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Abstract
Obj ect ive: To establish recommendat ions for using and interpret ing magnet ic resonance 
imaging (MRI) results in the diagnosis and follow up of mult iple sclerosis (MS).
Met hod: Based on an extensive review of the literature and on their own experience, an 
expert  group on MS produced a consensus on recommendat ions for using and interpret ing 
MRI results in MS diagnosis and follow up.
Result s: A brain MRI must  be performed whenever possible in the init ial diagnosis and 
assessment  of pat ients suspected with MS. A spinal MRI study should be performed on all 
pat ients whose clinical onset  shows signs of spinal cord syndrome, when the brain MRI 
fi ndings are not  very specifi c or when the brain MRI is normal in pat ients diagnosed 
clinically with MS. Cranial studies should be performed using appropriate reposit ioning 
techniques and dif ferent  MR sequences, such as proton-density and T2-weighted fast  
spin-echo, and Fast -FLAIR. The use of cont rast  is mandatory whenever at tempt ing to 
determine the temporal and spat ial disseminat ion of demyelinat ing lesions for the init ial 
diagnosis, or to determine infl ammatory act ivity or lesion progression in follow-up 
studies.
Conclusions: The use of recommendat ions for using and interpret ing MRI results in MS 
diagnosis and follow up should help to rat ionalise resources and opt imise the clinical 
results arising from its pract ice.
© 2010 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Magnet ic resonance imaging (MRI) is the most  sensit ive 
technique in the detect ion of demyelinat ing lesions of the 
cent ral nervous system (CNS) in pat ients with mult iple 
sclerosis (MS)1.  As a result  of this high sensit ivity, MRI has 
become not  only an essent ial technique in the diagnosis of 
MS, but  also a prognost ic marker in the init ial phase of the 
disease, both in relat ion to the frequency and severity of 
future clinical recurrences and to the degree of future 
disabilit y2,3.  In addit ion, MRI cont ributes signifi cant ly to a 
bet ter understanding of the natural history of MS and in the 
assessment  of the effect iveness of new t reatments4,5.

The new diagnost ic criteria proposed by McDonald et  al. 6 
at tach great  importance to MRI study fi ndings. This is 
because they admit  the possibilit y of establishing a diagnosis 
of MS in pat ients with a single clinical episode when the MRI 
shows demyelinat ing lesions in the CNS, which are 
disseminated in t ime and space.

The int roduct ion in recent  years of therapies that  modify 
the course of the disease, especially from its earliest  stages, 
make it  necessary to establish recommendat ions on how to 
use and interpret  MRI images effect ively, not  only during 
the init ial diagnosis of the disease, but  also in it s monitoring5.  
The recommendat ions out lined in this document  are 
intended for clinical pract ice and not  for research studies 
or clinical t rials in which the techniques used and the types 
of analysis to be performed are dif ferent 7,8.

MRI in patients with a fi rst clinical episode 
with a probable demyelinating origin

A cerebral MRI should be obtained for all pat ients with a 
clinical condit ion indicat ive of a fi rst  bout  of demyelinat ing 
origin. In this situat ion, the MRI should be performed on a 
preferent ial basis and, whenever possible, before start ing 
steroid t reatment , as this temporarily suppresses cont rast  
enhancement  of act ive lesions9.  The purpose of this init ial 
study is to ident ify the demyelinat ing lesions in the CNS and 
to determine their characterist ics (topographical, 
morphological and numerical),  as well as to exclude lesions 
with a non-demyelinat ing origin that  may cause the 
symptoms.

Although orbital MRI is highly sensit ive in detect ing opt ic 
nerve affectat ion in the acute phase of opt ic neurit is,  this 
explorat ion is not  considered necessary to confi rm this 
diagnosis, unless there are atypical or persistent  clinical 
fi ndings. In that  case, the main purpose of the MRI is to 
discard causal processes with a non-demyelinat ing 
origin10.

In pat ients in whom the case begins with a spinal 
syndrome, a spinal MRI should be performed in addit ion 
to the cerebral MRI to confi rm the symptomat ic 
demyelinat ing lesion and rule out  causal lesions of  a 
dif ferent  origin.  Spinal MRI (especially of  the cervical 
segment ) is also indicated when the cerebral MRI fi ndings 
are inconclusive.

PALABRAS CLAVE
Esclerosis múlt iple;

Resonancia magnét ica;

Recomendaciones

Recomendaciones para la utilización e interpretación de los estudios de resonancia 
magnética en la esclerosis múltiple

Resumen
Obj et ivo: Establecer unas recomendaciones para ut il izar e interpretar la resonancia 
magnét ica (RM) en el diagnóst ico y el seguimiento de la esclerosis múlt iple (EM).
Mét odo: Basados en una extensa revisión de la literatura y en su propia experiencia per-
sonal, un grupo de expertos en EM consensuaron unas recomendaciones con este obj e-
t ivo.
Result ados: Siempre que sea posible se debe pract icar un estudio de RM craneal en el 
diagnóst ico o la evaluación inicial de los pacientes con sospecha de EM. Un estudio de RM 
espinal debe realizarse en todo paciente cuyo inicio clínico es un síndrome medular, 
cuando los hallazgos de la RM cerebral sean poco específi cos o cuando el estudio de RM 
cerebral sea normal en pacientes diagnost icados clínicamente de EM. Los estudios cere-
brales deben efectuarse con técnicas de reposicionamiento adecuadas y combinando 
secuencias ponderadas en densidad protónica, T2 y fast -FLAIR.  Es obligado ut il izar con-
t raste siempre que se pretenda determinar diseminación temporal o espacial de las le-
siones desmielinizantes para el diagnóst ico inicial,  o para determinar act ividad infl ama-
toria o progresión lesional en los estudios de seguimiento.
Conclusiones: Disponer de unas recomendaciones para la ut il ización y la interpretación 
de los estudios de RM en el diagnóst ico y el seguimiento de los pacientes con EM debe 
servir para racionalizar los recursos y para opt imizar los resultados clínicos derivados de 
su práct ica.
© 2010 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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Recommendations for the use of MRI in 
relapsing-remitting forms of MS

In relapsing-remit t ing MS (RRMS), in which pat ients have 
presented outbreaks in different  topographies and t imes, it  
would theoret ically not  be necessary to confi rm the diagnosis 
by MRI. However, in our environment , where access to MRI is 
easy, establishing a diagnosis of MS without  the support  of a 
compat ible MRI study has become quest ionable. Therefore, 
to confi rm the clinical diagnosis of MS, performing a brain 
MRI study in all pat ients is st rongly recommended. In addit ion, 
cranial studies must  be complemented by a spinal cord study 
in the following cases: 

1.  Clinically diagnosed MS pat ients and those in whom the 
brain MRI study is normal. In these cases the detect ion of 
subclinical lesions with demyelinat ing characterist ics in 
the spinal cord would support  the clinical diagnosis11.

2.  Pat ients with clinical suspicion of MS in whom brain MRI 
fi ndings are not  conclusive in confi rming the diagnosis. In 
these cases, ident ifying subclinical lesions with 
demyelinat ing characterist ics in the spinal cord would 
support  the diagnosis of MS12.

MRI in primary progressive MS

It  is essent ial to carry out  a brain and spine MRI study on all 
pat ients who have been clinically diagnosed with primary 
progressive MS (PPMS) if there is no recent  explorat ion. These 
studies are needed to exclude processes that  may cause 
progressive disability (int raspinal tumour, spinal dural fi stula, 
etc.) and to confi rm the presence of demyelinat ing lesions. 
The presence of brain and spinal cord demyelinat ing lesions is 
part  of the diagnost ic criteria in this clinical form of MS6,13,14.

Technical recommendations for MRI studies 
in MS

Studies should be carried out  preferably in high-fi eld devices 
(1.5T-3.0T), although middle-fi eld devices (1.0T) are also 
acceptable.

In brain studies, rapid sequences (fast / turbo) for 
obtaining images proton density (PD) and T2 weighted (also 
called dual-echo [short  and long] T2 sequences) are 
preferable to convent ional spin echo sequences15.  This is 
explained by the shorter acquisit ion t ime in the two former 
types, which minimise mot ion artefacts. Fast -FLAIR 
sequences can be used as a complement  to T2 sequences; it  
is generally recommendable to obtain them in the sagit tal 
and t ransverse planes because of their high sensit ivity in 
detect ing corpus callosum and j uxtacort ical lesions16 (fi gs. 
1-2). While some studies have shown the fast -FLAIR 
sequence to be more sensit ive as compared with the dual-
echo T2 sequence for detect ing supratentorial lesions, it  is 
clearly inferior for detect ing infratentorial (fi g. 3) and 
spinal cord lesions. Therefore, it  is not  advisable to use this 
sequence as a subst itute for dual-echo T2 sequences17.  A 
st rategy offering maximum sensit ivity in a reasonable t ime 
period is the combinat ion of dual-echo fast -T2 and fast -
FLAIR sequences18.

In spinal studies, dual-echo T2-weighted convent ional 
spin echo sequences are the most  sensit ive in detect ing 
focal lesions in the sagit tal plane. However, the artefacts 
caused by the pulsat ing movement  of  cerebrospinal fl uid 
(CSF) and the spinal cord it self  force these sequences to be 
obtained in synchronisat ion with the cardiac cycle or the 
peripheral pulse, which leads to excessively long acquisit ion 
t imes. The use of proton density-weighted and T2-weighted 
fast  sequences appears to be less sensit ive, but  is also 
faster,  does not  require synchronisat ion with the heart  or 
peripheral pulse and has suffi cient  diagnost ic qualit y in a 
higher percentage of cases19,20 (fi g. 4).  While some studies 
have shown STIR sequences to be more sensit ive in detect ing 
spinal cord lesions, these sequences often induce artefacts 
that  lead to false posit ives, so their use in isolat ion is not  
recommended. The images obtained in the t ransverse 
plane must  have a high resolut ion (voxel size, 3?1?1 mm). 
To reduce the artefacts derived from CSF pulsat ion in 
t ransverse imaging, it  is advisable to use gradient  echo 
sequences with short  echo t imes in the cervical segment , 
although the use of T2-weighted fast  sequences is also 
acceptable20.  In the dorsal segment  of  the spinal cord, 
t ransverse images must  be acquired with T2-weighted fast  
sequences with long echo t imes. Spinal studies benefi t  

Figure 1 Brain magnet ic resonance imaging. Sagit tal fast -FLAIR sequence in a pat ient  with a fi rst  clinical event  of possible 

demyelinat ing origin. Perivent ricular hyperintense focal lesions can be observed, as well as in the subependymal area of the corpus 

callosum.
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from the use of phase-array column coils21,  which enable 
complete images of the spinal cord to be obtained with a 
single sequence.

The in-plane resolut ion of images obtained in brain 
studies should be isot ropic (1×1 mm) with a thickness 
between 3 and 5 mm (without  separat ion). The sect ions 
obtained should cover the whole brain parenchyma; to do 
so, approximately 24 segments are required when using 
sect ions with a thickness of 5 mm and 42 when they have a 
thickness of 3 mm. The acquisit ion of 5-mm thick sect ions 
enables studies to be obtained in relat ively quickly and is 
probably the st rategy to use in most  situat ions. Obtaining 
studies with cont iguous 3-mm sect ions increases sensit ivity 
in detect ing small lesions, reduces the impact  of the part ial 

volume effect  and facilitates co-regist rat ion between 
dif ferent  sequences and their quant itat ive analysis. 
However, using 3-mm sect ions also increases the study t ime 
and decreases the signal/ noise rat io in the images obtained. 
This increased sensit ivity in detect ing lesions with the use 
of 3-mm sect ions has not  shown a signifi cant  impact  on the 
diagnosis of the disease. Therefore, the decision to use 3 or 
5-mm sect ions will depend on the type of analysis to be 
performed on the images obtained, although the use of 
3-mm sect ions is recommended in studies belonging to 
serial studies that  will be analysed quant itat ively (lesion 
volume). In any case, pat ient  diagnosis and monitoring must  
be carried out , whenever possible, with the same 
characterist ics7,22.

Figure 2 Brain magnet ic resonance imaging. T2-weighted sequences with long echo t ime and t ransverse fast -FLAIR in a pat ient  

with clinically-defi ned mult iple sclerosis. A left  frontal j uxtacort ical lesion can be observed, which affects the U fi bres. The lesion 

is observed bet ter in the fast -FLAIR sequence (right ) than in the fast -T2 sequence (arrow).

Figure 3 Brain magnet ic resonance imaging. T2-weighted sequences (left ),  proton density (cent re) and fast -FLAIR (right ) in the 

t ransverse plane in a pat ient  with clinically-defi ned mult iple sclerosis. There are mult iple small demyelinat ing lesions, many of 

which are not  visible in the fast -FLAIR sequence.
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Recommended protocols 

The recommended protocols for brain and spinal cord 
studies in init ial diagnosis and monitoring vary according to 
the manufacturers and fi elds of MRI equipment . As a rough 
approximat ion, tables 1 and 2 show the more advisable 

sequences and technical parameters for 1.5T devices, which 
are the most  commonly used in clinical pract ice.

Sequences in the sagit tal plane should ideally cover the 
ent ire length of the spine. Addit ional sequences with reduced 
fi elds of view can be obtained for studies of spinal segments 
with high clinical suspicion of injury or to confi rm lesions not  
well defi ned in whole-spine images. If the spinal study is 
performed after a brain study in which contrast  has been 
administered, post-contrast  T1 sequences must be obtained 
before dual-echo T2 sequences. In this situat ion, it  is not  
necessary to obtain sequences before administering contrast .

Repositioning of brain MRI studies

The demonst rat ion of temporal changes in demyelinat ing 
lesions (temporal spread in pat ients with suspected MS, and 
progression in lesion number and size in pat ients with MS) 
can be done by serial brain MRI studies. Visual or automat ic 
analysis of changes in the number and volume of these 
lesions can be great ly hampered by dif ferences in the 
posit ioning of the tomographic sect ions obtained between 
the dif ferent  MRI studies being compared. Small variat ions 
in the reposit ioning of sect ions may hamper the visual 
detect ion of new or increased lesions and induce large 
variat ions in lesion volume quant ifi cat ion, which may 
exceed the variat ion expected in a year23.  Therefore, it  is 
essent ial to use a simple and reproducible reposit ioning 
technique, which even allows comparison of cranial MRI 
studies obtained at  dif ferent  cent res.

The most  commonly-used reposit ioning technique is that  
described by Gallagher et  al.24, with the only prerequisite 
being that  it  must  be possible to obtain double-oblique 
tomographic planes. The use of 3-mm sect ions and head 
fastening elements during the exam helps to facilitate the 
reposit ioning of the studies and, therefore, to minimise errors 
in lesion quant ifi cat ion25. The technique of co-regist rat ion 
between sequences obtained at  different  t imes is a good 
st rategy to avoid errors due to incorrect  posit ioning26.

Figure 4 Spinal magnet ic resonance imaging. Proton density-

weighted sequences (left ) and T2 sequences (right ) acquired in 

the sagit tal plane in a pat ient  with clinically-defi ned mult iple 

sclerosis, showing mult iple small demyelinat ing spinal cord 

lesions. Proton-density sequences are very sensit ive in the 

detect ion of lesions, showing hyperintensity in relat ion to the 

normal spinal cord t issue and cerebrospinal fl uid. The T2 

sequences provide its locat ion within the spinal cord.

Figure 5 Brain magnet ic resonance imaging (post -cont rast  T1-weighted sequences) in 3 dif ferent  pat ients showing lesions with 

infl ammatory act ivity. Note the dif ferent  types of enhancement : nodular (left ),  ring (cent re) and incomplete ring (right ). The last  

enhancement  pat tern is very characterist ic of infl ammatory-demyelinat ing lesions.
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Table 1 Magnet ic resonance technique for brain studies (1.5T)

Parameters Proton density 

or short -echo T2

T2 3D T1 T1 FLAIR T1 gadolinium

Type of sequence SE or fast -SE SE or fast -SE SPGR, MPRAGE, TFE SE Fast -FLAIR SE

TR (ms) 2,800-4,000 2,800-4,000 Variable depending 

on the device

450-650 8,000-12,000 450-650

TE (ms) 14-20 80-120 Variable depending 

on the device

< 25 80-120 < 25

TI (ms) — — Variable depending 

on the device

— 2,200-2,800 —

Orientat ion Transversal oblique Transversal oblique Sagit tal or coronal 

or t ransversal

Transversal oblique Sagit tal/  Transversal 

oblique

Transversal oblique

Number of sect ions 24-44 24-44 140-160 24-44 24-44 24-44

Acquisit ions 2 2 1-2 1-2 2 2

Width (mm) 3-5 3-5 1-1.5 3-5 3-5 3-5

Separat ion (mm) 0 0 0 0 0 0

Flux compensat ion Opt ional Opt ional — No Yes Yes

Gadolinium Can be obtained 

after administ rat ion 

of gadolinium

Can be obtained 

after administ rat ion 

of gadolinium

— — Can be obtained 

after administ rat ion 

of gadolinium

(0.2 ml/ kg). 

Acquisit ion, 5-20 min 

alter gadolinium 

inj ect ion

Indicat ion Always Always Opt ional. If  the aim is 

to carry out  brain 

volumet ric analysis

Always in the init ial 

diagnosis, opt ional 

in monitoring

Always in the init ial 

diagnosis, opt ional 

in monitoring

Always

In-plane resolut ion = 1 × 1mm. 

Transverse oblique orientat ion: parallel to the subcallosal line.
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Table 2 Magnet ic resonance technique for spinal studies (1.5 T)

Parameters Proton density 

or short  echo T2

T2 T1 T2 (axial cervical) T2 (axial dorsal) T1 gadolinium

Type of sequence SE o fast -SE SE o fast -SE SE EG/ fast -SE Fast -SE SE

TR (ms) 2,800-4,000 2,800-4,000 450-650 700-900/ 2,800-4,000 2,800-4,000 450-650

TE (ms) 14-20 80-120 < 25 20-30/ 80-120 80-120 < 25

Orientat ion Sagit tal Sagit tal Sagit tal Transversal Transversal Sagit tal/ t ransversal

Number of sect ions 11 11 11 Variable Variable Variable

Acquisit ions 2-4 2-4 2 2 2 2

Width (mm) 3 3 3 3 3 3

GAP (mm) 0 0 0 Variable Variable 0/ variable

Gadolinium      0.2ml/ kg. Acquisit ion, 

5-20min after inj ect ion

Cardiac synchronism Required if  SE 

sequences are used

Required if  SE 

sequences are used

— — –— —

Indicat ion Always Always Opt ional Opt ional. Confi rm 

lesions ident ifi ed in the 

sagit tal plane or on 

spinal segments with 

high clinical suspicion

Opt ional. Confi rm 

lesions ident ifi ed in the 

sagit tal plane or on 

spinal segments with 

high clinical suspicion

Opt ional. If  the aim 

is to ident ify 

infl ammatory act ivity

In-plane resolut ion = 1 × 1mm.

Sagit tal sequences should ideally cover the ent ire length of the spine. Sequences can also be carried out  with reduced fi elds of view for studies of spinal segments with high clinical 

suspicion of lesion or to confi rm lesions not  well-defi ned in whole-spine images. If  the spinal study is performed after a cont rast -enhanced brain study, then the post -cont rast  T1 

sequences must  be obtained before the dual-echo T2 sequences. In this situat ion, it  is not  necessary to obtain sequences before cont rast  administ rat ion.
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Administration of contrast

The use of T1 enhanced sequences in combinat ion with the 
inj ect ion of paramagnet ic cont rast  (compounds containing 
gadolinium) allows select ive ident ifi cat ion of lesions with 
infl ammatory act ivity4 f rom the enhancement  (hypersignal) 
that  they present . This enhancement  appears as an early 
and consistent  event  in MS lesions, and may adopt  dif ferent  
forms27 (nodular, complete ring, incomplete ring) (fi g. 5) 
depending on the locat ion on the demyelinat ing plaque of 
the areas with infl ammatory act ivity. Incomplete ring 
enhancement  is a very specifi c sign of demyelinat ing lesions, 
which is very helpful in dif ferent iat ing tumour-like 
demyelinat ing lesions from tumours or infect ious lesions. 
Those segments in the periphery of the lesion that  show no 
enhancement  coincide with the edge of the lesion in contact  
with the grey mat ter, where there is a lesser degree of 
infl ammatory react ion.

Cont rast  enhancement  of acute lesions is reversible and 
has an average durat ion of 3 weeks, although in 3% of cases 
it  can be of more than 2 months28.  This enhancement  may 
occasionally reappear at  the periphery of react ivated 
chronic lesions.

The use of sequences with cont rast  is relevant  in init ial 
disease diagnosis to demonst rate both spat ial and temporal 
spread of the demyelinat ing lesions6.  It  is also relevant  in 
follow-up studies that  aim to assess the degree of 
infl ammatory act ivity and lesion progression3.

Guide to identify contrast-enhanced lesions29

A cont rast -enhanced lesion is defi ned as an area with an 
evident ly increased signal on T1 sequences in relat ion to 
the same area on a T1 sequence with the same characterist ics 
obtained before administering cont rast  or, if  this is not  
available, in relat ion to adj acent  normal t issue (with a 

normal signal on T2 sequences). Small hyperintense foci (1 
pixel) should not  be considered as enhanced lesions, since 
they generally correspond to vascular st ructures.

Cont rast -enhanced lesions are associated, in almost  all 
cases, with hyperintense foci on T2 sequences. This 
condit ion is required when considering inj uries in the 
posterior fossa and highly recommended at  the supratentorial 
level. This condit ion is not  essent ial in supratentorial lesions 
with cort ico-j uxtacort ical locat ion, where the sensit ivity of 
T2 sequences is not  as high. However, it  is important  not  to 
confuse a cont rast -enhanced lesion with a leptomeningeal 
vascular st ructure in the lat ter situat ion.

A cont rast -enhanced lesion is defi ned as “ new”  when it  is 
located on a lesion visible in T2 and was not  enhanced in 
the previous study. In most  cases, this lesion is also new in 
T2, although occasionally, an enhancement  can be observed 
on a pre-exist ing lesion in T2.

A lesion is defi ned as having “ persistent  enhancement ”  
when it  was already ident ifi ed in a previously-conducted 
MRI study. Typically, these lesions are associated with a 
persistent  hypersignal on T2 sequences, but  their size can 
vary.

Some demyelinat ing plaques may be part ially or 
completely hyperintense on T1 sequences without  cont rast  
administ rat ion (fi g. 6). The presence of these lesions is 
relat ively common, especially in the secondary progressive 
forms, and they are associated with brain at rophy and 
disabilit y30.  The exact  mechanism by which some lesions are 
hyperintense on T1 is not  known, since no radio pathological 
correlat ion studies have been conducted. In any case, this 
fact  makes it  advisable to carry out  T1 sequences without  
cont rast  before administering gadolinium, to avoid false 
posit ives in the interpretat ion of act ive lesions in post -
cont rast  T1 sequences.

Flow artefacts may make the interpretat ion of cont rast -
enhanced lesions more diffi cult ,  especially in the posterior 
fossa. Enhanced lesions located in the posterior fossa 

Figure 6 Brain magnet ic resonance imaging. T2-weighted sequences (left ),  T1 (middle) and cont rast  T1 (right ) in the t ransverse 

plane in a pat ient  with secondary progressive mult iple sclerosis. Note the posterior subcort ical demyelinat ing lesion in the left  

cerebral hemisphere (arrow), which shows a hyperintense ring in the post -cont rast  T1 sequence. This lesion is not  enhanced by 

cont rast .
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therefore need to be associated with a hyperintense area 
on T2, and post -cont rast  T1 sequences need to be obtained 
with fl ow compensat ion gradients (which minimise fl ow 
artefacts).

The evaluat ion of cont rast -enhanced lesions can be 
carried out  from the visual analysis of their total number 
(taking into account  that  a lesion ident ifi ed in consecut ive 
sect ions only counts as one) or by quant ifying the number of 
areas that  show enhancement . The lat ter method of 
quant ifi cat ion is closer to the volumet ric analysis of 
enhanced lesions.

Type of contrast, dose and administration 
mode 

The cont rasts used in clinical pract ice are those that  contain 
gadolinium, which is administered int ravenously at  a 
concent rat ion of 0.5-1 mmol/ ml, and at  a dose of 0.1-0.2 
mmol/ kg of weight . The T1 sequence after int ravenous 
cont rast  inj ect ion should be acquired at  least  5-10 min after 
administ rat ion, and not  later than 20 min. This t ime can be 
used to obtain fast -T2 or fast -FLAIR sequences, without  
affect ing interpretat ion signifi cant ly.

Using a t riple dose of cont rast  (0.3 mmol/ kg) and/ or 
obtaining a delayed T1 sequence (20-30 min) are st rategies 
that , although they increase sensit ivity in detect ing 
enhanced lesions, also decrease specifi city31-33.  The increase 
in cost  result ing from using these st rategies, as well as the 
lack of data showing greater effi cacy (diagnost ic and 
prognost ic) of these MRI studies, does not  j ust ify their use 
in general clinical pract ice.

Int ravenous administ rat ion of compounds containing 
gadolinium is cont raindicated or should be handled with 
caut ion in pat ients with severe renal insuffi ciency (chronic 
kidney disease in stages 3, 4 and 5) or those with acute 
renal failure, due to the risk of developing nephrogenic 
systemic fi brosis34.  This risk is minimised by administering 
the minimal doses required (0.1 mmol/ kg) and using 
compounds that  have demonst rated the highest  safety 
profi les. The administ rat ion of cont rast  in pregnant  and 
nursing pat ients must  also be assessed with caut ion, as 
gadolinium crosses the placenta and is excreted with milk. 
The cont rast  is thus incorporated by the foetus or ingested 
by the infant , who, having incomplete renal development , 
is subj ected to a potent ial risk of nephrogenic systemic 
fi brosis.

Active lesions in T2 sequences

While act ive lesions are usually ident ifi ed through the 
detect ion of cont rast -enhanced lesions, they can also be 
ident ifi ed through the detect ion of new lesions or those 
that  increase in size on T2 sequences. The combined use of 
these two sequences (cont rast -enhanced T1 and T2) 
increases visual detect ion of act ive lesions by up to 10-15% 
in relat ion to the isolated use of cont rast -enhanced T1 
sequences9.

The use of T2 sequences in the detect ion of act ive lesions 
requires a st rict  adherence to recommendat ions that  allow 

acceptable levels of precision and reproducibilit y to be 
achieved. Otherwise, an int raobserver reproducibilit y of 
only 33% has been reported35.  Act ive lesions are ident ifi ed 
from the j oint  visual analysis of dual-echo T2 sequences 
(short  and long) obtained in both convent ional and rapid 
technique sequences.

Proper reposit ioning between the scans to be compared 
is an essent ial prerequisite for ident ifying act ive T2 
lesions.

General recommendations for identifying 
active T2 lesions36

It  is advisable to adopt  a generally conservat ive at t itude in 
the ident ifi cat ion of act ive T2 lesions to reduce the rate of 
false posit ives. 

•   Small hyperintense foci (<3 mm) should not  be considered 
relevant .

•   Areas where only a tenuous hyperintensity is ident ifi ed in 
relat ion to the normal parenchyma should not  be taken 
into account .

•   The signal st rength of a potent ially act ive lesion should 
be greater than that  of the adj acent  grey mat ter in the 
short  echo t ime, T2 sequence.

•   In the event  that  a potent ially act ive lesion is isointense 
in relat ion to adj acent  grey mat ter in the short  echo 
t ime, T2 sequence, it  can st il l be considered as a lesion if  
it s signal is clearly hyperintense in long echo t imes or if  
it  is ident ifi ed in two consecut ive sect ions.

•   Correct  reposit ioning between studies to be compared is 
a crit ical factor when assessing act ive T2 lesions. If  
reposit ioning is subopt imal, adj acent  cuts should be 
analysed in part icular detail before classifying an inj ury 
as act ive, since rotat ional and parallel movements can 
cause apparent  changes in lesion size and posit ion.

•   In pat ients with high lesion volumes, it  is part icularly 
diffi cult  to detect  act ive T2 lesions, especially if  
reposit ioning is not  opt imal. A part icularly conservat ive 
at t itude should be adopted in this situat ion.

Defi nition of active T2 lesions

“ New”  lesions:  a “ new”  lesion is defi ned as a hyperintense 
area in T2 appearing in an area that  was of normal t issue in 
a previous study with short  echo t ime, T2 sequences. In 
general, it  is recommended that  this hyperintensity be 
confi rmed in T2 sequences with both short  and long echo 
t imes. This condit ion is a requirement  for the anatomical 
regions most  suscept ible to fl ow artefacts, such as the 
temporal poles and the posterior fossa. A lesion can also be 
considered as “ new”  if  it  is adj acent  to a pre-exist ing lesion 
but  connected to it  through an area with relat ively low 
signal. In situat ions of subopt imal reposit ioning, “ new”  
lesions can only be considered in areas with pre-exist ing 
lesions if  they are confi rmed in at  least  two consecut ive 
sect ions. In the posterior fossa, any “ new”  lesion should be 
ident ifi ed in the T2 sequences acquired with both long and 
short  echo t imes. The lat ter are the most  affected by fl ow 
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artefacts, so the detect ion of “ new”  lesions should be based 
on long echo sequences.

“ Augment ed”  lesions:  somet imes it  is ext remely diffi cult  
to determine whether a lesion has increased in size or 
whether it s size or shape has merely changed as a result  of 
subopt imal reposit ioning. For this reason, a lesion should 
never be considered as “ augmented”  if  it  has only changed 
its shape. Lesions larger than 5 mm in diameter should only 
be considered “ augmented”  if  their diameter has increased 
by at  least  100% or when an increase in size is detected in 
at  least  two consecut ive sect ions. In lesions <5 mm, both 
criteria must  be met  to classify it  as “ augmented” . Given 
the diffi culty in fulfi ll ing these criteria in potent ially 
“ augmented”  lesions in the posterior fossa, this possibilit y 
should not  be considered for lesions in this locat ion.

Defi nition of the topographical and 
morphological features of demyelinating 
lesions detected by MRI 

Ident ifying the characterist ics of focal lesions detected on 
T2 sequences precisely is essent ial to determine the 
possibilit y of a demyelinat ing origin. In addit ion, 
topographical features help to determine the risk of an 
isolated clinical syndrome with probable demyelinat ing 
origin becoming MS in the future, since it  is included within 
the McDonald diagnost ic criteria6.  It  is therefore necessary 
to have defi nit ions of the morphological and topographical 
features of demyelinat ing lesions that  are as precise as 
possible.

Small hyperintense foci with a diameter less than 3 mm 
must  be ruled out  as lesions, especially if  they are located 
in the subcort ical white mat ter of the frontal lobes. 
Hyperintense foci at t ributable to Virchow-Robin perivascular 
spaces should also be excluded (they are isointense in the 
CSF on T2 sequences, both in long and short  echo t imes).

Hyperintense lesions detected on T2 sequences are 
defi ned as follows37:

•   Subcort ical lesions: lesions located in the cerebral 
hemispheric white mat ter that  have no contact  with the 
vent ricular surfaces or with the cortex.

•   Cort ical-j uxtacort ical lesions: lesions located in the cort ical 
grey matter and/ or j uxtacort ical white matter (U fi bres) 
(fi g. 2). It  must  not  be forgot  that  myelin is also in the grey 
matter (although in a lesser proport ion than in the white 
matter) and that , demyelinat ing lesions often also affect  
the cort ical grey matter, both cerebral and cerebellar, for 
this reason. However, pure cort ical lesions are very diffi cult  
to ident ify by MRI, probably due to their small size, to the 
scarce contrast  shown relat ive to the CSF surrounding them 
and to the lesser infl ammatory react ion that  they present  
compared with those affect ing white matter. Subcort ical 
lesions differ from juxtacort ical lesions in that  the lat ter 
are in contact  with the cort ical grey matter, while in the 
former, the white matter is interspersed. Large 
periventricular lesions that  reach the j uxtacort ical white 
matter peripherally should not  be considered juxtacort ical.  
The presence of at  least  one cort ico-juxtacort ical lesion is 
considered one of the diagnost ic criteria proposed by 

Barkhof et  al.38 Fast-FLAIR sequences and, above all, DIR 
(double inversion-recovery) sequences are the most  
sensit ive in detect ing these lesions.

•   Perivent ricular lesions: lesions in contact  with the lateral 
vent ricles or more rarely with the third vent ricle. 
Infratentorial lesions that  are in contact  with the surface 
of the fourth vent ricle are not  considered perivent ricular. 
The presence of at  least  three perivent ricular lesions is 
considered one of the diagnost ic criteria proposed by 
Barkhof et  al.38

•   Corpus callosum lesions: focal lesions that  can also be 
perivent ricular. Sagit tal Fast -FLAIR sequences are 
part icularly sensit ive in detect ing these lesions (fi g. 1). In 
this plane, the lesions need to be placed in the medial 
two-thirds of the corpus callosum to avoid including the 
paracallosal areas. Transcallosal bands are ident ifi ed as 
lines that  t raverse the corpus callosum (opt imally 
observed in t ransverse T2 sequences), and that  correspond 
to a Wallerian degenerat ion of the corpus callosum 
secondary to paracallosal lesions. These bands should not  
be considered as corpus callosum lesions.

•   Thalamic or basal ganglia lesions: lesions clearly located 
within the sinus of grey nuclei.  Lesions affect ing white 
mat ter t racts and that  make marginal contact  with the 
nuclei should not  be included.

•   Infratentorial lesions: lesions located in the cerebellum, 
midbrain, pons or medulla oblongata. Due to the frequent  
artefacts exist ing in the posterior fossa, these lesions 
must  be ident ifi ed in both the short  and long echo t imes 
of T2 sequences. Fast -FLAIR sequences are less sensit ive 
than dual-echo fast -T2 sequences in the ident ifi cat ion of 
infratentorial lesions (fi g. 3). The presence of at  least  
one infratentorial lesion is considered as one of the 
diagnost ic criteria proposed by Barkhof et  al38.

•   Ovoid lesions: ovoid lesions with their maj or axis oriented 
in a perpendicular direct ion to the vent ricular wall39.  
They correspond to lesions with a perivenular locat ion 
(Dawson’s fi ngers). Their presence should be analysed 
exclusively in images acquired in the t ransverse plane 
(fi g. 7).

•   Large lesions: lesions with a diameter >6 mm, excluding 
the lines parallel to the vent ricular walls and the 
t ranscallosal bands.

•   Black holes: T1 hypointense lesions (in sequences obtained 
with spin echo) in relat ion to the normal grey mat ter 
with a persistence of at  least  6 months and always 
associated with an area of T2 hyperintensity (fi g. 8). 
Although these inj uries were previously considered to 
correspond to demyelinat ing lesions with a st rong t issue 
dest ruct ion component  (low axonal density), recent  
histopathological correlat ion studies have shown a great  
variabilit y in their pathological subst rate40.  Their presence 
is more common in pat ients with progressive forms of MS, 
especially at  supratentorial level, while their detect ion is 
generally scarce at  the infratentorial and spinal level41.  
Lesions that  have the above characterist ics, but  that  
show total or part ial post -cont rast  enhancement  (usually 
peripheral) should not  be considered as black holes. 
These pseudo-“ black holes”  are act ive lesions with an 
oedematous and demyelinat ing component , whose size 
and hyposignal on T1 can be reduced or disappear after 
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the resolut ion of infl ammatory act ivity (cessat ion of 
cont rast  enhancement ) and development  of remyelinat ion. 
In cont rast , “ chronic”  black holes are irreversible and 
their number and volume have been related to the degree 
of disabilit y, so these parameters have been used as a 
marker of progression of the neurodegenerat ive 
component  of the disease. Some immunomodulatory 
drugs decrease the proport ion of lesions act ive with 
gadolinium that  become chronic black holes.

•   Pseudo-tumoral lesions: there is no set  minimum diameter 
at  which a focal demyelinat ing lesion is considered 
pseudo-tumoral, although this could be established 
around 3 cm. A lesion area result ing from the confl uence 
of mult iple lesions should not  be interpreted as a pseudo-
tumoral lesion. Pseudo-tumoral lesions correspond to 
act ive lesions, generally with a hemispheric cerebral 
locat ion that  can cause clinical symptoms indicat ive of 
an expansive process, but  they can also be asymptomat ic. 
In some cases, it  can be very diffi cult  to dif ferent iate 
pseudo-tumoral lesions from tumoral or infect ious 
lesions. In these cases, the clinical context , the presence 
of incomplete ring enhancement  (fi g. 9) or a Balo-type 
lesion pat tern (concent ric rings) (fi g. 10) and the 
detect ion of addit ional lesions with demyelinat ing 
features in the remaining brain or spinal cord t issue are 
the most  valuable data for establishing a correct  
dif ferent ial diagnosis. Obtaining dif fusion sequences and 
a localised proton spect roscopy examinat ion of the lesion 
may somet imes be a diagnost ic aid to dif ferent iate 
tumoral processes or abscesses.

•   Dirty-appearing white mat ter: focal or dif fuse areas with 
discrete hyperintensity in T2 sequences, in relat ion with 
normal white mat ter, located in the white mat ter 
proximal or not  to subcort ical focal lesions and that  
predominant ly, and somet imes symmetrically, affect  the 
deep perivent ricular white mat ter of the cerebral 
hemispheres, especially in pat ients with progressive 
forms of MS (fi g. 11). It s signal is less intense than that  of 
focal lesions and is close to that  of cort ical grey mat ter. 
These areas, which must  be at  least  10 mm in diameter 
and which must  be ident ifi ed in at  least  two consecut ive 
t ransverse sect ions, represent  a dif fuse component  of 
the demyelinat ing and axonal damage process42;  on 
occasion, they can be diffi cult  to dif ferent iate from 
normal white mat ter, so their isolated presence should 
not  be regarded as an abnormal fi nding.

•   Spinal cord inj uries: spinal cord inj uries are very common 
in pat ients with MS and their detect ion increases the 
sensit ivity and specifi city of MRI studies. Lesions in this 

Figure 7 Transverse fast -FLAIR sequence in a pat ient  with 

clinically-defi ned mult iple sclerosis. There are characterist ic 

lesions in perivent ricular locat ion (some ovoid), with their 

maj or axis perpendicular to the vent ricular walls.

Figure 8 Brain magnet ic resonance imaging. T2-weighted sequences (left ),  T1 (middle) and post -cont rast  T1 (right ) in the 

t ransverse plane in a pat ient  with secondary progressive mult iple sclerosis. Note how many of the lesions visible on T2 sequences 

are hypointense on T1 sequences, showing no post -cont rast  enhancement  (irreversible black holes).
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area must  have certain characterist ics to be considered 
typical of MS: being hyperintense in T2-weighted 
sequences, being more than 3 mm in diameter, but  with 
a craniocaudal extension less than two vertebral bodies, 
producing no signifi cant  swelling of the spine (with the 
except ion of some acute phase symptomat ic lesions) and 
affect ing the t ransversal spinal area incompletely14.

Double inversion-recovery sequences

Double inversion-recovery (DIR) sequences have recent ly 
been int roduced in the technical arsenal of MRI. These 
sequences use a double saturat ion pulse that  cancels the 
signal from the CSF and the white mat ter43.  As a result ,  
white mat ter appears hypointense, allowing greater 

cont rast  with demyelinat ing lesions (hyperintense). DIR 
sequences improve the cont rast  of cort ico-j uxtacort ical44 
and infratentorial lesions and increase sensit ivity in 
detect ing these lesions compared with convent ional 
sequences (dual-echo fast -T2 and fast -FLAIR). Their limited 
availabilit y in current  devices and a low signal to noise 
rat io, which requires relat ively long acquisit ion t imes, are 
factors that  have limited their applicat ion in clinical 
studies.

High fi eld MRI (3.0 T)

One way to increase MRI sensit ivity in detect ing 
demyelinat ing CNS lesions is through the use of high-fi eld 
devices (3.0T). These devices can detect  20-50% more 

Figure 9 Brain magnet ic resonance imaging. T2-weighted sequences (left ) and cont rast  T1 (right ) in the t ransverse plane in a 

pat ient  with a pseudo-tumoral lesion of demyelinat ing origin. Note that  the lesion shows an incomplete ring enhancement  with it s 

open margin in contact  with the cort ical grey mat ter (courtesy of Dr. Marzo).

Figure 10 Brain magnet ic resonance imaging. T2-weighted sequences (left ) and proton density (right ) in the t ransverse plane in 

a pat ient  with a pseudo-tumoral lesion of demyelinat ing origin. Note the pat tern of concent ric bands within the lesion (Balo-type 

pat tern).
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gadolinium-enhanced or hyperintense lesions in T2 compared 
with 1.5T MRI devices45,46.  However, there is no evidence to 
suggest  that  this increased sensit ivity has an impact  on 
therapeut ic decisions in pat ients with established MS. In 
pat ients with an isolated neurological syndrome, the 
increased sensit ivity of 3.0T devices lets the criteria for 
space and t ime disseminat ion be established more 
frequent ly, and this could infl uence early t reatment  of a 
greater number of pat ients47.  Fast -FLAIR sequences benefi t  
especially from the 3.0T fi elds, as their sensit ivity in 
detect ing infratentorial lesions is increased. On the other 
hand, the effect  of high fi elds in T1 sequences is negat ive, 
especially when using spin echo sequences (longitudinal 
relaxat ion t imes are extended and, therefore, t issue 
cont rast  is reduced).It  is thus advisable to replace them 
with gradient  echo sequences48.

Non-conventional MRI techniques for MS 
diagnosis and monitoring 

In recent  years, a maj or effort  is being made in the 
development  and clinical applicat ion of new MRI techniques 
that  allow specifi c, simple and reproducible detect ion of 
macroscopic or microscopic lesions whose pathological 
subst rate correlates bet ter with the degree of clinical 
disabilit y, such as severe demyelinat ion and axonal 
dest ruct ion.

These techniques include the est imat ion of the degree of 
axonal damage from the quant ifi cat ion of N-acetylaspartate 
concent rat ion obtained by proton spect roscopy, the 
calculat ion of cerebral volume and spinal cord t ransverse 
area as a measure of at rophy, the quant ifi cat ion of 
myelinat ion degree from the magnet izat ion t ransfer rat io, 
and the use of dif fusion sequences that  part ially characterise 
macroscopic and microscopic lesion subst rates and that  
measure axonal fi bre integrity and organisat ion. Last ly, 

funct ional MRI can be used in pat ients with MS to evaluate 
the effect  of brain neuroplast icity, which would at  least  
part ially explain clinical-radiological dissociat ion in these 
pat ients.

However, the profi tabilit y of these unconvent ional 
techniques in MS diagnosis and monitoring is limited outside 
of experimental studies or clinical t rials. Their use is 
generally not  j ust ifi ed in either diagnost ic or monitoring 
MRI studies in clinical pract ice5,49-51.

Proton spectroscopy 

Proton magnet ic resonance spect roscopy (MRS) is a 
technique that  allows biochemical informat ion to be 
obtained from pathological alterat ions in lesions visible on 
T2 sequences and in apparent ly normal t issue. There is 
some cont roversy in the literature regarding the diagnost ic 
value of MRS in the study of pseudo-tumoral lesions of 
demyelinat ing origin to dif ferent iate them from tumours. 
Some authors suggest  that  there are not  enough dif ferences 
in the spect ral pat tern between the two processes (reduct ion 
of N-acetyl aspartate, elevat ion of choline and lipids)52,53.  
Others do fi nd suffi cient  dif ferences, especially when using 
dif ferent  echo t imes and when performing a quant itat ive 
analysis of dif ferent  metabolites54-56.  Therefore, while MRS 
can be used in selected cases to characterise pseudo-
tumoral lesions, one must  be caut ious when making 
diagnost ic and therapeut ic decisions based solely on these 
fi ndings. The technique is capable of detect ing biochemical 
changes in normal-appearing white mat ter in MS pat ients, 
so these data have been used to evaluate disease progression 
in experimental studies. The technical complexity of MRS 
studies, their limited reproducibilit y and their cost  in t ime 
have prevented MRS from being a technique of clinical 
ut il it y in pat ients with MS. Results from clinical t rials with 
small pat ient  groups have also been cont radictory about  

Figure 11 Brain magnet ic resonance imaging. Transverse T2-weighted sequences in a healthy subj ect  (left ) and in a pat ient  with 

mult iple sclerosis (MS) (right ). Note the discrete dif fuse hypersignal shown by the hemispheric white mat ter in the pat ient  wit h MS 

(dirty-appearing white mat ter).
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the effect  of immunomodulatory drugs. There is thus 
insuffi cient  data to j ust ify the use of MRS in the diagnosis 
and monitoring of pat ients with MS. Some guidelines for 
obtaining mult icent re MRS studies57 that  at tempt  to 
standardise the studies conducted at  dif ferent  cent res have 
recent ly been published.

Cerebral volume 

It  is well established that  pat ients with MS develop brain 
at rophy progressively. The mechanisms by which this 
progressive at rophy occurs are not  fully understood, 
although it  seems clear that  it  is most ly a consequence of 
axonal and myelin loss. The relat ion between focal brain 
t issue lesions and at rophy is not  well determined, as there 
is a t ime lag between the progressive development  of 
at rophy and the volume of focal lesions. This dissociat ion 
suggests that  there are other mechanisms involved in the 
development  of at rophy, such as a dif fuse microscopic 
alterat ion in the white mat ter and in the cort ical and 
subcort ical grey mat ter.

The quant ifi cat ion of brain at rophy by MRI is used as a 
measure of the degree of loss of brain t issue in pat ients 
with MS49,58,59.  Longitudinal studies have shown that  the 
degree of at rophy progresses in some pat ients, and that  this 
progression correlates with a worsening of disabilit y. The 
measurement  of brain volume can be calculated in a 
relat ively simple way by obtaining T1-weighted images to 
which automat ic segmentat ion programs are applied; the 
programs defi ne the contours of the brain parenchyma and 
ext ract  the vent ricular volume, thus returning quant itat ive, 
accurate and reproducible data on the volume of brain 
parenchyma.

React ive ast rocytosis is a phenomenon that  could mask 
the detect ion of brain at rophy in MS, as a result  of increased 
brain volume. Moreover, the degree of at rophy may be 
biased by fl uctuat ions in the concent rat ion of water 
at t ributable to both act ive lesions and the ant i-oedema and 
ant i-infl ammatory effect  of certain t reatments 
(cort icosteroids, immunomodulators). These factors 
infl uencing the measurement  of brain volume probably 
make this parameter underest imate the t rue extent  of 
axonal damage, especially in early disease stages.

The loss of brain volume (approximately 4 t imes higher in 
MS pat ients than in the normal populat ion) occurs primarily 
at  the expense of grey mat ter, even in the early stages of 
the disease. Compared with the overall cerebral volumet ric 
analysis or select ive analysis of white mat ter, select ive 
volumet ric analysis of grey mat ter is bet ter correlated with 
the degree of disabilit y and the presence of neurocognit ive 
impairment  in pat ients with MS60,61.  In addit ion, the 
detect ion of grey mat ter at rophy is the only quant itat ive 
method to assess cort ical damage in pat ients with MS 
through MRI, given the insensit ivity of convent ional 
techniques in the detect ion of lesion extension in this case. 
It  therefore seems that  brain volumet ric studies should be 
performed select ively on grey mat ter, requiring programs 
that  can perform automat ic segmentat ion (fi g. 12). However, 
the precision of these select ive measurements can be 
altered by demyelinat ing lesions in the white mat ter, 

because segmentat ion programs often incorrect ly classify 
them as apparent ly normal grey mat ter62,  and cause false 
increases in the volume of grey mat ter with the progression 
of the disease. Therefore, these programs should be applied 
with inj ury masking, which slows the process, making them 
diffi cult  to apply in clinical pract ice. Quant ifi cat ion of brain 
at rophy is also relat ively insensit ive to changes over t ime 
(of approximately 1-2% annually in the dif ferent  disease 
phenotypes)63,64,  so it  does not  seem a useful measure in the 
individual assessment  of the effect  of t reatment , at  least  in 
the short  to medium term.

Spinal area 

Spinal at rophy is a relat ively f requent  fi nding in progressive 
forms of  the disease. This at rophy is most  evident  in the 
cervical segment  and bears no relat ion to lesion volume in 
T2, both cerebral and spinal.  The most  l ikely source of 
spinal at rophy is axonal dest ruct ion secondary to Wallerian 
degenerat ion. Dif ferent  studies have shown that  the 
degree of  cervical spinal at rophy signifi cant ly correlates 
with the degree of  neurological disabil it y,  with the 
correlat ion obtained improving signifi cant ly with measures 
of  volume or number of  lesions on T2, both cerebral and 
spinal.  Spinal at rophy can be quant ifi ed in the cervical 
segment  f rom t ransverse three-dimensional T1-weighted 
images with which t ransverse reconst ruct ions can be 
performed on the C2-C3 segment  in which it s area is 
calculated65.

Transfer of magnetization

This MRI technique allows quant itat ive data to be obtained 
from the magnet izat ion t ransfer rat io (MTR), which 
indirect ly measures the degree of myelinat ion of both 
macroscopic demyelinat ing plaques and normal-appearing 
white mat ter66-68.  Some studies have shown that  MTR values 
vary with the evolut ion of demyelinat ing plaques, and this 
variat ion is at t ributable to the increase in the degree of 
demyelinat ion (decreased MTR values) or to the development  
of remyelinat ion (increased MTR values)69,70.  This abilit y of 
MTR values to obj ect ify the degree of longitudinal 
myelinat ion of a plaque makes it  possible to use this 
technique for analysing the potent ial neuroprotect ive effect  
of new t reatments. However, it s use in MRI for diagnost ic 
and monitoring of individual MS pat ients is not  j ust ifi ed, 
because its diagnost ic and prognost ic value has not  been 
proven50,51.

Diffusion MRI 

Diffusion sequence by MRI can be used in addit ion to 
convent ional sequences in diagnost ic studies to characterise 
focal demyelinat ing lesions in which acute or infect ious 
(abscesses) vascular lesions are included in the dif ferent ial 
diagnosis. The dif fusion tensor images make it  possible to 
analyse the organizat ion and integrity of brain and spinal 
cord axonal fi bres in pat ients with MS, using various 
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parameters such as mean dif fusivity and anisot ropy 
fract ion71,  and to study subt le changes that  take place in 
normal-appearing white and grey mat ter72.  These variables 
have shown good correlat ion with the degree of disabilit y 
and cognit ive impairment . However, there are no studies 
that  demonst rate the usefulness of this MRI technique in MS 
diagnosis and monitoring50,51.

Dif fusion MRI also makes it  possible to obtain axonal maps 
(t ractography) and thus provides informat ion on the 
organisat ion of cort ical connect ions and their proj ect ions in 
the white mat ter. This technique lets researchers visualise 
white mat ter t racts, both cerebral and spinal, and can 
obj ect ify changes in their integrity that  are not  detectable 
with convent ional sequences, and that  could explain certain 
clinical manifestat ions73 (fi g. 13). It s current  value is 
essent ially limited to research studies.

Functional MRI 

Funct ional MRI (fMRI) is a non-invasive MRI technique makes 
it  possible to visualise brain areas act ivated in relat ion to a 
specifi c task or st imulus. The most  common clinical use of 
fMRI is presurgical ident ifi cat ion of crit ical funct ional areas, 
to facilitate performing a surgery as funct ional as possible. 
The technique is also being used in studying normal funct ional 
anatomy and invest igat ing the phenomenon of neuroplast icity 
in both healthy subj ects and in pat ients with various 
neurological or psychiat ric processes, among which MS must  
be highlighted. In pat ients with different  MS phenotypes and 
degrees of disability, fMRI shows changes in the pat tern of 
cort ical act ivat ion in motor, sensory and cognit ive paradigms, 
which probably refl ect  a funct ional reorganisat ion of the 
brain in response to t issue inj ury74.  These changes include an 

Figure 12 Automat ic cerebral region segmentat ion. From T1 sequences (top row), programs are applied to make it  possible to 

obtain a select ive volumet ric analysis of grey mat ter (middle row) and white mat ter (bot tom row).
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increase in the intensity of normal brain act ivat ion and the 
recruitment  of st ructures not  normally act ivated. These 
fi ndings, which have been interpreted as adapt ive or 
compensatory events, seek to minimise the degree of motor 
and cognit ive disability at t ributable to irreversible neuro-
axonal damage, and would at  least  part ially explain the 
clinical-radiological dissociat ion between the extent  and 
severity of neuro-axonal damage and disability in these 
pat ients. These cort ical hyperact ivity pat terns may vary 
over t ime in relat ion to a deplet ion of cort ical reorganisat ion 
capacity and can be modulated with pharmacological and 
rehabilitat ion therapies75.  In the future, fMRI might  be used 
as a subst itute marker for the evaluat ion of the effect iveness 
of therapies that  modulate or promote the neuroplast icity 
phenomenon.

Conclusions

Magnet ic resonance imaging is a highly sensit ive and relat ively 
specifi c technique for ident ifying demyelinat ing lesions in 
the CNS. A correct  analysis of the studies offers diagnost ic 
and prognost ic informat ion, but  the informat ion obtained 
from the pathological substrate of the lesions is st ill limited, 
even with non-convent ional MRI techniques, which as yet  
have virtually no diagnost ic or prognost ic value.

The use of MRI in the diagnosis and monitoring of MS 
pat ients in clinical pract ice should be carried out  under 
appropriate technical condit ions and with correct ly 
established indicat ions. This should serve to rat ionalise 
resources and improve the clinical effi cacy derived from 
MRI studies.
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