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ABSTRACT

الطرق بمساهمة هامة  المغناطيسي متعدد  بالرنين  التصوير  يسهم 
وغير  كلياً  أمنة  هي  التقنية  فهذه  السرطان.  أبحاث  مجال  في 
مؤينة وتوفر معلومات أساسية للتشخيص والأجوبة على الأسئلة 
الورقة نستعرض  من المعالجين قبل وأثناء وبعد العلاج. في هذه 
على  وتأثيراتها  المغناطيسي  بالرنين  التصوير  طرق  من  الفائدة 
تسمح  الدماغ.  أورام  لمرضى  العلاجية  الرعاية  وبعد  التشخيص 
التوسع  عملية  موقع  بتحديد  المغناطيسي  بالرنين  التصوير  طرق 
للأورام، والتفرقة بين أورام الدماغ والآفات المختلفة، وتشخيص 
نوع الورم، وتقييم وتصنيف نوع ودرجة الورم، فضلًا على المتابعة 
له  نهج  الطرق  المغناطيسي متعدد  بالرنين  التصوير  إن  العلاجية. 

مساهمة كبيرة في مجال الرعاية المتقدمة لمرضى أورام الدماغ.

Multimodal MRI has an important contribution 
to cancer research. This technique is completely 
non-invasive and non-ionizing, it provides major 
information for diagnosis, and answers the questions 
of therapists before, during, and after treatment. 
Hence, in this paper we review the interest of these 
MRI modalities and their impact on the diagnosis, 
during and after therapeutic care of brain tumors. 
The MRI modalities allow specifying the localization 
of the expanding pathological tumoral process, the 
differential diagnosis between brain tumors and 
confined lesions of different categories, the diagnosis 
of the tumoral type of the lesion, assessing the 
histological grade in cases of glial tumor, and its local 
extension as well as the therapeutic follow-up. The 
multimodal MRI approach has a major contribution 
to the advanced care of brain tumors.
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Protons are the most abundant nucleus biological 
tissues; they constitute 2/3 of material available 

in the human body presenting high sensitivity while 
interacting with static magnetic fields and magnetic field 
gradients.1-5 The MRI represents clinical applications of 
these interactions, based on the detection of the hydrogen 
nuclei contained in water molecules very abundant 
in all the human tissues.1-6 The MRI techniques are 
constantly improving.7 Hence, the human body analysis 
reproduced in the anatomophysiological and functional 
study techniques contributed to the advancement of 
care of brain tumors. This allowed the joint supply of 
anatomophysiological (anatomical MRI), functional 
(diffusion, perfusion, bolus contrast, “BOLD”, and 
so forth) and metabolic information provided by 
magnetic resonance spectroscopy (MRS).1,2,8-22 The 
major advantage of this imaging approach is that it is 
completely non-invasive.3,7,13-15 The combination and 
confrontation of the various MRI modalities’ data 
supply clinicians with valuable information allowing 
improvement in the diagnostic approach that is decisive 
in many pathological situations. In this paper, we 
review the interest of these modalities and their impact 
on the diagnosis, during and after therapeutic care of 
brain tumors.

Theoretical background. Conventional MRI. 
The MRI signal origin. Magnetic resonance imaging is 
a medical imaging technique used to visualize internal 
structures of the human body in detail. The MRI makes 
use of the properties of nuclear magnetic resonance 
(NMR) to image nuclei of atoms inside the body.1-5,23 An 
MRI scanner is equipped with a strong magnet where 
the magnetic field is used to align the magnetization 
of water hydrogen nuclei in the body, and radio 
frequency fields to systematically alter the alignment 
of this magnetization.1-5,10,24,25 This causes the nuclei 
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to produce a rotating magnetic field detectable by the 
MRI scanner coil, and this information is recorded to 
construct an image of the scanned area of the body.5,26,27 

The magnetic field gradients cause nuclei at different 
locations to rotate at different speeds. By using gradients 
in different directions 2D images or 3D volumes can 
be obtained in any arbitrary orientation. The MRI 
provides very good contrast between the different soft 
tissues of the body, which is useful in human tissue 
imaging, especially the brain.3,5,10,23-25 The hydrogen 
proton nuclei of water body tissue become aligned in 
a large magnetic field.7 The average magnetic moment 
of many protons becomes aligned with the direction 
of the field. A radio frequency transmitter is briefly 
turned on, producing a varying electromagnetic field. 
This electromagnetic field has just the right frequency, 
known as the resonance frequency, to be absorbed and 
flip the spin of protons in the magnetic field. After 
the electromagnetic field is turned off, spins of the 
protons return to thermodynamic equilibrium and the 
bulk magnetization becomes re-aligned with the static 
magnetic field. During this relaxation, a radio frequency 
signal is generated, which can be measured with receiver 
coils.5,10,26-37 Information on the origin of the signal 
in 3D space can be obtained by applying additional 
magnetic fields during the scan. Protons in different 
tissues return to their equilibrium state at different 
relaxation rates. Different tissue variables, including 
spin density, T1 and T2 relaxation times, and flow and 
spectral shifts can be used to construct images.3,5,10-12,23-25 
By changing the settings on the scanner, this effect is 
used to create contrast between different types of body 
tissue or between other properties, as in diffusion MRI  
and perfusion MRI. The MRI contrast agents may be 
injected intravenously to enhance the appearance of 
blood vessels, tumors, or inflammation.3,5,10-12,23-25,28 

T1-weighted MRI. The T1-weighted scans refer to a 
set of standard scans that depict differences in the spin-
lattice (or T1) relaxation time of various tissues within 
the body. The T1-weighted contrast can be increased 
with the application of an inversion recovery RF pulse. 
The T1-weighted sequences are often collected before 
and after infusion of T1-shortening MRI contrast agents. 
In the brain, T1-weighted scans provide appreciable 
contrast between gray and white matter.26,29-31

T2-weighted MRI. The T2-weighted scans are 
another basic type. Like the T1-weighted scan, fat is 
differentiated from water but in this case fat shows darker, 
and water lighter. For example, in the case of a cerebral 
and spinal study, the CSF will be lighter in T2-weighted 
images. These scans are therefore, particularly well 

suited to imaging edema. The T2-weighted images have 
long been a clinical workhorse.26,29-31

Diffusion imaging. While the signal attenuation 
caused by molecular diffusion in the presence of 
magnetic field gradients was recognized as early as 1954 
by Carr and  Purcell,17 the basis of today’s diffusion 
weighted imaging methods were developed by Stejskal 
and Tanner in 1965.5 Interest in the potential medical 
usefulness of the technique was further stimulated 
by the 1990 discovery by Moseley and co-workers24 

that the apparent diffusion coefficient of cat brain 
decreased by up to 50% within 30 minutes after the 
onset of focal ischemia, while the conventional MR 
images remained normal.1,15-21,24-27 Molecular diffusion 
is the result of Brownian motion, the constant random 
walk of the individual molecules in a fluid due to 
thermal agitation. Although the mean displacement 
of the molecules remains zero, as time goes by, there 
is a non-zero probability of finding an individual 
molecule at a distance from its point of origin. In fact, 
the root-mean-square displacement can be shown to 
increase in proportion to the square root of time, the 
constant of proportionality being a diffusion constant 
D characterizing the fluid studied. At 25°, for instance, 
the diffusion coefficient of pure water is approximately 
2.2x103 mm2/s. Soft tissues tend to behave like aqueous 
protein solutions and, due to the reduced mobility of the 
water molecules, the corresponding diffusion coefficient 
is generally smaller than that of pure water. In many 
tissues, boundaries with various degrees of permeability 
hinder the free diffusion of water, further decreasing the 
diffusion coefficient. Applying the Brownian motion 
model in these circumstances leads to an ‘apparent 
diffusion coefficient’ or ADC, to be distinguished from 
the diffusion coefficient of free water molecules. In tissues 
like white brain matter, an additional complication 
arises from the fact that molecular mobility is not the 
same in all directions; namely, the diffusion process is 
anisotropic and the scalar diffusion coefficient must 
be replaced by a tensor quantity.7,24,25,27,32-37 Diffusion 
imaging thus provides a window on the microscopic 
structures and processes (presence and permeability 
of membranes, equilibrium intracellular extracellular 
water, and so forth) inside the tissues as reflected by 
the motion of the water molecules. In an isotropic 
environment, molecular mobility can be described by 
a scalar diffusion coefficient, reflecting the fact that the 
Brownian motion is similar in all spatial directions. The 
description of the effect of isotropic diffusion on the spin 
echo signal is relatively simple in this case. In the absence 
of magnetic field gradients, the signal is unaffected by 
the presence of incoherent motion. As soon as field 
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gradients are switched on during any stage of the signal 
preparation, the motion leads to spin dephasing that, 
due to the random nature of the successive trajectories 
of each individual molecule, cannot be undone. The 
result is an exponential attenuation of the original 
signal I0(N(H), T1, T2) obtained in the absence of field 
gradients:

I=I0(N(H), T1, T2) eb•D
where D is the (apparent) diffusion coefficient of the 
medium and b is a scalar reflecting the properties of the 
magnetic field gradient G(t) driven during the diffusion 
imaging measurement.5,7,17,24,25,27,29,33-38

Perfusion imaging. In MR perfusion imaging, the 
models introduced in the past for nuclear medicine 
studies remain useful, except that now the tracer is 
either an intravascular contrast agent or a volume of 
blood that has been tagged using radio frequency (RF) 
excitation.1,12-20,32,36-38 Excellent reviews of the results 
of kinetic theory that are of interest for MRI have 
been published in the past,16,32 and several previous 
studies include more detailed discussion.14,16,18,19,34 
Moreover, we define additional quantities describing 
the interaction between blood, tracer, and tissue. The 
blood-tissue partition coefficient of a tracer expresses the 
equilibrium distribution of tracer between blood and 
tissue. For an intravascular tracer, it equals the cerebral 
blood volume (CBV), while for a freely diffusable tracer 
it is approximately one. The residue function describes 
the probability that a molecule of tracer, that entered a 
voxel at t=0, is still inside that voxel at a later time t. It 
depends on the transport of the tracer between blood 
and tissue and the subsequent clearance from the tissue 
volume. Hence, the following assumptions are made in 
any analysis applying tracer kinetics: 1. The perfusion 
must be constant and unaffected by the tracer. 2. The 
tracer must be thoroughly mixed with the blood. 3. The 
concentration of the tracer can be monitored accurately. 
4. Recirculation of the tracer can be corrected for when 
present.

Magnetic resonance spectroscopy. Purcell et al4 and 
Bloch et al1 elucidated the principles of nuclear magnetic 
resonance in 1946.2,4,6,8-10,18,22,28,30,37,39-53 Five years later, 
Proctor and Yu50 proposed that the resonance frequency 
of a nucleus depends on its chemical environment, 
which produces a small, but perceptible, change in 
the Larmor resonance frequency of that nucleus. This 
nuclear behavior is termed “chemical shift,” and is 
caused by the magnetic fields generated by circulating 
electrons surrounding the nuclei interacting with the 
main magnetic field.4,8,9,28,30,50,51 Protons (1H) have 
been traditionally used for MR spectroscopy because 
of their high natural abundance in organic structures 

and high nuclear magnetic sensitivity compared with 
any other magnetic nuclei.40,45 Moreover, diagnostically 
resolvable hydrogen MR spectra may be obtained with 
clinical instruments (1.5 Tesla or greater) and routine 
surface coils. Phosphorus 31MR spectroscopy has also 
been used clinically to study changes in high-energy 
metabolism in a number of pathologic processes. 
However, phosphorus 31, carbon 13, sodium 23, and 
fluorine 19 MR spectroscopy will not be addressed 
here. Hence, the excitation of hydrogen nuclei exposed 
to a uniform magnetic field by a RF pulse will rotate 
them from the equilibrium position. When this pulse 
is turned off, the hydrogen nuclei return to their 
equilibrium position. The time it takes them to return 
to their original equilibrium position is governed by 
their relaxation times. The receiving coil detects the 
voltage variations at many points in time during this 
period. This electric voltage variation is termed free 
induction decay and may be plotted as an exponential 
decay function, such as intensity versus time, to yield 
time domain information, such as relaxation times. 
Then, the Fourier transformation of this information 
yields information in the frequency domain; namely, 
a plot of peaks at different Larmor frequencies. The 
parameters that characterize each peak include its 
resonance frequency, its height, and its width at half-
height. These MR spectroscopy acquisition steps are 
similar to the MRI approach. The resonance frequency 
position of each peak on the plot is dependent on the 
chemical environment of that nucleus and is usually 
expressed as parts per million from the main magnetic 
resonance frequency of the system used (namely, 
chemical shift). The height (maximum peak intensity) 
or the area under the peak may be calculated and yield 
relative measurements of the concentration of protons. 
The resonance frequency/chemical shift position gives 
information regarding the chemical environment of 
protons reflecting the composition of the material 
studied such as living tissue and tumoral processes. 
The width of the peak at half-height gives relaxation 
time information because it is proportional to 1/
T2.6,11,15,18,22,29,40-45,48-51

Positive diagnosis of the brain 
tumor. Conventional MRI. The conventional, 
anatomophysiological, or morphological MRI 
reports important information mainly concerning 
the individuality or the multiplicity of the tumoral 
lesions; the lesion topography expressed in terms of 
intra-parenchymatous, extra-parenchymatous, or intra-
ventricular. The MRI provides precise localization of 
the tumoral mass and its epicenter allowing better and 
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direct diagnosis in terms of white matter (argument in 
favor of astrocytoma) or grey matter (argument in favor 
of an oligodendroglioma), ependyma (ependymoma, 
metastasis, lymphoma), nerve (neurinoma), meninx 
(meningioma, metastasis). The topographical aspect of 
the tumor: infiltrating or expansive, exophytic or not, 
curved or polycyclic, with sharp or fuzzy contours, with or 
without satellite lesion. The extension of a hemispherical 
lesion within the contralateral hemisphere and also in 
deeper structures, particularly in the central grey nuclei 
or brainstem, the tumor volume is also measured in the 
case of a surgical therapy requirement aiming at full 
exeresis. The conventional MRI examination does not 
still allow answering of 5 questions: 1. Is it a tumor? 
2. Aggressiveness of the tumor? 3. The delineation of 
limits of the tumor? 4. The histological classification 
of the tumor? 5. To differentiate between tumor and 
radionecrosis?

Diffusion MRI. The diffusion MRI study is 
interesting in miscellaneous diagnostic situations 
including the imperative differential diagnosis between 
abscess and tumoral necrosis,2,8,35,47 as well as between 
cellular tumors (lymphomas, medulloblastoma, and 
so forth) and glial malignant tumors metastasis.10,30,38 
The apparent diffusion coefficient (ADC) is an indirect 
marker of the cellular density.11 Yamasaki et al11 

demonstrated a negative correlation between the tumoral 
grade and the ADC values within astrocytoma tumors, 
the ADC decreased with the increasing tumoral grade. 
In general, the ADC decreases after hypercellularities.

Perfusion MRI. At present, the perfusion MRI is 
considered a crucial MRI modality in clinical routine 
for the diagnosis and the therapeutic follow-up of 
brain tumors by offering access to the cerebral blood 
volume and thus to the neo-angioneurosis.19,20,46 The 
relative cerebral blood volume (rCBV) is obtained using 
this modality of perfusion MRI (curve of first passage 
of contrast bolus) that is interesting in the tumoral 
pathology and is also considered representative of 
the tumor: the low-grade tumors appear in perfusion 
MRI with a rCBV lower than 1.5, hence the predictive 
value allowing exclusion of high-grade tumors.36 While 
high-grade tumors mostly demonstrate an rCBV 
superior to 2 with very high contrast level.46

Magnetic resonance spectroscopy. The MRS is 
very sensitive and the most specific technique for the 
positive diagnosis of brain tumors.10,22,39,40,41 Compared 
to healthy brain tissue, the spectra of brain tumors are 
characterized by: An increase of the choline involved 
in metabolism, phospholipid membrane structures, 
choline/creatine (Ch/Cr) and Ch/N-Acetyl-Aspartate 

(Ch/NAA) ratios reflecting an altered cell membrane 
and a cellular proliferation. A decrease of NAA and 
NAA/Cr showing neuronal loss. Myo-inositol is sugar 
available only in glia cells; elevated myo-inositol 
indicates high glial cell activation, especially in cases 
of low-grade glial tumors. The presence of free lipids 
is a marker of cellular necrosis; it is related to the brain 
tumor grade and dominates the spectra in cases of 
high-grade tumors.

The differential diagnosis between 
abscess and brain tumor. Several papers 
described diffusion MRI importance in establishing 
the differential diagnosis between abscess and brain 
tumoral necrosis.2,8,35,47 In diffusion MRI, the abscess 
is discriminated easily in most tumoral necrosis cases. 
Indeed, considering the high viscosity of the abscess pus, 
a higher intensity is observed in diffusion MR images 
opposed to malignant tumor, and the apparent diffusion 
coefficient (ADC) is explicitly lowered. The ADC value 
measured in an abscess lesion varies between values of 
0.538 10-3mm2/s-1 and 0.67±0.17 10-3mm2/s-1,35 and is 
greatly superior to 2.73±0.34 10-3 mm2/s-1 for a tumor.47

The contrast bolus course in the abscess wall in 
perfusion MRI does not correspond to high rCBV. 
The contrast then is showing the avascular aspect, 
which is opposed to that observed in necrotic tumor 
aspects. In the case of abscess, the contrast of T1 
images with contrast enhancement is connected to 
the inflammation process and broken blood brain 
barrier (BBB) and not to a neovascularization. In MR 
spectroscopy, revealed multiple amino acids result from 
the degradation of polynuclear neutrophils synthesized 
by bacteria. The peak of the spectrum is centered on 
0.9 ppm confirming the positive diagnosis of progenia 
of untreated abscess.2,12,18,42,48 While the presence of 
acetate and succinate peaks is expressing the bacterial 
metabolism associated with a lactate peak (Figure 1).

Brain tumor assessment. Low-grade glioma. 
Low-grade glioma is an infiltrating lesion appearing with 
low intensity in T1 images with high intensity in T2/
FLAIR MR images and without contrast enhancement. 
Low-grade glioma demonstrates low signal intensity 
in diffusion MRI associating a high ADC value. In 
addition, glioma demonstrates perfusion MRI with an 
rCBV lower than 1.5, which is an exclusive predictive 
value of high-grade tumors.36 These aspects are translated 
in MRS with higher myo-inositol, a moderate increase 
of Ch, Ch/Cr, and Ch/NAA ratios with the absence of 
free lipids. The detection of lactate within the tumoral 
lesion translates an underlying development process;44 
its production translates an acceleration of anaerobic 
glycolysis (Figure 2).
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Figure 1 - Multimodal MRI of abscess showing A) the axial T1 image 
after bolus injection demonstrated annular enhancement, the 
white square demonstrates the localization studied by MR 
spectroscopy. The diffusion image demonstrated an important 
increase of the signal in the lesion reflection diffusion 
restriction B); while the apparent diffusion coefficient (map 
demonstrated a clear decrease of the signal in the lesion C). 
The monovoxel MRS with short echo time demonstrated the 
presence of an important quantity of lactate (Lac) and acetate 
(Ace) markers of infection and succinate (Suc) metabolites 
found in most brain abscesses D); while the monovoxel MRS 
with long echo times E) demonstrated a Ch/NAA ratio less 
than one that discarding the tumoral character of the lesion. 
Ch - choline, NAA - N-Acetyl-Aspartate, Cr - creatine

Figure 2 - Multimodal MRI of a low grade tumor (pilocytic astrocytoma) 
demonstrated a contrast enhancement reflecting the blood 
brain barrier rupture A); while the apparent diffusion 
coefficient (ADC) map demonstrated a moderate increase of 
ADC value B). The perfusion maps and the perfusion relative 
cerebral blood volume (rCBV) curve of both healthy and 
tissue lesion C) and D) did not demonstrate any increased 
of the rCBV. The MR spectroscopy with short echo time 
demonstrated a moderate increase of the Ch/Cr and Ch/NAA 
ratios and presence myo-inositol (MI) and lactate E). Ch - 
choline, Cr - creatine, NAA - N-Acetyl-Aspartate

Figure 3 - Multimodal MRI of a glioblastoma in axial T1 image after 
paramagnetic bolus injection A), the white square corresponds 
to the localization studied with MR voxel spectroscopy. The 
apparent diffusion coefficient (ADC) map demonstrated a 
decreased ADC value in the lesion b). The perfusion maps 
and the perfusion relative cerebral blood volume (rCBV) curve 
of both lesion and healthy tissues demonstrated an increased 
rCBV in the lesion expressing the higher vascularization of the 
tumor C) and D); while the MRS of short and long echo times 
E) and F) demonstrated a massive presence of free lipids (Lip) 
associating a remarkable increase of the Ch/Cr and Ch/NAA 
ratios. Ch - choline, Cr - creatine, NAA - N-Acetyl-Aspartate

Figure 4 - Multimodal MRI of lymphoma demonstrated a deep multiple 
hemispherical intra-parenchymatous lesion with signal 
enhancement of T1 MR images in the lesion after bolus 
injection A). The apparent diffusion coefficient (ADC) map 
demonstrated a decreased diffusion in the lesion B); while 
the perfusion MRI demonstrated a slightly reduced relative 
cerebral blood volume (rCBV) in the lesion compared to 
healthy tissue C) and D). The monovoxel MRS with short 
echo time demonstrated a high quantity of lipids (Lip) and 
moderate rise of myo-inositol (MI) E); while the monovoxel 
MRS with long echo time demonstrated a significant increase 
of the choline (Ch) and an important decrease of NAA and the 
creatine (Cr) with presence of a residual lipids peak F). NAA - 
N-Acetyl-Aspartate
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High-grade glioma. High-grade glioma is a 
heterogeneous lesion demonstrating a contrast 
enhancement surrounding edema. They demonstrate 
an iso-signal in diffusion images with a decreased ADC 
value that is negatively correlated with the tumoral 
grade.11 In most cases, high-grade glioma demonstrates 
an rCBV between 2 and 5 in perfusion MRI with 
contrast enhancement.39 In MRS the high-grade glioma 
are characterized by an important rise of the choline 
peak that is linearly correlated with the histological 
proliferation index Ki67,51 a decreased creatine and 
NAA peak, a decrease or even a disappearance of the 
myo-inositol, and presence of free lipids expressing the 
cellular necrosis, which increases with tumoral grade. 
Consequently, remote spectra contrast enhancement 
remains abnormal, with low free lipids reflecting the 
infiltration (Figure 3).

Lymphoma. The lymphoma is an extremely cellular 
tumor characterized by a high density of confined mass 
or with a diffuse infiltration and periventricular. It 
demonstrates a high signal in T1 and intermediate signal 
in T2/FLAIR MR images. It is surrounded by edema; in 
addition, it is and frankly and homogeneously contrast 
enhanced because of the broken BBB. The lymphoma 
demonstrates a higher signal in diffusion MRI with a 
low ADC value reflecting the hyper-cellular character 
of the tumor. The perfusion imaging demonstrates 

often normal and even decreased rCBV.37 In MRS, 
the lymphoma shows an increase of Ch, a significant 
decrease of the peaks of NAA and Cr, and clear rise of 
free lipids, which persists even on the remote spectra of 
the contrast (Figure 4).

Metastases. The brain metastases are contrast 
enhanced in annular or nodular mode and generally 
surrounded by edema, and show high ADC values. 
Metastases and especially hypervascular metastases 
demonstrate high rCBV in perfusion MRI. In MRS, 
metastases are expressed by an abundance of free lipids, 
a moderate rise of the Ch peak, and very low even 
disappearance of NAA and Cr (Figure 5). The remote 
spectra with contrast enhancement demonstrates a 
normal aspect testifying to the non-infiltrating character 
of these tumor types.32

The extended local assessment of 
malignant glioma. In conventional MRI, the glial 
malignant tumor shows aspects of a necrotic-cystic lesion 
with strong contrast bolus enhancement surrounded 
by high signal in T2 and FLAIR images. This aspect 
could correspond either to a vasogenic shock edema 
or a tumoral infiltration. The MRS is efficient and 
allows differentiating between these 2 lesion profiles; it 
demonstrates specifically the pure edema and tumoral 
infiltration.52 The spectra remains normal in vasogenic 
shock edema, while in a tumoral infiltration spectra 
appears abnormal and characterized by a rise of Cho/Cr 
and Cho/NAA ratios.

Therapeutical follow-up. Pre-therapeutical 
evaluation. The diffusion MRI associated with perfusion 
MRI and MR spectroscopy, allows defining more 
accurately the potential targets of stereotaxic biopsy and 
radiotherapy, including the tumor presenting lowered 
ADC, hyper vascularization and an important increase 
of choline while it does not correspond necessarily to 
the intensity level of the contrast enhancement in T1 
MR images.49 The precise demarcation of the tumoral 
lesion limits allows facilitating to specify the required 
surgical exeresis such as total or subtotal whenever 
surgery of the lesion is possible.29 In order to determine 
the functional brain areas close to the lesion targeted by 
the therapist, the functional MRI is required. It allows 
visualization of the motor, language, and memory areas, 
and better guidance of the lesion delineation.

Therapeutical follow-up. Generally, it is difficult 
to differentiate early stage tumor and radionecrosis on 
conventional MRI. The comparison of various MRI 
modalities provides important results in this regard; the 
persistence or the evolvement of the lesion is expressed 
in MRS by a rise of choline, whereas a radionecrosis is 
translated by a spectra where all metabolites disappear 
except free lipids.36 The radionecrosis is not associated 

Figure 5 - Multimodal MRI demonstrated metastasis in FLAIR image 
A) and T1 with contrast enhancement B), the white square 
demonstrates the localization studied by MR spectroscopy. 
The apparent diffusion coefficient (ADC) map demonstrates 
a slight increase of the ADC value within the lesion C); while 
the perfusion map and the relative cerebral blood volume 
(rCBV) perfusion curve of both healthy and lesion tissues 
D) and E) demonstrated a highly decreased rCBV reflecting 
the high vascularization of the tumor. The MRS with short 
echo time demonstrated a massive quantity of free lipids 
(Lip) associating a global decrease of metabolites confirming 
the necrotic character of the lesion F). Ch - choline, NAA - 
N-Acetyl-Aspartate
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with a neoangiogenesis, but with a vascular necrosis 
with an rCBV inferior to one; while an rCBV upper to 
2.6 is directing to recurrent lesion.45 Therefore, an early 
increase of ADC after treatment allows prediction of a 
decrease of the cellular constituents and would translate 
a satisfactory therapeutic answer.

In conclusion, a multimodal MRI approach plays 
an important role in the exploration strategies and 
care of brain tumors. This imaging approach allows 
better therapy targeting, including the neurosurgery 
techniques to be used. The MRS spectroscopy has been 
shown to be a very sensitive diagnostic and follow-up 
technique for brain tumors; however, not very specific. 
Indeed, a better combination of anatomophysiological, 
functional studies including diffusion tensor MRI, 
perfusion MRI, BOLD activation, and metabolic 
localized MRS and MRS imaging, with the support of 
advanced technological developments, multichannel 
coils, magnets, and efficient computing software, 
would allow an improvement in the preciseness of the 
answers to therapy questions before, during, or after the 
treatment of brain lesions.
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