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  ABSTRACT 

 Magnetic resonance (MR) modalities are routine imaging tools in the diagnosis and management of gliomas. 
MR spectroscopic imaging (MRSI), which relies on the metabolic characteristics of tissues, has been developed to 
accelerate the understanding of gliomas and to aid in effective clinical decision making and development of targeted 
therapies. In this review, the potentials and practical challenges to frequently use this technique in clinical management 
of gliomas are discussed. The applications of new biomarkers detectable by MRSI in differential glioma diagnosis, 
pre- and post-treatment evaluations, and neurosurgery are also addressed.   

 Gliomas are classifi ed into four grades (grade I – IV) 
according to the World Health Organization (WHO) 
criteria based on histology and biological behavior 
of the neoplasm [1]. Grade I gliomas are benign 
tumors, whereas grade II – IV are malignant tumors 
with increasing malignancy respectively. According 
to the WHO classifi cation, grade I tumors have low 
mitotic activity. Grade II gliomas, low grade gliomas, 
are also characterized by low proliferative potential, 
but they are generally infi ltrating into normal brain 
with a progression tendency towards more malig-
nant features over time. Grade III gliomas have 
high mitotic activity and atypic cells and nucleuses. 
The most malignant gliomas are glioblastomas 
multiforme (GBM, WHO grade IV). GBMs are 
characterized by high proliferative activity, highly 
atypic cytoarchitecture and frequently necrotic areas, 
vascular thrombosis, and microvascular prolifera-
tion. Grades III and IV are considered as high-grade 
gliomas with a poor prognosis [2]. Current treat-
ment for brain gliomas includes surgery followed by 
radiotherapy and/or chemotherapy depending on 
prognostic factors such as tumor location, glioma 
grade and histopathological features [3]. 

 Conventional MR imaging (MRI) is a commonly 
used MR modality in tumor diagnostics and 
management. It provides anatomical information 
about a suspected lesion with relatively high spatial 
resolution and short scan time. Differences in the 
morphological structure of brain tumors are detected 
by MRI, and this is used for differential diagnosis 
and treatment assessment and follow-up. However, 
it is unreliable to determine tumor malignancy and 
evaluate therapy response solely based on morpho-
logy [4,5]. Diffuse tumors might not be visible in 
the anatomical MR images and response to therapy 
might be visible earlier as a molecular change than 
a morphological change. Thus, complementary 
information to the MRI may improve glioma patient 
management. 

 MR spectroscopy (MRS) can non-invasively map 
metabolic profi les and dynamics of the human brain 
[6,7]. A variety of metabolites can be detected (mM 
concentration range), and both steady state and 
kinetic analysis of cancer metabolism can be per-
formed in vivo using  1 H (proton),  31 P (phosphorus) 
or  13 C (carbon) MRS [8,9]. Especially in the case of 
gliomas, the molecular information provided by 
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MRS combined with the anatomical information 
from MRI has been shown to improve initial diagno-
sis, tumor delineation for surgical or radiotherapy 
planning and post-therapy monitoring of tumor 
recurrence or progression to higher grade. 

 The purpose of this review is to highlight some 
of the expected impacts of MR spectroscopic imag-
ing (MRSI) in clinical management of glioma 
patients. Furthermore, a short introduction to the 
MRSI technique and recent advances in this fi eld are 
also included. Finally, the future direction, potentials 
and limitations of this technique will be discussed. 

  MRSI acquisition and processing techniques 

 In vivo MRS provides metabolic profi les of brain 
tumors non-invasively. MRS detects radiofrequency 
signals emitted from MR active nuclei, such as  1 H, 

 31 P, and  13 C, of different metabolites. The detected 
frequency of the metabolites is slightly different 
depending on their chemical microenvironment. This 
quality is described as  ‘ chemical shift ’  and is expressed 
in a parts per million (ppm) scale with reference to 
a standard. For in vivo  1 H MRS, the water peak with 
a chemical shift value of 4.7 ppm is usually used as 
a standard reference signal. The intensity of the 
metabolite peak is proportional to the metabolite 
concentration level (Figure 1C). With localization 
determined from MR images, MR spectra are either 
detected from single volume elements (single voxel 
MRS) or from multiple volume elements (multi-
voxel) which is referred to as multivoxel MRSI or 
chemical shift imaging (CSI) (Figure 1A and B) 
[10]. The MRSI data can be visualized as color-
coded metabolic or spectral maps (Figure 1D 
and E). The potential pitfall of conventional MRI in 

  Figure 1.      1 H MRSI of the brain of a healthy volunteer at 7T. (A) The 2D MRSI matrix (green grid) is overlaid on a transverse T 2 -weighted 
MR image and the MR spectra from the volume-of-interest (the white box in A) is shown on (B) with range 1.5 – 4.3 ppm. (C) The enlarged 
MR spectrum of the center voxel of the spectral map (blue voxel in B) shows the detectable metabolites in a healthy brain. The vertical 
axis represents signal intensities or concentrations of metabolites, while the horizontal axis represents chemical shifts (ppm).The assigned 
metabolites are; N-acetylaspartate (NAA), choline (Cho), glutamate (Glu), glutamine (Gln) creatine/phosphocreatine (Cr/PCr), and 
myo-inositol (Ins). (D, E) Color-coded metabolic maps calculated from the integration of Lorentzian fi ts to NAA and Cho. Adjusted with 
permission from [17].  
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discriminating between different tissue types might 
inherently lead to an inaccurate localization for single 
voxel MRS. The ability to acquire two dimensions 
(2D) or 3D metabolite distributions provides an 
assessment of heterogeneous tumor tissues [11]. 

 MRSI pulse sequences use a combination of fre-
quency and spatially selective pulses to suppress 
unwanted signals and localize the spatial extent and 
metabolic properties of specifi c regions of the anat-
omy. Acquisition parameters such as the used echo 
time (TE), the time between excitation and MR sig-
nal sampling, can greatly impact the metabolite sig-
nals. Commonly used TEs in the clinical setting are 
30 ms (short TE), 144 ms (intermediate TE) or 270 
ms (long TE). The use of short TE allows the detec-
tion of metabolites with both short and long T2 
relaxation times (a time constant which refl ects the 
MR signal decay), whereas use of long TE only allows 
detection of metabolites with long T2 relaxation 
times and therefore reduce the signal from lipids and 
other macromolecules. Intermediate TE results in an 
inverted lactate peak at 1.3 ppm, which is useful for 
lactate detection in some cases. 

 The commercially available and most commonly 
used MRSI sequence is point resolved spectroscopy 
(PRESS) [12] which provides reasonable scan times. 
PRESS is a localized double spin-echo pulse sequence. 
Recent advances in MRSI data acquisition have 
improved both the spatial and spectral resolution and 
the scanning time. Development of accelerated MRSI 
acquisitions is of particular interest in clinical applica-
tions. Echo planar spectroscopic imaging (EPSI) 
[13] and spiral-MRSI [14] are the most common fast 
MRSI techniques with comparable sensitivity per 
unit volume to that of PRESS. EPSI allows clinically 
feasible whole brain metabolite mapping at interme-
diate TEs [13], providing accelerated acquisition of 
spectral and spatial data simultaneously in shorter 
scan time. Another development in fast MRSI 
sequences has been the reduction in number of 
excitations by parallel imaging techniques such as 
sensitivity encoding (SENSE) [15] and general-
ized auto-calibrating partially parallel acquisitions 
(GRAPPA) [16]. 

 Performing MRS at higher magnetic fi eld strength 
(3T and beyond) improves the spectral resolution 
and sensitivity [17]. However, this is associated with 
technical challenges such as obtaining uniform exci-
tation profi les and increased chemical shift displace-
ment error (CSDE) [17]. To reduce the CSDE and 
establish uniform excitations, MRSI sequences with 
adiabatic pulses [18] such as localization by adiabatic 
selective refocusing (LASER) have been used [18]. 
LASER consists of a non-slice-selective adiabatic 
pulse to uniformly excite the volume of interest and 
three pairs of refocusing 180 °  adiabatic fully passage 

(AFP) pulses in three directions for localization. The 
fi rst three pulses of the original fully adiabatic 
sequence in LASER were later replaced by a non-
adiabatic optimized slice-selective excitation pulse in 
the semi-LASER sequence [19 – 21], which allows the 
use of shorter echo times than LASER (down to 30 ms 
at 3T). Edited MRSI sequences are able to detect 
specifi c metabolites that cannot be detected otherwise, 
such as recently shown for 2-hydroxyglutarate and lac-
tate detection in glioma patients [22,23]. 

 Quantitative analysis of the metabolites observed 
by MRSI is commonly performed using peak fi tting 
or prior knowledge-based quantifi cation. In the peak 
fi tting method, peaks are initially selected and coarse 
estimations of the resonance frequency, line width, 
and peak intensity are made, either by the operator 
or by algorithms. Subsequently, a fi t algorithm (such 
as the AMARES package in jMRUI [24]) is per-
formed by using a least squares optimization algo-
rithm, which iteratively fi ts all peaks to a line-shape 
model function. Prior knowledge about the metabo-
lites detected in the spectra can also be incorporated 
in the fi tting routine. The observed metabolites in the 
MR spectra are all characterized by signal parame-
ters such as relative amplitude, frequency, phase, and 
resonance chemical shift. These spectral parameters 
are known from previous  1 H MRS brain studies, and 
can be used as prior knowledge to simulate the 
metabolite resonances considering the acquisition 
parameters such as magnetic fi eld strength, pulse 
sequence, echo and repetition times, and pH. The 
simulated resonances from metabolites of interest 
can also be combined to generate a basis set for spec-
tral fi tting. LCModel [25] analyzes the MRS data 
automatically by iteratively fi tting the experimentally 
obtained MR spectra with the determined basis set 
using least squares optimization, whereas jMRUI 
[26] provides both a semi-automatic peak fi tting 
technique (AMARES) and a fully automatic fi tting 
routine (QUEST) using metabolite basis sets [27].   

 MRSI of brain tumors 

 In the last two decades a lot of effort has been made 
to understand the biological mechanisms underlying 
brain gliomas. Metabolites are the downstream 
products from preceding gene and protein activity, 
and thereby close measures of the phenotype under 
investigation. Changes in metabolite levels will indi-
cate which biological pathways are affected under 
certain conditions. Metabolites that serve as objec-
tive indicators of normal biological and pathogenic 
processes or pharmacological responses to a thera-
peutic intervention can be established as biomark-
ers. None of the metabolites mentioned in the next 
paragraph are tumor specifi c, in the sense that they 
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can be observed both in normal brain as well as 
tumor tissue. However, changes in the metabolite 
concentrations or metabolite ratios between normal 
and tumor tissue can prove malignancy. Metabolites 
frequently observed in gliomas are given in Table I. 

 Cancer cells have a higher rate of glycolysis 
(energy production process) than normal cells 
(known as The Warburg effect) [28]. Metabolites 
associated with the glycolytic pathway (lactate, ala-
nine, lipids, and pyruvate) are suggested as biomark-
ers of abnormal energy metabolism [29]. Lactate is 
related to hypoxia and necrosis, and can be observed 
in higher grade tumors [28]. Lipids are observed in 
necrosis and are also related to hypoxia and apopto-
sis [28,30]. Phospholipid metabolism is commonly 
altered in cancer cells [31], and is associated with 
cellular proliferation, apoptosis, tumor progression, 
angiogenesis, oncogenic signaling pathways, and cell 
survival [32]. Choline containing compounds are the 
downstream products of phospholipid metabolism. 
Total choline (tCho) is a composite signal, and 
includes the choline containing compounds [choline 
(Cho), phosphocholine (PCho), and glycerophos-
phocholine (GPC)] that can be detected individually 
with high resolution in vitro and ex vivo MRS [33]. 
The tCho level has been found to be abnormally high 
in a variety of tumors [7,32] and tCho has been sug-
gested as a biomarker of cell density and rapid cell 
membrane turnover [34,35]. The tCho level in tumor 

tissue might also refl ect the amount of fi ber destruc-
tion of gliomas [36]. 

 N-acetyl aspartate (NAA) is another important 
metabolite in  1 H MR spectra of the brain and is 
known as a marker of neuronal activity [37]. A 
decrease in NAA has been repeatedly observed in 
different brain tumors [7]. Total creatine (tCr), myo-
Inositol (mI) and glycine (Gly) are also detected in 
 1 H MR spectra of brain tumors. tCr includes creatine 
and phosphocreatine and indicates the intracellular 
energy states [38]. The relatively increased myo-
Inositol and glutamine in the contralateral normal 
appearing white matter of GBM patients have been 
suggested as markers of early neoplastic infi ltrations 
[39]. Gly has been reported as a marker of tumor 
malignancy [40]. In general, gliomas show elevated 
tCho and reduced NAA and tCr compared to nor-
mal brain tissue and possibly elevated lactate and 
lipids in the necrotic areas [41]. Figure 2 shows the 
difference in metabolite concentrations between a 
glioma spectrum and a normal brain spectrum. 

 A new and promising biomarker, the oncometabo-
lite 2-hydroxyglutarate (2-HG) has been discovered 
in a subtype of gliomas by  1 H MRS using clinical 
scanners (3 T) [22,42,43]. 2-HG has been detected 
in glioma patients harboring  IDH -mutations. 
 IDH1 / IDH2  mutations are present in about 80% of 
WHO grade II and III gliomas and in certain GBM 
subtypes [43], but only in less than 10% of primary 

  Table I. Biochemical features of brain gliomas detectable by  1 H-MRSI.  

 Metabolite  Spectrum peak  Characteristics 

N-acetyl aspartate (NAA) Singlet at 2.01 ppm – marker of neuronal activity [37]
  – absent in metastatic and non-neuronal brain tumors [7]
  – reduced in infi ltrative tumors (such as gliomas) 

compared to normal tissue [7]
Total choline (tCho) Singlet at 3.22 ppm – marker of phospholipid turnover in membrane [32]

  – refl ects cellular proliferation [34,48]
–   indicator of progression in gliomas [35]

Phosphocreatine and creatine 
(tCr)

Singlets at 3.03 ppm and 3.9 ppm – related to cellular energy metabolism [38]
–   prognostic factor in low-grade gliomas [38]

Myo-inositol (mI) Multiplets as a single peak 
at 3.56 ppm [40]

– marker of early neoplastic infi ltrations in GBMs [39]

Glycine (Gly) Singlet at 3.56 ppm [40] – increased in malignant gliomas [40]
Glutamate, glutamine (Glx) Broad multiplet signals between 

2 and 2.4 ppm and  ≈  3.8 ppm
– present predominantly in astrocytes [39]
–   marker of early neoplastic infi ltrations in GBMs, when 

found in increased concentrations in normal-appearing 
white matter (NAWM) [39]

Lactate Doublet at 1.33 ppm – related with necrosis [30] and hypoxia [28]
  – more often observed at higher grade tumors [28]
–   regulator of energy fl ux within the cancerous cells [28]

Lipids 0.9 and 1.3 ppm – related with necrosis [30]
  – more often observed at higher grade tumors [28]
–   regulator of energy fl ux within the cancerous cells [28]

Alanine (Ala) Doublet at 1.47 ppm – increased concentration in hypoxic tissue [28]
–   regulator of energy fl ux within the cancerous cells [28]

2-hydroxyglutarate (2-HG) Multiplets at 1.85 ppm, 2.01 
ppm, 2.28 ppm, and 4.05 ppm

– oncometabolite that can be found in gliomas with an 
 IDH -mutation [22,42,43]
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GBMs [44]. There are growing evidence that these 
mutations may play an important role in the develop-
ment of gliomas [45]. The  IDH -mutation status is an 
important prognostic marker, as patients with  IDH -
mutated gliomas have signifi cantly better overall sur-
vival than patients without this mutation [46].  IDH  
mutations lead to increased levels of 2-HG, and detec-
tion of 2-HG by MRS can become a non-invasive 
method of evaluating  IDH  mutation status [22]. 

 The detection of some metabolites mentioned 
above is not feasible with commercially available 
sequences and might need appropriate post-process-
ing routines. This limitation is due to the overlapping 
signals in proton spectra such as the mI and Gly or 
choline containing signals. Other MRS techniques 
such as  31 P- and  13 C-MRS provide wider chemical 
shift dispersion, thereby, better spectral resolution 
than  1 H MRS.  31 P-containing metabolites such as 
PCho, GPC, phosphoethanolamine (PEtn), and 
glycerophosphoethanolamine (GPE) can be directly 
detected by  31 P MRSI [47]. PEtn and GPE are 
involved in phospholipid metabolism, along with the 
choline containing metabolites [48]. In vivo  13 C 
MRS detects concentrations above 0.1 mM of 
metabolites such as glutamine, glutamate, and NAA. 
However, most commercial MR scanners are gener-
ally only capable of proton spectroscopy and, there-
fore,  31 P/ 13 C MRSI of gliomas are less studied.   

 Value of MRSI in glioma clinical practice 

 Gliomas are infi ltrative and heterogeneous tumors. 
 1 H MRSI is an especially useful technique to study 
metabolism in normal and heterogeneous tumor tis-
sues in brain gliomas, with ability to detect chemical 
differences between the two. Many studies have shown 
that MRSI can aid the accurate diagnosis, treatment 
planning, and therapy response evaluation of gliomas. 
Relatively lower sensitivity of MRSI, compared to the 
conventional MRI, is the main challenge for including 
this technique to clinical routines. The lower sensitiv-
ity hamper the spatial resolution of MRSI (nominal 
voxel size  ~ 10 mm 3 ) compared to what can be achieved 
with other MR techniques, such as conventional 
MRI (nominal voxel size  ~ 1 mm 3 ), diffusion-weighted 
and perfusion imaging (nominal voxel size  ~ 2 mm 3 ). 
Advances in MR technology, however, may allow a 
more frequent use of MRSI in the clinical manage-
ment of brain gliomas as an additional tool to con-
ventional MRI. Access to higher magnetic fi eld 
strengths can greatly improve the sensitivity, and 
therefore the spatial resolution, of MRSI. Diagnostic 
accuracy in glioma grading was improved using MRSI 
alone or by combination with other MR modalities 
[5,49,50]. Therefore, this technique has been sug-
gested as a useful tool in glioma management. In 
clinical practice, it is important that relevant MRSI 
results become available rapidly and reliably, and 
there are still limitations which may discourage the 
widespread acceptance of MRSI in clinical routine 
such as: 1) a lack of standardization in analyzing 
MRSI data, which may rely heavily on modeling and 
on a priori information; 2) application challenges; 
Radiologist are less familiar with the technical issues 
of MRSI or interpretation of MRS data, which require 
special training and developments in MRS data 
visualization; 3) the wide range of MRSI techniques 
that are used for clinical applications, which makes 
comparisons between studies challenging.  

 Differential diagnosis: Non-invasive grading of gliomas 

 According to the European guidelines form 2010, 
surgery is recommended as a primary treatment for 
low grade gliomas, together with radiotherapy in 
patients with negative prognostic factors [51]. Grade 
III gliomas are all treated with initial surgery when 
possible, which is generally followed by radiotherapy, 
and in some cases by chemotherapy [52,53]. Aggres-
sive extent of resection of tumor tissues is highly 
advised for GBM patients, as it is associated with a 
better survival [54]. Since high grade gliomas receive 
different treatment and have different prognosis than 
low grade gliomas, accurate grading of gliomas has 
high impact on clinical management of gliomas. 

  Figure 2.      1 H MRSI spectra from a GBM patient overlayed on 
anatomical MR images, from left to right; T2-FLAIR images with 
the PRESS-selected volume superimposed on two different axial 
slices and T1-weighted post-gadolinium image with a superimposed 
color-coded Cho/NAA overlay map, shows extreme heterogeneity 
of the tumor. Localized metabolic information from different 
regions of the brain indicated an abnormal region (A) with high 
level of Cho/NAA ratio and lack of Cr signal compared to the 
normal region (B). The hypoxic (C) and necrotic (D) regions show 
elevated lactate and lipid respectively compared to the normal 
region. These regions are not distinguishable from anatomical MR 
images alone. Illustrated with permission from [41].  
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displaying several tumor grades. Histopathological 
grading of gliomas depends strongly on the biopsy 
site.  1 H MRSI can suggest the most malignant part 
of the tumor for biopsy targeting, increasing the pos-
sibility for accurate tumor grading. Additionally, a 
pre-operative mapping of the most malignant part of 
the gliomas can greatly aid a precise lesion resection 
and improve the post-therapy decision making. High 
spatial resolution  1 H-MRSI, that can be achieved in 
a 3T scanner, can provide differential metabolic 
mapping of the brain and improve the delineation of 
brain tumors [50,62]. 

 Radiotherapy planning, stereotactic biopsy plan-
ning and image-guided surgery require accurate 
knowledge of the true margins of the tumor. In con-
ventional MR images, contrast enhancement can 
depict active tumor, necrosis, or radiation-induced 
changes, however, the infi ltrative region may remain 
concealed [50,63,64]. Therefore, conventional MRI 
may lead to inaccurate estimation of the tumor spa-
tial extent. Integration of MRI parameters such as 
conventional T2-weighted imaging to MRSI was 
examined in pre-operation planning of glioma 
patients [65 – 67] (Figure 3). MRSI can classify pre-
enhancing regions into infi ltrative tissue, vasogenic 
edema and edematous infi ltrative tissues, when 

 Based on the different metabolic profi les of high 
and low grade gliomas, it is possible to discriminate 
high from low grade gliomas non-invasively using 
multivoxel MRSI. Many metabolites and metabolite 
ratios have been reported to have the ability (high 
sensitivity and specifi city) to differentiate between 
high and low grade gliomas, such as the maximum 
or mean value over the tumor of tCho [55], tCho/
NAA [56,57], tCho/tCr, [56,57], or the minimum 
value of NAA/tCr [57]. Although MRSI cannot 
replace histopathologic analysis in the clinical prac-
tice, it can assist in glioma grading in cases where 
conventional MR cannot yield diagnosis [58], either 
on its own or combined with perfusion and diffu-
sion imaging as part of multi-parametric MR assess-
ment of gliomas [57,59]. Combination of MRS and 
perfusion imaging can improve the discrimination 
accuracy between high and low grade gliomas up to 
100% [60,61].   

 Treatment planning, radiotherapy, stereotactic biopsy, 
and image-guided surgery 

 Gliomas display highly heterogeneous features with 
regions of tumor, edema, and where tumor 
and edema co-exist. They can also include regions 

  Figure 3.     The fl owchart demonstrates a proposed post-processing method which integrates MRSI-defi ned regions with abnormal 
Cho/NAA ratios into a radiotherapy treatment planning system. Adapted with permission from [67].  
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combined with perfusion and diffusion imaging [60]. 
Specifi cally, tumor, edema, and the combination of 
them have different characteristics that can be 
detected by tCho/NAA ratio, apparent diffusion 
coeffi cient, and relative cerebral blood volume [60]. 
On its own, MRSI can improve accurate tumor 
delineation [65] and segmentation [68] compared to 
conventional MRI, based on the tCho/NAA levels. 

 The combination of MRSI data with anatomical 
MRI can help in tumor segmentation and conse-
quently in targeting the most malignant part of the 
tumor during stereotactic biopsy targeting [62]. 
Automatic tumor segmentation have been achieved 
based on the assumption that the tCho/NAA ratio 
follows a Gaussian distribution in the normal brain 
[66]. The image of the segmented tumor was then 
combined with anatomical MR data and the result-
ing image was used for intraoperative  1 H-MR spec-
troscopic navigation. With regards to radiotherapy 
planning, the tCho/NAA ratio map can be integrated 
reliably to the treatment planning system to aid 
radiotherapy planning [67]. It has also been 
suggested that MRSI can predict the location of a 
post-radiotherapy relapse [69].   

 Response to therapy 

 The treatment of gliomas includes surgical removal, 
radiotherapy, chemotherapy and administration of 
novel biological drugs. Response to treatment is 
currently evaluated by assessing the diameter or the 
volume of the contrast-enhanced lesion in the ana-
tomical MR images [70]. The inability of conven-
tional MRI to accurately estimate the tumor extent, 
may hamper the response evaluations. For example, 
in case of radiotherapy, response evaluations are 
often associated to discrimination between post-
treatment radiation effects and recurrent tumor [71]. 
Both post-treatment radiation effects and tumor 
recurrence might be misinterpreted by conventional 
MRI because of their resembling pathological symp-
toms [4,72,73]. Metabolic biomarkers are thought to 
be more specifi c and sensitive in monitoring tumor 
evolutions and/or treatment response [74].  1 H MRSI 
has potential in differentiating recurring tumor from 
post-treatment radiation effects [72]. Specifi cally, the 
tCho/NAA, tCho/tCr, and NAA/tCr metabolite 
ratios from voxels within the suspected lesion (con-
trast enhanced area) could differentiate tumor from 
radiation injury [11,73,75]. Higher tCho/NAA and 
tCho/tCr ratios were found in recurrent tumor than 
in radiation necrosis and a signifi cant decrease in 
NAA/tCr was found in tumor as compared with 
radiation injury [11,73,75]. The differences in these 
metabolite ratios between recurrent tumor and 
radiation injury has been noted in many studies, 

however, there is a limited knowledge of the underly-
ing biological mechanisms [76]. 

 Biological drugs have been used in treatment 
trials for brain gliomas and include chemotherapy 
and anti-angiogenic drugs. Anti-angiogenic drugs 
target several pathways [77]. When measured by 
contrast-enhanced anatomical MRI, changes to 
tumor size refl ect  ‘ pseudo-response ’  and not normal-
ization of tumor vasculature.  1 H and  31 P MRSI can 
be used in monitoring early response to anti-angio-
genic therapy in order to determine how successful 
the therapy is and decide on additional treatment 
[78,79]. tCho/tCr, NAA/tCr and NAA/tCho metab-
olite ratios that were acquired with  1 H MRSI were 
able to discriminate between different prognostic 
groups and metabolites NAA and tCho were noted 
as useful biomarkers in the evaluation of treatment 
with anti-angiogenic drugs [79]. Apart from  1 H 
MRSI,  31 P MRSI was used to test the effi cacy of 
anti-angiogenic treatment in glioma patients by 
detecting changes in the phospholipid metabolism of 
gliomas before and under anti-angiogenic treatment 
[74]. Hyperpolarized  13 C MRS has promising results 
in studying tumor metabolism and evaluating 
response to chemotherapy and anti-angiogenic drugs 
in xenograft models [80,81].    

 Conclusions and future directions 

 MRSI is a promising MR modality in pre- and post-
surgical management of brain tumors. Developments 
in MR technology render MRS-based methods in 
pre- and post-surgical scanning routine of glioma 
patients feasible.  1 H MRSI can be used for differen-
tial diagnosis of the glioma, identifi cation of the true 
tumor margins and the most malignant part of the 
tumor and post-therapy evaluation. Research focus 
on reliable automation procedures for post-processing 
of the MRSI raw data to enable rapid and robust 
visualization for the radiologist will be important to 
enhance the use of MRSI in clinical routine. Other 
translational challenges of the MRSI technique, such 
as the relatively lower spatial resolution and sensitiv-
ity than anatomical MRI techniques, are logical 
targets for optimization and subjects of high fi eld 
MR research.            
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