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ABSTRACT 

Magnetic Resonance Spectroscopy (MRS) is nowa- 
days considered as a main MRI investigation modal- 
ity in the clinical routine jointly with conventional 
anatomical and functional magnetic resonance imag- 
ing for studying brain tumours. MRS provides com- 
plementary information about cellular metabolism. 
This allows differentiating the brain tumours from 
abscess, the diagnosis of the tumour type, characteri- 
zation of brain tumours, as well as local study of the 
morphological abnormalities observed in conventional 
MRI. The MRS could be used in the therapeutic fol- 
low-up for evaluating the pathological active area of 
brain, and allows optimizing the guided biopsy as well 
as to differentiating recurrent tumour from a necrosis.  
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1. INTRODUCTION 

The magnetic resonance spectroscopy (MRS) is mainly 
used in biology and in medicine, this investigation modal- 
ity reports major information about the cellular metabol- 
ism. Indeed, tissues are constituted by specific metabol- 
ites with concentration varying according to their clinical 
conditions. In fact, this technique constitutes a unique 
non-invasive tool to detect and to quantify the anatomi- 
cal cellular metabolic processes real time. 

The MRS provides large information on the metabolic 
characteristics of brain tumors. The localized MRS iden- 
tifies the global properties while the MR spectroscopic 
imaging used recently provides more information about 
the regional and metabolic heterogeneity within tumors. 
These MRS features would underline the considered 
importance of the magnetic resonance spectroscopy as a 
feasible investigation approach in clinical routine. Nowa- 
days, this examination that is achievable in less than 15 
minutes could offer valuable clinical information allowing  

more precise diagnosis. These includes: differentiating 
the brain tumors from abscesses [1-4], to define the tu- 
moral characteristic of the investigated lesion and better 
characterization of brain tumors [5-9], and establishing an 
extended local assessment of within morphological ab- 
normalities observed in conventional MRI [10-14]. 

MRS is also used by clinicians for the therapeutic 
follow-up to estimate the most active area in lesion, to 
guide and optimize the biopsy, and to differentiate the 
recurrent tumor a radionecrosis [15-18]. This technique 
is useful in radiosurgery as a criterion for indicating to 
increase or decreases the irradiation during tumor radio- 
therapy [19]. 

2. TECHNICAL ASPECTS OF MR 
SPECTROSCOPY SIGNAL 

The MRS allows visualizing information expressed by 
proton resonance frequencies of metabolites, by eliminat- 
ing signal resulting from water protons. It is a detailed 
analysis of the frequencies of echo of atom molecules of 
the same type in a different chemical environment. 

The major technical difficulty of MR spectroscopy is 
obtaining a homogeneous magnetic field. Indeed, the ac- 
curacy of the MR spectra is directly dependent of the 
magnetic field homogeneity, the resonance spectra is 
larger an imperfect magnetic field homogeneity. The sur- 
face of each resonance spectra is proportional to the 
proton density, lager spectra has decreased intensity 
which produces reduced signal-to-noise ratio. Further- 
more, larger resonance spectra lead to an overlapping of 
spectrum yielded by element with close chemical shifts. 
Therefore, it is difficult to homogenize the magnetic field 
within the volume of interest. Hence, the homogeneity of 
the magnetic field is a major critical component for the 
MR spectroscopy. 

3. MAGNETIC RESONANCE  
SPECTROSCOPY IN PRACTICE 

In MR spectroscopy, two main techniques are used: *Both authors have equally contributed to this paper 
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The signal of monovoxel MR Spectroscopy is collec- 
ted from the single voxel signal. This MR spectroscopy 
acquisition is lasting 2.30 to 3.40 minutes, and the 
spectra is immediately available at the end of the acquisi- 
tion, the acquired data provides limited information 
about the fraction of the cerebral parenchyma included in 
the voxel. 

The metabolic imaging is known also as chemical shift 
imaging (CSI). The acquired spectra can be two-or three- 
dimensional coving all the tumor volume. This acquisi- 
tion method consists of recording the magnetic resonance 
spectroscopic information from one or several slices. 
This acquisition method provides more valuable infor- 
mation compared to the monovoxel MR spectroscopy. 
However, the acquisition time is longer and lasts about 5 
to 10 minutes. The recorded data has to be transferred to 
a console for offline post-processing. Afterwards, it is 
possible to combine the reference MR image data with 
MR spectra; hence visualizing the spectra of the region 
of interest suitable for the required study. It is also 
possible to calculate and display the metabolic result 
maps corresponding to the distribution of metabolites or 
metabolic ratio on high resolution MR image. 

In the mean time, it is to mention that a complete 
examination with specific indication using MRS and 
MRSI is still lasting a relatively a long time varying 
between 5 and 45 minutes. In addition, claustrophobic 
and metal implants patients are difficult to admit for 
MRS and MRSI exploration.  

4. THE MAIN METABOLITES VISIBLE 
IN PROTON MRS  

Spectra are obtained in the human brain within an echo 
time lasting 135 to 288 ms and allow detecting several 
resonance elements [20-23]:  
˗ N-Acetyl Aspartate (NAA) chemical shift is 2.02 

ppm. The presence of this amino-acid within neuronal 
tissue (neuron bodies and axons) conjugated also to 
the absence in the pure glial tissue. The NAA is con- 
sidered as a quantitative marker of neuronal suffering. 

˗ Creatine/phosphocreatine (Cr), chemical shift is 3.02 
ppm and it allows to follow the metabolism energy 
since it is a good marker of the global metabolism. 

˗ Choline/phosphatidylcholine (Cho) chemical shift is 
3.2 ppm. These metabolites are involved in the meta- 
bolism and structures of phospholipides membranes; 
they are considered as a marker of suffering mem- 
branes. They are increased in demyelinisation pro- 
cesses as well as during all cellular proliferation pro- 
cesses such as cellular death or of destruction of 
membranes. 

˗ The lactate, (Lac) chemical shift is 1.35 ppm. It 
occurs with wider spectrum. Its concentration is very 

low in normal condition, and strongly raised in anae- 
robic conditions reflecting underlined ischemia or 
hypoxia phenomena. 

˗ Free amino acids chemical shift is 0.9 ppm. The spec- 
trum is observed in case of pyogenic abscess and in 
metabolic diseases such aminoacidopathies. 

˗ The alanine is detected in 1.5 ppm. It reflects the 
intermediate metabolism disorder. 

During the MRS acquisitions with short echo time 
ranging between 20 and 40 ms) the spectra become 
complicated and other metabolites are detected includ- 
ing:  
˗ The glutamate (Glu) is excitatory neurotransmitter as- 

sociated with Glutamine (Gln), they increase in the 
ammonium metabolism abnormalities. It has q chemi- 
cal shift of 2.2 and 2.6 ppm respectively and situated 
on the left of the NAA spectrum. 

˗ The myo-inositol has a chemical shift of 3.6 ppm. It 
is a sugar found only in the glia and is a glial suf- 
fering marker. It increases during process involving a 
glial activation or a gliosis. 

˗ Free lipids (Lip) chemical shift is ranging between 
0.9 and 1.3 ppm. They are associated with cellular 
necrosis, and making very important markers of brain 
tumors of high grade and also ischemic stroke. 

˗ The taurine is an amino-acid involved in the osmo- 
regulation and is detectable at 3.3 ppm.  

˗ The alanine is detected with chemical shift of 1.48 
ppm. Its occurrence is associated to the respective 
medulloblastoma and meningioma diagnoses. 

5. THE DIFFERENTIAL DIAGNOSIS 
BETWEEN ABSCESS AND BRAIN 
TUMORS 

Literature reports described the interesting role of diffu- 
sion MRI in the differential diagnosis between abscess 
and brain tumors [24-27]. Indeed, the abscess clearly as- 
sessed in the diffusion MRI of most cases of the tumoral 
necrosis; considering the pus high viscosity, the abscess 
appears with high signal intensity in diffusion images 
compared to malignant tumor associating lower apparent 
diffusion coefficient of (ADC). In MR spectroscopy, the 
abscess is differentiated from a tumor by the absence of 
elevated amount of Choline; and the presence of multiple 
revealing amines acids synthesized by bacteria with 
chemical shift centered on 0.9 ppm in long echo time 
acquisitions are arguments confirming the positive diag- 
nosis of pyogenes abscess [27]. 

6. THE DIAGNOSIS AND  
CLASSIFICATION TUMOR TYPE 

The high sensitivity of the MRS allows being the most  
specific technique for the positive diagnosis of brain 
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tumors. Compared to healthy tissue, spectra of brain tu- 
mor are characterized by: 
˗ Elevated Choline and Cho/Cr and Cho/NAA ratios 

reflecting suffering membranes and cellular prolife- 
ration. This increase of Choline is linearly correlated 
to the histological proliferation index Ki67 [28]. 

˗ A decreased NAA and NAA/Cr ratio are associated 
with neuronal losses.  
An increased myo-inositol is translating a glial acti- 

vation, especially in case of glial tumors of low grade 
and disappearing gradually with the progressive passage 
to anaplasia [29].  

The presence of free lipids is associated to the brain 
tumor grade, and they dominate the spectra in case of 
high grade tumors and associated cellular necrosis. 

7. THE CHARACTERIZATION OF 
BRAIN TUMORS 

˗ Gliomatosis is translated in MRS by an important rise 
of myo-inositol and a light increase of the Creatine 
peak. However, the chemical shift of Choline and 
NAA remain almost unmodified allowing to discri- 
minate infiltrating glioma [30]. 
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(c)                                                         (d) 

Figure 1. (a) Oligoastrosytoma of grad II within the intra ventricular lesion of V4 with right cerebella invasion, the signal 
in T1 does not enhance after injection of gadolinium; (b) the lesion is characterized by high apparent diffusion coefficient 
(ADC); (c) the metabolic profile is showed by single voxel MRS with short TE of 35 ms demonstrating important increase 
of myo-Inositol/Creatine (mI/Cr = 1.3) associated to increase of Choline (Ch); (d) while the single voxel MRS with long 
TE of 144 ms demonstrated an increase of Choline (Ch), and moderate decrease of N-Acetyl-Aspartate (NAA) and 
Creatine (Cr). 

 OPEN ACCESS 



A. Housni, S. Boujraf / J. Biomedical Science and Engineering 5 (2012) 853-861 856 

        
(a)                                                       (b) 

 

4          3          2          1         0

ml 

Lip + Lac 

NAA 
Cr 

Ch 

      

 

 4         3          2          1          0

Lac 

Cr 

Ch 

NAA 

 
(c)                                                        (d) 

Figure 2. An heterogeneous anaplastic glioma lesion enhanced in T1 image after gadolinium injection; The tumor is sur-
rounded by a large edematous area (a) and presenting a moderate increase of the apparent diffusion coefficient (ADC = 1.21 × 
10−3); (c) The metabolic profile is characterized in single voxel MRS with short TE of 35 ms by an increase of Choline/ 
Creatine (Cho/Cr = 3.56; Cho/NAA = 7.2) associated to moderate amount of free lipids (Lip); (d) While the single voxel 
MRS with long TE of 144 ms is showing marked increase of Choline (Ch), and a decrease of N-Acetyl-Aspartate (NAA), 
moderate decrease of Creatine (Cr) and presence of a small amount of Lactate (Lac) (d). 

 
˗ The low grad Glioma (II according to WHO) is trans- 

lated by a high myo-inositol, a declined NAA; and a 
moderate increase of Choline, Cho/Cr, Cho/NAA ra- 
tios with absence of free lipids (Figure 1). The detec- 
tion of lactate within this type of tumors would trans- 
late an underlying evolving translating an accelerated 
anaerobic glycolysis [31]. 

˗ The spectra of glioma of grad III according to WHO 
is characterized by an important rise of the Choline 
peak that is well correlated linearly with histological 
proliferation index Ki67, a decrease of the peak of 
Creatine, and NAA, and a moderate presence of myo- 

inositol and free lipids which don’t control the spectra 
(Figure 2). 

˗ The glioma of grad IV according to WHO are as- 
sessed in MRS with an important abundance of Cho- 
line, a strong decrease of NAA and Cr, a significant 
increase of lipids associated to cellular necrosis, and 
decrease even a disappearance of the myo-inositol 
spectrum (Figure 3). Therefore, the remote spectra of 
the contrast remain abnormal with low free lipids 
reflecting the infiltration of tumors [32,33]. 

˗ The MR spectroscopy of lymphomas shows a raised 
Choline, a significant decrease of the NAA and Cr 
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peaks (Figure 4), and clear continuous increased free 
lipids [34]. 

˗ In MR spectroscopy, metastases are translated by a 
significant abundance of free lipids, a moderate raised 
Choline peak and the very low even lack of NAA and 
Cr (Figure 5). The remote spectra contrast remains 
normal, demonstrating the non infiltrating character 
of the lesion [35]. 

8. THE EXTENDED ASSESSMENT 
WITHIN LOCAL ANATOMICAL  
ABNORMALITIES 

A malignant tumor are generally visible in conventional 
MRI and demonstrates a shape of a necrotic-cystic lesion 
that is taking strongly the contrast agent, it is surrounded  

with a zone of hypersignal in T2/FLAIR images. Such 
appearance could correspond either to a vasogenic reac- 
ting edema or to a tumoral infiltration. Differentiating 
these two pathologies is achieved by MRS performance 
in the differential diagnosis between pure edema and tu- 
moral infiltration [36]; in a pure vasogenic edema, spec- 
trum remains normal, while in a tumoral infiltration the 
MR spectra appear to be abnormal and characterized by 
elevated choline and Cho/Cr and Cho/NAA ratios. 

9. PRETHERAPEUTICAL ASSESSMENT 

The precise demarcation of tumor limits allows specify- 
ing the required surgical gesture including total, subtotal 
or partial, hence defining the possible dimension of 
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Figure 3. (a) The intra-parenchymatous Glioblastoma lesion showed left temporal hypo signal in T1 image and 
moderate signal T2/FLAIR images; (b) A heterogeneous enhancement is observed in Gadolinium-enhanced 
T1-weighted MR image merged with the ADC after contrast agent injection with lowered apparent diffusion coef-
ficient (ADC = 0.675 × 10−3); (c) The metabolic profile is dominated in single voxel MRS with long echo time 
(144 ms) significant increase of Choline (Cho) and important decrease of N-Acetyl-Aspartate (NAA) and Creatine 
(Cr); (d) While the single voxel MRS with short echo time (35 ms) besides the presence metabolic abnormalities 
with long echo time, we found the presence of an important quantity of free lipids (Lip). 
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surgical exeresis of the lesion [37]. The combination MR 
spectroscopy, diffusion MRI and perfusion MRI in the 
pacification of stereotactic biopsy or radiotherapy allows 
defining more accurately the potential targets. This could 
be assessed by including tumor zones an important 
augmentation of Choline, elevated Choline/ NAA ration, 
an hyper vascular lesion with a lower apparent diffusion 
coefficient (ADC), tumor area without standard contrast 
media intensity of T1 MR images [38]. 

10. THERAPEUTICAL FOLLOW-UP 

Earlier differentiation between tumor and radionecrosis 
in conventional MRI is difficult. However, the MR spec- 
troscopy provides important results in this regards. The 
lesion persistence or evolvement is demonstrated by an 
increased Choline, whereas a radionecrosis is expressed 
by spectra where all metabolisms disappeared except free 
lipids [39]. 
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Figure 4. (a) Lymphoma with deep hemispherical multiple intra parenchymatous lesions demonstrating an hyper signal in 
Gadolinium-enhanced T1 imag; (b) Homogeneous enhancement is observed after contrast injection associating lower ap-
par- ent diffusion coefficient (ADC = 0.587 × 10−3); (c) The single voxel MRS with long echo time (TE = 144 ms) dem-
onstrated a metabolic profile with important increase of the Choline/N-Acetyl-Aspartate ratio (Ch/NAA = 6.67), a re-
markable decrease of Creatine (Cr) and NAA and a presence of lipids (Lip); (d) while the single voxel MRS with short 
TE (35 ms) we also found the presence of important quantity of lipids, and a moderate increase of the myo-Inositol (mI). 
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Figure 5. (a) The T2 image of brain metastasis is showing 
a heterogeneous lesion surrounded by a large edematous 
area, (b) with Gadolinium-enhanced T1 image and (c) pre-
senting an increased apparent diffusion coefficient (ADC). 
(d) Free lipids (Lip) are the main component of the meta-
bolic profile. Both single voxel MRS with short TE (35 ms) 
and (e) long TE (144 ms) demonstrated large amount of 
free lipids (Lip) associated to a global decrease of normal 
metabolites pointing a predominant necrotic lesion and 
global decrease of metabolites with persistence of Choline 
(Ch)related to cellular proliferation respectively. A residual 
lipid (Lip) peak is also observed. 

 
The survival of tumor patients is improved by the 

radiotherapy; however most degenerating tumors have 
persistence within irradiated volumes. [40] It is probably 
associated to inaccurate definition of the targeted lesion 
and missed identification of radioresistant volume requir- 
ing elevated dose of radiations. Therefore, the MR spec- 
troscopy constitutes a future method in radiotherapy al- 
lowing a better targeting of area with great recurrence 
potential. In the mean time, larger MRS and MRSI mul- 
ticentre studies have to be achieved in order to have a 
better assessment of the survival estimation of each tu- 
mor category of patients 
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11. CONCLUSION 

The MR spectroscopy has a great interest in the explora- 
tion and therapeutic strategies of brain tumors. It allows 
a better general combination and confrontation of func- 
tional metabolism and morphological studies. The tech- 
nical development including multi-canals bird cage coils 
technology, stronger magnetic field gradients, and appro- 
priate post-processing software should allow advanced 
and better involvement of MR spectroscopy in brain can- 
cer studies. 
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