2011 to June 2016. 

Inclusion criteria for this group where: histo-
pathological diagnosis of low grade glioma using a 
specimen obtained either with surgical resection or 
stereotactic biopsy, follow-up for at least one year, 
unique tumoral lesion (LGG) at the time of diagno-
sis. 

Exclusion criteria included: other types of tum-
ors with any location, patient refusal to undergo 

TABLE 1. Evolution of metabolites levels in different tumoral grades
Grade NAA Cho Cr mIns Lip Lac Cho/NAA Cho/Cr
I 0 ↑ 0 ↑ 0 0 ↑ ↑
II ↓ ↑ ↓ ↑↑ 0 0 ↑↑ ↑
III ↓↓ ↑↑ ↓↓ 0 ↑ ↑↑ ↑↑↑ ↑↑
IV ↓↓↓ ↑↑↑ ↓↓↓ ↓↓↓ ↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XV, NO. 4, 2016162

histopathological examination of the resected tis-
sue, uncompliant and non-collaborating patients. 

There were 28 male and 21 female patients, the 
youngest being 15 years old on the day the diagno-
sis was made, and the oldest 76, with an average 
age of onset of 44. The signs and symptoms on ad-
mission were dominated by seizures and motor 
defi cits, as described in Table 2.

All of our patients were subjected to a brain CT-
scan, 38 have had an MRI, 22 of which have also 
had an MRS study performed and 1 patient was ex-
amined using SPECT. All types of imaging studies 
that analyze just the anatomy could provide only 

the diagnosis of an intracranial lesion or tumoral 
mass, without being able to distinguish its nature, 
whereas Spectroscopy was able to provide clues for 
quite an accurate diagnosis. MR Spectroscopy was 
performed using the single voxel spectroscopy 
(SVS) technique, where the technician would se-
lect a voxel from where he would acquire the signal 
from inside the tumoral mass. Starting from ana-
tomical images, a voxel is constructed at the inter-
section of perpendicular planes in the three dimen-
sions of space. The result is a volume of interest 
which can be further studied (Fig. 1). The advan-
tages of SVS are represented by a high quality of 
the spectra, homogeneity of the fi eld and swiftness 
of the examination (6-8). 

Histopathological diagnoses were obtained ei-
ther from stereotactic guided biopsy (Fig. 2), which 
was the case for the majority of the patients (29), or 
from surgical resection acquired specimens for 20 
patients. For both procedures, different factors, as 
general and neurological status, volume and loca-
tion of tumoral mass, patient’s choice, were taken 
into consideration.

TABLE 2. Signs and symptoms at admission for the patients with low grade gliomas
Signs/symptoms 
on presentati on

Motor defi cits 
(monoparesis, 
paraparesis, 
tetraparesis)

Seizures Cranial 
nerves 
defi c� s

Speech disorders 
(aphasia, 
dysarthria)

Headache Altered state of 
consciousness

Sensory 
defi cits

Aff ec� ve 
disorder

Number of 
pati ents

23 18 17 16 9 5 3 1

FIGURE 1. Selecting a voxel by combining planes 
in three dimensional space
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FIGURE 2. Stereotactic planning with CT images
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It is suggested that early started radiation thera-
py increases the period free of progression and sei-
zures, despite the fact that it has no infl uence on 
overall survival, so it is of utmost importance to be 
initiated as soon as possible. Chemotherapy is used 
for holding back tumour progression (9).

For the classifi cation of histopathological exam-
ination results we have used the 2016 WHO classi-
fi cation of primary brain tumours, in which proto-
plasmic and fi brillary astrocytomas are not subtypes 
of diffuse astrocytoma as they were until now, but 
are simply known as diffuse astrocytomas (1,10). 
Because grade II gliomas have resembling invasive 
and malignant behaviour (although the gemistocyt-
ic type has a worse prognosis than the others) and 
pylocitic astrocytoma or grade I astrocytoma has an 
odd behaviour, we divided our results into grade I 
or grade II gliomas.

Follow-up is highly valuable for monitoring tu-
mour progression or recurrence, clinical and neuro-
logical state and effi ciency of the designated man-
agement. Follow-up was achieved at one year for 
all patients, 18 patients achieved a 2 year follow-up, 
12 were observed at as much as 4 years and 10 were 
followed for 5 years.

RESULTS

Comparing to reported statistics, where individ-
uals affected by low-grade gliomas have a median 
age of 35 years old and a sex ratio of 1,5 male to 1 
female, our group of patients stands close, with a 
median age of 41 years old and a sex ratio of 1,3 to 
1. We also found that grade II gliomas are signifi -
cantly more frequent (43) than grade I tumours
(only 6), as found in other sources (11-13). Al-
though most of the times seizures are cited to be the
main reason for presentation (14,15), most of our
patients presented motor defi cits as the cardinal

symptom, seizures coming on second place, thus 
keeping their importance as one of the most fre-
quent signs and symptoms that determined patients 
to search for medical care.

Of the 29 patients that have had performed a ste-
reotactic guided biopsy, 26 had no deterioration af-
ter the procedure, while 3 experienced temporary 
mild deterioration with longer recovery to the ini-
tial state. 10 of these 29 patients presented seizures 
and complete seizure control (no reported episodes) 
was successful only for 6 patients on a one year 
follow-up. Fifteen of the patients had performed ra-
diotherapy, and 14 were followed-up.

Of the 20 operated patients, 9 had a great 
post-operatory recovery with the remission of 
symptoms attributed to tumoral mass effect, the 
others remaining with the same neurological state 
as before surgery. Of the 8 patients who had sei-
zures prior to surgery, complete control on one year 
follow-up was achieved in half of them. Fourteen 
patients of these twenty were diagnosed with grade 
II gliomas. Surgical resection and subsequent ther-
apy (external beam, fractioned 54 Gy during 6 
weeks) were performed.

Follow-up is highly valuable for monitoring tu-
mour progression or recurrence, clinical and neuro-
logical state and effi ciency of the designated man-
agement. At a one year follow-up, only 2 patients 
had a profound deterioration of their clinical state 
with a progression of the tumour. After initially be-
ing only biopsied, now surgical resection was per-
formed, malignant transformation being suggested 
by MRS and confi rmed by histopathological exam-
ination with the result of glioblastoma multiforme. 
Of the patients followed for 2 years, 6 had a deteri-
orated state, they suffered surgical resection and 
malignant transformation suggested by MRS was 
confi rmed (4 glioblastoma multiforme and 2 ana-

    

Positi on 1.1.1 Voxel Size: 11.0 X 11.0 X 11.0mm Real part

Metabolite Peak Pos. Peak Height Half Width Area S.D. Area(fi t) Height(fi t)

lip 0.89 0.4 0.07233 35.1 0.19 35.06 N/A
lact 1.26 0.1 0.06054 7.0 0.12 6.95 N/A
NAA 1.96 1.1 0.08400 23.3 0.34 13.41 1.10
Cr 2.95 1.0 0.09208 16.1 0.37 32.30 1.48
Cho 3.16 1.4 N/A 20.1 0.58 44.09 1.93
ml 3.48 0.3 0.03121 7.9 0.19 1.57 1.44
H2O 4.27 0.1 0.04528 35.6 0.07 1.51 0.35
NAA/Cr N/A N/A N/A 1.4 N/A 0.42 N/A
Cho/Cr N/A N/A N/A 1.2 N/A 1.37 N/A

TABLE 3. Metabolites levels in a grade II diffuse astrocytoma later confi rmed by 
histopathological examination
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plastic astrocytoma). For those who had a follow-up 
at 4 years, 4 had severe progression and surgical 
resection confi rmed glioblastoma multiforme. Af-
ter 5 years, 5 patients had severe progression of tu-
mor, glioblastoma multiforme being confi rmed af-
ter surgical resection. Eight patients who were 
biopsied and treated with radiotherapy had no 
changes on MRS.

All 22 patients who have been examined using 
Magnetic Resonance Spectroscopy were suspected 
for glioma according to their biochemical analysis. 
They were confi rmed by histopathological exami-
nation of specimens obtained from stereotactic bi-
opsy or surgery, 21 of which being grade II gliomas 
and just one grade I glioma. Biochemical fi ndings 
on MRS consistent with low-grade glioma are rep-
resented by a relative decrease of NAA and rise in 
Choline levels (16-18) (Table 3). 

DISCUSSIONS

There is no appropriate management for low-
grade gliomas. These type of tumours have a long 
natural history, with a slow growth rate and progres-
sion. Given these facts, if there are few to no benefi ts 
expected from surgical removal of the tumour, it is 
preferable that the physician adopt a more conserva-
tive management strategy with frequent follow-ups, 
and, at the most, confi rm the diagnosis with a histo-
pathological study of a needle-biopsy obtained spec-
imen, prior to starting oncologic treatment (9). But 
this is where Magnetic Resonance Spectroscopy 

could come in useful. First of all, it is clear that it 
provides data for establishing the coordinates where 
the performed biopsy would deliver a sample which, 
analyzed from a histopathological point of view, 
gives an accurate diagnosis. 

MRS is superior to other type of imaging studies 
because it highlights the metabolic differences of 
CNS lesions which can constitute key features in 
their accurate identifi cation (19). Other imaging 
studies (CT, MRI etc.) only describe CNS lesions 
by their size, location, appearance (hyper/hypo 
density or intensity), post-contrast enhancement/
non-enhancement. Fig. 4 (images A, B, C) exem-
plifi es a focal lesion with irregular margins, with 
mass effect and compressing neighboring struc-
tures, T1 hypo-intensity and T2 hyper-intensity, but 
without providing any clues for the identifi cation of 
the histological type of the tumoral mass. In con-
trast, the MRS study shown in Table 3 and Fig. 3  
suggests a diffuse astrocytoma, grade II WHO, 
confi rmed by biopsy.

Today, we still need to have a histopathological 
exam, especially after the new classifi cation of 
brain tumours that has appeared in June 2016 
(WHO) which takes into account the molecular pa-
rameters of the tumour. 

As the time passes, technology advances and we 
learn and discover more means of studying the in-
side of our bodies, obtaining specifi c data consist-
ent with certain diagnoses. Also, training of the 
technicians executing imaging studies will proba-
bly make this relatively new area of interest more 
reliable and maybe everything we need for building 

FIGURE 3. Graphic representation of metabolites levels in the same case as 
Table 3
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the basis of an optimal management for LGGs, 
where the comfort and well-being of the patient 
represent the creed we believe in.

The goals of low-grade glioma surgery are re-
ducing tumoral mass (which is directly related with 
malignant transformation) and at the same time ob-
taining a specimen for diagnosis, improving neuro-
logical function, where this can be achieved and 
improving the control of seizures, if the case. For 
the best results, surgery should be performed in a 
setting with facilities including neurophysiology 
monitoring and mapping, intraoperative studies be-
ing also of great help (2). Surgical care should be 

taken into consideration as the main treatment for 
pilocityc astrocytomas, when there is a great dan-
ger of herniation or obstruction of CSF fl ow, but is 
doubtful for disseminated or multifocal tumours, or 
when located in eloquent brain (9).

When should surgery be performed? It should be 
delayed when minimal symptoms and small mass is 
present (clinical and imagistic surveillance including 
MRS). It should be performed immediately when 
there are extensive symptoms and a large mass. Sub-
sequent resection shoult be made when there is a pro-
gressive mass or symptoms and MRS suggesting pro-
gression to a HGG. How much to resect? Maximal 

FIGURE 4. MRI showing a focal lesion in the right 
occipital medial grey matter, with a superior right 
parietal cortical projection and an inferior posterior right 
hippocampal projection with mass effect on the 
splenium of the corpus callosum on the right side, which 
is moved upwards and anterior, and compression of the 
posterior horn of the right lateral ventricle. The tumoral 
mass is indicated by the yellow arrows (axial diffusion 
– A, sagittal T1 – B, axial T2 – C)

A

B

C
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safe resection when feasible, although gross total re-
section is often not possible due to the infi ltrative na-
ture. Biopsy should be performed when resection is 
not feasible, minimal symptoms are present or a LGG 
is presumed (highly suggested by MRS). 

Radiotherapy is delayed when there is a mini-
mal mass or symptoms (including after resection) 
and in the case the MRS follow up suggests possi-
ble malignant transformation. Immediate radio-
therapy is performed when a signifi cant mass or 
symptoms are present, especially if only biopsy is 
performed or when “high risk” features are present 
(signifi cant disease-related neurological symptoms, 
tumours crossing the midline, age > 40 years, size 
> 5 cm). Subsequent RT is rarely performed, suita-
ble when recurrence/progression in new location.
Typically the dose is 54 Gy, external beam, frac-
tioned in 6 weeks. Post-operative management is
vital for a good outcome. Stabilization of neurolog-
ic function in most patients has to do with receiving
oncologic care, but also with the phenomenon of
brain plasticity. But these also have their limits,
which will probably be overcome in the future as
new substances, procedures and techniques are de-
veloped (2,12,14).

Limitations of MRS are the heterogeneity of tu-
mor mass, which can affect the local concentration 
of metabolites, the device technical specifi cations 
and protocols used or voxel contamination from 
surrounding structures. These can hinder the estab-
lishment of absolute values that can be used as 
norms when executing MRS studies (5).

CONCLUSIONS

In our study, MR-Spectroscopy was a reliable 
tool for the accurate diagnosis of the histological 
grade of brain tumors. It was also of notable impor-
tance in the follow-up of the patients, as it is has 
some advantages: convenient for the patient, readi-
ly available, relatively easy to perform, rather reli-
able. There are a few impediments still to be over-
come, which include physician training, MRI device 
technical specifi cations, standardization of data. 

In the future, specifi c cases in thoroughly select-
ed patients might have a greater benefi t from this 
type of investigation, but considering molecular bi-
ology is the core for modern research in the domain 
of low-grade glioma, MRS will play a more com-
plementary role.
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