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IN TRO DUC TION

Mul ti ple scle ro sis (MS) is a chronic au to im mune in flam -
ma tory neurodegenerative dis ease, the pre cur sor of which
can be a clin i cally iso lated syn drome (CIS) [1]. CIS is de -
fined as the first clin i cal ep i sode with symp toms re lated to
neu ro log i cal dys func tion sug ges tive of MS and when it
lasts for at least 24 hours [2]. The di ag nos tic cri te ria of MS
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Sum mary. Back ground. Mul ti ple scle ro sis (MS) is a chronic demyelinating dis ease with
clin i cal on set usu ally man i fest ing as clin i cally iso lated syn drome (CIS). Ap prox i mately 70% 
of peo ple with CIS con vert to MS. There fore, there is a press ing need to iden tify the most
char ac ter is tic paraclinical test find ings to pre dict CIS con ver sion to MS.

Aim. The aim of this study was to es tab lish the most char ac ter is tic paraclinical test find -
ings for the iden ti fi ca tion of CIS con ver sion to MS.

Ma te ri als and meth ods. A ret ro spec tive data anal y sis was per formed in pa tients di ag -
nosed with demyelinating encephalomyelitis ac cord ing to ICD-10 (In ter na tional Clas si fi ca -
tion of Dis eases Tenth Re vi sion), codes G37.8 (other spec i fied demyelinating dis eases of
cen tral ner vous sys tem) and G37.9 (demyelinating dis ease of cen tral ner vous sys tem, un -
spec i fied). In clin i cal prac tice, these di ag no ses are called CIS. The data were ob tained from
med i cal re cords and in cluded find ings of paraclinical tests (mag netic res o nance im ag -
ing (MRI), IgG lev els and oligoclonal bands (OCBs) in cerebrospinal fluid (CSF), and
brainstem au di tory evoked po ten tial (BAEP)) and fi nal di ag no sis. The pa tients were di vided
into 2 groups ac cord ing to the fi nal di ag no sis (MS group and non-MS group) and into 3 age
groups (18–30, 30–50, >50 years old). The prev a lence and sta tis ti cal dif fer ence of paraclini -
cal tests were es ti mated be tween the groups. Chi-squared test was used to com pare be tween
cat e gor i cal vari ables. Mann-Witney U test was used to com pare be tween the groups. The as -
so ci a tion be tween two quan ti ta tive vari ables was de ter mined us ing Spearman cor re la tion co -
ef fi cient. Re sults were in ter preted as sta tis ti cally sig nif i cant when p-value <0.05.

Re sults. A to tal of 138 cases were in cluded in the study. 49 pa tients con verted to MS
(35.5%), other 89 pa tients (64.5%) were di ag nosed with other dis eases than MS. Un spec i fied 
MRI le sions (c2=4.328, p=0.037, n=40), el e vated IgG lev els (c2=10.793, p=0.001, n=36),
and pos i tive OCBs in CSF (c2=34.859, p<0.001, n=30) were more prev a lent in MS group
com pared to non-MS group. More over, le sions de tected by the BAEP test were also more
fre quent among MS group (c2=10.924, p<0.001, n=17).

Con clu sions. The re sults in di cate that patho log i cal CSF find ings (pos i tive OCBs, el e -
vated IgG lev els) and pro longed BAEP la tency are char ac ter is tic in pa tients with CIS who
later prog ress to MS. Un spec i fied brain MRI le sions are also dis tinc tive for MS pa tients;
how ever, this re sult should be in ter preted with con sid er ation due to meth od olog i cal rea sons.

Keywords: clin i cally iso lated syn drome, mul ti ple scle ro sis, con ver sion, paraclinical tests.
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have been mod i fied sev eral times over the years – the lat est 
2017 Mc Don ald Cri te ria for the di ag no sis of mul ti ple scle -
ro sis is ex pected to speed the di ag no sis of MS and re duce
the chance of misdiagnosis [3]. The key changes com pared 
to the 2011 Mc Don ald Cri te ria are: pos i tive oligoclonal
bands (OCBs) in CSF can sub sti tute for dis sem i na tion in
time; both asymp tom atic and symp tom atic MRI le sions
can be con sid ered as dis sem i na tion in space or time; cor ti -
cal le sion lo ca tion was added to de ter min ing MRI cri te ria
for dis sem i na tion in space.

CIS usu ally af fects the op tic nerve, brainstem, and spi -
nal cord [4]. Al though, ap prox i mately 70% of pa tients
with CIS con vert to MS [2, 5, 6], some pa tients per sist with
CIS within lon ger fol low-up pe riod. There fore, there is a
press ing need to iden tify paraclinical test find ings char ac -
ter is tic of CIS con ver sion to MS. Some of them may be
patho log i cal find ings in mag netic res o nance im ag -
ing (MRI), cerebrospinal fluid (CSF), and evoked po ten -
tials (EP), that are not in cluded in the lat est 2017 Mc Don -
ald Cri te ria. The prob lem is of out stand ing im por tance
since early MS di ag no sis and treat ment pre vents long-term 
dis abil ity [2].

AIM

The aim of this study was to es tab lish the most char ac ter is -
tic paraclinical test find ings for the iden ti fi ca tion of CIS
con ver sion to MS.

MA TE RI ALS AND METH ODS

This study is a ret ro spec tive anal y sis of med i cal re cord
data col lected at the Hos pi tal of Lith u a nian Uni ver sity of
Health Sci ences (LUHS) Kaunas Clin ics in the De part -
ment of Neu rol ogy from Jan u ary 1, 2015 to Jan u ary 1,
2020. Eth i cal ap proval was ob tained from the lo cal LUHS
De part ment of Bioethics (No. BEC-MF-30).

Pa tient in clu sion and ex clu sion cri te ria

El i gi ble pa tients were adults (aged ³18 years) di ag nosed
with CIS. CIS was di ag nosed in ac cor dance with the
2017 McDonald Cri te ria for the di ag no sis of mul ti ple scle -
ro sis. In clin i cal prac tice, codes G37.8 (other spec i fied
demyelinating dis eases of cen tral ner vous sys tem) and
G37.9 (demyelinating dis ease of cen tral ner vous sys tem,
un spec i fied) ac cord ing to ICD-10 (In ter na tional Clas si fi ca -
tion of Dis eases Tenth Re vi sion) are con sid ered as CIS. Pa -
tients with these ICD-10 codes were in cluded in the study.
Pa tients with out MRI test were ex cluded from the study.

Sta tis ti cal anal y sis

Demographical data were an a lyzed. The num ber of pa -
tients with CIS di ag no sis who later con verted to MS di ag -

no sis be tween Jan u ary 1, 2015 and Jan u ary 1, 2020 was
cal cu lated. The pa tients were di vided into 2 groups ac cord -
ing to the fi nal di ag no sis (MS group and non-MS group)
and into 3 age groups (18–30, 30–50, >50 years old). Prev -
a lence of CIS con ver sion to MS was an a lyzed be tween the
groups. Prev a lence and sta tis ti cal dif fer ence of un spe cific
brain and spi nal cord MRI le sions, IgG lev els, pos i tive
OCBs in CSF, le sions de tected by BAEP, and VEP tests
were com pared be tween the groups. MRI le sions were an -
a lyzed in ac cor dance with their lo cal isa tion (juxtacortical,
periventricular, infratentorial).

All anal y ses were per formed us ing SPSS (Sta tis ti cal
Pack age for the So cial Sci ences) ver sion 24.0. Chi-squared 
test was used to com pare be tween cat e gor i cal vari ables.
The as so ci a tion be tween two quan ti ta tive vari ables was
de ter mined us ing Spearman cor re la tion co ef fi cient.
Mann-Whit ney U test and in de pend ent-sam ples t-test
were used to com pare be tween the groups. The re sults
were in ter preted as sta tis ti cally sig nif i cant when p-value
<0.05.

RE SULTS

A to tal of 169 CIS cases were re viewed, 31 were ex cluded
due to in suf fi cient data (no MRI). 138 cases were in cluded
in the study. The study en rolled 92 fe male (64.5%) and
46 male (35.5%) pa tients. Group 1 (aged 18–30) con sisted
of 28 (20.3%) pa tients with the mean age of 24.89 years
(±3.725), group 2 (aged 31–50) con sisted of 58 (42.0%)
pa tients with the mean age of 40.43 years (±6.093), and
group 3 (50 years and older) con sisted of 52 (37.7%) pa -
tients with the mean age of 57.83 years (±5.498). The mean 
age of MS pa tients was 42.59 years (±14.887) and the
mean age of non-MS pa tients was 44.52 years (±12.692). It 
was found that 49 out of 138 CIS pa tients con verted to
MS (35.5%), other 89 pa tients (64.5%) were di ag nosed
with other dis eases than MS. 28 fe male and 21 male pa -
tients were di ag nosed with MS. There was no sta tis ti cally
sig nif i cant age dif fer ence for the con ver sion to MS
(c2=0.390, p=0.823).

CIS pa tients with un spec i fied brain MRI le sions more
fre quently con verted to MS (Ta ble 1). More over, pa tients
who con verted to MS were more likely to have spi nal cord
MRI le sions com pared to pa tients who did not con vert to
MS (Ta ble 2). Al though no sta tis ti cally sig nif i cant dif fer -
ences were found be tween age groups among MS pa tients
in re la tion to spi nal MRI le sions (c2=0.844, p=0.656). In
ad di tion, prev a lence of dif fer ent le sion lo ca tions in MRI
did not dif fer be tween age groups (juxtacortical c2=1.473,
p=0.479; periventricular c2=0.619, p=0.734; infratentorial 
c2=0.760, p=0.684).

Pos i tive OCBs in CSF were more prev a lent in MS
group (c2=34.859, p<0.001). No sig nif i cant dif fer ences of
IgG lev els in CSF were found be tween the groups: me dian
IgG level was 43.91 mg/L (min: 8.42, max: 95.60) in the
MS group and 36.51 mg/L (min: 8.82, max: 117) in non-
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 MS group. These re sults are shown in Fig. 1. Pos i tive 
OCBs were more prev a lent among fe male pa tients in 
MS group (c2=7.088, p=0.008). MS pa tients in the
31–50 age group had sig nif i cantly lower pro tein lev -
els in CSF (c2=7.465, p=0.024) com pared to the
other two age groups. Mod er ate cor re la tion was
found be tween IgG level in CSF and pro tein level in
CSF (rs=0.551, p=0.002).

Patho log i cal BAEP test was found to be sig nif i -
cantly more fre quent in MS group (Fig. 2). How ever,
the re la tion be tween le sions de tected by VEP test and 
MS di ag no sis was not sig nif i cant (c2=2.210,
p=0.137). It was as sessed that patho log i cal VEP test
re sults were more com mon among pa tients older
than 50 years (c2=6.089, p=0.048).

DIS CUS SION

In this study, rates of con ver sion of CIS to MS were
cal cu lated and, com pared to other pub li ca tions, sev -
eral con tra dic tory re sults were found. The con ver -
sion rate in most pub li ca tions is ap prox i mately 70%,
how ever, we re ceived only 35% due to a short fol -
low- up pe riod, so fur ther re search with lon ger fol -
low- up pe ri ods is needed. As the sam ple of this study
was rel a tively small, our find ings are in con sis tent
with the lit er a ture on the av er ages of fe male con ver -
sion rates [7–9].

Demyelinating le sions oc cur in the CNS and some spe -
cific lo ca tion ten den cies are ob served – periventricular,
juxtacortical, and infratentorial [10]. These le sion lo ca -
tions are con sid ered as spe cific MS le sions. Our re sults dif -
fered from other re ports that found spe cific MRI le sions re -
lated to later con ver sion to MS [11–15]. The au thors spec -
u late that the short fol low-up pe riod had an im pact on these 
re sults. In stead, some con tro ver sial re sults were found.
Non-spe cific brain MRI le sions (other lo ca tions not men -
tioned above) were found to be four times more fre quent in
MS pa tients than spe cific MRI le sions. There may be sev -
eral rea sons why these re sults do not com ply with other
pub li ca tions. One of them could be the lim i ta tion of a ret ro -
spec tive study method (only the de scrip tion of MRI was

ob tained). An other rea son may be the sub jec tive in ter pre -
ta tion of MRI data by the au thors. Lastly, there is no clin i -
cal pro to col for the in ter pre ta tion of brain MRI le sions,
mak ing it dif fi cult to eval u ate the de scrip tion of MRI
scans. Lith u a nia does not have an MRI brain le sion pro to -
col, but coun tries such as the United King dom and the
United States of Amer ica have this pro to col for of the rea -
sons men tioned [16]. MRI spi nal cord le sions are also con -
sid ered to be spe cific for MS [15]. This study con firmed
the find ings of other pub li ca tions that spi nal cord le sions in 
MRI are char ac ter is tic in pa tients whose di ag no sis con -
verted from CIS to MS [12, 15]. Other au thors have found
that MRI spi nal cord le sions have a prog nos tic value – pa -
tients with CIS who de vel oped MRI spi nal cord le sions at
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Fig. 1. IgG lev els and con ver sion to MS

(p=0.020; the dots above the graph are the out lier val ues)

Fig. 2. Brainstem au di tory evoked po ten tial (BAEP) test and con ver -
sion to MS

(c2=10.924, p<0.001)

Ta ble 1. Brain MRI find ings and MS de vel op ment

Num ber of pa tients (%) Con verted to MS (% of the num ber of pa tients) c2 p

MRI le sions spe cific to MS 40 (29.2%) 9 (22.5%) 18.367 <0.0001

MRI le sions non-spe cific to MS 97 (70.8%) 40 (41.2%)

To tal 137 (100%) 49 (35.7% of the to tal num ber of pa tients)

Ta ble 2. Spi nal cord MRI find ings and MS de vel op ment

Num ber of pa tients (%) Con verted to MS (% of the num ber of pa tients) c2 p

MRI spi nal cord le sions 28 (57.1%) 16 (57.1%) 7.209 0.007

No MRI spi nal cord le sions 21 (42.9%) 4 (19%)

To tal 49 (100%) 20 (40.8% of the to tal num ber of pa tients)



base line are more likely to prog ress to clin i cally def i nite
MS, and a worse clin i cal out come is pre dicted as well as a
higher num ber of re lapses [15].

OCBs in cerebrospinal fluid is a com mon find ing in pa -
tients with MS, there fore our re sults did not dif fer from
other pub li ca tions [5, 7, 17, 18]. How ever, ten pa tients
with pos i tive OCBs were di ag nosed with other di ag no ses
(or MS was not yet di ag nosed), so this may be an in di ca tion 
that OCBs is not a spe cific paraclinical test. OCBs is a
char ac ter is tic find ing in other dis eases, for ex am ple,
chronic in fec tious en ceph a li tis, paraneoplastic syn dromes, 
and Behcet Dis ease [19]. Ad di tion ally, higher IgG lev els
were more com mon in MS group. This re sult also com plies 
with other pub li ca tions [20]. It was found that fe male pa -
tients with pos i tive OCBs were more likely to con vert to
MS. The re sults were in com pli ance with the find ings of
other au thors [7].

MS di ag nos tic tools are not unidimensional, so in ad di -
tion to MRI le sions and patho log i cal CSF find ings, the EP
test is an other use ful method for di ag nos ing MS [21]. EP
tests are used for eval u a tion of electrophysiological re -
sponses to ex ter nal stim uli, some of the EP tests are BAEP
and VEP [21]. This study re vealed that patho log i cal BAEP
find ings were more com mon among pa tients con verted to
MS. How ever, the BAEP test is not used as a di ag nos tic
tool for MS as it lacks spec i fic ity [22]. The au thors hy poth -
e size that patho log i cal BAEP re sults may also be of
non-demyelinating or i gin, as the mean age of the pa tients
in cluded was 43 years, and may be the re sult of cerebrovas -
cular dis eases [23]. Ac cord ing to the 2017 Mc Don ald Cri -
te ria, pro longed VEP la tency is con sid ered as an in dic a tive
cri te rion for MS di ag no sis [24]. Con versely, no re la tion
was found be tween the pro longed VEP la tency and the
con ver sion to MS. Our study could be lim ited by the rel a -
tively small sam ple size as pro longed VEP la tency was
found in only ~25% of MS pa tients [22].

CON CLU SIONS

The re sults in di cate that patho log i cal CSF find ings (pos i -
tive OCBs, el e vated IgG lev els) and pro longed BAEP la -
tency are char ac ter is tic fac tors of MS in pa tients di ag nosed 
with CIS. Un spec i fied brain MRI le sions are also dis tinc -
tive for MS pa tients; how ever, this re sult should be in ter -
preted with con sid er ation due to meth od olog i cal rea sons.
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NUO KLINIÐKAI IZOLIUOTO SINDROMO IKI
IÐSËTINËS SKLEROZËS: KOKIE PARAKLINIKINIØ
TYRIMØ RADINIAI YRA BÛDINGIAUSI?

Santrauka

Áva das. Ið së ti në skle ro zë (IS) – tai lë ti në neu ro de ge ne ra ci në li ga,
ku ri daþ niau siai pra si de da kaip kli nið kai izo liuo tas sin dro -
mas (KIS). Apie 70 % pa cien tø, ser gan èiø KIS, jis pro gre suo ja á
IS. Dël ðios prie þas ties tu rë tø bû ti nu sta ty ti KIS pro gre sa vi mui á
IS bû din gi pa rak li ni ki niø ty ri mø ra di niai.

Tiks las. Nu sta ty ti, ku rie pa rak li ni ki niø ty ri mø ra di niai yra
bû din gi KIS pro gre sa vi mui á IS.

Ti ria mie ji ir ty ri mo me to dai. Bu vo at lik ta ret ros pek ty vi në
duo me nø ana li zë, ti riant pa cien tus, hos pi ta li zuo tus su TLK-10
(tarp tau ti në li gø kla si fi ka ci ja) diag no zë mis: G37.8 (ki tos pa tiks -
lin tos de mie li ni zuo jan èios ner vø sis te mos li gos) ir G37.9 (de -
mie li ni zuo jan èios cen tri nës ner vø sis te mos li gos, ne pa tiks lin -
tos). Kli ni ki në je prak ti ko je ðios diag no zës yra va di na mos KIS.
Gal vos ir nu ga ros sme ge nø spe ci fi niai ir ne spe ci fi niai IS MRT
þi di niai, IgG ir oli gok lo ni nës juos tos lik vo re, klau sos su kel tø
sme ge nø ka mie no po ten cia lø ty ri mo (BE RA) pa to lo gi niø ra di niø 
daþ niai bu vo pa ly gin ti gru pë se, kur KIS pro gre sa vo á IS, ir gru pë -
se, kur KIS ne prog re sa vo á IS. Chi-kvad ra to tes tas nau do tas ka te -
go ri niams kin ta mie siems pa ly gin ti. Dvie jø gru piø pa ly gi ni mams 
nau do tas Ma no-Vit nio U tes tas. Aso cia ci ja tarp dvie jø kie ky bi -
niø kin ta mø jø ap skai èiuo ta nau do jant Spir me no ko re lia ci jos ko -
efi cien tà. Re zul ta tai lai ko mi sta tis tið kai reikð min gais, kai
p < 0,05.

Re zul ta tai. Á ty ri mà bu vo átrauk ti 138 pa cien tai. Nu sta ty ta,
kad 49 pa cien tams KIS pro gre sa vo á IS (35,5 %), o ki tiems 89 pa -
cien tams (64,5 %) bu vo nu sta ty tos ki tos li gos ar ba pa lik ta KIS
diag no zë. Pa cien tams, ku riems KIS pro gre sa vo á IS, daþ niau bu -
vo ras ti ne spe ci fi niai IS MRT gal vos sme ge nø þi di niai
(c2 = 4,328, p = 0,037, n = 40), pa di dë ju si IgG kon cen tra ci ja ir
tei gia mos oli gok lo ni nës juos tos lik vo re (c2 = 10,793, p = 0,001,
n = 36; c2 = 34,859, p < 0,001, n = 30). Taip pat bu vo nu sta ty ta,
kad pa cien tams, ku riems KIS pro gre sa vo á IS, daþ niau bu vo pail -
gë jæs la ten tið ku mas su kel tø jø po ten cia lø ty ri me (BE RA)
(c2 = 10,924, p < 0,001, n = 17).

Ið va dos. Ðio ty ri mo re zul ta tai ro do, kad pa to lo gi niai lik vo ro
(pa di dë ju si IgG kon cen tra ci ja ir tei gia mos oli gok lo ni nës juos tos) 
ir BE RA ty ri mo ra di niai yra bû din ges ni pa cien tams, ku riems KIS 
pro gre suo ja á IS. Taip pat nu sta ty ta, kad ne spe ci fi niai gal vos
sme ge nø MRT þi di niai yra daþ nes ni IS gru pë je, ta èiau ðis re zul -
ta tas tu rë tø bû ti ver ti na mas at sar giai dël ga li mø me to do lo gi niø
trû ku mø.

Rak ta þo dþiai: kli nið kai izo liuo tas sin dro mas, ið së ti në skle -
ro zë, kon ver si ja, pa rak li ni ki niai ty ri mai.
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