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Abstract

Int roduct ion: Previous reports have shown that  brain at rophy appears early in the course 
of mult iple sclerosis (MS). The aim of the present  study was to evaluate whether brain 
at rophy already exists in clinically isolated syndrome (CIS) by comparing with a cont rol 
sample.
Met hods: Pat ients with CIS were included prospect ively from June 2008 to June 2009. A 
cont rol group of healthy persons, matched by age and gender with CIS, was also included 
during the same period of t ime. An automated analysis tool, SIENAX, was used to obtain 
total brain volume (TBV), gray mat ter volume (GMV) and white mat ter volume (WMV). 
Mann-Whitney U test  was used to analyze the data.
Result s: Twenty CIS pat ients and 30 healthy cont rols were included (8 vs. 17 females, 
p=0.11). Mean age for CIS was 35±6 years vs. 34.4±5 in cont rols (p=0.61). Mean EDSS in 
CIS was 1.1±0.5. Eighteen pat ients with CIS (90%) had abnormal baseline MRI. The TBV in 
CIS was 1.6μl±0.22μl×106 vs.1.65±0.15×106 in cont rols (p=0.005), the GMV in CIS was 
0.58±0.05×106 vs. 0.67±0.03×106 in cont rols (p = 0.001) and the WMV in CIS was 1±0.1×106 
vs. 1.12±0.02×106 in cont rols (p=0.03).
Conclusions: This is the irst study dealing with brain atrophy in a CIS sample from Latin 
America in which brain at rophy, mainly grey mat ter at rophy, was shown in early stages of 
the disease compared with healthy individuals.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Mult iple sclerosis (MS) is characterised by recurrent  episodes 
of neurological dysfunct ion in 80% of pat ients. Most  pat ients 
init ially present  a clinically isolated syndrome (CIS), 
characterised by a well-deined, neurological event lasting 
more than 24 hours and affect ing the cerebral white mat ter, 
brainstem, spinal cord, cerebellum and opt ic nerves, among 
others, after ruling out  other diseases.1

Tradit ionally, MS has been described as an exclusive 
disease of the white mat ter.1 However, recent  research has 
shown that  along with the myelin damage, there is also 
signiicant axonal damage in the cerebral grey matter.2,3 
This has been demonst rated using advanced brain imaging 
techniques (magnet ic resonance imaging [MRI]) and 
conirmed by histopathological studies. Consequently, these 
studies have become the pillars of the neurodegenerat ive 
hypothesis as a determinant  factor of disease progression 
and disabilit y in affected pat ients.4-8

While in MS there is clear evidence of early axonal loss 
and subsequent atrophy, this has not been suficiently 
evaluated in pat ients after CIS.9 Taking this into account , 
the obj ect ive of this study was to evaluate the volume of 
cerebral at rophy (CA) in pat ients with CIS in comparison 
with a cont rol group of healthy individuals.

Methods

Cases

We prospect ively included CIS pat ients evaluated at  the 
Sección de Enfermedades Desmiel inizantes (Department  of 

Demyelinat ing Diseases) of the Hospit al  It al iano in Buenos 
Aires from June 2008 to June 2009. Inclusion criteria were: 
present ing a clinical syndrome indicat ive of cent ral nervous 
system (CNS) demyelinat ion affect ing the opt ic nerves, 
brainstem, spinal cord or other regions, not  at t ributable to 
other diseases. Pat ients who upon examinat ion reported a 
history of focal neurological disorder that  had lasted more 
than 24h were excluded. The init ial clinical evaluat ion was 
performed in all cases by a neurologist  with extensive 
experience in the management  of demyelinat ing diseases, 
considering clinical, demographic and complementary 
studies. All pat ients underwent  a cerebral and cervical spine 
MRI at  1.5-3 months of the event . This was performed using 
a Siemens 1.5 Tesla resonator with standard image acquisit ion 
techniques for pat ients with demyelinat ing diseases (proton 
density, convent ional T2, FLAIR, T1 with and without  
int ravenous cont rast ). The MRI scan was evaluated by 
neuroradiologists blinded to the study obj ect ive. We 
excluded pat ients who had received glucocort icoids in the 
month prior to the complet ion of the MRI.

Controls

The cont rol group consisted of healthy subj ects matched 
with CIS cases by age and gender, with no history of organic 
and/ or funct ional neurological disorder. At  least  one cont rol 
was identiied for each patient. When controls were 
identiied, they were invited to participate; upon acceptance 
and after obtaining their writ ten informed consent , they 
were included in the study. The MRI protocol for cont rols 
was the same as for cases. Cases were paired with cont rols 
by frequency, select ing the cont rols who had equal age and 
gender as the selected cases.
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Atroia cerebral en pacientes con síndrome desmielinizante aislado

Resumen

Int roducción: Estudios previos demostraron que la atroia cerebral (AC) aparece precoz-
mente en esclerosis múlt iple. Es nuestro objet ivo evaluar la AC en pacientes con síndrome 
desmielinizante aislado (SDA) respecto a un grupo control en una población argent ina.
Mét odos: Se incluyó prospect ivamente a pacientes con SDA durante el período j unio de 
2008 a j unio de 2009. El grupo cont rol estaba formado por suj etos sanos apareados por 
edad y sexo. Se ut il izó el programa SIENAX para medir el volumen cerebral total (VCT), 
el volumen de sustancia gris (VSG) y de sustancia blanca (VSB) en cada grupo. Los datos 
se compararon con la prueba de Mann-Whitney. Se consideró signiicativo p < 0,05.
Result ados: Se incluyó a 20 pacientes con SDA y 30 cont roles sanos (8 frente a 17 muj e-
res; p = 0,11). La media de edad en SDA fue 35 ± 6 frente a 34,4 ± 5 años en cont roles (p 
= 0.61). El EDSS de los pacientes con SDA fue 1,1 ± 0,5; 18 pacientes (90%) con SDA tenían 
lesiones en la resonancia magnét ica cerebral. El VCT en SDA fue 1,6 ± 0,22 μl × 106 f ren-
te a 1,65 ± 0,15 × 106 en cont roles (p = 0,005); el VSG en SDA fue 0,58 ± 0,05 × 106 
f rente a 0,67 ± 0,03 × 106 en cont roles (p = 0,001), y el VSB en SDA fue 1 ± 0,1 × 106 
f rente a 1,12 ± 0,02 × 106 en cont roles (p = 0,03).
Conclusiones: Éste es el primer estudio en una población lat inoamericana con SDA que 
demostró atroia cerebral con predomino en la sustancia gris, respecto a un grupo con-
t rol.  Esta herramienta es coste-efect iva para la medición de la AC, aspecto poco estudia-
do en nuest ro medio.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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Measurement of Cerebral Volume

Measurements of  brain volumes (t otal brain volume [TBV], 
neocort ical grey mat ter volume [GMV] and whit e mat ter 
volume [WMV]) were obtained using MRI T1 sequences, 
applying t he automated method and t he measurement  
sof tware for cerebral at rophy,  SIENAX. 10 To carry out  t he 
measurement ,  SIENAX used t he brain ext ract ion t ool 
(BET),  as part  of  t he FSL-FMRIB sof tware l ibrary,  t o 
ext ract  t he brain and skul l  content  f rom the MRI images 
(ig. 1). Once extracted, a tissue segmentation program 
(FAST, another part  of  t he FSL l ibrary sof tware)11 
segmented t he image obtained into neocort ical grey 
mat ter,  whit e mat ter and CSF, t hereby est imat ing t he 
segmented TBV, GMV and WMV. 16 SIENAX was t hus able t o 
obtain accurate, automated brain volume readings (ig. 
2).  The brain volume obtained was t hen mult ipl ied by a 
pre-establ ished normalisat ion factor incorporated into 
the software, which determined the inal, normalised 
brain volumes for the patient (ig. 3).

The study was approved by the Ethics Commit tee for 
Research Protocols of the Hospit al  It al iano in Buenos Aires. 

All cases and cont rols gave their informed consent  before 
entering the study.

Statistical Analysis

The baseline characterist ics of the populat ion studied were 
reported in percentages for categorical data, and in mean 
and standard deviat ion (SD) for dispersion measurement  of 
cont inuous data. The data were compared using Fisher’s 
exact  test  and the Mann-Whitney U test  for categorical and 
cont inuous data, respect ively. Values of P<.05 were 
considered statistically signiicant. To calculate the sample 
size, the formula for cont inuous data calculat ion was used, 
considering the est imate of the dif ference between two 
means, using the mean TBV dif ference of pat ients versus 
cont rols for that  purpose. From previous data in pat ients 
with relapsing-remit t ing MS (RRMS) in early stages,12 a 
p-value type I error of 0.05 and type II error of 0.8 were 
accepted. Considering the above, the sample size was 
est imated as at  least  20 pat ients, with a minimum of 20 
cont rols. Data collect ion and analysis were performed using 
the Stata 9.1 program.

Figure 1 Brain ext ract ion tool (BET), used to ext ract  the brain and skull from magnet ic resonance images.

Figure 2 FAST tool, used to segment  the image obtained by the brain ext ract ion tool (BET) into neocort ical grey mat ter, white 
matter and cerebrospinal luid.
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Results

The study included 20 pat ients with CIS and 30 healthy 
cont rols (rat io, 1:1.5). The mean age of CIS cases was 35±6 
years; in cont rols, it  was 34.4±5 years (P=.11). A total of 
41% (8) of the CIS cases were female, compared to 58% (17) 
in the cont rol group (P=.61). The clinical presentat ion of 
CIS was as follows: 8 (40%) with opt ic neurit is; 6 (30%) with 
cerebral parenchyma involvement ; 4 (20%), brainstem; and 
2 (10%) cervical spine. The extended disabilit y status score 
(EDSS) of pat ients with CIS at  the t ime of MRI was 1.1±0.5. 
On MRI, 90% (18) of pat ients with CIS presented demyelinat ing 
lesions in the brain and/ or cervical spine. Of the 18 pat ients 
with MRI and lesions, 11 (61%) presented 2 Barkhof criteria 
(BC),2 6 (33%) presented 3 BC and only 1 (6%) pat ient  
presented 4 BC. With respect  to the volumet ric data, the 
TBV in pat ients with CIS was 1.6±0.22μl?106 versus 
1.65±0.15?106 in cont rols (P=.005), the GMV was 
0.58±0.05x106 in CIS pat ients versus 0.67±0.03?106 in 
cont rols (P=.001) and the WMV in CIS pat ients was 1±0.1?106 
versus 1.12±0.02?106 in cont rols (P=.03) (table 1).

Discussion

The measurement  of cerebral at rophy is a fundamental 
process that  provides knowledge about  damage to the 
cerebral parenchyma.8,13  The present  work shows the 

presence of CA, predominant ly in the grey mat ter, in a 
populat ion of pat ients with CIS compared to healthy 
cont rols.

While there are various reports in the literature describing 
the phenomenon of early CA in pat ients with MS,3,12,14,15 
there have been few studies to date that  assess the 
phenomenon of at rophy at  the t ime of CIS.

The exact  mechanism and cause of this general and 
mainly neocort ical at rophy are unknown. It  is known that  
white matter inlammation by axonal transection leads to 
neuronal loss and consequent  cort ical at rophy.3 However, it  
is dificult to argue that this mechanism causes the atrophy 
in the presence of scarce or possibly no inlammation and/
or underlying white mat ter demyelinat ion.12

Based on previous studies and our observat ion, it  would 
appear that  there are two mechanisms that  cause the 
at rophy; the one described previously (secondary to 
demyelinat ing damage and axonal t ransect ion)3 and another 
process (independent  from the observable changes in the 
white mat ter and demyelinat ion), which would explain why 
at rophy is scarce or nonexistent  in the presence of 
inlammation.12,15,16 The mat ter of elucidat ing the molecular 
mechanisms of this neurodegenerat ive process would st il l 
remain, but an apoptotic process induced via inlammatory 
mechanism could have a role in it .

Although at rophy was thought  to begin with the clinical 
onset  of the disease, this study and others have shown that  
CA may start  to take place long before the indicat ive clinical 
event . Filippi et  al17 have used spect roscopy studies to 
demonst rate the presence of widespread, irreversible 
axonal damage independent of inlammatory lesions in the 
cerebral white mat ter at  very early stages of the disease, 
long before the clinical onset . The consequent  early brain 
at rophy measured by quant itat ive techniques, such as that  
found in the present  report , could therefore be expected.

It  is important  to highlight  the possible role that  certain 
disease-associated factors that  could adversely affect  CA 
and generate an even greater rate of progression would 
have in each pat ient . Among these, it  has been postulated 
that  some genet ic factors would lead to a higher rate of 
at rophy. Some studies have pointed to the relat ionship 
between APOE-Â4 and a higher rate of CA; however, the 

Figure 3 Final segmentation and measurement of inal volumes.

Table 1 Brain volumes in pat ients and cont rols

Cases (n=20) Cont rols (n=30) P

TBV (×106μl) 1.6±0.22 1.65±0.15 0.005

GMV (×106μl) 0.58±0.05 0.67±0.03 <0.001

WMV (×106μl) 1±0.08 1.12±0.02 0.03

GMV: grey mat ter volume; TBV: total brain volume; WMV: 
white mat ter volume.
Data expressed as mean±standard deviat ion.
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associat ion found in the various studies analysed was weak 
and occasional.7,18,19 Another factor associated with a higher 
rate of CA has been the high number of brain lesions 
identiied in the white matter from the beginning of the 
disease; however, this associat ion has not  been completely 
demonst rated yet .20

In conclusion, this is the irst study in a Latin American 
populat ion to explore at rophy in pat ients with CIS. The 
early atrophy identiied in this population compared to the 
cont rol group takes place mainly in the grey mat ter, with 
little inlammatory white matter demyelination. This 
suggests that  an independent  neurodegenerat ion mechanism 
other than axonal t ransect ion would be act ing from the 
init ial moments of the disease (even much earlier than the 
clinical onset ) and progressively damaging the cerebral 
parenchyma. Future research will help to clarify the 
molecular mechanisms that  intervene in this process and 
the prognostic value of the inding.
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