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Ov emdpacels TG SLHPPUYRATIKIG OVATVONG KOl TG TPOOSEVTIKNG HLiKg Abfva
AOAEPMONG OTN COUATIKI] KO YUYIKN VYo TOV a00evov pe oxkijpuoven kotd
nhakac. Motk ToyalomoIUEVY KAIVIKY peréTn).

Avywvnteio Noookopeio, [Tavemotmwo Abnvaov BaOpoc sumhopatikig epyaciag: 10

(APIZTA)

Enéntng: Avayvoctooin Mapia,
Enikovpn Kaf. Nevporoyiag, [Tavemotiuo AOnvov

I'h®wooeg
AyyAucd
Kdaroyog dumhopdrowv Certificate of Proficiency in English, University of
Cambridge kot Certificate of Proficiency in English, University of Michigan.
I'voooeic H'Y

Agrtovpywcd Zvotiuata : Windows (Apiota)
Aoyopké : Microsoft Office, SPSS, Zotero (Apiota)

Epyooclokéc Ofoeig

Ampihog 2012-Znpepa

Noooxkopgio NIMTX, Nevporoyiké Tpfpa Abnva
Eidixevouevos Nevpoloyiog

EmBrénov wrpdc: Tamavactaciov lodvvng (Aevbuviig Nevpoloyikng

Kiwvikne)

YentépuPprog 2010-Xrpepa

Topopa Llatpoproroyik®v Epevvov Akadnpiog AOnvov Abfva
Emotquovikée Xvvepyding Metantoyiaxod Ipoypouuoaros "Eleyyoc tov

2rpeg kot Lpoaywyn e Yyeiog”, latpixn Zyoin Havemotiuio AOnvav

EmBrénov: Xpovoog [Ndpyog (Kabnynmg [Hoavemompiov ABnvav)

Iavovédprog 2012-Anpiiiog 2012
Noocokopeio IMaidwv "H Ayia Xogia", Nevporoyké Tpiqpo AbMva



E1dixevouevoc Ioidovevpoioyiog
EmBrénov 1atpoc: Zxwoddg Kovotavtivog (Atevbuvtrg Nevporoyikng
Kiwvikne)

OxktdPprog 201 1-lavovdprog 2012, AeképPprog 2014-Mdapriog 2015

I'evik6 Noookopgrwo AOnvov Kogpyrorévero-Mnevakero, Poyroatpiko
Tpipa

Eidikevouevog Yoyiozpixng

EmBAénov watpog: Ztdvpog Hhiog (AeBuvtig Yoytatpucod Tunpatog)

Avyovotog 2008 — Xentépfprog 2009

Avyvijtero Nocokopeio

Emotnuovikog ovvepydtng oe eEmtepiid vevpoloyikd, 1aTpeio.

EmBrénov wrpds: Avayveootoodn Mapia (Ermikovpn Koab. Nevporoyiog
[Movemompiov ABnvav)

Aexéppprog 2007 — IodvAtog 2008

I'evik6 Noookopeio Apadeidc, ladoroyki Kivikng

Eidxevouevog waboloyiog

EmBAénov latpoc: Zafpdaxng Fedpyloc (Atevbuvrng Iaboroyikng Kivikng)

Médiog 2007 — Noéupprog 2007

Heprpepucod Latpeio Prrimtiov Nagov - I'evikoé Noookopeio Na&ov
Aypotirog latpog

EmBrénov watpog: Kapaurdroog Hiiog (I'evicog latpog)

Defpovdprog 2007 — Mdarog 2007
I'evik6 Nocokopegio Xvpov

Aypotikog latpog

Noéuppiog 2005 — Avyovstog 2006
ZrpatioTikd kévipa Aptag, AOMvag, Xapov

Omitng latpog (Xtpotiwtikn Onreia)

AwakTtikny Epnnsipio

viii

Abfva

Abfva

APaderd

Na&og

20pog

Apta, ABMva,
Xéipog

YentéuPprog 2010-Enuepa

Merantooxo Ipoéypoppa Xmwovddv '"Eleyyog Tov Xipeg K
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Evyoprotieg

O&A® Vo VYOPLOTNO® TOVG KOONYNTEG oL AvayvmotovAn Mapia, Tplavtoapdiiov
Niko kot Zoidvn Iodvvn yoo TV TIUA TOV HOL £KOVOV VO GVIIKOLV GTNV TPLUEAN
SLUPOVAELTIKY| EMITPOTN TNG Ol TPPNG HOV KO YioL OAN TV EMGTNUOVIKY KOl NO1KN
CLUTOPACTOCN KOl EUMIOTOCHVN TOL HOL Topeiyav Kab' OAn T SldpKel G
exkmovnong mgc. Idwitepa Ba MBeha vo evyapiotiom Oepud v KabNyRTPA
Avoyvootoodn Mapio mov  ocuvéfole  KOBOPOTIKA OTN  SLOHOPPMOOT  TNG
EMIGTNUOVIKNG HOV TOLTOTNTAS, oTa 14 mepimov ypovia yvopliag Kot cuvepyasiog
pog Kot mov pe vrootnpiée MOd kot yuyoloywd oe OAN pHov TNV mopeio TOL

KAVIKOD 10Tpov KOl EPEVVITN.

H mopovca épevva dev Ba umopovce va exkmovnbel ywpig tnv vrootpién Kot
evBdppovon tov mpodny devbuvr g NeVPOAOYIKNG KAWVIKNAG TOL VOGOKOWEIOL
NIMTX wtpd vevpordyo Ilomavactaciov Iodvvn kot tov vov devbovr atpd
vevpordyo Xapomovrio Kwvotavtivo. [dwaitepn evyvopocivny oepsido, eniong, otov
PO vevpordyo Zotpiov Kovotaviivo mov pe pomoce oty nAEKTPOPLGIOA0YIN TV
TPOKANTOV OLVOUIKOV KOl GTNV OYKOUETPiOL TNG HOYVNTIKNG OTEIKOVIONG TOV
eykepdrov. Téhog, opeihm va gvyapiotiom Bepud v tE)VOAHYO TOL EpyacTnpiov
eykeparoypapiag tov vocsokopeiov NIMTZ kvpia Koopd Avirydvn yio thqv moAvtiun
Bonbewa g otV EKTEAECT] TOV TPOKANTOV SLVOUK®OV GTO EPYOCTNPLO KOl YO TO

ELMKPIVEG EVOLLPEPOV TNG Y10, TH COGTN KoL EXLTLYN TEPATMON TNG EPELVAG.

Opeihw peydAn evyvopoovvn otovg yovelg pov Kvpidko xor Mapio yio v
avaTPOPN KOl TN Omoday®ynon 7oL WOV TOPEiyoV HE OVTOTAPVIOT Kol
TPOCHOTIKEG OTEPNCELS, OMOTEADVTAG Yoo guéva €va Bovuaoctd mapddstypo
a&10TPENOVG, TAPAYOYIKOV Kot Tepi@avov Piov. Evyapiotd, emiong, Tov adeppd pov
[Moavayunm ko Wwitepa v adepen pov Ntdpa, yio v aydnn Kot tnv vrootnpiEn
touc. Télog, Ba MBeha va evyoaplotiow TV yvvoaika pov Xpovoo mov sivar d&io
GLVOOOITOPOS OV GTOV TPOCMOMIKO KOl EMOTNUOVIKO pov Blo Kot Tov [E VTOHOVN
Kol o®@POcHVN GLVEBOAE KOTOALTIKG GTNV TPOCOAIK KOl EMCTNUOVIKY LOV

SLHOPP®OT).



IHepiinyn

Ewayoym

H oxigpovon xotd midkog (ExII) eivor plo emiktn oyvdoTov oitioAoyiog
OTOUVEAVOTIKT VOGOG TOL KEVIPIKOV VELPIKOV GLGTHUOTOSC TOL TPOGPAAAEL KLUPImG
TOVG VEOUG EVIAIKEG TTPOKAAMVTOG Lo GEPA ATd VELPOAOYIKE GUUTTMOUOTO, UETAED
TV omoiwv eivar kol 1 yvootikn owatopoyn (FA). H cvyvomta tg I'A otovg
acBeveig elvan mepimov 26-60%, epeoaviletar vopic kotd v mopeia g vOGOL Kot
emnpedlel v cvvolkn mowdtnto {oNe Tov acbevav. AQopd Kupimg T HvhAun, TV
TOYVTNTO ENEEEPYOCIOG TOV TANPOPOPLDOV, TV OTTIKOYWPIKN OvTIANyM Kot to Adyo,
eEvdd 0 KUpog tpdémog oaSoroynong g ['A omv khvikn mpaén eivor o
VELPOYLYOAOYIKOG EAEYYOG. TNV pdopat Pploypapia véeg ancikoviotikés MRI
(Magnetic Resonance Imaging) teyvikéc Kot Oeikteg £(ovv  AmOKAAVYEL
evolapépovoec ouoyetioelg pe ™ ['A ot voco. [apdAinia, £xovv yivel Tpocmddeieg
extipmong ¢ I'A pe ) ypnon tov mpokAntod dvvapkov P300 mov aviavokAd
Aertovpyio TOL €yKEQPAAOL o1 vonTikn doxacio e tuyaiog mapepfoing (oddball
paradigm). Méypt otiyung, oev €youvv mpaypotonombel HEAETES TOL Vo dlEPELVOVV TN
oY€0N TOV AEITOVPYIKOV EYKEPUAMK®V YVOOTIKOV OEIKTMOV 7OV TPOCPEPEL M
NAEKTPOPLGIOAOYIOL LLE TOLG VEOLG OVTOUATOTOUNUEVOLG KOl WU, OEIKTEC 1TNg
avaTopkng omewoviong pe MRI.

YKomog

[Ipotapyikodg o1dy0g ™S Tapovoos HEAETNG eival va diepevvnBel n oyéon TV E0IKOV
ancikovioTik®v MRI deiktdv pe ) vevpopuoioroywkn extiunon g I'A pe Bdon to
mpokAntd ovvapkd P300 oe acbBeveig pe ExII. Agvtepevovieg otoOYol €ivon 1
dlepgvvnon ¢ SwWyveoTiKng  okpifelag Tov  VELPOWYLYOAOYIKOD Kot
VELPOPLGLOAOYIKOD EAEYXOL KOl TOL PpOAOL TV dekT®V ™G MRI kot Tov kOpoTOg
P300 ot yvootikh Aettovpyio otn Zkll.

Yhk6-M£0oodog

[Ipdkertar v ocvyypovikn perétn 61 acBevov pe vrotpomdlovca ZkIl ko 51
eCOOIOUEVOV MG TPOS TO VA0 Kot TNV NAKio vyeidv poptopwv. ‘Eva detypo 156
VYELDV 0EAOVTDOV YPNOIUOTONONKE ETUTAEOV Y10 TNV AVAYVAOPIOT] TOV KPLTpimv g
I'A pe Baon tov vevpoyvyoroykov eréyyov. Ot petpnoels oto Pacikd deiypo g
HEAETNG TEPIAAUPOVAY KOWVOVIKOINUOYPAPIKOVS TOPAYOVTEG, YUPOKTNPIOTIKA TNG

vooov, Tov vevpoyvyoroywkd €leyyo (Brief International Cognitive Assessment for



Multiple Sclerosis-BICAMS), tv k6émwon (He TN YPNON ORTIKOV OVIAOYIKOV
KMpbkov), t yoyxoroyikn katdotaon (Depression Anxiety Stress Scale 21-DASS-
21), Tov NAEKTPOPLGIOAOYIKO €Aeyy0o pe omTikd mpoxkAntd dvvopikd P300 kot tov
aneikovioTikd MRI éleyyo pe ) ¥pnon AVTOUOTOTOMUEVOV OYKOUETPIKAOV SEIKTMV
GUVOAIKA TOV €YKEQPAAOL KOl T®V VTOPAOIWO®MV dopmv (LéBodor MIPAV, SIENAX
kot FIRST) kot pun ovtopoatomompuévev ypopuukov OekTdv (m.y. OYKog Tpitng
KotMoag, deiktng pecorofiov K.a.).

Amoteréopato

To 44.3% xov 10 67.2% towv acBevov pe XxIl Bpébnke pe vevpoyvyoAroykd
tekunpropévn A kot pe niextpopuoioroyikd BePfoaropévn I'A (HOT'A), avrictoiywe.
O Bobuog ocvpewviog peta&h TG VELPOWVLYOAOYIKNG KOl TNG NAEKTPOPLGLOAOYIKNG
extipnong g yvootiknig Asttovpyiag otovg acbBevelg pe XxIl frav 56.9%. H
niektpopuctoroyikn a&loddynon pe Paon to xopa P300 eiye ehappd peyaidrepn
dwryvootikn axpifeto amd 6t n vevpoyvyoroywkn (76.1% vs. 71.4%) yia 1 d1dkpion
tov oacBevav pe Xkl amd tovg vyeic. To vyog tov P300 wdpoatog kot m
ypovokaBuotépnon tov P300 wdpatog ovoyetiomkav Oetikd Kot opvnTiKd,
AVTIGTOIY®G, LE TNV EMIO0CT GTO VELPOYLYOAOYIKO EAeyyo. H ypovokabuotépnon tov
kopotog P300 diékpive kodvtepa acbeveic pe vylelg aveEdptnta g mapovsiog I'A,
evdd 10 vyog P300 Mrav mo €dwog deiktng vy t T'A otovg acBeveic. H
OTTIKOYMPIKN LUVAUN NTOV TO €01KN 611 OdKplon Tov achevov pe N yopic HOT'A,
evo 1M tayvTa enegepyaciog mANPOPOPIOV NTAV TO EOIKT] Yol TN SLIKPLOT VYEUDV
kot ocBevov. To maBoroywd pewwpévo vwog P300 oyetiotmke pe pikpdtepo
oTOOUIGUEVO OYKO TNG GLVOMKNG QOGS KOl TNG TEPUPEPIKNG QOLAG OVLGIOG TOV
eyKeQdAov. Xnpaviikol mpoodiopiotikol mapdyovie yio to P300 vyog Mtav m
OTOOLGUEVT] ATOGTOCT) TOV HETOMOIMV KEPATMV TV KOUMAOV TOL £YKEPAAOV KOl O
OLVOMKOG GTAOHIGHEVOS OYKOG TOL gyKepdAov. Aegv PBpébnke kavévag onpovtikog
ameovioTkog ogiktng ywo ™ P300 ypovokaBuotépnon. ZToTioTIKO GNUOVTIKEG
dwpopég avapeoo otovg acheveic pe ko yopic I'A Bpénkov yo to otabuicuévo
TAGTOG KOl OYKO TNG TPITNG KOLMaAG, Yio TOV OEIKTN TOV LEGOAOPIOV Kot TOV GLUVOAKO
OYKO TOV OTOUVEAVOTIK®OV €0TIOV. Ol KLPLOTEPOL TPOGOIOPICTIKOL OTEIKOVIGTIKOL
TOPAYOVTEG Yl T GLVOMKN YVOOTIKY Babuoloyio ftov o deiktng Tov pecorofiov
KOl 0 GUVOMKOG OYKOG TV ATOUVEAVOTIKOV EGTUDV, YO TNV TOYVTNTO ENEEEPYATIOG

TOV TANPOPOPIOV 0O JEIKTNG TOL HECOAOBIOV, Yio TN AEKTIKY UVAUN 1) CTOOMGUEVN



OmOGTACT] TOV UETOTOUMV KEPATMV, Kol 0 GUVOAMKOG OYKOG TOV EGTIMV KOl Y10 TNV
OTTIKOYMPIKT UVIUT TO OTAOUIGUEVO TAATOC TNG 31G KOWATaG.

YopTEPAGNOTO.

H pedétn €0eie 011 M YVOOTIK VELPOQPLOIOAOYIKY €E€taon  pmopel  va
YPNOUOTOMNOEL OTOTELEGLATIKA, OTTMOG KL O KAVIKOS VEVPOYVYOALOYIKOG EAEYYOG, Y10
Vv ektiunon g yvootikng Acttovpyiog otn ZkIl. EmmAéov, n aglohdynon véwmv
eIKoOV avatopk®v MRI deiktdv cuvovalopevn e TIG AEITOVPYIKEG EYKEPOAIKES
JOKIHOGIEG TV TPOKANTMOV SVVUIK®OV EMITPEMEL TV TANPECTEPT KAVIKY YVOOTIKN
extiunomn tov acbevoic. 1o HEAAOV, 0 GLVOLAGLOG OVTAOV TOV EEETACEDV UVAUEVETOL
vo dwdpapatiost onuaviikd poOAo oV KAWIKN €peuva NG VOCOL KOl GTNV

TapaKoAovONoN TV actevdy amd Tov KAVIKO VELPOAOYO.



Hepiinyn (Ayyhka)

Background

Multiple sclerosis (MS) is an acquired demyelinating disease of the central nervous
system of unknown origin, affecting mainly young adults and causing various
neurological symptoms, including cognitive impairment (CI). The prevalence of CI
among patients is 26-60%, it occurs early in the disease course and affects the quality
of life of patients. CI in MS affects cognitive processing speed, visuospatial and
verbal memory, cardinally assessed by neuropsychological testing (NPT). In the
recently published literature, interesting associations between new MRI (Magnetic
Resonance Imaging) techniques and indices have been documented. In parallel, there
have been attempts to link CI with the P300 event-related potential, which reflects
brain cognitive function during the oddball paradigm task. To our knowledge, there
have been no studies examining the relationship between the electrophysiological and
the new automated and non-automated MRI markers of CI in MS.

Aim

The primary aim of this study was to investigate the relationship between specific
MRI markers and the P300 event-related potential in MS. Secondary aims include the
examination of the diagnostic accuracy of the NPT and neurophysiological testing and
the role of neurophysiology and neuroimaging in CI in MS.

Materials and Methods

This is a cross-sectional study of 61 patients with relapsing-remitting MS and 51 age
and gender matched healthy controls A sample of 156 healthy controls was also used
to ascertain CI based on the NPT. Measurements included sodiodemographic factors,
disease-related characteristics, NPT (Brief International Cognitive Assessment for
Multiple Sclerosis-BICAMS), fatigue (using visual analogue scales), psychological
state (Depression Anxiety Stress Scale 21-DASS-21), electrophysiological markers of
the P300 event-related potential and fully automated (3D, MIPAV, SIENAX and
FIRST methods) and non-automated (2D, e.g. third ventricle width, corpus callosum
index etc.) MRI assessments.

Results



44.3% and 67.2% of MS patients were found with CI based on NPT and
neurophysiological testing, respectively. The agreement rate of these two testing
methods reached 56.9%. Electrophysiological testing had slightly more diagnostic
accuracy compared to NPT (76.1% vs. 71.4%) for separating MS and healthy status.
P300 amplitude and latency were significantly positively and negatively correlated
with cognitive function, respectively. P300 latency was better at discriminating MS
patients vs. healthy controls, irrespective of their cognitive function, while P300
amplitude was better at detecting CI among MS patients. Visuospatial memory
separated patients with and without electrophysiologically defined CI, while cognitive
speed processing distinguished MS patients from healthy controls. Reduced P300
amplitude was associated with decreased both grey matter and peripheral grey matter
volume. Frontal horn and third ventricle width were found to be significant
determinants of the P300 amplitude. P300 latency was not associated with any MRI
marker. Statistically significant differences between patients with and without CI
were also found for third ventricle width and volume, corpus callosum index and
lesion volume. The main determinants of the total cognitive score were the corpus
callosum index and lesion volume. The main determinants of the cognitive speed
processing was the corpus callosum index, for verbal memory the frontal horn width
and lesion volume and for visuospatial memory the third ventricle width.

Conclusions

This study showed that electrophysiological testing is as effective as NPT for
assessing cognitive function in MS. In addition, the combined MRI and
electrophysiological testing permits a more comprehensive assessment of cognitive
function in MS. In the future, these assessments are expected to play a crucial role
both in the clinical research and in the clinical surveillance of MS patients by

neurologists.
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I'ENIKO MEPOX

1 H XxMjpuvon kotd IThakag

1.1 Eménuoroyia tne Xkll

H oixpuvon kotd mAdkog (ZkIT) 1 moAlamAr) okAnpovon eivor pio emiktnn
OTOUVEAVOTIKT VOGOG TOV KEVTPIKOL veVpKoy cvotnuatoc (KNZ) mov mpooBdiiet
Kupimg vEoug eviiMkec cuyvotepa kKotd tn 31 dekaetio Tng CmNg Tovg.

Ymv Evponmn n etfola enintoon g vocov givan katd péco 0po 4.3 mepioTatikd
avé 100,000 avBpwmoétn Kot 0 pécog emmoracuog 83 dropa avé 100,000 katoikovg,
[e HeyoADTEPOLG 0plBLovS va onueudvoviat oTis fopetdtepec Evpomaikég ydpeg (1).
O Adyog yuvaikeg Tpog avopes mOKiAAEL avAIesO GE YDPES Kot KLUOIVETOL YOP® OO
éva péco 0po tov 2:1, evd 1 péon nikia gpedviong g vocou eivar ta 35-64 £t.
OeTkd 0KoYeEVELNKO 16TOPIKO eppavilel mepimov 10 5-10% TtV appdoTOV pe pia
puepn untpikn emkpatnon (1). Ztig HITA o emumolaocudg g vosov eivon 149.2 avd
100,000 xoatoikovg pe tig Avatodkéc IMolteiec va onpeidvovv tov peyoldTEPO
EMTOAAGUO, EVAD 0 HEGOS OPOG TOL AGYOL YLVAIK®V TTPog Avipeg elvan mepimov 3.13:1
(2). Zmv Aatvikn Apepikn n emoia enintmon g vocovu givar 0.15-1.9 meprotatikd
avé 100,000 avBpwmoétn ko o emmolacpoc 0.75-21.5 avé 100,000 katoikovg (3).
Ymv Acio o egmmolaocpog g voécov kvpaivetoar oto 0.77-5.80 ava 100,000
KOATOIKOVS, 0 AOYOG YOVOIK®V Ttpog Gvopes amd 0.7-9.0:1 ko n péon nikia epedviong
g vooov sivan ta 25.3-46.4 £t (4). Oco apopd ™ Méon Avatoin ko v Bopeia
Appikn, o0 emmoAoacpog TG vocov kvupaiveton oto 14.77-101.4 ava 100,000
Katoikovg, o Adyog yuovaukdv mpog avopeg eivor 0.8-4.3:1 ko m péon miwio
EUOAVIONG NG vocGou ta 25.2-32.5 £ (5).

Ymv EAAGOa, peléteg xvupiog oty Avtikn yopo amd to 1984 péypt to 2006
delyvouv pia avénon tov emmoracpov and 10.1/100,000 o 119.61/100,000 wor ™
enintoong and 2.71/100,000 og 10.73/100,000 (6).

INo moAAd xpovia elye avaderyBel o poAOg TG amdoTACN G OO TOV IOTUEPVO GTOV
EMTOALAGUO TNG VOGOV. XVYKEKPUEVA, Popeldtepeg ywpeg &xovv olamotwdel pe
avENUEVN EMMTOON Kol EMITOANCUO GE GYECN UE XDPEG OV Ppickovial Kovid GToV

onuepwvo. Tlapodia avtd, avt) n Bedpnon teivel vo eykoTaAewptel oe vedTEPES



AVOADGELS TOV EMONUOAOYIKOV dedopévev kot wiaitepa yuo Tic Notidtepes YOPES
™G Avotpoariag (7). Emiong, tic tedevtaiec dekaetieg £xel onueimbel avénomn tov
EMTOALAGHLOV KO TNG EMMTMOONG TNG VOGOL, WLHTEPA GTLS YUVOIKEG, YEYOVOG TOL €XEL
TPOKAAEGEL OPKETEG GLINTNGELS Y10 TOVG TAPAYOVTES KIVOUVOL OV TNV TPOKOAOVV
(7). Elvar evowopépov 0Tl o peAéteg petavaotmv €xel Ppedel 0TL 1 petavdotevon
HETOED YOPDOV HE OLOPOPETIKO KIVOLVO EUPAVIONC TNG VOGOV TPOoKOAEL avtioTouym
aAlayr] Tov Kvdvvov pdvo otav avty cvpPaivel oe pikpég nikieg tov 10-20 gtov
().

Oo0 apopd Tovg mapdyovteg KvoHvov, eketvol mov £xovv avadelyfel o¢ Wiaitepa
onpavtikoi givar cuvonTikd ot mapakdTe: o pKpdc Pabudc ékbeong oe pikpoProkd
avTyova Kot 100G g Pikpn nAkio (PA. vtdbeomn g VYIEWVNC) 08 GUVOVLAGUO PE TNV
éxbeon otov 10 Epstein-Barr virus (EBV) og peydin nixia, n éAlewyn Prrapivng D
Kot o YopnAd emineda g 25-voposuPrrapivng D3 oe cuvovaoud poAMoTe PE TNV
napovcio. tov HLA-DRB1*#1501 amiotdmov amd v mepiodo g kdnong péypt
yévvnon Kot v evnAkioon tov atodpov, o yevetikodg anidtoroc HLA-DRB1*1501-
DRB5*0101 pe mpocBetikn emidpacn twv oporoyikav eEetdoemy yia tov 16 EBV, 10
Kamviopo Kot 1 tapovsio Tov anidotvrov HLA-DRB1*1501 amovcsio tov HLA-A*02
oe ovvovacpud pe v mayvoapkio (9—11). [TAN00¢ yovidlokdV TOAVLOPPICUOV £)EL
ouvdebel emiong pe 1N vOG0 Katl apopovv yovidia kupimg wrepAevkivov (m.y. 1L2, IL7
K.a.) ko wkvtokwvav (my. TNFa, heat shock proteins x.o.) (12,13). And Tovg
TEPPOALOVTIKOVG TTapdyovteg Kwvdhvov TOG0 Yo v €vopén 000 Kol yw TNV
VIOTPOTY TNG VOOOL, TO OTPEG OMOTEAEl emiong €vav oNUOVIIKO oVOSVOUEVO
nwapayovto (14).

To mocooTA 01KOYEVEINKNG KANpovoutkdtntag mov €xovv Ppebel oe pio peta-
avdAvon etvar To TopakdTe: povoluymtikd didvpa kopitoia 16.3%, povoluymtikd
dtdvpa ayopa 8.9%, dlvymtikd didvpa kopitowa 4.7%, dilvyotikd didvpa aydpio
4.1%, adépora 10100 OAOL 4.6%, adEPPLA dLAPOPETKOD EVAOL 3.2%, adEpPla yevikd
2.18%, yovéag 1.42%, tékvo 0.63%, 20v 11 3ov Pabuov cvyyevic <1% (15). H
ocuvelopopd tov HLA ovomuatog (Human Leucocyte Antigen) otn YEVETIKY|
emppénelo o1 voco glval mepimov 18% (15). Xe pla mpdoeartn peTa-avdAvon tov
HEAETMV € O100UOVG PpEOnKe OTL M YEVETIKN KANPOVOUIKOTNTO GLUVOMKA GLUPAAEL
katd 40-60%, 10 mepBdAiov Katd 29% kot 1 yeveTiky| kat to mepidiiov pali Kotd

10-30% otnv emppéneio 611 voco (16).
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1.2  HaBoyévewa tnec kIl

H moaBoyéveln g vooov eivar TOAOTAOKN HE OLTOAVOGOVG UNYOVIGLOLSG Vo
eumiékovtar 1660 otV €vapén 000 kol otnv mopeion TG VOGOV, OV Kot €)El
dwrtvmwOel n dmoyn OTL pmopel vo mpomyeltol piot PN GVOCOUEGOAMPOVLEVT
KATOGTPOPY| KLTTAP®V (Kupimg oAryodevipokuttapwv) Tov KNZ (17). O kuprotepeg
Ta00YEVETIKEG J1AOIKAGTIES TOL AAUPAVOVY YDPO OTIG TAUKES 1 E0TIES TNG VOCOV Elvat
N AEHEOKLTTOPIKY dONGoN, 1 e€vepyomoinom ¢ HKpoyAoiag, 1 amopverivoon, M
aoviky PAAPN ko M aotpoyrowokr] ovAn (18). Oco apopd v maboroyikn
OVOTOUIKT] TV TAOK®V 1 EGTLOV TOL GNUOTOS0TOVV TIS BAAPES GTOV £YKEPUAO Kot TO
votwio pueld, &xovv meptypagel téooepig tomot (Ilivaxag 1) (19,20). Axdpo dev
etvat yvwotd, av 0 TOTOC TOV E0TIOV PEVEL 6TAOEPOC N HETABAAAETAL e TNV TTOPEin
™mg vocov (19). Mia dAAN maBoAoyoovatoutky] KATATOEN NG OMOUVEAVOTIKNG
mAdKag etvar o  ofegla  (VTEPKLTTOPKOTNTA, EOYOKVTTAP®ON HLEAIVIG  amd
pokpoeayoa, owdyvtn ékepacn tov MHC tdéng II -Major Histocompatibility
Complex- popiov amd v pkpoyAioia), ypovia evepyn (evepyn omopveAivoon,
QOYOKVLTTApWON pveAivg omd  pakpoedya, éxepacr MHC-II  popiov amd
LKPOYAOLOKE KOTTOPO KO LLOKPOQAYO LLOVO GTNV TEPLPEPELD TNG TAAKAS) Kot Ypovia
avevepyn (AOTPOYAOLOKT) OVAN, OITOUVEATV®OGT], ATOVGIO PAEYLOVOODV KVTTAP®OV KoL
MHC-II éxopaong) (21).

ITivaxag 1 THTOL TOV OTOPVEAMVOTIKGOV €0TIOV 0T XK1

Tvmog Avocoloyia  Olryodeviporvrropa XopaKTHPIGTIKA, 2yola
goTiog
I CD8+ T- Aldcmon peydiov apifpod, Zan 6puo, 15% tov
AeppoxirTapa, Tayelo emavapveMvao TEPLPAEPIKT PAEYLLOVT| acbevav
Haxpoedya,
EVEPYOTOUUEVOL
LKPOYAOLOKEL
KOTTOPO
II Onwg 1o I, emmAéov  Aldowon peydAov apbpov, Zaen 6puo, 58% tav
OVTIGMLOTO, KO TOYELD EMOVOPVEAVOOT TEPLPAEPIKT PAEYLOVT| acOevav
EVEPYOTOUULEVO
GUUTAPOULO
I Evepyomompévn AmonTOGN, AVACTPOON Acogr| 6pua, Oyt 26% tov
LkpoyAoio (dying-back) TEPLPAEPIKT PAEYLOVT acOevav
oAryodevdpomafeta

Exlextikn andreto
npwteivng MAG (myelin
associated glycoprotein)

A&ovikn BAGn

v Moaxpopdyo kon T- Meydin pn anonTtmTiky Zopn opia, 1%, xopiog
AgLQOKLTTAPO OTOAELL mepLpAefucn 1 un omv
A&ovucn BAan QAeypovn TpwToTadn

Tpoiovoo LopPN
g vOGoL
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Ot eotieg 1 PraPeg, oouemvo pe TIG emKpaTovoeg Bempieg, mpokaiovvTal amd
OVOGOAOYIKOVG HUNYOVIGHOVE 7oL EEKIVOUV omtd TNV TEPIPEPEIR (Y. AEUPIKO
CUGTNUO) UE AVOYVOPLOT AYVOOT®V UEYPL GTIYUNG OVILYOVAOV OO TO OVTOJPOCTIKA
Aeppokvtrapa. POAo otnv maboyéveln g vocov £xovv oxeddv OAOL Ol TOTOL TV
avocokvttdpwv: CD4+ Thl wor Th2 Ponntkd T-Aepgoxvtrapa, CD8+ T-
Aepgpoxvttapa, CD4+CD25+ T-pvOuiotikd Aepgpoxvttapa, Thl7 Aeppokvttapa, yo-
T Aepgoxvttopa, To KHTTOPU EVOIKOL OVELG Kot To. B-Aeppokidttapa, akOpo Kot To
LOGTOKVTTOPM, TO OLOETEPOPIAG Kot To pokpo@dya (22). Ou Bewpieg v v
EVEPYOTOINGN TV AEUPOKVLTTAPOV &lval TOAAEG Kol TEPIAOUPAVOLY TN HOPLOKY|
pipnon pe pikpofrokd M tkd avtiydvo, TNV TOPATLYOVCO ETITOMIKY OOCTOPA
(bystander epitope spreading) petd amd oyeviy 1 GAAN Aoiuwén, v Siéyepon amod
vepavTyéva, TNV avayvoplon  veoepupovilopevov v emrtomov  (my. AP
KPUOTOAALVT]), TNV OVOYVOPIGT TPOTOTOMUEVOV EMTONWOV GE HVEMVIKEG TPMTEIVES
K.0. (22). Ta evepyomompéva Kot T [ EVEPYOTOMUEVA, AELPOKVTTAPO, EIGEPYOVTOL
ot0 KNZ péoa omd 1oV Sl0OTAGUEVO OUUOTOEYKEQPOAMKO QPPAYUO KOl TPOKOAOHV
BAGPeg Kupimg oTN AELKT 0VGIOL TOV €YKEPAAOL avayvepilovtag HLEAMVIKG KoL pun
LLEAVIKE ovTLyOva oV Topovctdlovtal and avIyoVOTapOLGLUGTIKG KUTTOPA (T.).
€VO0ONA10, Hakpoedya, HiKpoyAoia, B-Aepgokittapa, vEvpOVES, AGTPOKVLTTOPA K.O.)
pe ™ Ponbewn tov popiov tov peilovog cvumiéypatoc otoocvpPatotntag MHC
tééng I ko 1T (22). O kOprot evopynotpwtég ™e @Aeypovng eivar ta CD4+ T-
BonOntkd AeppoxvtTopd, V@ ONUAVTIKO pOro moilovv To HOKPOQGAYO LE TNV
QOYOKVTTAP®GT TNG HVEATVTG KOl TN dLIoTOoN TNG 6Ta AvsochpoTa (21,22).

[Tapodra avtd, ot eotieg eppaviCovtor oyt LGVO 6T AELKN OLGIO TOV EYKEPAAOL
oAAG kol otn Qo ovoia (3 TOmOL 0. QAOUKEC-LTOPAOIMOELS, . QAOUKEG Kot Y.
VTOYOPLOEWIKEG) LE GUUUETOYN TNG YOPLOEWOOVG UNVIYYOS, KUPIMG GTIS TPOOSEVTIKEG
popeéc g vocov (23). Idwaitepo polo oTIC EAOUKEG-VTOPAOIDOES Kol PAOTIKES
eotieg mailovv to T-Aegppoxvttapa (Kou Alydtepo o B-Aepgoxdtrapa) xor m
TEPLULYYEWOKY] QAEYUOVY] OTIC OPYIKEG QACES TNG VOoou kol ot OvAakeg twv B-
AepeokLTTap®V (Kot Ayotepo T-AepQOKLTTAP®V) GTNV YOPLOEWN HAVIYYO Yo TIG
VIOYOPLOEWIKEG £0TIEG OTNV TPo0odELTIKY pLopp1| Tng ZkIT (18,20,23).

2T0V UNYovIopd NG QAEYHOVNG KOl TNG KIVNTIKNG ToV KuTtdpov oto KNZ
ovppetéyovv popua mpookdAinong (cell adhesion molecules), kvtoxiveg, yvpoxiveg
Kol  TPOTEACEG 7OV  GLUPAAAOVLY oty 1oTik  PAAPn, apywd  ToVv

OALYOOEVTPOKVTTAP®V Kol SEVTEPELOVIMG TV VELPOVOV HE Tovg GEovég tovg. H
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0OTPOYAOLOKY] OVAT) CNUOTOOOTEL TN XPOVIOTNTA TNG TAGKOG KOl T1 AELITOVPYIKN PAGSN
g mepoyng ™S (23). Iapdiinia, N eLGOAOYIKE eUPOVICOUEVES AEVKN Kol QO
ovoia, ot omoieg eivor eAehBepeg TAakmv, eueovilovy Kot avTég aAlayég OTMG eivat
vt PAEYUOVY, OTOAEWD aEOVOV, EVEPYOTOINGT HKPOYAOIOG KOl 0GTPOYAOLOKMV
KUTTAP®V OV HOALG LEPIKMOC oyeTilovTal Le TIg YE1TVIAlovoes TAGKES TOUVEATVMOTG
(23).

Me v mpoodo g vOcov, 1 eAeypovh eaiveton va mepropiletar pévo oto KNX
(O10pepIoUATOTOMUEVT]), €VO TPOOTIOEVTAL O KATAGTPOPIKOG POAOG NG  UN
OVOGOUEGOAUPOVUEVIC VEVPOEKPVAIONG OTNV OTOi0. CLUPAAAOLY UNYOVIGHOT OTT®G T
evamdeon o10Mpov, 1 vroéia, N TOEKOTNTA TOL YAOLTAUIVIKOD 0EE0G, TO 0EELOMTIKO
otpeg kKot M PAAPN Tov pitoyovdpiov (18,23). XTic mpoodevTikéG HOPPEG TG VOGOL
aivetor emiong 6tL 0 podhoc TV B-Aeppokuttdpmv eivar mo Kabopiotikdg amd Ot
avtdg tov T-Aeppokvttdpwv (20,23).

210 TIPAOTA 6TAd TG VOGOV @aivetol 6Tt VITdpyel kKdmolog Padiog emd0pHwong
TV PAafov Kuplog Hécw Tov unxavicpov g eravapveiivoong (20). [opdiinia,
TO VELPIKO cLGTNUA QaiveTal va avtioTabpilel Tig Aettovpykés PraPeg péoa amd
EMGTPATELCT VYEIDV TEPLOYDV, LE ATOTELECLA TNV KOOLGTEPNOT TNG ELPAVIONG TNG
avampioag. Otav ot pnyavicpoi emdOpOOoNS Kot AETOVPYIKNAG AVTIGTAOUONG
VIEPKEPAGTOVV, 1 GLVENILOUEVT] VELPOEKPVAICT] TPOKOAEL £KONAN Kol TPOOOEVTIKA

eEeMooopevn avamnpio otov acHevn.

1.3  Kiwwn Ewova ko Aidryvoon tne kIl

H 2«II mpoxoiel cvuntdpoTo Kol VELPOAOYIKA omnueion oyeddv amd OAo To
Aertovpykd cvotiuato Y. oonTikd, owcOnmplokd, wwvntikd, Pdoong Kot
GOPPOTHAG, GOIYKTNPLKA, YuYIKE Kol Yvootikd (24). Mepikd tomikd evapkimplo
ocvuntopate gtvor 1 B0Amon ™¢ 0pacng, N Ao, Ol OUMOIES, M ATMOAELL TNG
aoOnTikdTTog, ot dutapayés g Padiong, n whpeon 1| TapdAivon Kivnong KOmTolov
GKpov 1 HEAOVG, Ol draTapoyEG OVPNONG KOl APOSEVONG, Ol GEEOVOAKES OLTOPOYES
Kot To oicOnuo NAEKTPKOD PEVUATOG KOTE UNKOG TNG GTOVOLMKNG GTAANG E101KA
KAt TNV Kapyn tov avyéva (onueio Lhermitte) (25). [Tapoia avtd dAla To cmdvio
CUUTTOUOTO OO OLPVIOW KOP®OTN WITOPel Vo ONUATOS0THGOLY TNV EVOPEN TNG
vooov (26). Ta ocvuntodpata eEedicoovtal ocuvnO®G Ge OPEC Kol MUEPEG KoL

peylotonowovvtal ce 4 eBdopnddec, yio va veebodv apydtepa avtoOpaTo Ypig
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Oepameio. XTI TPOOOEVTIKEG LOPPEG TNG VOOOUL 1| EEEMEN TOV CUUTTOUATOV EIVOL TLO
apyn, evd M veeon cvviBwg Aeimel N} elvar pepikn.

H mopeia g vooov mowidier and acbeviy oe acbevr kot umopet va givor pe
e€apoelg kot veéoelg (vmotpomalovca) 1 mpoodevtikn (Ewdva 1). H mpdn
avtiotoryel oto 85-90% tmv acbevdv kot givat To Guyv 6€ Yuvaikeg Kot VEOUS YOP®
ota 30 ém ¢ Cong tovg (25). Xapaktmpileton omd €MEGOIN VEVPOAOYIKNG
emdeivowong mov Kpatobv Tave amd 24 dpec Kot 0ev cuvodgvoviot and mupetd. H
amoKaTAoTOOT UTOpEl Vo gtvol TANPNG 1| OTEANG, EVA KATA TN SIIPKELN TOV VOPEGEDV
N KAwikn eéva tov  acBevr] elvar otabepr). Avtibeta, ommv mpoTomabng
TPOOOEVTIKT N TPOTOVGA LOPPT) TS VOGOV, AEITOVV 01 EAPCELC, EVA 1) KAMVIKT] EIKOVAL
TOV OPPOOTOV oTadlaKd emdevaveral. Aviiotoyel oto 10-15% tov mepumtdoeny,
etvat to 1610 GLYV GTOVG AVIPEG KOl OTIC YUVOAIKEG Kol RPAVICETOL OE HEYOAVTEPECS
ocwvnBwg nikies (Lésog Opog ta 40 £tn) (25). O acBeveic pe vrotpomalovco kIl
enpaviCouv cuyva devtepoyevmg poiovca mopeia pe LA IoTES 1} KBOAOL €EAPTELS

K0 GTAOI0KT) GLGCMPEVCT VTN PLOC.

[

Ynopoma{ovoa
.g- AEUTEPOYEVEXG TIpOLloV o
[ =y
=
O
>
< ——
PULTOYEVEIS TIpolovoa
Ynorpoma{ovoa npoloboo

XPOVOG  wmts

Eixova 1 Ot xkhvikég popeéc g Zkll
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Mo mv opywn ddyvoon g vOGOL YPNGILOTOI0VVTOL TOGO KMVIKA 0G0 Kot
OKTIVOAOYIKG KOl €PYOCTNPLOKE KPLTHPLO, Yo TV oToryelofétnon g Aeyduevng
"Staomopdg 610 YMPO Kot 6To YPpdvo" (25). To wotopkd ko N kKhviky e&€taon sivar
eCAPETIKA ONUOVTIKE Yoo TN OlOMIOTOOY TV AETOVPYIKAOV GUOTNUAT®V 7OV
TACYOVV, TOV EMEICOSIMV Kl TNG YPOVIKNG TOVG EUPAVIONS. AVTO GLUTANPOVOVTOL
and Vv anewovion pe poyvntikny topoypoeio MRI (Magnetic Resonance Imaging)
EYKEPALOV KOl VOTIOHIOV COAVA [LE TNV XPNOT TOPULOYVITIKNG OVGIG. ZE QUTNV, GE
ndvo ond 10 80-90% TtV acBevov avadeiwkvdovior eotieg  mEPIKOIAMAKA,
VIOPAOLMODS, VITOGKNVIOIKA 1| GTO VOTIOHO COANVA, e SIAUETPO dved TV 3mm Kot
HE £VO KAOGIKO MOELOEG GYNLLOL TTOL EIVOIL YOPAKTNPIOTIKEG TIG OTOUVEAMVAOGNG, KUPIMG
otg T2 xoar FLAIR (Fluid Attenuation Inversion Recovery) akoAovfieg (25). H
TPOCANYT TOPAUAYVNTIKNG ovciag amd avtég Tig eotieg otig T1 akolovbieg elvan
otoryelo evepydtrag Ko pAeypovis. H mapovsio "pavpov tpundv" ("black holes")
ot Tl okolovBieg onuotodotel evepydnTo 1 TAAAOTNTO TOV E0TIOV AOY®
yhoiwong (27). H g&étaon tov eyke@orovatioiov vypolh avadelkviel cuyva Mo
TAELOKLTTAPMOOT] AEUPOKVLTTOPIKOL TOMOL (<25 wuTTOpa/cm3), VYNAN TPOTEIVN
(cvvnBwg <100mg/dl) kot mapovsio IgG ohMyokilwvikdv {ovav pe avénon tov IgG
index (>0.6) oto 90% 1tov meputtdcewv (25). I[Mapéia oavtd 1 avedpeon
OAMYOKAWVIK®OV {ovav, av Kot gival moAd gvaicOntn ywo ) k11, dev elvan €1d1kn y
™ véco. IToAd ompavtikd poéro emiong ot Oodyvoon g vocov moailovv ot
NAEKTPOPLGLOAOYIKES €EETAGELG KO KLUPIOS TO OTTIKA KO TO. OKOVGTIKO TPOKANTE,
dvvapkd. H avevpeon maboroyikdv kotoypopav 6€ avuTd oNUATOd0TEL TNV TOPOLGin
vrokMviKNg eotiog oto KN kot dpa dtacmopdg 61o Ympo.

O KhMvikog 1Tpdg mov PBpioketan avtipétonog pe achevr) pe vroyio XkIT agol £xet
GLALEEEL OAEG TIG TTOPATAV®D KAVIKES, OTELKOVIGTIKES KO EPYACTNPLOKEG TANPOPOPIES
KOAEITOL VO EPAPUOCEL TO SLOYVOSTIKA Yo T vOco kpitipiee McDonald 2010, agpov
BéPara €xel amoxAeioer dAdovg puntég g ZkII (28). Ta kpuripla avtd @aivovrot
otov [Tivaka 2. Ta kpitipia McDonald givan gducd yro t XKIT ko dev fonBodv o1tn
duakpron g ZKIT pe dAla voonpato pe mopopotes ekONADCELS, YU avTd Bewpodvion
otL elvor evaiocOnto kot Oyt €wdwd ywoo ™ voéco. Ilpdypatrt oto 5-10% tov
TEPWMTOCEWV VIAPYXEL €0QaAuévn Odyvoon g ZKII kor ovtd 10 7TO0G00TO
avtiotolyel oe dAA0 avTodvoca (Y. OVIPOGEOMTIOIKO GUVOPOLO), AOUMON (TT.).

vécog Lyme), petaforkd (m.y. éAlkewyn B12) kor kAnpovopkd voonpota (m.y.
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adpevorevkodvatpoia) mov Oa mpémel va amokAeiovtor (29). e mepimtwon evog
KAVIKOD YPOVIKG LELOVOUEVOL EMEICO0I0V OOV 0 acBevig dev TANPOl Ta KPP
TOV YPOVOV, OAAG pmopel vo mANPoil To KPLITHPLO. TOL Y®POV, TOTE 1 TiBeTOn 1
dyveon Tov KAMvViKG pepovouévov ovvopopov i emelcodiov (KME, clinically
isolated syndrome, CIS) (30). H mapovcia €0TuidV EVOEIKTIKOV OMOUVEAVOONG, Y®PIg
OUMC TNV TOPOLGio KAWVIKNG CUUTTOUATOAOYING 1 OMUEOAOYIOG 1| AETOVPYIKNG
EKTTTOONG TOL ATOUOV, GLVOETOVV €val GALO GUVOPOLO TO OKTIVOAOYIKG LELOVOUEVO
ouvopouo (AMZ, radiologically isolated syndrome, RIS), pe Pdon 1o xpiripla
Barkhof-Tintore (31,32).

Iivarag 2 To kprmpia McDonalds 2010 yia tn Sidyvmon g Zkl1

Kivikd Encioéoia’ Blafeg Emniéov Kproijpra yia ™y
Awgyvaron

2 1N mepocdtepo o Avtikeyeviky® khvikn emPefoioon v 2 | Kavéva.

S0POPETIKd  YPOVO> Kal  TeplocdTEPO. EmEwod 1| | Emedd0 pE

neproyn Tov KN afomioto Oetikd 1oTopKd Yoo €va emmALOV
TOAOTEPO GE SLOPOPETIKN TEPLOYN ToL KNX

2 N mepocdtepa ot Aviikewevikt kAviki emPeBoimon ywoo 1 Aaomopd oo ydpo®:

BPOPETIKD YPpOVO> neployn Tov KNX ko ota 2 eneicddia - 21T2 eotin oe >2 meployés
(voPLo1®ONG, TEPIKOIALOKT],
VIOGKTVISIOKT, VOTIOi0G poehdg) 'H
- OVOLOVT Y10 €VO, EMTAEOV KAVIKO
EMEIGO010 GE OLOPOPETIKY TTEPLOYN

Tov KNZ
1 Avtikelpeviki? kKhviky emBepoioon ywo 2 Aaomopd og xpovo:
neployés tov KN - Tavtdypovn mopovsio evepydv

(Gd+) kot avevepydv mepoymv ' H

- Koawobpio eotic oe MRI
ave&aptntag ypoévov 'H

- Avopov] 7y véo  KAMviKO

£meLs6310
1 Avtikepeviki khviky emBepoioon yioo 1 Kpiipu yioo Siwomopl og xpovo
neploy Tov KNX Ko ydpo
[poodevtikn kIl 1 £€10¢ TP00JEVTIKNG TTOpEinG VOGOV Kot TOLVAAYIGTOV 2 amd TO TOPOKATE 3:
1. Awocnopd ce ydpo pe Topovsic >1 €0TIOV TEPIKOIMOKE, VTOPAOWOIDG 1

VIOGKTVISIOKE,

2. INopoveia >2 £0TIOV 6T0 VOTIOH0 HVEAD

3. Betikég oMyokAmvikég (dveg oto ENY (kat oyt otov opd) f/kan avénuévog IgG
index

"Kuviké cvpmtdpata | onpeic copPoatd pe m voco, Sipkeiog 24 opdv 1 TEPIGGOTEPO, AMOVGIA TVUPETOD 1
Aotpuméng kot apov £xet Tponyndet dtdotua 30 nuepdv vevporoyikng otadepdTnTas.
2Andotacn XPOVIKN Ave Tav 30 nuepmv

Avtikelpevikny emiPefaioon pe khvikny egétacn /Kol vevpopuotoroyikés efetdoeic. H eppdvion tomikdv
GUUTTOUATOV Yo TN VOGO, OIOVGI0 OVTIKEWWEVIKOV EVPNUAT®OV UTOPEl VoL OTOLYEIODETHCEL €V OVTIKELEVIKO
KAVIKO €TEIGO10.
01 gotieg MOV TPOKAAOVY KAVIKG £KSNA0 GTEAEYIEO ) VOTICHO GOVEPOHO SV TPOGHETPOTVTAL.
KNZ: Kevrpud Nevpued Zootpa, MRI: Magnetic Resonance Imaging, ENY: Eykepolovotiaio Yypd
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1.4 Ipdyvoon tnc Xkll

Yvvolkd, to 50% tev achevav Ba yperoctel vrooNPEN ot Pédion o 15 ypdvia
a6 v Evapén g vocov, v polg to 10% dev Ba £xet peilova avamnpio petd omd
25 ypévia axdpo ko yopic Oepomeia (33). ApvNTIKA TPOYVOOTIKE YOPOUKTPIOTIKA
elval 1o avtpikd eVAo, M HeYIAN NAkia Evapéng tg vOGov, 1 TaPOLGIa KIVITIKMV
CUUTTOUATOV KATA TNV Evapén Kot 1 TPoodevuTikn popen g vocov (33). To 50%
TV acbevov pe vrotpomdlovca XkIl Oa petomécer omn devtepoyevn mpoiovoa
popen ota 10 ypoévia amd v Evapén (34). Merétn g QUOIKNG 10Topiag TG VOGOL
amokaivye O0tL 1 XkII givon pio voocog dvo otadiov: T0 TPOTO GTASO APOPd TO
YPOVIKO Otdotnua puéxpt o aclevig va amoktroel pétpro avamnpio (okop 3.0 xotd
Expanded Disability Status Scale, EDSS) (35) oto omoio emukpatel n @Aeypovn kot
omoladNmote TapEUPacn Unopet va aALAEEL TN HEAAOVTIKY QLGIKY] TTopEia TG VOGOV,
Kot 10 0gvteEpo otddo (okop EDSS peyordtepo tov 3.0) oto omolo emkpoatel m
VEVPOEKPOAON Kot 0 ¥pdvog uéxpt v peyorvtepn avamnpio (EDSS okop 6.0, oni.
BonBela katd ™ Padion) dev emnpedletar amd KavEVAY TPOYVOOTIKO TopayovTo (T.y.
TOMOg VOGOL, POPUAKELTIKN ay®wyn KTA.) (36). AvTd xel dMGEL TO EVALGUA Yo TV
avamtuEn BepamEl®Y TOL YPNOLUOTOOVVTOL GTO TPATO GTAOO NG VOGOL KOl TOL
pUmopovv va oAAGEOLY TN GUOTKT] Topeia TG vooov. [pdyuatt to "omrAootdco" tov
oVYYXPOVOL VEVLPOAOYOL €xel ofjuepa avoPaduotel pe TANO0C AvVOGOTPOTOTOINTIKMDV
Oepaneldv Onmg elvarl ot wtepPepdves, N 0EIKN YAUTIPAUEPT, 1 TEPLPAOLVAULION, O
QOLUHOPIKOS  dueBurectépoc, M OWYKOAMUOON, 1 vatoAlovpdumn kot M
oieptovlovpudunrn, OAAGL Kol OVOGOKOOTOATIKGOV Ogpomeidv  Ommg eivor  To
KOPTIKOELN, N LITOEAVOPOVT, 1| KUKAOP®OQAioN, | alabetonpivn kot 1 pebotpeldn
(37,38). H e&atopkevpévn avocsotpomomontiky Oepaneion faciopuévn oe €101K00S
Brodeikteg amotelel pio oVyypovn KAWIKY ovaykn Kot ciyovpa 1o HUEAAOV TNG

OepamevTikng g vooov ta endpeva ypdvia (39).

2 OvI'vootikég Agrtovpyieg ot Xxapoven kotd [Tlaxoeg

2.1 O tdmoc e Yoo TIKAC dratapoyne otn Xkl
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H yvootum owrtapayn (I'A) om 2«II agopd v taydtnta enelepyociog
TANPOPOPLADV, TN UVHUN EPYOCTING, TN AEKTIKN UVAUN, TN HLAONGTN, TNV OTTIKOYMPIKY|
puéonon kot pvAun, TV oOVOETN TPOoOoYN, TIG EKTEAECTIKEC AELTOLPYiES KoL TNV
enilvon mpoPAnudtov (40) (Ewova 2). Emiong, m odwrtopoyn ot AEKTIKN
(poVNUOTIKY) EVEPASELD KOl GTNV EKTEAECTIKY] Agttovpyia gival amd TG TPMOTEG TOL
nmapovstalovtar otn Xkl akdpo ko oe acbevelg pe edyot avamnpio (41,42). Xe
acBeveig pe Betikéc oMyoxhmvikég (mveg eaivetar 6Tl emkpatel n dwatapoyn otV
ontkoywpikn uvnun (43). Katd v mopeia g vocov, N taydnta enelepyaciog Tomv
TANPOPOPLOV KOl 1] GOVOETN TPOGOYT Elval AVTEG TOV EMOEWVAOVOVTAL GE LEYAAVTEPO
Babuod (44), pe v mpmdt va givar o mo aEomiotog deiktng g ['A og pa mepiodo 5

ETOV TapaKolovOnong (45).

Moocooto Epgaviong (%)
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Eixova 2 H cuyvomta TV YVOOTIKOV dtotapaydv ot Zkl1

O1 TopElG TOV YVOOTIKOV OVGAEITOLPYLDY GTH VOGO 0ev givarl aveaptnrotl pnetalhd
tovg. [ mapddetypo, 1 petopévn toyvnta eneepyacioc mAnpopopldv eEnyel oe
éva Pabud v younAdtepn emidoomn Kol GTIC EKTEAECTIKEG AELTOVPYiEG TV acOEVDV

avTOV ota YVooTkd teot (46). Emiong, acBeveic pe exteheotikés oatopoyés
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epeavifouv onuavtikd mpoPAfuato otn Afyn Kodnuepwvav oamopdacewv  (47).
Melétn €xel deiEel OTL 1 EKTEAESTIKY] Agttovpyio €lval 1 ONUOVTIKOTEPN Yo TNV
eMIBO0N OTOVG TEPIGGHTEPOVS YVMOOTIKOVS TOUEIS T.y. NG UvAUNG, MdOnong Kth

(48,49).

2.2  H ocvuyvotnta e yvooTikne otapayne otn 2kl

e wo mpdoeatn pekétn o emmoroouog e A rav 40.5% vy 1o KMZ, 36.9%
v ™ vrotpomiblovca XkIl, 96.8% ywa t devtepoyevac mpoiovoa kIl kot 85.7%
v v mpotonadng mpoiovoa ZkII (50). Mo dAAN EMONUIOAOYIKY TPOOMTIKN
perétn ot Katavia g Zikehog a&toldoynoe ) yvootikn Asttovpyia 125 acBevav
pe ZkIl g koot Tag Yo xpoviKd dtdoTnua 3 eT®V Kot KATEANEE 6TO OTL 1 TALTNTA
eneepyaciog mAnpoeopldv Ppédnke olatapayuévn mepimov oto éva TPitO TOV
acBevov evod o emmoracpog e I'A Nrav 44% (95%ClI: 35.2-53.1%) (51).

H I'A og yevikég ypoppéc ival peyoAdTepn 6TIG TPOOSEVTIKEG HOPPEG TG VOGOL
(52), epoaviCetoan vopic oty mopeio TS vocov (53) Kot av&avel pe v Tapodo Tov
xpovov. Xta 30 ypdvia g vocov mepimov ot peol acBeveic epeaviCovv datapayés
oV TaYVTNTO ENEEEPYUGIONG TV TANPOPOPLDV, TNV TPOCOYN KoL GTI LVAUT, LLE TNV
HiKpoOTEPN MAIKio €vapéng Kot TOV TPOOJELTIKO TOMO TNG VOGOV VO OTOTEAOVV
APVNTIKOVS TPOYVAOGTIKOVS Tapdyovteg (54). Eniong, o€ 3 ypdvia amd v Evapén g
vOGov, 10 éva TPiTo TOV 00HEVOV aVAIEVETOL VO ETOEWVOCOVY TNV YVOGTIKY TOVG
Aertovpyia (55). Xe o pedétn 18 e1dv og poig 22 dropa Bpédnke pikpn avénon g
I'A (a6 41% o€ 59%) pe 10 ypovo, pe Vv ToxOTNTO ENEEEPYATIOG TV TANPOPOPIDV
Vo amoteAEl TOV KUPLOTEPO TOUEN TG VONoNG oL PAdmteton (56). Télog o€ TpdopaTn
peAétn Ppédnke 611 N nAkia Kot o BaBrdc e copaTkng avarnpiog Kot Oyt 0 TOTOG
¢ ZkII givan o kOprot tpoPAentikol mapdyovteg g I'A (57).

Ye wa peydan mpoontikn peAétn ot NopPnyia, I'A eiye dwumotwbdel o dppeva
dropa mptv T odyveoon g XkII (58). 10 delypa ovto, dtopa pe YoUnAd cKop 6To
VELPOYLYOLOYIKO EAeyyo (>1 Tumkn amodKAIoT amd Tov pHEco Opo) eiyav 2.81 @opég
peyoAnTEPO Kivouvo Yoo avantuén vrotpomialovoag Xkl ta endpeva 2 ypoévia. Oco
apopd v npotonadmg tpoiovoa XkII, n I'A Ntav onpaviikdtepT Ko Tponyeito Twv
TPAOTOV COUTTOUATOV pEYPL Ko 20 £1n.

¥10 KMZ kot 610 AMX 1 T'A glvar cvyvn (m.y. 27.6% o AME kot 57% og KMX)

Kot oyeTileTon Kupimg e TNV EVIOMIOT TOV ECGTIOV N TNV EYKEQOAMKN atpoio (59—



19

64). Ov yvootwkol topelg pe tn peyoAdvtepn Owtapoyn eivor mwapdpolor pe
vrotponidlovoa kI kot apopovv kKvupimg v TaydTTe £neepyaciog TANPOPOPLOV
(65). Iepimov 5 &t petd and KMZ 1 vontikn Asttovpyio emdevavetot 6to 54% tov
ATOU®OV KUPimG pe VYNAO poptio T2 eotidv (66).

H I'A gpoaviCeton emiong kot oe acOeveig pe kokondn kIl (dnA. didpkeia vosov
mhve amd 10 €t ko EDSS <=2.0) (67). Xe po mpoomtikny 10etny pehérn 342
acBevav, ot acOeveig pe kohondn Xkl (12.5% tov delypatog) eppdvicav 6€ T0G0GTO
47% T'A xouu oe mocootd 53.3% wxoatdOlwym petd amd 10 étn, evo oto 81%
eMOEVOONKE 1 YvOoTiKN Agttovpyio (68).

Téhog, Oa mpémet va onpewmbel 6Tt mepimov to éva Tpito TV AcHEVOV VITOTIHOVV 1|
VTEPEKTIHOVY TN  YVOOTIKI] TOVG AElTOvpYid, HE TOVS TPMTOVG YEVIKGL Vo
yopoktnpifoviol and TeplocdTEPO GTPESG, AYY0g Kat KatdbAiwym (69). Ot acbeveig kot
01 TANPOPOPLOdOTES TOVG avayvepilovv amd kowvol ™ I'A 6e mocootd 50%, e o
Tdon péAota yroo vrepektipnon ond acBevelg pe mTPOodEVTIKEG LOPOES TNG VOGOL

(70).

2.3 Owpéfodot ekTiunonc The YVOSTIKNC datopayne otn kIl

H wvprotepn pébodog extipnong g I'A ot ZkII givor Ta vevpoyvyoroyikd TeoT.

Xe YeVIKEG YPOUUES, M ovyvotnta ™ ['A emnpedleton and Tov TPOTO TOV AVTY|
opiletar o dapopeg LEAETEC. Ze 0L GUOTNUOTIKY OVOCKOTNGN TV HeBdOOV avTmv
an6 tov Fischer M kot ovv, avayvopiommkav covolkd 70 pébodot opiopod mov
taSvopnOnkav oe 3 cuvoAka mpoceyyicels: 1. tov kpioyo aplBud twv madoroyikdv
TOPAUETPMV 1) TOV VONTIKAOV TEGT (GLYVOTEPA XPNCLLOTOMONKE TO OPLO GKOP TOV S0V
ekoatootnuopiov v 10 20% tov mopapétpov) N TV TopEOV TG vonong, 2. to
oLVOeTO GKOp MOAA®V epyoreimv (m.y. pe ) Ponbewa twv T-okop 1| ALV peBOd®V
CLUVOVACUOV TOV KOVOVIKOTOMUEV®V GKOpP TOV EPYaAEiwV), 1 3. GLVOLAGLOL AVTOV
(71). H cvyvotepn amavtdUeVN TPOGEYYIoT NTOAV 1] TPMTY.

Yy 0w perétn n ocoyxvotta g I'A ot ZkIT avdrioya pe T Tpoceyyioelg nTov:
424+15% (mpocéyywon 1), 30+£14% (npocéyyion 2) kot 50£16% (mpocéyyion 3). Ou
dlapopeg mpooeyyicelg oev Ppednioyv va SPEPOVY GTATIOTIKE CMUOVTIKA HETOED
touc. O pécsog 0pog e I'A OAwv towv mpooeyyicewv Ntav 41£15%. Me kpurnpio ta
kpioywo Opro KaBe peAéng ot ovyypapeic katétafov Tig dupopes HeBddovg

extipmong g I'A og "yorapéc”, "avommpés” kot "evdiapeces”". Me Bdon avtiv v
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katdtoén ta mocootd I'A Mrav: 58+20% ("yorapéc"), 37+13% ("avotnpés") ko
44+13% ("evduapeoec"). LtatioTikd onuovtikn owpopd Ppédnke peta&d tov 600
TPOTOV, TO OMOI0 KATAOEIKVVEL OTL UE OLGTNPATEPA KPITHPLO TO T0c00TO NG NE
VTOEKTIUATOL, EVO HE TOAD YoAopd kprthiplo. vrepektipdrol. Ot avoAldoelg g
TOPOVCAG LEAETNG KATEANEAY otV TTPOTACT Yo vioBETnon T mpocséyyong 1 pe ta
napokdto kpunpa: 32%, 17% kot 7.5% tov TapolsTpmy 1 TV VONTIKOV TEGT VO
&yovv okop kbt amd 1 (15.8%), 1.5 (6.6% deiypatoc) Ko 2 TumikéG OmMOKAMGELG
(2.3%), avtiotoiywg, e€eldkebovtag €161 TNV TPOYEVESTEPT TPOTACT Y10, TN YPNIoN
OKOp KOAT® TOL Opiov TOL S0V €KATOOTNUHOPIOV (VTOAOYILOUEVO GTO (PULGLOAOYIKO
mAnBuopd) yia nepinov to 20% twv mapapétpov N Tov teot (72).

"Eva amtd ta wo cuyva ypnoyonotovpeva epyaieio eival to Rao's Brief Repeatable
Battery of Neuropsychological Tests (BRB-N) (50). M Bpayegion €xdoon Tov
gpotnpatoroyiov BRB mov mepihapfdavel 1o Symbol Digit Modalities Test (SDMT),
10 Paced Auditory Serial Addition Test (PASAT) kot to Selective Reminding Test
(SRT) Ppébnke emiong apketd vaicOntn Kot €01kn yio v aviyvevon g ['A ot
XkIT (73). Boowod emiong epyoreio eivar to Minimal Assessment of Cognitive
Function in MS (MACFIMS) (74,75). Zvvtopotepo KAVIKE VELPOYVYOAOYIKE TECT
&xovv mpotabet yo v extipnon I'A ot ZkII (76).

‘Eva 1ét010 60VIOHO KAWIKO €pYOAElo €KTIUMOMG TNG VONTIKNG Asttovpyiag o€
acBeveic pe kIl etvon to Brief International Cognitive Assessment for Multiple
Sclerosis (BICAMS). To epyokeio amotereiton and tpio tect: 10 Symbol Digit
Modalities Test (SDMT, extipd mpocoyn Kot toyvnTo €neepyaciog mAnpoopidv),
to California Verbal Learning Test - Second Edition (CVLT II, extind t dniotikn
Aektikn pvnun) kou to Brief Visuospatial Memory Test - Revised (BVMT-R, ektiud
TNV ONTIKOY®PIKY pnanon kot pvaun). To teot €xel otabuotetl oty lonavia, (77),
omv EALGda (78), otov Kavadd (79), o ABovavia (80), oty Ipravdia (81), oty
Ovyyapia (82) ko ot Bpalidia (83). [a v avayvaopion tov acbBevov pe T'A
ypnoonoteitor cuvnbwg to dplo Tov 5% exoTooTNUOPiov (Yo TOLAGYIGTOV Eva amd
10 3 1€0T) OMWS 0VTO TPOKVTTEL 0md TNV €E€TOOT GE PLGIOAOYIKA dTopa (72). AAlo
KPUNPO0 Yo SOMIGTOON VONTIKNG EKTTOONG €lvanl okop kAT Tov 1.5 tumikodv
anmokAMoe®V (6T®G TPOKVTTEL A OELY L0 PUGTIOAOYIKAOV OTOU®MV) GE TOVAAYLIGTOV SO
YVOOoTIKOVG ToUElS (84). Odnyieg Yo T otdBuion kar ) xprion tov BICAMS £&yovv

NnoN dpocievtel Kot amroTeAoHV SNUAVTIKO 00MY0 Yia TovG epeuvnTég (85,86).
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Ye o Tpooceatn peAétn to 63.6% tov acbevav elye datapoyn o€ TOLAAYIGTOV
éva 1eot  BICAMS (87). To SDMT ¢dvnke emiong vo €ivol mo €OKOAO KOl 7O
evaicOnto gpyareio amd to cuyvd ypnowonotovpevo PASAT yio v aviyvevon g
I'A otovg acbeveic (88,89). Ta 600 avtd teot ££eTAlOVV TEPLOYEG TOL GULUUETEXOVV
OTN UETAPOPE TN TANPOPOPIOS OVALESH GE LEYOAES TEPLOYES TOV EYKEPAAOV, EVOD TO
PASAT oav&bvel 11 oamoitnoelg Kupiowg Yoo TIC EKTEAECTIKEC AgTOvPYieg TOL
petomiaiov eAowd (90). Molc npoéceata to SDMT avayvopiotnke opdpovo omd
™mv wTpky kKowotnta ¢ ZKII g éva moAd afldmoto epyoieio TG TOYLTNTOC
enefepyaciog TOV TANPOQOPIOV Kol G ONUOVIIKOS TPOPAETTIKOG OeikTng TG
EPYOOCIOKNG KATAOTAONG Kol TV kodnuepwvov ocvvnbeidv tov acbevov (91).
MdMota, emonudvOnke 6t pio peiowon katd 4 moviovg 1 katd 10% BOewpeiton
KAVIKG G HOVTIKY.

Ye A Itodwkn perém €ywe obvykpion tov BRB 1eot pe to BICAMS og 192
acBevelg oe ovykplon pe vyeic. Ta okop kot ota OVO EPOTNUATOAOYLN NTOV
YopunAOTEPO 6TOVG 06beveic o chykpion pe toug vytels. Kat ta 600 epotnuatoldyla
avayvopleoy Tov id1o mepimov apBuov acbevav pe I'A, eved o Babudg cuppoviog Tov
Bpénke wavomomrikog (Cohen's K=0.46) (92). To epyareio BICAMS éyer Bpebet
eniong oG onUavTikdg TPoPAENTIKOS TOPEyoVTaS TNG KAONUEPIVIG AELTOVPYIKOTNTOG

TV 0c0evav (93) Kot TG EPYNCLOKNG KATAGTACN S TOL 0cOevovg (94).

24 O mpoyvootikdc pOAOC TNC YVOGTIKNAC dtatapaync otn kIl

H Ymapén T'A oe acbeveic pe KME tputhacialel v mboavotnrta LETATPOTNG OE
otyovpn ZkII (95). Xe pwo dAAn 8etn perétn acBevov Bpédnke 6T1 n I'A elvar kohdg
TPOYVOOTIKOG  Ogiktng g petotpomng tov KME og  Péfom  ZkIl, g
TPOOOELTIKOTNTOG TNG avamnpiog, TG UETATTMONG GE 0gVTEPOYEVAS Ttpoiovoa kI
Kol TG Aémtuveng tov eAool (96). e po wpoontikn peAétn 10 etav Ppébnke ot
acBeveic mov avayvopiomkav pe I'A katd ™ dbdyvoon eiyav 3 @opég peyordTepo
kivouvo va @tacovv EDSS 4.0 petd and 10 étn kou 2 @opég peyodldtepo kivouvo yia
petatpony| o€ devtepoyevmg mpoiovsa XkIl oe oyéon pe acbeveig yopig I'A (97). H
I'A mpoPAénel emiong v copotikn avammpio 7 £€tn petd (98).

H dmapén I'A og acBeveig pe kI cvvovaleton eniong e mepiocoTEPT avepyio Kot
xepotepN mordtnTa {ong (99,100). Oco agopd v epyacia, acbeveig dvepyor givan

0 TOoVO Vo avTILETOTILOVY TPOPANLOTO EKTEAECTIKOV AEITOVPYIDV KOl YVOGTIKNG
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komwong (101). H gpyaciakn enidoon twv aclevav pe I'A givon yeipdtepn ond avtodv
yopic T'A, dnmwg avt) Kpivetonr amd TOVG EMOMTEG TOLG GTNV EPYOCIN, OV KOl Ol
acBeveig pe T'A €rewvav va kpivouv v emidoorn Tovg KoAvTEpa 0md achevelg ywpic
dwmotopévn I'A (102). Téhog, 1 avepyia TpofAépdnke kupiog amd to SDMT mopd
amd dAlo vontikd teot (103).

Eniong n I'A ogaiveton 611 pmopei va emdevmoel v KatdOiyn péoa amd Tig
OPVNTIKEG GUVEMELEG TNG TPATNG OTIS OTPATNYIKES TPOGOPUoYNG otn voco (104).
Aocbeveic pe TA kot kuplwg dloTapayés oTIg EKTELECTIKEG AELTOVPYIES YPTOLOTOIOVV
OTPATNYIKES OVTILETMOMIONG TOV GTPEG KOl TOV TPOPANUATOV TOVG PACIGUEVN GTO
ocuvaicOnua m.y. avtokatnyopia, amrouyn k.. (105). Xe avédroyn perétn Ppébnke otL
n I'A emmpedlel Ti¢ oTPATNYIKEG TPOCAPUOYNG OTN VOGO TOV AcHEVOV, ELVODVTOG
OVTEG TNG AOPVYNG KOl TOL GLVOIGHNUATOG TTapd aVTEG TOV €YoVV ¢ Baon v
TPOKTIKY] OVTILETOMION Tov TpoPAnuatog (106). Xe po GAAN pedétn n kKoAdtepn
YVOOTIKY] Agttovpyio GYeTIoTNKE €MioNG e TEPIGGHTEPT] OVTO-AUTOTELECUATIKOTITO
(107).

H I'A og acbeveig pe ZkIl emmpedaler apvnrikd Sidpopeg mruyég g {ong twv
acOevov Ommg T dlayeiplon YPNUATOV Kot TV 0KoVOpIK®V vrtobécemv, (108,109),
™M GLUUOPP®GN ot eopuakevTikny aywyn (110), v mowwtrta vmvov (111), v
kataOiym (112), v koémwon (113), v kabnuepwn Astrtovpyikdmra (114) kot v
mowdtta {ong mov oyetiCetan pe v vyeio (115). Emiong, n T'A mepropiler v
KaONUEPIVI] AEITOLPYIKOTNTO KO GUUUETOYN TOL aTopov ota kowd (116,117) v

odnynon (118) ko odnyel og yvootikny kénwon (119,120).

2.5 Oyxouerpikn MRI avdivon kot yvootikn dwrtapayn otn Xkl

Ov mocotwkég extyunoelg e MRI péow g oykopetpiog oloéva mepIGGOTEPO
kepdilouv €da@pog Yy v ektipnon g ['A évavtt ™ ToloTIKNAG eKTiunong tov
eotiov (121). H oykopetpiky MRI gaivetar va avtavakid allomioto maboyeveTucés
dradkacieg ™G vOoov OTmg gival 1 AEYHOVT] (E101KE Yot TOV OYKO T®V £GTIOV) KoL 1
VEVPOEKPVAON (E101KA Y10 TOV OYKO TOL £YKEPAAOV, TNG POLAG Kol TG AEVKNG OVGiag
KOl TOV DTOPAOI®OMV dopmv) (122,123).

Y& o GLOTNUATIKY avaokonmnon Ppédnke 01t or acBeveic pe XxII ydvovv 0.5-
1.5% tov gykepaAkoh Tovg OyKo KAOe £tog. Ltnv 10100 OVOCKOTNGN GULUTEPALIVETOL

ot n pelwon otov cuvolkd OyKo Tov gyke@diov (normalized brain volume, NBV)
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oLVOEETOL PE TNV eMOEiVmOT NG YVOOTIKNG arddoons (114). H eykepaiikn atpoeio
omwg a&loroyeitan amd T oykoueTpikég MRI avaivoelg eppaviletor vopic katd ™)
dupketla g vooov (oM amd 10 otado KMY) kot amotelel apvnTikd TPOyvVOCTIKO
delktn ywo ) petatpony) tov KM g oiyovpn ZkII, v avannpio, v kOT®ON Kot
™ I'A (113). O dykog TG poundg Kot TnG AEVKNG ovsiag £xetl oyetiobel emiong pe ™ I'A
(Kuplog pe AeKTIKN HVAUY], OTTTIKN VAT, TOYVTNTO EMEEEPYOUGIOG TANPOPOPIDOV Kol
LVAUN €pYOciog) Kot He TEPIOCOTEPO VELVPOYVYLOTPIKE CLUTTOUHOTE (KATAOAYN,
dvopopia, evepedioTdnTa, dyY0C, EVPOpPia, amadsio Kot Gpon TV avasToldv) (124).

Ooco agopa T1g PAotikéEG eoTieg, aVTEG £xovv cvoyeTiobel pe v ékntwon otV
TayvINTO EneEepyaciog Tov mAnpopopldv (125,126). Xe pedém pe 7 Tesla MRI (pe
wavotnta vo ovayvopicet 10 30-50% tov maboroyoavatopkd emiPefoiopévov
eAouikdv Prafov) Ppédnke 0Tl o1 PAotikéc eotiec oyetilovtav emiong 1000 pE T
cOUaTIK ovornpia 660 kot pe v I'A ot voco (127). Eniong, o 6yxoc tov eotuimv
ot AevKn| ovoia PBpébnke va givar onuovtikog mpoPrentikdg mapdyovieg g ['A 9
¢ petd (128). O dykog TtV €oTI®V TG AEVKNG ovaiag £xel cvoyeticbel emiong pe
peyorvtepn I'A (129). Zuvolikd, 0 oAMkOG OYKOG TOL £YKEPAAOL KOl O OYKOG T®V
eotiov oyetiCovtar pe ™ I'A ot 2kl kou €dkd pe v ékntmon oy ToYOTNTO
eneepyaciog tov mAnpogopiedv (130,131). Mdlota n peiwon avtdv TOV OYK®V
eaivetalr va mpoPAémovv v guedvion ™m¢ A péypr wow 5 € perd (132).
SOUTEPOAGUATIKA, 0 GUVOMKOG OYKOG TNG QPALdG OVGIOG TOV EYKEPAAOL Kol O OYKOG
TOV OTOUVEAVOTIKOV £GTIOV £IVOL 01 CNUAVTIKOTEPOL TPOYVAOGTIKOL TAPAYOVTEG TNG
I'A eEnyovtag mepinmov 0 20% vt (133).

Muw perétn e&étace molhamAovg ocikteg MRI oe oyéon pe 1 yvootikn
Aertovpyia acBevov pe XxIT (134). H oykopetpikn avaAvon omokAALYE GTATICTIKA
ONUOVTIKES LELDOELS GE OAOVG TOV UETPOVUEVOLS OYKOVS GUVOAKE TOV EYKEPAAOVL,
TOV ECTIOV OMOUVEAMVOGONG, TOL PAOIOV KOl TOV LITOPAOIWIDV SOUMV UE KLPLOTEPO
tov Bdhopo otovg acBeveig mov avayvopiomkav pe T'A. Metd tov €leyyo
TPOTOTONTIKMOV TOPAYOVIWOV, O OYKOG TNG YOS OVGIOG PAVIKE MG O O GNUAVTIKOG
npoPAenticog mapdyovtag g ['A (135).

Avrtifeta oe GAAN perémn o acbevelg pe mpotonabdg mpoiovca Xkl Bpébnke 6Tt
0 0YK0g ToL BaAdpov elval 0 To 16YVPIS TPOYVOGTIKOG Ogiktng Yia T I'A 6e dAovg
TOoVG TopElg g vomong (136). MdAiota 0 6yKog Tov aplotepol BaAdpov avnke va
éxet Waitepn onpaocio ot FA and dAlovg epsuvntég (137-139). Ze perém Ppébnke

OTL 0 OYK0G TOL BaAdpov gival WloiTEPA OMNUAVTIKOS Y10 OAES TIG VONTIKES AEITOVPYIES
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(140). Ze A\ oykopeTpikn avaivon Ppédnke emiong peltwpévog 0yKog Baidpov,
WMTOKAUTOV KOl TOV KEAVPOLG NG 0)PAs ocpaipac mov oyetiomkay pe t I'A otovg
aclevelg Kol CUYKEKPIUEVO HE TIG AELTOVPYIEC NG TOYVTNTOG EMEEEPYOTING TV
mnpoeopldv (141). Zvumepacpotikd, ToAlotl epevvntég vrootpilovy 6Tl 0 OYKOG
tov Boddpov Ba mpémel vo amoTeAEl LEAAOVTIKO KOTOANKTIKO ONUEI0 OTIG KAVIKEG
perérec (142).

Ye o moivkevipikny Evpomaiky peiétn (62 XxII, 65 vyelg), acbeveig pe T'A
Bpétnkav pe peyardtepoug 6ykovg PAAB®OV 1060 6T Gotd, G0 Kot 6T AEVKY| OVGiaL.
2y 10t pHeATN Ol KOADTEPOL TPOYVMOOTIKOL dgiktee Yoo tnv vmapén I'A ftav N
aTpoPic. GLVOAMKA TOL EYKEPAAOVL, NG TMEPLPEPIKNG GULIS 0LGING, OA®MV TV
VITOPAOLMODV OOU®V (T.Y. OAAMNOC, TIOKOUTOC, KEPKOPOPOS TUPNVOC, KEAVPOG
(QOKOEWOVE TupNVa, wYPd ceaipa, emkivig mopnvag) (143). Xe acbeveic pe kIl
GUVOMKG £X0VV KATOYPOUPEL OTUAVTIKA KPOTEPOL GYKOL EYKEPAAMKADV SOU®V (Qotdg
ovcioG, MEPLPEPIKNG QOIS O0VLGIOC, KOWMMY, KEPKOPOPOL TLPNVOA, KEAVPOVG
(QOKOEWOVE TVPVA, OYPAG GEAipOS, OUAGIOV Kol ETIKAMVOVG TUPNVA) GE GYEOT LE
TOVG (PUGLOAOYIKOVG HAPTLUPEG. MAAMGTO 0 OYKOG OLTMV TOV JOUMOV (KOl KUPImG TOV
BoAauov Kot Tov KEADQOLG TG WYPAS GEAIPOC) CYETIGTNKE ONUAVTIKA HE TNV
knTmon oV ToyVTNTe eneEepyaciag v mAnpoeopldv (144). e o GAAn
TPOOTTIKY peAéTn 1 PAAPn/atpoeio TG TEPPEPIKNG QOUAG OVCIOG Kol TV
VTOPAOI®OMV dopmv oyetiotnke pe ™ I'A oe acbeveic pe vrotpomdlovoa kIl kot
npotonodng mpoiovoo ZkIl, oaviiotoiymg, avadeikvdoviog Tov mBavd poro
dwpopetikdv dopmv ot 'A kabdg m vocog efehiooeton (145). Ze o GAAn
OYKOUETPIKY] UEAETN Ol TEPIGGOTEPEG LITOPAOIDOELS OOUES PAVNKOV UE UIKPOTEPO
OYKO o€ oyéom HE TOVG VYIELG, pe peyohdtepn peiwon vo epeoavifouv ot dvipeg
acBeveig oe oyéon pe TG yvvaikes. Ot meployéc mov dev AvNKaY Vo dPEPOLV
OMUOVTIKA LE TOVG VYLEIS NTOV Yol TOVG AVIPEG Ol WITOKAUTOL, Ol OUVYIOAESG KOL O
0e&10¢ emuKMVNG TLPNVOG, KOL YL TIG YUVoikeS O 0eE10¢ mMmOKOUTOS, 0 Oe&10¢
EMKMVNG TUPNVOG, Ol AUVYOOAES KOl TO KEALPOG TOV (aKOEW0VS Tupnva. O 0yKog
o0V Boddpov kot oyt 0 OYKog TV 0TIV Pdvnkay emiong va oyetiCovror pe  I'A
otnv ZkII (146).

Onwg Oa avapevotay n atpo@io TOV ITITOKAUTOL (Kot 1010{TEPA TOV OPIGTEPOV) KOl
ol PAdPeg oTIC GLVOEGEIC TOL KLUPIWG pHe TNV EMKa Tov Tpoocaywyiov e&nyel ta
pvnuovikd mpoPAnpatoa otovg acOeveic pe XKIT (147). e por GAAN OYKOUETPIKN

peAétn Ppébnke OTL 0 OYKOG TV ECTUDY, TOV WMTOKAUTOV (WO10{TEPA TOV APIGTEPOV),
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™G QOWIC KOl TNG AEVKNG OLGIOG OYETIOTKOV HE YVOOTIKEG AETOVLPYIEG T.Y.
OTTIKOYMPIKN OVTIANYY, AEKTIKN] WUVNAUT, TPOGOYN, EMTEMKEC AELTOLPYIEG KOl TNV
TayvNTo eneEepyaciog mAnpogopiedv (148). e dAAn peAétn 17 etov n atpogio Tov
puecoloPiov Ppébnke va oyxetifeton pe T COUATIKY ovomnpio Kol Tr YVOOTIKN
dratapayn Kot kupiwg v ékntwon oto SDMT (149).

Ot PAaPeg oty mapeykeparion eniong Exovv oyetiobel pe ™ I'A ot ZkII (150).
Y& oyKOUETPIKN UHEAETN pe éupaom v mapeykeeaiidoa oy kI, Bpébnie 6tL 0
omicB10¢ AoPOc g pmopel emiong va eVEXETAL GTN UELOUEVT] TOYVTNTO ENEEEPYOTTIOG
mnpogoptdv (151). e aAAn perétn o dykog Tov omicBiov AoPov g TapeYKEPAAIdOG
Bpénke wwitepa onuavtikds omv enelepyasio twv mAnpopopiodv (152). Emiong
BAGPeg otn mopeykePadida @aivetar 0Tt Toilovy oNUAVTIKO POAO OTIG EKTEAECTIKEG
Aertovpyieg Kot 6TV AEKTIKN gv@pddeia Tov acbevav (153).

Atpopio oe meploy€g tov aploteEPoy TPOGHOL PAOV TOL TPOGAYWYIOL
OYETIOTNKE LE SOTAPAYES TOV EKTEAECTIKT] AELTOVPYLDOV T.Y. AEKTIKN KO LETOPOPIKN
evppaoeta (154). T t1g exteleotikég Aettovpyieg £xovv Bpebel ko dAdeg cuoyetioelg
ne dAleg meployég G PaAdg Kol AEVKNG ovoiag eVOEIKTIKO TNG TOAAATAOTNTOS TNG
Aertovpyiog kot tng onpaciog g ot XKII mov mpocParier moAAEG meployés Tov
gykepdrov (155). H Aémtuvon tov KpoTOQIKOL KOl TOL Ppeyprotikod A0V
OYETIOTNKE HE OOTAPOYES OTN AEKTIKY UVAUN KOl TNV OTTIKY] UVIUN OVTIGTOLYMG
(156).

AT T0VG S16O1AGTATOVS YPALUIKOVS JEIKTEG EYKEPAMKNG aTpopiag To péyehog g
3n¢ kotMoag (éppecog deiktng atpo@iag Baddpwy) TpoPAEmel KAAVTEPA TNV YVOGTIKY|
Aertovpyio ot ZKII oe oyéon pe dAiovg odeikteg (157,158). O odeiktng BCR
(bicaudate ratio mov a&loAoyel Eppeca 1o Pabuod S1EHPVVONG TOV HETOTIAIWV KEPATWV
TOV KOdV) €xet ovoyetiofel emiong pe to SDMT (159). Ze pekétm g
OMTIKOYWPIKNG voNTikng Asttovpyiag oe 100 acBeveic pe XxIl Bpébnie o6t m T'A
OYETIOTNKE e YKEPAAKN atpo@ia (ekTiuOnke pe tov ogiktn BCR kon ™ pérpnon
™G 3ng KoMog) Kol ToV OYKO TOV EYKEQUAMK®OV €0TI®OV, Ue TO péyeboc g 3ng
KotMag va gpeavilel v woyvpotepn cvoyétion (160). Xe dAin perétn o 6yKog TV
eoTIOV kot to péyebog g 3ng kothag Exovv Ppebel va oyetilovtan pe ™ YVOOTIKY
Aertovpyia otn Xk (161). Amlol Oeikteg Omwg M emedveln TOL HECOAOPiOV
oyxetilovtoan pe Vv toyvnTa enelepyaciog tov mAnpoeoptdv (162). Meiétn mov

PETPNGE TNV SLAoTOCT TNG 31G KOWAaG, TNV EMEAVELD TOL LEGOAOBIOV Kot Kupiwg TOv
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BoAdpov Ppnke onuaviikéc ovoyetioelg pe v tayxdtnTa enelepyociog TV
TANPOPOPLOV Kot T pvnun (163).

H yvootikn kénwon (mov oty 1010 HeATN GYETIOTNKE 1oYLPA LE TN VONTIKN
Aertovpyia) oyetiomke pe 1o dgiktn CCI (Corpus Callosum Index), tov NBV ka1 tov
OYKO T®V KOIMOV, Ve 01N HEAETN Ppédnke emiong o 16YLPOS TPOTOTOMTIKOS POLOG
™¢ NAkiog, aAAd kot n emdeivoon twv MRI dewktaov pe to ypdvo (119). Téhog, o
CCI &gl cLoYETIOTEL [LE TOV OYKO TMV OTOUVEAVOTIK®OV EGTIAV, LE TO GLVOAIKO OYKO
TOV EYKEPOAOVL, HE TN AEKTIKY guepdosta, v tayvtnto emeCepyaciag g
TANPOPOPING, TN UAKPOTTPODeGUN LVUN Kot TV KOwon (164).

Téhog 101N avaeopd mpénet va yivelt oy €vvola Tov omoBEpnaTog (reserve) mov
glvart Mo YvOOTH Yl TN ONUOGIO TOL OTIS VELPOEKPUAICTIKEG TOONGCES TOV
eykepdrov (m.y. vocog Alzheimer). To povtélo Tov amobépatog onpileTor oty 16éa
ot n I'A yiveton gpoavig 6tav egavtinbel 10 dwbéoipuo yvootikd omndbepo tov
atopov, AMdym kdmolag maboroyiag tov KNX. To amdbepa €xel 600 dnotdoels: to
vontikéd andbepa Ko 10 eyke@aikd andBepo. H extipnomn tov vontikov amobépatog
etvar éupeon kot yivetor omd v aE0AOYNON TOV EUTEPIOV KOTd TN S1dpKelo TG
Cong Tov aTOHOL 1| AAADG TOV VONTIKOD EUTAOVTIGUOV (T.)Y. EKTAIOEVOT), EPYOUCIOKES
EUTELPIEC, AEKTIKT VOTLLOGUVY|, EUTAOKY| GE VONTIKES dpacTnplotnteg K.a.) (165).

To eykepolkd amdBepa avaPEPETAL GTOV OYKO TOV EYKEPAAOL KOl Gpo EUUECOL
otov aplipd TV vevpomvav. Xvvilwg avtd eKTIHdtol amd Tov €vOOKPAVIO OYKO
(éppecog oeiktng tov maximal lifetime brain growth, MLBG), 10 péyeBog tov
Kpaviov, tov aplpd tov cuovayemv K.o. Xt oykopetpikés MRI peréreg (m.y.
SIENAX) o evdoxkpdaviog 0ykog extipdton pe fdon tov mapayova 610plwong (scaling
factor) (166) ¢ mpog éva MPOTLTOUEVO €YKEPUMKO Ybptn (m.y. Tov Montreal
Neurological Institute yaptn 1 MNI) (165). om Z«II 10 avénuévo eyke@oikod
andBepo mpootatedel and ™ I'A (167). Ze pa GAAn perétn mopokorovOnong 4.5
etV Bpédnke 0TL 1660 10 LYNAO eyKePaAkd amdBepa, 0G0 Kol TO VONTIKO amdbepa
(VonTikdg eUTAOVTIGUOG) AEITOVPYOVCAV TPOGTATEVTIKE GTN GYECN TNG EYKEPAUAIKNG

aTpodiog Kot TG YVOOTIkNG ékmtwong (168).
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3 H Nsgvpogucroroyiki) Megrétn tov I'vootikov Agttovpyidv 61y

YxkMmjpuvvon kata [MAdkag

3.1 Toxvua P300

H vevpopuotoloyikt| HEAET TOV aVATEP®V YVOOTIKMOV AEITOVPYLOV TEPIAUUPEVEL
Kupimg ta TpokAntad dvvapukd (event related potentials-ERPs). Ta dvvapkd oot
KOTAYPAQOVIOL GTO TPYMTO TNG KEPOANG HE OMAG KOTAYPOPIKE NAEKTPOOID TNG
KAMOIKNG MAekTpogyKepaioypapiog HeTd amd po ohvletn emeEepyacia, KEVTPIKO
otoryelo g omoiag etvor  avdAivon pécov dpov (averaging). H tedevtaio pébodog
yiveton petd v kotaypaen (oniadn offline) kot cuvictator oty chvheon dAwV TV
Kataypoe®v avd dokun (trial). To amotéleoua eivar 1 Topoywyn Ho. KOUOTOUOPONG
7oV €lval TO OMOTEAEGUO TOV UEGOL OPOL TV KATOYPUPAOV ava dokiur. Mg v
avédAvon pécov Opov metvyaivetar N eEdieyr mbavav Topacitov Kol n avaoedn
VELPOPVGIOAOYIKAV (QOIVOLEVOV OV TOPAYOLV OLVOUIKA WKPNG GLYVOTNTOS Kol
YOUNAOD VYOVE TTOL JEV UTOPOVV VO, YIVOLV 0paTé KATO TN SIEPKELD TNG KOTAYPAUPNG
(online). 'Eva amtd avtd ta TpokAntd dvvoptkd mwov &xetl xpnoyonomOetl otn Xkl yio
™ HEAETN TOV YVOOTIKGOV Asttovpyudv givar To P300 (P ywa positive kot 300 ms ywo To
HEGO YPOVO TTOV QOLTEITOL YOl VO ELPOVIGTEL TO KOULOL LETA TO YEYOVOG -event).

To xdpa P300 amotedel Eva dyipo Betikd kdpo mov KatoypdeeTon Kupimg amd to
kevipikd niextpdown (Fz, Cz, Pz) cdoppova pe 1o cdotua 10-20 tomobétong tov
niektpodiov petd amd kamowo epébicpa. H mapaywyn tov P300 yiveron pe Baon to
vodetypa ¢ tuxoiog mopepPoing (oddball paradigm), kotd tOo omoio o
eEetaldpuevog vmoPdAaietarl oe €va emovorapPoavopevo "ovyvde" akovoTikd 1) OTTIKO
epébiopa (non-target) oto omoio mapepPdrrietor €va AMydtepo cvyvo M "omdvio"
epéBopa (target) 010G katnyopiog (0AAG Le OLPOPETIKEG O10TNTEG T.). KOKKIVO N
UTAE 0VTOKIVNTO), 6TO Omoio KOAEITOL VA AVIWOPACEL KIVNTIKG T.Y. TOTOVIOG £Vl
kooumi (169). Xe mepimtwon mov dev  gupavifeton to "omavio" epébioua
Katoypdoovior povo duvvapikd g owoOntikng emeCepyasiog tov  "ovyvov"
epebiopatog (P100, N100, P200, N200). 10 "omdavio" epébiopa, n véa evnuépmon
™m¢ aontikng mAnpoeopiog onuotodoteitar amd v guedavion tov P300 kopatog
(Ewova 3). Eivar evowopépov 01t M amdkpion P300 epepaviCeton emiong ot og

nePinTOON 7OV OTNn OEPd TV cvyvav epebopdtov mopepPinbodv  amovcieg
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epebioparoc (169). Avtd eivan evdektikd 6t 10 kOpa P300 avtovakAid v evooyevn|

vonTik] omOKPIoN TOL EYKEQPAAOL Kol AYOTEPO TNV KIVNTIKN OTOKPIGN OTO

TePPAALOV.
3 N1
S 1= ,[\ ————
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T T ' ' 1
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Time after stimulus (ms)
Eiwxova 3 Ta dvvopkd mov Kataypdeovior 6to vmoddetypo toyaiog mopeppfoing Ta
duvapwkd P100 (P1), N100 (N1), P200 (P2), N200(N2) aviumpoownehovv Tnv
alcOnTikn emeepyacio Tov «GLYVOH» Kol TOV «omdviovy gpebiopartog. To kbpa P300
(P3) avtimpoconevel v evnuépwon tov asntikov mloiciov pe véa mAnpoopia

oo T0 «oTAvVIoN» epEdicua. (ard 1ototomo Wikipedia)

To wdpa, 6Tm¢ Kot kGbe KOHHO TPOKANTOU SLVOLIKOV, £XElL OVO KOPLEG LETPTGULES
wwmteg: 10 Vyog (amplitude, pV) kot o xpovog Yo TV €UEAVICT] TOL 1
ypovokaBvotépnon (latency, msec). To Vyog petpdtor o oyxéom He TN YPOLUN
avaQopds TG KaTaypapng LETA amd TNV avaAvon HEGOL OPov, TPV aKPPdS amd To
epEdiopa, HEYPL TNV LEYIGTN KOPLET TOL KVUATOC, 1] e TO VYOG peak-to-peak (N2P3),
eva M ypovokabuotépnon o¢ to xpoévo amd 1o epéBiopa LEXPL TO HEYIGTO VYOG TOL
KOpoTog o€ éva dtdotnuo 250-500ms petd and 1o epébopa (170).

To vyog eEaptdton wvpiwg amd T ovyvotnto euedviong Ttov "omdviov"
epebiopatog Kol amd 10 ¥PovIKO PECOdAoTNU TV epebicudtov (eEapdvion avTng
g emidpaong av >6sec) (169). Oco pkpdtepn ivar 1 cuyvéTTa epedviong kot 66o
LEYOADTEPO TO PLEGOIACTN O TOGO LEYOAVTEPO TO VYOS TOV KVLOTOG, VITOINAMDVOVTOG
KaTd KOmowo Tpomo tov Pabud mov 1o Atopo avouéver 1o "omdvio" epébioua

(170,171). Miwkpotepog Pabuodg avapovig tov "omaviov" epebicpatog onuaiver



29

EVIOVOTEPT] QMOKPIOTN TOV EYKEPUAMK®OV TEPLOYOV TOV &ivor vrevBuvveg yuo v
"gvnuépmon" ¢ vonTikng dtadikociog mov cuvvteleiton kotd v eE€Taon. AANOG
nopdyovtag mov av&avel To Vyog eivar ta epediopota pe peydleg dapopés HeTa&y
T00G N VYo Pobud avtapoPng M evoweépovrog (169,171).  Avribeta, oe
TEPWTMOOELS TOL TO QPOPTIO TNG TPOTOYEVOVS doKHaciog avEdveTol (T.Y. TO GTOUO
petpd tov aplud tov "onaviov" epebicudtmv), To VYOG UIKPAIVEL, VTOONADVOVTOG
OTL T0 VYOG elvar Kot £va LETPO TOV 0moBepaTIKOD THG TPOCOYNG TTOL ivart S100EGIHO
Kot g oféoung emeepyastikng woyvog (169,170).

Avtibeta, mn  ypovoKOOVLGTEPNON  OVTOVOKAL TEPIGCOTEPO TNV  TOYLTNTO
eneepyaciog g mANpoeopiag Kol GE QLGLOAOYIKG (TOMO. VT HETUPAAAETON
avdioyo pe v tovTnTa EpPdviong Tov epedicpdtov (171). Eniong epebiopata ota
omoia 1 KT yoplomoinon Tev W10THTOV TV gival o dVGKOAN (ONA. Exouv HKPES
Jpopég) mapdyovv UEYOADTEPOVLS YPOVOLG EUEAVIONG TOL Kopatog (169-171).
Téhog Katd T dibpkela g dradkaciog puropel va petpndel kot o ypdvog avtidopaong
TOV 0TOUOV 670 "omdvio' epébicua matwvtag wy. éva kovpumi. Eival onpovtiko, ot
ypovokabvotépnon tov kopatog P300 dev emnpedlel ovte emnpedletal amd to Ypovo
avtidpaong tov atdpov 610 omdvio gpéthopa, yeyovog mov emiong eivor evoekTikd
g evdoyevoig evong tov P300 kopartog (169,171). To poawvopevo avtd kabiotd tnv
ypovokaBuotépnon P300 og onuavtikd epyadeio g £pguvag Yoo To Oo®PIGUO TNG
YVOOTIKNG eKTiunong tov  epebiopatoc pe v ekTeAecTIKn  mEPIPailovTikn
aVTOTOKPIoT GE AVTO.

A&iler va onpewmbet 6T to Hyog kot N ypovokabvstépnor tov P300 £yovv emiong
ouvdebel pe v nlkio, To VA0, TNV EYKEQAAMKN MHCQUPTKY| EMKPATNTIKOTNTO, TV
Opo TG NUEPOS, TNV KOTWoN, apuoka, o Kanvicpa (172), to 1Q, cvykexpiuévoug
YEVETIKOVG TOMOVS (ONA. 10 Vyog tov kdpatog P300 kabopileton xatd 60-69% amd
mv KAnpovopkdtra) (173) akdpo kot v tpocomikdtnto tov atopov (169,170).
Oco agopd Vv niikia, to Vyog kol N ypovokaBuotépnon tov P300 ¢aivetor Ot
LEYOADVEL KO LUKPOAIVEL OTAOIOKE, OVTIGTOIY®OC, amd TN YEvvion UEXPL Kol TePimov
v NAkia tov 30-35, yio va. akoAovBncovv v avtictpo@n petafoArn petd, Kabdg

10 dtopo ynpaocket (174) (Ewodva 4).
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Eiwxova 4 H ypovoxoBvotépnon kot 1o vyog tov kopotog P300 oe oyéon pe v
nAikia (amo Dinteren R et al. P300 development across the lifespan: A systematic

review and meta-analysis. Plos One, 2014)

Etvon onuovtikd va tovicfei 6t to xopa P300 givor dvo tomwv: to P3b kot to P3a.
To P3b mapdyeton pe tov 1pomo mov meprypdonke moparave. Avtifeta, 1o P3a
napdyetol emiong He TO LWOSEYHO NG TuyYoiog mopeUPOAnG, He TN Oupopd OTL
axolovBel éva tpito omdvio epébiopa 1 epéBiopo mapepPorng mov €xel GUPMOS
SLPOPETIKEG 1010TNTEG HE OWTEG TOV "omdviov" Kot Tov "ovyvov" epebicpatog (m.y.
NYog pong avdpesa otovg NYovg "KMK" Tov Pactkod vVTodelypoTog, 1 KOvo evog
OEVTPOV aVAESH OTIG EIKOVEG LE TIG OKAKIEPES TOL Pactkov vrodeiypatog) (169). To
kOopo P3a mopdystor kvplog petomokevipikd, avtifeto pe 1o xopa P3b mov
napayeton Kupiwg petonofpeypatikd (Ewkova 5). Oco peyardtepn sivon n dtopopd
Tov gpebioparog mopepfoing amd ta "omavia"/"'cuyvd" epebicpota 1660 peyardtepo

etvat to Hyog tov P3a kot 1660 mo moAd kataypdeetal otig Tpdcbieg meployés (170).
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To kdpa P3a qaivetar 0T avImpocOREVEL TNV E0TIOGUEVN PACIGUEVT] GTO GTOYO

TPOGOYN Yl TNV CLVEYN EVNUEP®OT TOV aucnTikoy TAasiov (P3b).

Fz

2

EpéOopo Illapsppoins

S—— Epiope Xroyog («Xndavion)

Epébope «Xvoygvorn

Eixova 5 To xopa P3a To kdpa P3a mapdyston kupiog petomoxevipkd (Fz, Cz) petd
and epébiopa mapepfoing, evad to kopa P3b mapdyston kupiog Bpeypotikd (Pz) petd
ano epébiopa o16yo. (amd Linden D. The P300: Where in the brain is it produced and

what does it tell us? Neuroscientist, 2005.)

Ex g dwdikaciog mapaywyng tov kopatoc P300 cuvdystar 6tL gpumAékovion ot
aKOAoVOES YVOOTIKEG AEITOVPYIES: TPOGOY-CLYKEVIPWOOT (EMKEVTIPOUEVT GTO GTOYO
Kol 6T0 gpEBiopa), avmtepn eneEepyacio Tov acOnmplakol epedicpatog (drikpion
"omaviov" péoo omd T oepd TOv "ovyvov" epediopdtwv), pvAun  epyaciog
(ovykpdnon TV 1WB1OTYTOV TOL "oLYVOL" €peBioUATOC Yoo TN CUYKPICT TOLG HE
aVTEG TOL "omAviov') Kot eKTEAECTIKY Agttovpyia (amdpacn yio SoPopEg Kot yio
amokpion oto mepPdriov). Me Pdon ta mpoavagepodpeva, 1o Vyog tov P300
avTavokAd mepiocotepo Vv "emeEepyaotikn| woyb", n ypovokabvotépnon P300 v
"emelepyaoTikn ToyvTNTA" Ko 0 ¥pdVOg avTidpaong TV "eKTEAESTIKT TOYLTNTA" TOL

EYKEPALOL, YOPig va onpaivel 6Tt 1 ke W10TNTa givan aveEdptntn g dAine. Oco
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apopd to kKOpa P3a ot 1010tTeC TOVG AVTOVOKAODV TEPICCOTEPO TNV OVOGTOAN MG
UEPOG TNG LETOTIOA0G EKTEAECTIKNG Attovpyioc. Me Bdorm tovg 6 topeic Tng vonong
katdé DSM V, 10 P300 avimpoowrnedel kvpiowg v obvletn mpocoyn kot tnv
EKTEAECTIKN Agttovpyio TOV eELINPETOVVIOL TPMOTOPYIKDS OO TOV UETOTIOI0 PAOLD
Kol OEVTEPEVOVIMG MO TIG VTOPAOIMOEL GULVOEGELS TOV UE OAAEG TEPLOYEC TOV
evéyovtal otnv dokipoacia. Evoewtikd eivor 41t Kotd ™ doKLociot TOL TLY0ioV
VTOOEIYLATOG KOTAYPAPETOL OPAGTNPLOTNTO TOV UETA OO PACLATIKY ovOAvoT gival
Kuplog ONTa Kot GAea, Tov £xovv cuvdebel e KOTAGTAGES EGTIOCUEVNC TPOGOYNG
Ko pvnqung (170).

Ymv mpoomdBea va aviyvevtovv mbaveg "yevvnrpleg" tov duvvapkov P300
mBog peletowv oe acbevelc, pe evOOKpAvieg KOTAYPAPES, HETd amd PAGPN Kot pe
Aertovpykr] poyvntikny topoypagio (fMRI) €yovv mpaypatomomndei (169,171).
Yvvolkd, m amdkpion P300 efummperteiton amd Sudyvteg meployés oe OAov TOV
eyk€poro Kot yevikd gtvar moAd avOektikn otig eykepaikés PAaPeg. Tlapodia avtd,
VILAPYOLV EYKEPOAAIKEG TEPLOYEG TTOV OTTOTEAOVY GNUOVTIKOVG KOUPOVS GTO VELP®VIKO
diktvo tov P300: 1 kpotapoPpeypatikn mepoyn (ko Kupiwg n vaepyeiMa EMKa), To
Kdto PBpeypatikd AoPro, o EEm mpopeTmmaiog AOOG Kol 1 MK TOV TPOGOywYiov.
e YeVIKEG YPOUUEG Ol O TPOGHiES meEPLOYEG EELMNPETOVV TV EMKEVIPOUEVT GTOV
O0TOYO0 CLUTEPLPOPA KO TIC KIVNTIKEG QOKPIGELS, EVA Ol Mo omicHieg v mTpocoyn
EMIKEVIPOUEVT 6TO epEGLLQL.

Me 6povg vevpoynpeiag, To YoAvepykd OO €ival TO TO CMUOVTIKO Yol TN
Aertovpyio TG GVVOETNG TPOCOYNG KOl TG EKTEAESTIKNG AELTOVPYING, GLVOOEVOUEVO
and TIc evpeleg MPOPOAEC TOL VTOMOUVEPYIKOU (ANYM amoQAcE®Y, KIVITIKEG
OTTOVTNOELS, ECTIOCUEVT] GTO GTOYO TPOCOYT]) KOl TOV VOPUOPEVEPYIKOD GLGTNUOTOG
(emaypomvnon, eotacpévn oto gpébiopa mpocoyn) (175). Ipdypatt, otovg acbeveic
pe voco Alzheimer mov 1o yoAwvepywd cvotnuo £xel vrootel PAAPN, 1 andkpion
P300 eivon maboroykn (176).

H ovvontikr mapovsioon tov kopatog P300 paiveton otnv Ewdva 6.
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3.2 To kouo P300 otn ZxII

g YEVIKEG YPOUUES VTTAPYOVV 1oYVPES EVOEiEELg OTL To Dyog Tov P300 pikpaivet kot
N xpovokabvotépnon tov peyormvel o€ mepintwon ['A (169-171,176). Oco apopd ™)
SKIT apketég peléteg €xovv diepevvioel ™ oyxéon Ttov kovuotog P300 xor g
YVOOTIKNG OvoAELTovpyiog mov mapatnpeiton otn voco. Xtov Ilivaxa 3 yiveton pia
ovvoyn 38 peketdv amd to 1989 péypt 10 2017 mov éxovv dnpocievtel oto Medline.
Ao avtég 14 £6eigav 6tL To Hyog eivan petmpévo, 19 6t n ypovokabvotépnon eivar
avénuévn kar 8 6tL 0 ypdvog avtidpaone eivor avénuévoc oe acbeveic pe Xkl oe
oyxéon pe toug vyteic. Emiong, 16 amd tic 38 épguveg £de1&av 0Tt o1 HETAPOAES QVTEG
oyetiCoviot pe TN yvooTikn Svoiertovpyio TV achevdv avt®v. AALEC CUGYETIGELS
mov Ppétnkav pe 1o kdpo P300 eivar ov mapokdto: pe to @optio TV eotiwv (4
LEAETEG GUVOAIKA €de1Eav TapdTacT TG Ypovokabuotépnong pe v ovénon tov
QopTiov TOV £0TUIOV), TNV KOTAOAW™ (Mo pedétn €deiée peimomn Tov VYovg), v
avamnpia (3 pekéteg £6e1&av Kuplog mapdtacn g xpovokabvotépnong), T ddpKela
™G vooov (4 perétec), mv nhkia (3 pHeAéteg), Kat T QopUOKEVTIKY aymyT| (BeAtioon
Kuplog g ypovokabuvotépnong pe IFNb-1b, povtaeividn kot pebovinpedviloAdvn, ce
3 wap1Bpeg peréteg).

INUOVTIKT EMCTLOVOT G€ OVTEG TIG LEAETES elvar OTL o1 as0eveig TOALEG popég Oev
OlEQEPAV OTN YVOOTIKN EMOOCT, 0€ OYEON ME TOVLS LYIELG, TOPA TG ONUAVTIKEG
drpopés toug oto koupa P300, yeyovdg mov kKabiotd to teAevTaio MG TPMIUO deikTN
™G YVOOTIKNG Ovoisrtovpyiog (177). Awypovikég peréteg delyvovv emiong
emdeivoon tov mopapétpov tov kopatog P300 (ueiwon vyovg) avdioysg pe v
emOeivoon g YvoOoTikng Asttovpyiag tov aclevav (178). 'Eva dAdo onpaviikod
evpnua elvar 0TL 68 a60eVveic e YVOOTIKN SuGAELTOVPYia 1| AENON TG OVGKOAING TOL
VIodelyaTog TG TVYaiag TOPEUPOANG Elxe OC OMOTEAECHO CNUOVTIKO VYNAOTEPO
xopo P300 otig mpdobieg eykepalkés meployés, yeyovog mov elval EVOEIKTIKO TNG
OVTIPPOTIGTIKNG EMGTPATEVCOTG TOV TPOGOIOV LETOTIOIOV TEPLOYDV OTI YVOOTIKY|
éxntoon (177,179). To 100 @dvnke oe por dAAN pedétn o6mov m avénon g
YVOOTIKNG KOT®OOoNG gliye ®¢ amotéleca TV avénon tov YYovug Kot T Helwon g
ypovokaBuotépnong tov kopatog P3a otic mpdcbieg petomaieg meproyés (180). Mia
GAAN emonuavon, givol 0Tt o1 TapapeTpol VYog n/kat ypovokabvotépnon tov P300
HETARAAAOVTAY OPVNTIKA LE TV avEnon TG YVOo Tk kKortmong (181,182), aidd kot
¢ KatdOAyme, ewdwd oto vyog (183). Emiong ot aAlayég oto xopa P300 vrav
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aveEdptnteg amd TV mopovsio 1 un ontikng vevpitvog (184). Oco apopd tov THTO
¢ XK1, éxovv Ppebel ta mapakdtom: ot acbeveig pe kalondn kIl Exovv peyorvtepn
ypovokabvotépnon P300 amd 6t o1 acbeveic pe vmotpomdlovco 1 ol LYLES
(185,186), ot aArayéc tov P300 eppaviCovior non omd 10 KAWVIKA HEHOVOUEVO
ovvdpopo (187), ot acbeveig pe mpoodevtikny voco Exovv pikpdtepo vVyog P300 1/xan

avénomn g ypovokaBuoTépnong o€ oxéon He avtovg pe vrotpomidlovoa (188—190).



IHivaxag 3 Mehéteg tov KOpotog P300 ot Xl
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Bifhoypaguciy Agiypo Baoikd Xapaxtnprotika Merpiosig LTATIOTIKG ZNPAvVTIKG ATOTELEGLATA TTOV
Avagopd Agiyportog AcOevov agopovv 10 P300
177) 25 YII 2«11 14 Tvvaikeg, I'vootucég Ot  oaocBevelg  elyav  peyodvtepovg  ypdvovg
18 Yyeig Méon Hhwcio: 44.12 €t Hlextpoguoiohoyucég avtidopaong kat pikpdtepa vym P300 aveEaptnrta

Méon didpreta vocov: 9.05 étn Ontikd n-back voéderypa amd T SLOKOALN TOV €PYOV.

Méco EDSS: 2.79 Ot vynhotepeg  emdodoelg  otovg  acBevelg
oyetiCovtar pe peyorvtepo P300 vyog oe Cz ko
pikpoTEPO o€ Pz

(191) 59 YTI, AII, ITIT Z«I1 Méon Hhio: 37.82 étn I'voortikég Ot acOeveig glyav peyoaddtepn P300
26 Yyteig Méom d1dpkela voOcou: 6.76 £t Hlextpoguoiohoyikég ypovokafuotépnomn omd vyLEis.
Méoo EDSS: 3.77 Axovotikd P300 H ypovokabvotépnon P300 oyetiotnke kvpimg pe
Amnewcoviorn (MRI) tov O6yko eotidv oty T1 kot ™ yvootikn enidoon.
(181) 50 YII, AT, ITIT 21T 35 Ivvaikeg, I'vootikég Ot acOeveig glyav peyaddtepn P300
50 Yyeig Méom HAwcia: 33.6 €t Hlektpopuotoloyucég xpovokafvoTépnomn omd vyleis.

Méon didpketa vocov: 6.0 £t Axovotkd P300 kon deiktng Ot oaocBevelg elyov peyoldtepn yVOOTIKA Kot

Méoo EDSS: 4.6 KOTWoNg NAEKTPOPLGIOAOYIKA emiPePatopévn KOT®ON ond
OTL Ot VYLElG, e0kd pe TNV avENGN TOL VONTIKOV
£pyov.

BeTIKn] CLOYETION NG YVOOTIKA emPePotdpévng
KOTOONG He Y NAEKTPOPLGLOAOY KA
emPePfaropévn KOTmON
(187) 44 KMX 27 INvvaikec, I'vootikég O acBeveig glyav peyarvtepn P300
45 Yyelg Méon HAiwcia: 31.4 €t Hektpopuotoloyucég xpovokabvotépnon kot pikpodtepa Hyn tov P300
Méon d1dpketo vooov: 7.3 nuépeg Axovotikd P300 ota Cz, Pz nlektpddio amd 6Tt o1 vylels.
Méco EDSS: 1.4
(182) 86 KMZ, YTI, AIT X«IT 62 T'vvaikeg, I'vootikég Ot acBevelg eiyav peyardtepn ypovokabuotépnon
40 Yyeig Méon HAiwcia: 39.55 ém Hlektpopuoioloyucég P300 amo6 6t o1 vytels.
Méon o1dpketa vooov: 8.57 £t Axovotikd P300 H S1apopd Tov onpavtikn poévo otoug acbeveis pe

Méco EDSS: 3.03

YVOOTIKY] KOTMON.

OgTikn GUGYETION peta&o
XPOVOKAOVGTEPNOTG KOl YVAOGTIKNG KOTMGNG.
Apvntkn cvoyétion Pz P300 vyoug kot yvootikng
KOT®MONG.

P300
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(192) 72 YTI 2«11 51 Tvvaikeg, I'vootucég BeTiKN GUGYETION TNG YVOOTIKNG EMdOONG LE TO
89 Yyeig Méon Hhia: 37.9 € Hlextpoguoiohoyucég vyoc Cz, Pz tov P300 apvntikny pe to ypdvo
Méon didpreta vosov: 9.3 € Axovotikd kot omtikd P300 avtidpaomng.
Méco EDSS: 2.7
(193) 72 YII Z«IT 51 Ivvaikeg, I'vootwkég Ot acBeveig elyav peyoldtepo VYOG TOV LUETOTLIOV
89 Yyteig Méon Hiia: 37.9 € Hlextpoguoiohoyucég P300 o€ oyéon pe tovg aobeveic.
Méom didpreta vocov: 9.3 € Axovotikd ko ontikd P300 B¢tk ovoyétion vyovg Pz P300 kot yvootikdv
Méoo EDSS: 2.7 EMSOCEMV KOl GPVNTIKY) GLOYETION HE TOV XPpOVO
avtidopoong kot Ty ypovokabvotépnon tov P300
pnévo v ta okovotikd P300.
(194) 26 YIT kI 16 INvvaikec, I'vootikég Ot acBeveig giyav peiopévo vYywog P300 og chykpion
26 Yyieic Méon Hhwcio: 34.42 étn Hlextpoguoiohoyucég L€ TOVLG VYLELG.
Méon didpreta vocov: 7.15 étn Omntucod P300 ApVNTiKn GLOYETION YVOOTIKNG EMIBO0NG LE YPOVO
Méco EDSS: 2.4 avTidpaomng.
(195) 14 YII 2«11 12 Tvvaikeg, H\extpoguoiohoyucég [lepiocdtepor acBeveic elyov pewwpévov Vyovg
14 Yyeig Atdpeon Hhlo: 44.5 €t Axovotikd P300 P300 o€ oyéon pe toug aobeveic.
Méon d1dpketa vocov: 9 €
(186) 27 YII, K Z«I1 18 Tvvaikeg, H\extpoguoiohoyucég Ot acBevelg kot kvpiog ovtol pe kodondn kIl
18 Yyieig Méom HAiwcia: mepimov 40 € Ontikd P300 glyav  peyodvtepovg  ypdvovg avtidpaong Kot
Méom d1dpketa: vocou 1-18 étn peyorvtepn ypovokabvotépnon amd OTL Ol LYLELS.
(178) 27 YII 2«11 15 Tvvaikeg, I'voortikég H Swypovikr aAlayn tov PASAT axoiovbnOnke
17 Yyeig Méon HAiwcia: 43.64 ¢ Hlektpopuoioloyucég oo avaAroyeg aAlayég 6to Vyog tov P300
Méonm didpkela vocou: 11.05 € Ontikd kon akovotwkd P300
Avgpeco EDSS: 2.5
(190) 20 AII, ITIT Z«IT 6 INvvaikec, I'vootucég Betikn cvoyétion Vyovg P300 ne PASAT.
10 Yyeig Méom HAwcia: mepimov 53 € Hektpopuoioloyucég Ov oaoBevelg (ko wopiog pe TIIZEID) eiyov
Méon oidpketa vocov: mepimov 13 Ontikd kor akovotwkd P300 pkpotepo Vyog P300 oe oyéon e toug vyteic.
&
Méco EDSS: 5.8
(196) 25 YII 2«I1 19 IMvvaikeg, H\extpoguoiohoyucég Kavéva
25 Yyeic Méom Hhiwcia: 34.88 étn Axovotikd P300
Méon didpreta vocov: 4.4 €
Méco EDSS: 0-3
197 40 YTI, AIT Z«IT 20 I'vvaikeg, I'vootikég O aoBeveig eiyov pikpodTEPO VYN Ko PEYAADTEPN
34 Yyeig Méom HAiwcio: mepimov 44 € Hlektpopuciloloyuég xpovokabvotépnon oto P300 (e1d1kd ta omtikd) oe
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Méon didpkela vooov: mepimov 16

étm
Méoo EDSS: nepinov 4

Ontikd kol okovotika P300
(P3a)

oxéon He TOLG VYLElG. ZVOYETION LE YVOOTIKN
emidoon.

(198) 33 YTII, AIT 2«IT 17 Tvvaikeg, I'vootucég Ot acBeveig elyav pikpdtepa Hymn Kot peyorlvtepn
21 Yyeig Méon HAwcia: mepimov 44 £t Hlextpoguoiohoyucég yxpovokaBvotépnon oto P300 (gdikd ta omtikd) og
Méon odiGpkelo vocov: mepimov 16 Ontikd kor akovotwkd P300 oyéon pe TOVG VYElS. Xvoyétion
ém ypovokaBvotépnong P300 pe yvootikn enidoo.
EDSS: nepinov 4
(199) 21 YIT Z«IT 17 lNvvaikec, I'vootikég Ot acBeveig eiyov peyolvtepn ypovokabuotépnon
21 Yyieic Méon HAwiao: 31.09 ém Hlextpoguoiohoyikég o710 P300 o oyéon e Tovg LYLEiG.
Méonm didpreta vocov: 4.09 étn Axovotikd P300
Méco EDSS: 2.8
(183) 20 KMX 16 Tuvaikeg, I'vootucég Meiwon tovg OVyovg P300 pe avénon tov
21 Yyieic Méon Hhwcio: 27.35 H\extpoguoiohoyucég CUUTTOUATOV TNG KOTAOAYNG.
Méon didpreta vocou: 4.92 étn Omntucd P300
(200) 11 YII Z«IT 7 Tvvaikeg, I'vootwcég Ot acBeveig eiyov peyolotepn ypovokabuotépnon
11 Yyeig Méon Hhiwcia: 37 € H\extpoguoiohoyucég 610 P300 c¢ oyéon e Tovg vyteic.
EDSS: <3 Axovotikd P300
201 16 YII 2«IT 11 lNvvaikec, I'vootwkég H 6eponeia pe IFNDb-1b &giye g omotélecpo
Méon HAiwcia: 37.6 €t Hlektpopuoioloyucég peimon tov Vyovg Kot g ypovokabvotépnong 1
Méom didpreia vocov: 6.2 £t Axovotikd P300 £€10G PeTd TV évapén tng.
Méco EDSS: 2.9
(202) 33 YII, AIIL, TIIT Z«IT 20 INvvaikec, I'vootikég To Yyog kot 1 ypovokabvotépnon tov P300 £dei&av
Méom HAwcia: 43 €t Hlektpopuoioloyucég KaAn vauoBncio Kot €101KOTNTO, Yo Vo, TpofAEyovY
Méon o1dpketa vooov: 14.7 £t Axovotikd ko ontikd P300 mv peimon g KOTwong o€ acbeveic pe ayoyn pe
Awdpeco EDSS: 5 modafinil. H oacBevelg mov PeAtiwbniov eiyov
LUKPOTEPT XPOVOKABVOTEPT|ON KO LEYAADTEPO VYOG
P300 omd avtovg mov dev avtamokpiOnkay.
Opwo  ypovokaBvotépnong P300 vy wpdfreym
avtondkpions to 350ms.
(185) 27 YII, K Z«I1 18 Tvvaikeg, H\extpoguoiohoyucég Ot  oocBeveig  elyav  peyodvtepovg  xpoOvovg
18 Yyeig Méon HAwia: mepinov 40 €t Ontikd P300 avTidpOoT G Kol LeYaADTEPN YPOVOKABVGTEPTION OO

Méon d1dpketa: vocov 1-18 €t

ot ot vylelg. Ov acBeveig pe YIT ZxIT eiyov
HiKpOTEPO xPOVO avtidpaong Ko
ypovokaBuotépnon P300 oe oxéon pe Tovg
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acBeveig pe KEKII.
(179) 46 YTI, AIL, ITIT 2«11 29 I'vvaikeg, I'vootucég Ot acBeveic elyov pewopévn ypovokabuotépnon
46 Yyieic Méon Hhio: 43.7 € Hlextpoguoiohoyucég ot péceg meployés tov P3a ce oyéon pe tovg
Méon didpreta vocov: 10.1 étn Axovotikd P300 vyteic.
EDSS: 2-8.5
(184) 12 YII Z«I1 10 INvvaikec, I'vootwkég Ot acBeveig glyav pikpdtepo HYn Kol PeyoATEPT
15 Yyeig Méon Hhikia: 43.7 €t Hlextpo@uoioroyticég ypovokabvotépnon oto P300 oe oyéon pe tovg
EDSS: <4 Ontikd kon akovotkd P300 vyelg, pe ta omtikd P300 va  epgpaviCovv
Amnewcoviorn (MRI) peyordtepeg SloTopoysg omd OTL TO AKOVOTIKA.
H emdeivoon tov topapétpov tov P300 oyetileton
He apynTikéG aAAOYEG OTN YVOOTIKN €mid0oT Kot
GTO POPTIO TV EGTIADV.
(188) 179 YII, AIT, IIT Z«IT 97 INvvaikec, H\extpoguoiohoyucég Yymiodtepo vyog P300 og YII o€ oyéon pe v IIIL
Méon Hhwcia: 38.3 € Omntucé P300 H ypovoxoBvotépnon P300 «kor o  ypdvog
Méon didpketa vocov: 7.8 £t avtidopaong nrav peyoivtepa oty All ce oyéon pe
Méoo EDSS: 3.7 mv YII. MeyaAvtepn ypovokabuotépnon P300 ce
All o¢ oyéon pe v I
®etikn ovoyétion ™G NAkiag, Tov EDSS kot tng
duipkelog ™G vOcov pe TNV ypovokabuoTtépnon
P300.
(203) 34 YII, AIT Z«IT 97 T'vvaikeg, I'vootikég O1 acBeveig elyov peyadldtepo ¥povo avtidpacng oe
15 Yyeig Méom HAiwcia: mepimov 38 € Hlektpopuoioloyucég GY£0T LLE TOVG VYIELS.
Méon dibpkelo, vooov: mepinov 5 Ontikd kon akovotikd P300
étm Anewcovion (MRI)
EDSS: 2-6
(204) 8 YII, AIT 2«11 3 T'vvaikeg, I'vootwkég Ot acBeveig glyav pikpdtepo Hyn Kol PeEYOADTEPT
10 Yyeig Méon Hhia: 42.5 ¢ H\extpoguoiohoyucég ypovokabuotépnon oto P300 oe oyféon pe tovg
Axovotikd P300 VYLEIG KOl GLUOYETION TOVG LE TN YVOGTIKY ETIO00T).
(205) 14 ZkI1 - H\extpoguoiohoyucég Kavéva
14 Yyueig Axovotucd P300
(206) 44 YTI, AIT Z«I1 97 Tvvaikeg, H\extpoguoiohoyucég Bektiomon g ypovokabuotépnong P300 2 nuépeg
Méon HAwia: mepinov 33 Axovotikd P300 petd  oamd  evooeAéPra  peBvA-mpedvilorovn

Méon Sdpkelo vooov: mepinmov 5.2

ém
Méoo EDSS: nepinov 4.4

(1000mg/mpépa yo 5 nuépeg)
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(207) 30 X«II 25 Tvvaikeg, H\extpoguoiohoyucésg Kavéva
30 Yyelg Méon Hhwio: 45.1 € Axovotikd P300
Méon didpketa vocov: 11.8 étn
(189) 101 YII, mpoodevtikny 72 INvvaikeg, I'vootucég Ot acBevelg eiyov peyolvtepn ypovokabuotépnon
RN Méon HAia: 39.9 € Hlextpoguoiohoyucég oto P300 og oyéon e Toug vyteic.
71 Yyeig Axovotikd P300 ®etikn cvoyétion ypovokabvotépnong P300 pe mv
nAia, v SdpKele TG VOGOV Kot TNV avommpia,
ApVNTIKG, LE TN YVOOTIKN €midoomn, &vd Mrav
UEYOADTEPT OTIC TPOOJEVTIKEG LOPPES TNG VOGOV.
(180) 10 ZkII 8 Iuvaikeg, Hlextpoguoiohoyikég O1 acBeveig eiyav peyaldtepo ¥povo avtidpaons oe
10 Yyeig Méon HAikia: mepimov 39.3 étn Axovotikd P300 oxéon He TOVG VLYlElG kot 1 dloeopd  MTav
EDSS: 4-7 peyoidtepn oe kotdotacn komwong. Ot acBeveic
glyav pkpotepo vwog P300 oe oyéon pe Toug vytels.
(208) 30 X«II 15 Tuvaikeg, I'vootucég O acBevelg eiyav peyaddtepo xpodvo avtidpoong
19 Yytelg Méon Hhwcio: 48.4 € H\extpoguoiohoyucég amd OTL Ol VYLElC.
Méon didpreta vocov: 17.1 £t Ontikd kor akovotkd P300
Méoo EDSS: nepinov 3.9
(209) 30  YII, mpoodevtikn 15 INvvaikec, I'vootikég Ot acBeveig eiyov peyolvtepn ypovokabuotépnon
RN Méomn HAwcia: 48.4 €t Hlektpopuoioloyucég oto P300 og oyéon e Toug vyteic.
19 Yyeig Méom didpketa vooov: 17.1 étn Ontikd kon akovotikd P300
Méoo EDSS: nepinov 3.9
(210) 12 2«11 9 T'vvaikeg, I'vootikég Ot oobevelg pe dvowr  elyov  peyolvtepn
7 Yyeic Méom HAwcia: 34 ém) Hektpopuoioloyucég xpovokabvotépnon oto P300 ce oyéon pe tovg
Méon didpreta vocou: 8 £tn Axovotikd P300 vyeig 1 acBevng yopig dvola. ‘Olot ot acBeveig
Méoo EDSS: nepinov 3.7 glyav peyodvtepo ypodvo avtidpoomng oe oyéomn Ue
TOVG VYLELC.
(211) 16 ZkI1 14 Tvvaikeg, Hlextpoguoiohoyucég Ot acBeveig eiyov peyodotepn ypovokoBuotépnon
16 Yyeig Hlwdo: 20-45 € Axovotikd P300 Ko oxeTikd pkpdtepo Hyog P300 oe oyéom pe toug
Méon didpreta vocov: 5.4 £t VYELS.
(212) 31 kIl 20 INvvaikec, I'vootikég Ot acBevelg elyav peyardtepn ypovokabuotépnon
32 Yyteig Méom HAwcia: 40 €t H\ektpopuotoloyucég Kot oyetikd pikpdtepo vyog P300 oe oyéon e tovg
Méon o1dpketo vosov: 10.2 £t Axovotikd P300 VYIELS.
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Méoo EDSS: nepinov 4.92 Anewoviotikég (MRI)

H avénon g ypovokabuotépnong kot M peiwon
Tov Vyoug P300 cuoyetioTnray e TV pHeyoldtepn
nukio kor Odpkel VOGOV, TIG TEPLOCOTEPEG
OMOLVEMVMTIKEG €0TIEG KOl TN ONUAVTIKOTEPT
YVOGTIKY SVGAEITOVPYiCL.

(213) 47 YII 2«I1 15 Dovaikeg, Hlextpoguoiohoyucég
24 Yyielc Méom HAwcia: 35.7 € Axovotikd P300
Méom didpreia vocov: 6.9 £
Méco EDSS: 2.8

Ot acBeveig eiyov peyodvtepn ypovokabuotépnon
Ko pkpdtepo vyog P300 og oyéon pe toug vytels.

(214) 24 ¥kI1 Méon HAkia: 37.5 € I'voortikég
19 Yyeig Hlextpoguoiohoyikég
Ontikd kon okovotd P300
Amewoviotikég (MRI)

Ot ooBeveic giyav peyodldtepo ypdvo avtidpaomng,
ypovokabuotépnon kot pikpotepo Vyog P300 oe
GYEON LLE TOVG VYLELS.

AocbBeveic pe pn  ovoworoywd P300  eiyav
peyordtepn d1épKela VOGOL, LEYOADTEPT ovamnpia,
YEWPOTEPES YVOOTIKEG €MOOCELS KOl UEYAADTEPO
eoptio eoTidV oe  oyfon pe oobeveic e
puororoywd P300.

AIT: Agvteporabag Ipoiovoa, K: Karondng, KMXE: KAwvikd Mepovouévo Zovdpopo, IIT: Ipwtonabng [Ipoiovsa, kIl: ZkAnpuvon kotd [TAdkac, YII: Yrotpomalovoa.

EDSS: Expanded Disability Status Scale, PASAT: Paced Auditory Serial Addition Test
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EIAIKO MEPOX

4 X1oyol épevvag

Boowog otoyog kol Korvotopio g mopovoag HEAETNG €ivol 1 diepedhivnon tov
POLOL TV amEKOVICTIK®OV Okt ™S MRI (oykopetrpikol avtopatomomuévol kot
YPOUUKOL [N OLTOROTOTOMUEVOL) OTNV  TPOPAEYN TOV TMAEKTPOPLGIOAOYIKAOV
petpnoewv tov kopotog P300.

EmmAéov ot0)0¢ givar 1 diepedviorn Tov pOAOD TMOV AMEIKOVIGTIKMOV OEIKTAOV TNG
MRI (oyxopetpikol aVTOUATOTOMUEVOL KOl YPOUUIKOL U1 OUTOUOTOTOINUEVOL) GTHV
TPOPAEYN TOV VELPOYVYOAOYIKDOV EAEYYMV Y10 TN YVOGTIKY Agrtovpyio, HE d10itepn
Eueacn otV GOYKPIoT] TOV OYKOUETPIKOV KOl TMOV YPUUUIKOV OTEKOVIGTIKOV
dewtv. Emiong Ba e€etaotei-enainfevtel o porog tov kdpatog P300 ot yvootikn
Aertovpyio T@v acBevov pe Zkll.

Agvtepehovieg otdYoL eivan emiong n dakpifmon ¢ SoyveoTiKng akpipelog Tov
VEVPOYVYOALOYIKOU KOl VEVDPOPLGLOAOYIKOD €AEyyov ot voco ko otn ['A, m
avalnmon OoNUaVTIK®V ovoyeticewv tov  mapopétpov g kIl pe  tovug
AMEIKOVIOTIKOVG OelKTEG Kol 1 O1lEPEVVIOT TOL POAOL TOL EYKEPOAIKOD OMOOENATOC

ot I'A.

S Mze0Ooooroyia

5.1 Awdkaocia tne peiétne

H pekétm nrav ovyyxpovikn (cross-sectional) kot mpaypotomomOnke ot
Nevporoywn Kiwvikn tov vocoxopeiov NIMTE (Noonievtikd Topvpo Metoyikoh
Tapelov Ztpatod) oe ocvvepyosio pe 1 Nevporoywkny KAwikn tov Atrywvnteiov
Noocoxopeiov v mepiodo LentéuPplog 2013 émg Zemtéuppro 2017. To detypo tov
aclevdv  amotehovvtov  omd 61 acbevelc TtV eoTEPIKOV  1oTpEiOV  UE
vrotpormidlovoa XkII pe odyvoon codpupova pe ta kpurinpe McDonald (28). Ta
KpLTnpta 10000V otV PeAETN fTov Tor akoAovba: BEPan ddyvoon kI, niwio >18

eT®V, aplot yvaon EAAnvig yAdooag, okop avamnpiog EDSS <6.0 (35) kot dtopo
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KOVE VoL TOPEXOVY EVILEPMUEVT] GLYKATAOEST GVUUETOYNG otnV Epevva. Ta kpitipla
ATOKAEIGLOV TEPIAGUPavay To akOAoVO: cLVITAPEN 1} 1IGTOPIKO AAANC VEVPOAOYIKNG
vooov (my. mukpaviag), 1otoptkd yiymong M GAANG YuylaTpikng vOoov Tov
eppaviomke mpw v Evapén g ZkI (1.y. cuvasOnuatikéc datapoyés, dotapayss
TPOCOTIKOTNTOG KOl GLUTEPLPOPAS), ONUOVTIKE EAAEIPpOTO OPOONG KOl OKONG,
16TOPIKO YuYOdVONTIKNG KaBuoTépnong, e£aptnon omd To aAKOOA 1 AALEC OvGieG,
VIOTPOT 1TNG VOoOVL TOV TeAgvtaio éva pnfva mpwv v aloAdynon, ypnion
KOPTIKOEW®MV TOV TEAELTAIO pnve TPV TV €€€Taom Kot XpNon WYuyxoTpOT®V OVGLOV
(my. ovuxkotabintikd, Peviodwlenmive, PoapPrrovpikd, YuyodlEyePTIKA Y.
povtagwvidn). H peiétn eyxpinke amd 1o emommuovikd cvpfodito nbwng ko
deovtoroyiog Tov Arywvnteiov Nocsokopeiov kot tov NIMTE, apov Bpédnke chppmvn
pe 1t dwauknpuén tov EAdcivkil. Kédbe acbevic mov cvppeteiye ot peAiétn €dmoe v
EVILEPOULEVT] YPOTTH GLYKOTAOEGT TOL Y10 GUUUETOYT GTNV £PEVVAL.

Amd toug 61 acBeveic g HeAETNG, OAOL EKTIUNONKOV LLE TOV VELPOYVYOAOYIKO Kot
YUYOAOYIKO EAEYY0, 58 vIOPANONKOV EMTVYDG GE NAEKTPOPLGIOAOYIKO EAeyyo (o€ 3
01 KOTOYPOPEG NTOV KOKNG TOLOTNTOG KO OmoKAEIoTNKAY) Ko 48 EPePaV QMEIKOVIGELG
MRI Bdoer tov kpunpiov mov meptypdeovior mopakdto. o tovg okomovs tng
perétng a&roroynonke detypa 51 eEoporwpévav (matched) og mpog v niwkia Kot To
@eOA0 VYOV gBedovidv mov vroPAnOnke otig 1d1eg dokaciec eE€taong pe TOLG
acBeveic, extdg and v ameikdvion pe MRI yio nOucovg kot otkovopkovg Adyoug.
Eniong, ypnowomomOnke deiypa 156 vyidv ebehovidv tng kowdtntag mov iyov
aglohoynBel pdvo pe TG VELPOWLYOAOYIKES OOKIUAGIES TNG LEAETNG TPOKELLEVOL VL

avayvoplotovv ot acBeveig pe ZkIl pe T'A (cvvoro vyuwv eBehovimv 207 dropa).

5.2 Merpnoeic

Kowawvikoonuoypopixés uetpnoeis: nhkio, @OA0, ETOyYEALOTIKY] KATACTOOT, EMITESO
ekmoaidevong, deEloyelpia 1| aplotepoyepioL.

Mezprjoeis oyeti{oueves ue ™ 2kll kot 1o 101pixo 1otopiko: Adpkelo vooov, EDSS 1t
oTiyun g €&€taomg, 16TOPIKO OMTIKNG vevpitidag, apludg vrotpondv amnd v
évapén G  VvOoOL, TPEYOLGO  OVOGOTPOTOTMOUTIKY]  Oy®YN | Kol  QOPUOKO
GUUTTOUOATIKNG OYWYNG.

Nevpoyvyoroywés Metprioeig:
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Symbol Digit Modalities Test (SDMT): To t€0T avtd YpNOIUOTOIEITOL KVPIWG Y00 TNV
e€€Taom NG TPOGOYNG KOl TNG TaYLTNTOG MECEPYOTIOG TV TANPOPOPLDOV GO TOV
eetalopevo wg uépog g doxyociog Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) mov ypnowonoteiton ot ZkIl (85,86). To teot
nepapPavel evvéa ocvpfolo mov aviiotoryovv oe evvéa apBpovg. O acbevig
KoAgitar va ovopoticel Tovg aplfuodg mov aviiotoyovv o€ Kabe ocvpPforo. H
Babporoyio vworoyiletal amAd amd Tov aplfud TOV COGTOV anavTioemy pésa o€ 90
devtepodenta. To teot dwapkel 5 Aemtd pall pe t1g odnyleg, v e£doknon kol TV
extéleon Tov. Eykvpec petpnoeic vanpyov S1a0EG1peS Yo To GUVOAO TOV JEIYUATOC.
California Verbal Learning Test -1I (CVLT-II): To tect ypnowonoleitot yo v
e€étaon G AeKTIKNG uvAung o¢ uépog ¢ dokwpaciog Brief BICAMS mov
ypnowonoteiton otn ZkII (85,86). AmoteAeiton and po Alota 16 Aé€ewv, pe T€66EpIc
EVVOL0AOYIKEG OpAdeg TV Tecodpav Aéemv N kabepia. O eetaothg dwPdalet ™
Mota otov efetaldpevo pe kdBe AéEN va améyer amd v emopevn mepimov éva
devteporento. AkolovOwe o eEetalopevog kaAeitar va Bounbel doeg meplocdTEPES
AéEeic pumopel. H dwodwkacio emavaroapfaveton mévie popés. H Pabuoroyio mpokidmtet
Ao T0 GHVOAO TOL aplBIOD TV GOOTOV AEEemV Ge OAEG TIG doKILaGieg (LEYIOTN TIUN
80). 'Eyxvpec petpnoeig vapyav 0100EG1UeS Yo To GOVOAO TOV OELYLOTOC.

Brief Visuospatial Memory Test-Revised (BVMT-R): To teot avtd e€etdlel v
OTTIKOYMPIKN padnomn ko pviun og¢ puépoc ¢ doxkwaciog Brief BICAMS mov
ypnowonoteiton ot kI (85,86). O g&etaldpuevog kortdlel apnpnuéva oyéda e
oelpéc kot otAeg (2X3) v 10 devtepdienta Kot petd mpoomadel va ta avTrypiyet
o€ €va aogto yopti pe v o1 duataln. Kabe oynua mov givor cwotd Kot 6t 6mo
0éon maipver dvo modvrovg. Av givan povo cwaotd To TYNUa | Lovo oot 1 BEom Tov
610 Yopti tote amovéuetor évag movtog. Ot kevég Béoelg Pabuoroyovvtal pe pnodév
noévroug. H dwdikasio emovaropfdvetor tpelg eopég (Léyiom Pabuoroyio 12 ava
dokipaoia, 36 610 cUVOAD Yo TIS TPEIS Tpoomdbelec). 'Eykvpeg petpnoeig vanpyov
dlaBéatpeg yio To cHVOAO TOV JElYUATOC.

Yuyohoyikég petpnoels:

Depression Anxiety Stress Scale-21 (DASS-21): H wMpoka DASS-21 eivar éva
EPOTNUATOAOYI0 TO OTOI0 EYEL TPELS VITOKAPOKES: KatdOAwym, dyyxog kol otpeg (215).
v KaOe vrokAipoko GLUTEPIAAUPAVOVTOL EXTA EPOTNOCELS TIG OMOIEC KAAEITOL TO
dropo va amovioet pécm piog 4paduog kiipokag tomov Likert (amd 0=3dev ioyvoe

kaBoAoL Yo péva, g 3=ioyve Yo péva mapa TOAD 1| TIG TEPICCOTEPES POPES) KOl
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avagEépovtol  otnv  Odpkeld TG mpomyovpevng efoopddac. To «dbe oxop
moAamAactdletonr el 2, OnmC €xel TPoTabel amd TNV OAOKANPOUEVT) LOPPN TNG
DASS-42, obtow¢ ®ote va mpocdloptlotel N Yo, PETPLE, GoPapr| Kot TOAAY cofapn
Katdotoaon omd v KaBe vmoxkAipoka. Oco avédvel 10 okop 1060 peyordTEpO
emimedo koTdOAMyYNG, dyyovg kol otpec Prdver 1o atopo. Ot deikteg aglomotiog
Cronbach's alpha yw o detypa ¢ peAémng frov moAy kavomowmrtikol (otpeg: 0.84,
dryyoc: 0.794 kot katdOiwyn: 0.836)

Métpnon ¢ komwons: XpNoWomomdnkav TPelg OMTIKEG OavaAOYIKEG KAILOKES
(COUOTIKN, TVELHOTIKY], YLYOAOYIKY)) HETPNONG NG KOmwong, Omov 10 ATOoUO
onuetdvet 1o Pabud g KOT®ONG Tov e éva onpeio Tave og pia ypopuun tov 10cm.
H pétpmon Oa yiver pe ™ Ponbeia ybpoka (erdyioto Omm, péyioto 100mm).
[Mopopoteg teyvikég (visual analogue scales) €yovv ypnowomomnbel kot oe GAAES
peAaéteg (216-218).

Hlextpopoaioloyikés uetpnoeis (omoxpion P300): Ta v moapayoyn tov P300
TpoKANTOL dvvoulkod ypnolwomomdnkay ontikd epebicpato cOUP®VA HE TO
vodetypa g Tuyaiag mapepPoAing. To "ovyvd" kot "omdvio" epébiopa fTav T id10g
Katnyoplog He OWPOPETIKY] TNV 1O10TNTO. TOV YPOUATOS (ONA. padpM-Gompn Kot
pavpn-kokKvn okaxkiEpa 8x8, e dtuotdoels 16x24mm n kabepia, aviiotoiymg). H
odpkelnn kdbe epebiopotog Nrav 100ms, t0 ¥pPovVIKO HEGOSAGTNUO HETOED TV
gpebiopdrov 2000ms, m avaroyio tov "ombviov"/"cvyvo" 50/250 (1:5) wou 1
mapoywyn Tov "omdviov" gpebicpatog Eywve tuyoaia. O eetalduevog kabotav 70cm
amd TV 000V GE OVOTOVTIKY KOPEKAQ Kol TOV 00ONKE 1 EVIOAT va ToTdel TO KOVUT
o¢ éva joystick otav éfAene otnv 006vn 10 "omdvio" epébiopa. H eE€taon ywvotav tig
opeg 9:00-13:00. Or xotaypa@ég £yvav pe MAEKTPOSIOL OPYUPOV KPOUTAOVTOG TNV
avtictaon <5«kQhm, ypnoomodvIog €WIKN maoTa.  Xpnotpomomonkav To
napokdto niextpodw: Fz, Cz, Pz, Al, A2 kot po yeiwon (Fpz), eved 1 toroBénon
€yve pe Paomn tov svotuatog 10-20. H ymetomoinon £yve pe suyvotnta 285Hz ko
evioyvon 1:20,000. Ta o¢iltpa opiotnkav oto €Opog 0.01-35Hz, evod yw v
amoppY” Kotaypoemv ota "omdvia" gpebiopato pe mopdcita ypnoyoromdnke to
oplo £50uV. Amoppwyn emiong €ywe ov 1 ATAVTNGCN TOTHUOTOS TOV KOLUTLOU
kabvotépnoe mave omd 700ms amd v epeavion tov "omdviov" epebicuaroc. Kata
™ OWPKEW TNG KATAYPAPNS ¢ avagopd ypnoomombnke to mAektpdoo Al
(aplotepn HOCTOEWNG), EVA Yo TV peténetta avaivon to A1/A2. Eykvpn pétpnon

v kaBe pio amd Tig dvo dokipacieg BewpnOnke m avdivon pécov Opov Yo
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tovAdyotov 36 €ykvpec kotaypoaeés. H avdlvon tov pécov Opov €ytve yioo Tig
Katoypapés amd 150ms wpv ko 1000ms petd amd kabe "omdvio" ontikd epébiopa. H
avayvopton tov P300 €yve pe d0o 1poTOLS: 0. TO TP®TO BETIKO KOO GTO S1AGTN LA
280-420ms petd 1o omdvio gpébicpa kot B. n avayvopion g tpimAétag N100, P200,
N200 mpwv Vv guedvion tov kopatog. H ameikdvion tov kOUATOG €yve pe YOUNAO
oiAtpo 12HZ. To vyog tov P300 kdpatog (LV) petpndnke oe oyéon pe m dopopd
N200-P300 (peak to peak). O ypdvog euedaviong 1 ypovokabvotépnon (ms)
petpnnke amd 1o Ypovikd onueio guedaviong tov "omdviov" epebioparog. Xe
TEPIMTOON OKOPLPOL 1] TOAVKOPLPOL BETIKOV KOUATOG Yol TN UETPNOT TOL VYOUG
YPNOWOTOMONKE N UEYOADTEPT) GE VYOS KOPLOT, EVD YO0 TOV XPOVO EUPAVIONG
(xpovoxaBuvotépnon) pio vont YPOUU TOV £VOVE TIG KOPLOES. X& OAOVG TOVLG
acbeveic diepevvnOnke 10 1GTOPIKO OMTIKNG VELPITOOG Kot M Vmapén E0TIOV OTA
omtkd vevpa. Emiong kataypdonkav ot ypovor avtidpacng oto joystick. o v
avdAvon ypnoyoromdnkay ot HéGol Gpot Tov VYOLS Kol TG YPovokaBuoTéPNong
P300 ka1 0 ypdvog avtidpaong yio kdbe Kavail otic 600 doKHacies, KoOMG Kt yio
OA0L TOL KOVAALDL OTIC VO JOKIHOGIES, Yoo KAOe ovupetéyovia. Metpnoelg £ykvpeg
ntav dwbéoieg yuo 58 amd tovg 61 acbeveig ko v 51 vyeic. H mapaywyn tov P300
éywve pe  Ponberor NAEKTPOEYKEPOAOYPAPOL NG £TOUPEing Micromed® xat Tov
Aoytopkod e BQ-Evoke®.

Ametkoviotikés alloloynoeig (Magnetic Resonance Imaging, MRI): Amnewcovicelg
payvntikod cvviovicpod MRI tov  tekevtoiov 6 punvov Kol om@oONmOTE
petayevéotepn kotd 1 pqva g televtaiog vwoTpomng 0E0A0YNONKAY Yo TOVG
okomovg ™G peAénc. Oieg ov MRI mpayuatomrombnkav oe pnyoviupota tov 3.0
Tesla og TOAOTAAL S10YVOGTIKA KEVTPO LLE TN XPNON TOV TOPAKAT® akorlovbiwv: T1-
weighted 3D high resolution magnetization-prepared rapid acquisition with gradient
echo (3D MP-RAGE) axoAovbia, eykdpoio T2-weighted fluid attenuated inversion
recovery (FLAIR) axoAovBia kou eykapoio proton density-weighted images (PD-WI)
akolovBio. X1ig  akoiovBieg FLAIR, ot eotieg avayvopiomkay Kot
TocoTikomomnkav (og mm®) pe Mu-avtopotomompévn pnéBodo pe ) ypnom Tov
npoypappotoc Medical Images Processing Analysis and Visualization (MIPAV)
software  ovpupwva pe 10  wpwtékoAho tov  NIH g  Apepikng
(https://mipav.cit.nih.gov/). H oykopetpwikn avaivon €ywve pe Paon tig ewoéveg 3D
MP-RAGE images ypnowonowwvtag to npoypappo FMRI Software Library (FSL)

(219). O 6ykog 0L €YKEPAAIKOL 1670V, otaboppévog pe PBdon to péyebog tov
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Kpaviov €ywve pe m Ponbera g pebdoov Structural Image Evaluation using
Normalization of Atrophy Cross-sectional (SIENAX) (220). H péfodog avtn apyika
eyypaoet tig ewoveg MRI oto yopo MNI152 (or Talairach) space (221). X1 cuvéysia
éywve dywplopdg Kot VToAOYoHOG (oe ml) Tov GyKov EMAEYHEVOV TEPLOYDV:
GLVOAMKOV gyke@dAov (normalized brain tissue, NBV), t¢ cvuvoAikng @aidg ovoiog
(grey matter volume, GMV), g meprpepikng eatds ovoiag (peripheral grey matter
volume, PGMYV) kot tng Aevkng ovciog (white matter volume, WMV) (222). I'a tov
VTOAOYICUO  TOV  OYKOVL  EMAEYHEVOV  VTOPAOIOOMV OOUMY  TOL  EYKEQPAAOV
ypnoworomOnke n néBodoc FMRIB's FIRST software (223). Xtabucpévor dykot (og
ml) Y10 ToV KEPKOPOPO TLPN VA, TO KEAVPOG TNG OYXPAS COUIPAS, TNG WYPIS COAipA,
oL OOAQUOV, TOV EMKALVI] TLPNVO, TNG CULYOOANG KOl TOV MROKAUTOV G€ KOO
NUIoEAiplo VTOAOYIGTNKE HE TOV TOALUTAOCIACHO TOV OYK®V Tov PBpédnkav pe Tov
napdyovta 010pBmong (scaling factor, SF) mov Ppébnke ot teyvikn SIENAX. To
eykepolkd oamdBepo aforoyndnke pe Paon v amdAvTn TN TOL TOPAYOVTA
dopbwong SF mov amotelel Eupeco deiktn Tov €vookpaviov 0ykov (dnA. vyniodg SF
VTOONAMVEL HEIOUEVO EVOOKPAVIO OYKO Kot €yKePaAKO oamdbepa) (165,166). To
EYKEQOAMKO amdbepa ava@EPETAL 6TOV OYKO TOV EYKEQPAAOL KOl Op0 EUUECH GTOV
apBud tov vevpovav. X ZkIl 10 avEnuévo eykepaikd andbepo £xel Ppebel oL
TPOGTATEVEL OO TN YVOOTIKY dvcAgttovpyia (167).

Mia ocepd amd ovo dwotdoewv ypappkovg MRI deikteg ypnoipomomOnkay
emiong: o Oykog ¢ 3ng kowiog (third ventricle volume-TVV) kot 10 mAdtog g
(third ventricle width-TVW), o Adyoc taov kepkopdpwv mupnvov (bicaudate ratio-
BCR), o deiktng tov pecorofiov (corpus callosum index-CCI), 1o mAdtog t@v
petomoiov kepdtov (frontal horn width-FHW) kot n gyxdpoia dtdpueTpog tov
kpaviov (transverse skull diameter-TSD) (224-227). O TVW (og mm3) vroloyiotnke
amd TOV TOAAATANGLOGUO TPV dtactdcewv otnv Tl-axolovbio: teAkd métaro-
omic010¢ GUVOEGOG, KATMTEPO OPLO YOAIDOS GTO ONUEID HEYIOTNG KAUTG-Gve Op1lo
pootiov, mAATOC Tpitng KoMiog o100 péso NG Oot-muioeouptkng ypouuns (TVW).
Zrofpopéveg TyéG vtoloyiotnkayv pe dtaipeon g tpog 1o TSD (NTVV=TVV=TSD,
NTVW=TVW=TSD). O Adyog TV KEPKOPOP®OV TUPNVAOV VTOAOYIGTNKE ald TO AOYO
™G eABYIOTNG amOCTOONG TOV €60 0PIV TOV KEPKOPOPWOV TUPNVAOV O TPOS TO
€VPOg TOL €YKePAAOL otV W ypapu. O deiktng tov pecorofiov vToAoyioTnKe
amd 10 AOyo Tov abpoicpatog g mpodchig, omicOiag Kot KaOeTng StopéTpov TOL

pecoroPfiov wg mpog v péyrom mpocbionomicOio SidpueTpo oL pecorofiov. To
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TAATOG TOV HETOMOH®MV KEPATOV VTOAOYIGTNKE OO TNV UEYIOTN OTOGTACT TOV
mAaywwv  oplov  tov  kepdtov kot €ywve  otdBuion  Pacer  tov  TSD

(NFHW=FHW-+TSD). H gikova 7 ancikovi(el TOV TPOTO TOV TAPATAV® LETPNCEDV.

Yuvolkd £ykvpeg petpnoetg nrav dabéopeg yio 48 acbeveic pe XklIl.

Transverse skull diameter

Frontal horn width

»" ¥y

&
" W
CCl= aa’ +bb' +cc’
ab

Merpioeig
TVV (3" ventricle volume) (A,B)
TVW (3" ventricle width) (B)

NTTYV (normalized TVV) (A,B,E)
TVV+TSD

NTVW (normalized TVW) (B.E)
TVV=TSD

BCR (bicaudate ratio) (I')
CCI (corpus callosum index) (A)
FHW (frontal horn width) (A)

NFHW (normalized FHW) (A,E)

Eixova 7 Ov ypoppikéc (dvo dwuotdoewv) petpnoels oty MRI
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5.3 ZrotioTikn ovdivon

Ta meprypagikd pHETpa TV dedopévav Tov deiypnatog mepteAdufovoy  péon tun,
TN OBPETO, TNV TLTIKY OOKAIGN, TO €VPOG TIUMV (EAAYIOTO-UEYIOTO), TOV OTOAVTO
apBud TV atdpeV Kot o TocooTd cLYVOTNTIS (%). Ot LOVOTTOPOYOVTIKEG AVAADGELS
&ywvav pe ™ Ponbela tov mopaperpikov Student's t-test | ANOVA (analysis of
variance) yio T TocoTikég petoPAntég ko Chi-square test yio T Kotnyopikés (e
Yates ow0pbworn oe 2X2 mivaxeg ot Fisher exact test oe mopafioon tov
npovmobécemy). Xe mepimtowon mopafioacong g kavovikoTnrog (O6mwg ovth
eEetdotnke pe m Pondea Q-Q plots kot Tov Kolmogorov-Smirnov test) 1 pikpov
detypatog (N<30), avti yw Student's t-test ypnoipomombnke to pn TOPAUETPIKO
Mann-Whitney U test yia. 00 opddeg. Ot cvuoyetioelg peta&h mocoTIK®V HeTAPANTOV
éywve pe ) PonBeta Tov cvvtedeot Pearson's rho.

H g&axpipwon g I'A pe ) Ponbeia tov epotnuatoroyiov BICAMS éywve pe
Bonbeta Twv 207 vytwv poptopov pe dvo pedodove. Kot otig o puebddovg wg I'A
opiotnke n amotvyio o€ £va TOLAdYIGTOV amd To Tpia Tov 1€6T ToV BICAMS pe Baon
o KoTOTEPQ OpLa 6T0 5% €KOTOGTNUOPLO TOV VYOV HopTOpav (72). Katd v npdn
pébodo (MéBodog 1) ta dpia 5% yia kGBe epOTNUATOAOYI0 VITOAOYICTNKOY amevOeiog
and 1o Oelypa TV VYoV poptopov. Xt oevtepn  uéBodo (MéEBodoc 2)
mpaypotorominke éva LWOSEIYUA  YPOUUKNG TOAMVOPOUNONG He  eEapTnuUéEVN
LETAPANTH TO GKOP TOV EPMTNUATOAOYIOL Kot aveEdptnteg v nhkia (<32, 33-41,
>42 et®v), T0 EVAO (GvTpa, yovaika) Kot 1o eminedo ekmaidgvong (devtepofadiua,
tprrtofaduia). Ta euoloroyikd yvooTtikd opla Yoo kKdBe GLVOIVACUO TOV KATNYOPLOV
(.. dvtpeg, 33-41 etdv, Tprrofaduiag ekmaidcvong) vroroyiotnkav pe fdon ™ péon
TPoPAETOUEV] T OKOP TOL €POTNUATOAOYiOL omd TO pHoviélo pe Paomn v
eiomon: Predicted Mean-1.65*SD (residual), 6mov Predicted Mean mn péon
wpoPAemdueVn amd 10 povtédo Tun kot 6mov SD (residual) n tvmiky andkAon TV
VTOAEUUATOV TOV YpopUtkoD povtédov. Amd tig 600 pebddovg emiéyOnke ekeivn pe
TNV KAADTEPT SOYVAOCTIKY akpifeta.

H avayvopion tov acBevdv pe nlextpoeuvoioroywkd PBefoarwpévn TA (HOT'A)
€ywve pe Tig 101eg pebooovg (1 ko 2) pe m dpopd OTL GTO HOVIEAO YPOULUKNG
TOAVOPOUNONG, AOY® TOL UIKPOL delypotog Tov vywwv (N=51), é&ywve éheyyoc uoévo
®¢ TPog TV ekmaidevon mov Ppédnke va daeépel petald acbevodv Kot vyudv

paptOpev mov vePANONcav 6e NAEKTPOPLGLOAOYIKO Eleyyo. H emloyn TV deikTtdv
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NAEKTPOPLVGLOAOYIKOD €AEYYOVL &yive PACEL TOV OPOPOV TMOV LYIOV KOl TOV
acHevov.

O voroy1opdG TOV GLVOAMKOD GKOP TV YVOOTIKOV AEITOVPYIDV EYIVE LLE TO HECO
opo tov otafuiocpévav Z okop tov epatuoatoroyiov SDMT, CVLT-II kaou BVMT-
R. Ta Z oxop vroroyiotnKov amd 10 cuVOAIKS detypa acevdv kot vyiwv (N=268) ue
Baon g e€lowon Z= (Metpovpevn tiun-Méoog Opog delypatoc)/Tomkn Amdxkiion
delypatog. ApvnTikég TIHEG VTOONAMVOLY HKPATEPO TOL HEGOV OPOL GKOP, EVM Ol
UEYOADTEPEG TIUEG VTOONADVOLV KOADTEPT] YVMOOTIKT AELTOVPYIAL.

O éheyyog TG OWYVOOTIKNG oKpifelag Tov  YVOOTIKOV  EKTIUNGE®V
(VELPOYLYOLOYIK®V KOl NAEKTPOPLGIOAOYIKMV) Yol T1 SIKPIoN TV PLGLOAOYIKMV
atopov Kot tov acbevov pe XkIT éywve pe Pdon v avdivon receiver operating
characteristic curve (ROC curve) pe tn pndevikn veodeon 4TL 1| TEPLOYN KAT® amd TV
kapmoAn (Area Under the Curve, AUC) eivon ion pe 0.5. Ta Opa pe m péyrom
evocOncio Kot e0WKOTNTA VIOAOYIoTNKAY HE PAoN TN HEYIOTN AmOGTOCT & COUPMVA
1e Tov TOmo: 8= (1-e1ducoTnTa-cvatednocio)/2".

Ot  olykpion TOV GOKOP TOL  VELPOYLYOAOYIKOD  EAEYYOL  KOL  T®V
NAEKTPOPLGIOAOYIKMOV TAPUUETPOV AVAUESH OTIS OpddeS pe N xopig I'A €yve pe
Bonbewa tov teot ANCOVA (Analysis of Covariance) pe €Aeyy0 ¢ TPog TOV
mopdyovta aAAnAenidopaocng opdda*exmaidgvon (ov aveapmreg HeTAPANTEC TTOV
opdoa, ekmaidevon kot opada*ekmaidevon) He TNV EKTOIOEVOT KMOOTKOTOMUEVT] ®G
ottiun petafint (0=dgvtepoPadiua, 1=tprrofdOuia). H ANCOVA elvar avBektiky
doKlaGion ot YN KOVOVIKOTNTO, OTOTE EPUPUOCTNKE KOl GTNV TEPITTOGN TOV TO.
dropa otic opdodeg Nrav AMydtepo and 30. XpnowonombOnke to Sidak post-hoc test
Yl TV TEPIMTOON TOL VINPYAY TAV® AT 2 OUADES.

O  éheyyog TOV  OMEIKOVIOTIKAOV  TPOGOOPICTIKOV — TAPAYOVIOV — TOV
VELPOYLYOLOYIKMV KOl NAEKTPOPVGIOAOYIKMV LETPNCEMV EYIVE apyIKA LE TN PorBeia
TOoL povomapoyovtikoL dgiktn Pearson's tho (pe ko ympig Edeyyo yio nAikio) Kot ot
cuvéyeln pe 1N Pondeia LoVIEA®Y GTASIOKNG 1EPOUPYIKNG YPOUUIKNAG TOAIVOPOUNOTG
pe oveEapmreg petaPAntég tovg deikteg amd ovtéC TIG petpnoels. Q¢ Paocukol
aveEapTNTOl TOPAYOVTES GTO TPMTO GTAS0 BewpnOnKav 1 NAKio Kot 1 eKTaidgvoT).
270 0€0TEPO GTAOLO £YIVE EICAYWYN TOV OEIKOVIOTIKOV OgikTn (€évag Kdbe @opd) kot
VTOAOYILOTOV 1 TLUYOV GNUOVTIKY] GLVEIGPOPE TOV OTO MOVTEAO. XT0 Keipevo Ha
TOPOLGLOGTOVV LOVO Ol GTOTIGTIKOL GNUOVTIKOL OMEKOVIOTIKOL OelKTEG Yol YApLY

’ r , ’ 2 ) J
ocvvtopiag. Ta pétpa mov Ba mapovsioctodv Ba givor To R™ mov a&oroyel 10 T0600T0
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epunveiac e avelapte petaPAntic, t petaforl R? oto devtepo o1ddio kat To
KOvVOVIKOTomuévo ouvieAeotn beta (sbeta: standardized beta) mov eivon pétrpo g
ouvelsopdg Kabe aveaptng petafoing ommv eEapmmuévn. Métpa axpifeog (m.y.
Cook's amdéotaon, kovovikomoiuévn Dfbeta) kot yevikevong (éheyyog ovv-
ypoppkdétntoag pe to ogiktn VIF kot ovoyng, opookedaotikotnta, To0 1€6T Durbin-
Watson) ypnoyomomonkay yio Ty aloAdynon Tov HOVIEAWV.

O éheyyoc GUYYLTIK®OV EMOPACEDV £YIVE LLE TNV EIGOYMYN OTA KOPLO YPOUUKE
HOVTEAL TTOALVOPOUN OGNS TOL TTapdyovta Tpog depedivnon. H andAeio TG oTaTIGTIKNG
ONUOVTIKOTNTOC OTO O8iKT OTOY0 (OTNV TPOKEWEVI] TOV OTEIKOVIGTIKOV) €xel 3
mBovég eEnynoeig: dapecorafntikdg poOAOG CLYYLTIKOD ToPdyovia (GUYYLTIKOG
GTATIGTIKA CNUOVTIKOS KOl OMEIKOVICTIKOG JEIKTNG UN ONUAVTIKOG), TPOTOTOTIKOG
pOLOG  (OTATIOTIKG  ONUOVTIKY  HOVO 1 OAANAETIOpACT  OMEIKOVIGTIKOD
delktn*ouyyuTKoh TOPAYOVTa) 1) GNUOVTIKY GLV-YPAUIKOTNTO (KAvEVO TapdyovTog
dgv gtvat oToTIOTIKE GNUOVTIKOG).

O £éAeyyoc 10V TPOTOTOINTIKOD OAOL TOV EYKEPAAKOD amoBEpaTog £ytve e
Bonbela 1epapyik®V HOVTEA®V YPAUUIKNG TOAMVIPOUNGCNG EAEYYOVTAS GTOOOK(O TO
poLo oV Tapdyovia aAANAeTidpacng Tov mapdyovta d1OpBmong (scaling factor, SF)
omwg petpndnke pe ™ pébodo SIENAX pe 100G amekovioTikoOg Oeikteg mov
Bpébnkav onuavcol yio T GLVOAIKT YVOOTIKN AglTovpYia.

To eninedo onuaviwotrog Ntav to p=0.05. Oieg otr avalvoelg &ywvav pe

BonBewa tov mpoypdppatog SPSS v22.0 yio Windows (Chicago IL).

6 Amoteiéopata

6.1 Ileprypaoikd otorygio Tov SEiYLATOC

Onwc patveton and tov Iivaka 4, n opdda Tov ac0evdv Kot opdoo TV VYEWDV elyav
mapopown nhkia (Lécog 6pog YOopw ota 40 £tn Lomng, pe peydio gvpog amd 20 mg kot
67 etdv) kot @OA0 (kvpiwg yvvaikeg). Onwg @aivetar, 1M OpAdA TV VYELOV
amoTeEAOVTAV Ao TEPIGGATEPO dTopa Tprtofaduag ekmaidocvong amd Ot 1 opdda TV
acBevov (p=0.036). I'a v dwkpifwon g ['A otovg acbeveic ypnopomomOnkay

emmAéov 156 vyieig g xowdrag pe péon nakio 36.2 + 8.8 étn, kupimwg dvtpeg
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(N=95, 60.9%), tprroPdaduiag exmaidocvong (N=133, 85.3%) ko kvpiwg epyaldpevoug
(N=150, 96.2%) (BA. avaidcelg TOpAKATO).

IHivakag 4 Tleprypoeucd ototyeio eEopoimong Tov deiypatog

AocBeveic Yvyeic pe HO Inpovtikétnra
(N=61) (N=51) (p value)
Méon Hhwia () = TA 41.8 +£10.6 38.7+9.2 011"
(e0pog) (21-67) (20-57) '
T'vvaikee, N (%) 44 (72.1) 41 (80.4) 0.43%
Tprropabiua exmoiszvon, 46 (75.4) 47 (92.2) 0.036>

N (%)

H®: Hiektpopuoioroykn pétpnomn (dnA. P300 wopa), TA: Tomiky andkiion

'Student's t-test, “Chi-square test (Yates 316pfwon)

6.2 lleprypaoikd otovyeio oystiloduevo pue t 2kl otovc aocbeveic

Onwg paiveron otov [livaxa 5, or acBeveig eiyav ™ duryvoon g 2«1 katd péso dpo
nepimov 10 €, eiyav eppavicel Eva péco 0po 7 TEPITOL VIOTPOTAOV UEYPL TN GTIYUN
g a&loAdynong kot iyav oyetikd pkpo Paduo avamnpiog (nésog 6pog EDSS = 2.2
gvpoc: 0-6.0).

IHivaxag 5 leprypagpixd otoyeio ayeti{opueve ue m vooo atovg aobeveic ue 2xll

Méooc Opog Awdpecog Tomucn Evpoc
Anéxion
Autipreta Nooov 137.9 120 83.9 16-324
(pves)
ApBuodg
VROTPOTTAOV O 7.2 4 8.3 1-44
évapen
EDSS 2.2 1.5 1.9 0-6.0

EDSS: Expanded Disability Status Scale

O ITivakag 6 gueovilel T0 10TOPIKO TNG QOUPUAKEVTIKNG ay®yNg Tov acBevov. H
mieloymoio Tov acBevdv eAGUPavOY 0VOCOTPOTOTOMTIKY Oy®YN TN OTYUN NG
agoroynong (82%), pe peyoddtepn aviumpocsOTELST TOL Qoppdkov fingolimod

(27.9%). H péon owdpxeto Aymg e TEAELTAING 0lVOCOTPOTOTOMTIKG AY®YNG NTaV
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54.3 £ 56.7 unveg (evpog 1-270 unveg). ‘Evag wavog apBudg acbevav Emapvay

QAPUOKO MG OCLUTTOUOTIKY  oyoyq] (Ty. umakAo@aivi, OovVTIKATOOAMTTIKA,

Bevlodialemiveg k.a.).

Iivaxag 6 ®appokevtikd 16topkd TV ZKII achevodv Tov detypartog

AprOudég AcOevarv Ilocoot6 AcOevarv (%)
Anyn ATA 50 82
Tomog ATA

Fingolimod 17 27.9
IFNb-1a, vtodopimg 12 19.7
IFNb-1a, gvdopvikamg 5 8.2
IFNb-1b, vodopimg 8 13.1
Glatiramer acetate 4 6.6
Natalizumab 2 3.3
Dimethyl fumarate 1 1.6
Azathioprine 1 1.6
ZOUTTOUOTIKY Oy®YT) 24 394

ATA: AvoGOTPOTOTOUTIKY 0ly®YN

6.3 H avayvopion tov 2kII acOesvav pe I'A pe Baon 1o epyareio BICAMS

Onwg eatvetoar oto ITivaka 7, ot acBeveig elyav oTOTIOTIKA CNUAVTIKA YOUNAOTEPQL

OKOp € OAEG TIG YVOOTIKEG EKTIUNCELS TNG LEAETNG OE GYXECT LLE TOVG VYIELS.

Iivakxag 7 O1 yvootikég petpnoelg o acbeveic pe kI kon otoug vyteig

AcOeveic (N=61) Yvyeig (N=207) InpoviikotnTo
(p value)'
Xuvolikd otofuopévo
GKOpP YVOCTIKOV -0.45 +0.99 0.13£0.68 <0.0001*
AELTOVPYIDV
SDMT 46.56 + 15.27 52.95+14.20 0.004*
Yrofopévo SDMT -0.34 £ 1.04 0.10 £0.97 0.002*
CVLT-1I 57.62 £ 12.81 63.10£9.23 0.003*
Ytafuopévo CVLT-II -0.41 £1.23 0.12 £0.89 0.003*
BVMT-R 23.69 + 8.41 28.94 +5.76 <0.0001*
2rofuopévo BVMT-R -0.60 £ 1.24 0.17 £0.85 <0.0001*

O TYéG ToV TTvVaKo aVTITPOSO®TEHOVV HEGES TIUEG £ TUMIKES AMOKAMGELG.
I'A: Tvootikn dwatapoayn, SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning
Test, BVMT-R: Brief Visuospatial Memory Test-Revised 'Student's t test *p<0.05



54

H oavayvopion tov acBevov pe T'A €ywve pe dvo peBddovg vmoroyiopod twv
KatOTEpOV 5% ekatooTpOpi®V, OM®G OLTEG TEPLYPAPOVIOL GTO TUNUO TNG
oTaTIOTIKNG avdivons. Onmg eaiveton and tov Ilivaxa 8, n pnébodog pe ™ Pondeia
TOV HOVTEAOD YPOULUIKNG TTOAvOpOuUNong mov Pacictnke otnv nAkia, To OAO0 Kot TV
exmoaidevon (MéBodog 2) avayvopioe mepiocdtepovg acbeveig pe I'A and 611
péBodog (MéBodog 1) pe amevbeiog vmoroyopd tov 5% exoatootnuopiov omd to
delypa tov vyiov poptopov (N=207). 'Etor pe Pdon t MéBodo 2 27 (44.3%)
acOeveic avayvopiomrav pe I'A o6to cuvoAikd deiypa Tov acbevav, évavtt 25 (41%)
™Gg MeBodov 1. T T1g emdueveg avarvoelg ypnoorombnkav ot acbeveic pe I'A

Baoer g MebBoodov 2.

Iivarac 8 Avayvdpion tov ZkII acBeviv pe TA Baoet 500 pedddov'

Mé00dog 2
NAITA OXITA
NAITA 24 1
Mé£060dog 1 OXITA 3 33

T'A: Tvootikn) Awatapayn
T v Teprypaen Tov Mebodmv 1 kon 2, BA. TUAIA GTATIGTIKAG ovaAVGTC.

Onwg eaiveton oto Ilivaxa 9 o1 acBeveic pe I'A onueiowcav yepdTteEp 6KOp G€ OAOVGS
TOVG YVOGTIKOVG TopelG Tov aglohoyel 1o epotnuatordylo BICAMS. Ano tov apBud
TV acBevav pe maboroyikd okop Pdoel Tov oTabuIcUEVEOVY TPOG TNV NAkio, TO VA0
Kot v exkmaidevon 5% oplwv, mpoxvmtetl 6Tt o1 TepLocdTeEpOL acheveig Ppébnkav e
naforoykég Tipég oty ontikoympikn pviun (N=19, 31.2%), Aydtepot oV AeKTIKNn
pvqun (N=15, 24.6%) wor oxopa Ayotepor otV TaydINTo €NeEepyociog TV
mAnpogopldv (N=6, 9.8%).

Iivakag 9 O1 yvootikég petpnoelg otovg Xkl acOeveic pe kot yopig A

Me I'A (N=27) Xopic I'A (N=34) Inpoviikétnto
(p value)’

2uvolikd otofpopuévo
GKOP YVOOTIK®V -1.22 £0.85 0.16 £ 0.59 <0.0001*
AELTOVPYIDV

SDMT 38.11 +£14.30 53.26 + 12.60 <0.0001*
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Ytafuopévo SDMT -0.92 £ 0.97 0.12 £0.86 <0.0001*
7 1
Ha@okoymo SDMT 6 0 0.005*
(apBpog acbevav)
CVLT-II 49 +12.47 64.47+8.17 <0.0001*
Ytafuopévo CVLT-II -1.24 £ 1.20 0.25 £0.79 <0.0001*
7 1
Ha@okoy}l(o CVLT—II 15 0 <0.0001*
(apBpog acbevav)
BVMT-R 17.52 +7.66 28.59+£5.14 <0.0001*
Ytafuopévo BVMT-R -1.50 £ 1.13 0.12£0.76 <0.0001*
7 1
ITaBoroywé BVMT-R 19 0 <0.0001*

(apBpog acbevav)

Ot T1péc ToL THVOKO AVTITPOCOTEVOVY HEGES TIUEG £ TUTTIKEG OMOKAIGELC.

I'A: Tvootik) dwrapayn, SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning

Test, BVMT-R: Brief Visuospatial Memory Test-Revised

1 Ie ) r /. , ’ ,
Bdoet tov otabpicpévev og tpog v nikio, o eOAo kot v eknaidevon katdtepwv 5% oplov ot

delypo vydv poptopov (N=207)

*Mann-Whitney U test yia 1i¢ mocotucéc petaintéc, Fisher exact test yuo Tig kotnyopukés *p<0.05

6.4 Avoyvopion tov Xkl acOesvodv pue niexktpoouotoroyikd Beforwuévn I'A

Onwg eaivetar otov Ilivaxa 10 ov acBeveig eiyav onpaviucd pewwpévo P300 dyn,

avénpévn P300 ypovokabuotépnon kot xpovo avtidopacns amd Ott ot vyteic.

Ilivaxas 10 Ov nlextpopucroroywol deikteg tov kvpatog P300 oe acBeveig ko

VY1ElG
AcOeveic (N=58) Yryeic (N=51) InpoviikétnTo

(p value)

P300 vyog (LV) 6.75 £4.44 94+3.11 0.001*
P300 ypovo/om (ms) 345.31 +£39.42 310.87 £ 16.6 <0.0001*

Fz P300 vwyoc (uV) 7.45 +£4.49 9.95 £3.52 0.002*
Fz P300 ypovo/on (ms) 347.08 +40.75 311.24 +16.36 <0.0001*

Cz P300 dyog (uV) 7.33£4.79 991+£35 0.002*
Cz P300 ypovo/on (ms) 345.19 +39.45 310.94 + 16.66 <0.0001*
Pz P300 vwyoc (uV) 5.45 +£4.57 8.33+34 <0.0001*
Pz P300 ypovo/on (ms) 343.67 +38.91 31043 +17.15 <0.0001*
Xpovog A/org (ms) 395.24 + 54.89 355.52 +28.65 <0.0001*

O TYég TOL TVaKO AVTUTPOoO®TEVOLY UEGES TILEG + TUTTIKES OMOKAIGELS.

'Student's t-test, *p<0.05

21 ovvéyela vmoloyiotTnray ta 5% O0pta (KOTDTEPO Y10 TO VYOS KOl OVADTEPA Y10 TNV
ypovokaBuotépnon) PAcel ToV SEIYUATIKOV SEG0UEVOV TV VYOV (PA. OTOTIOTIKN

avédivon yio MéBodo 1) ko avayvopiotnkov ot acBevelg pe @QUOIOAOYIKOVG 1|
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TaBoL0Y1KOVE NAEKTPOPLGIOAOYIKOVG Ogikteg (Y. maboloyikd 1 @uooroyikd Fz
vyog, maboAroyikn N euoloroyikny Cz ypovokabvotépnon Kth). To 1010 €yve pe
Mé£B0d0 2 xpnNGUOTOIOVTOG £VOL HOVTEAD YPOLUIKNG TOAVOPOUNONG He EAEYYXO ®G
TPOG TO €MMed0 ekmaidoevons. Adym OTL ot acbeveic SIEPEPAV CNUAVTIKA OO TOVG
VYIEIG 68 OAOVG TOLG NAEKTPOPLGIOA0YIKOVG OgikTeg, wg HPT'A opiotnke n aviyvevon
TaHOLOYIKOV TIL®V 6T0 PHEGO VYog 1/Kot ot péon ypovokabuotépnon. Me Bdon tov
[Tivaxa 11, 1 Mé60dog 2 katdeepe vo aviyvevoel tepiocdtepovs acbeveic pe HOT'A
(39 évavtt 37 g MeBodov 1) xor eivor avty mov Bo ypnowomombel yo TIg

TEPAUTEP® OVAAVGELG.

Iivakag 11 Avoyvapion tov XZkIT acOevov pe nlextpopuoioroywkd Befatwpévn I'A

(H®-T'A) Béost 500 pedddov'

Mé00dog 2
NAI HO-T'A OXTHO-T'A
NATH®-T'A 37 0
Mé00dog 1 OXTHO®-T'A 2 19

T v meprypaeh Tov Medodmv 1 kot 2, BA. TUARA OTOTIOTIKAS OVEAVGTC.

Onwg eatvetan otov [ivaka 12, e Oleg Tig petpnoelg mépa and to Vyog tov P300
oto Pz, onueiddnkav otatiotikd onuovtikég oopopéc HeTald tov achevov e
HOT'A oe ovykpion pe tovg acbBeveig yowpis. Emiong odweoaivetar o011 1
ypovokabvotépnon P300 Ntav mo cuyvd maboroykr| évavtt tov P300 dyoug (31 vs.
18 M 53.4% vs. 31%). Zovolkd 10 (17.2%) acBeveig eiyav mabBoioyikd vYog Kot
ypovokaBuotépnon, 21 (36.2%) acBeveig eiyov poévo maboroyikn ypovokabvotépnon

Kot oG 8 (13.8%) pnovo maboroyikd vyog.

Ilivaxkas 12 HAektpo@uolohoyikéc petpnoel o€  acbeveic pe xor  yopig

niektpopuotoroyikd BeParwpévn I'A (HOT'A)

Mg HOTI'A (N=39) Xopic HOT'A Inpoviikéotnto
(N=19) (p value)"*
P300 vyog (LV) 6.11 +4.66 8.04 £3.72 0.031*

P300 ypovo/on (ms) 359.71 £ 39.15 315.76 + 17.71 <0.0001*
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Fz P300 vwyoc (uV) 6.74 £4.65 8.9+3.85 0.016*
Fz P300 ypovo/on (ms) 362.02 + 40.37 316.41 + 18.42 <0.0001*
Cz P300 dyoc (uV) 6.51 £4.92 9.02+4.13 0.019*
Cz P300 ypovo/on (ms) 359.66 + 39.08 31548 +17.9 <0.0001*
Pz P300 vwyoc (uV) 5.08 £4.85 6.21 £3.93 0.205
Pz P300 ypovo/on (ms) 357.45 +39.16 315.38 £ 17.31 <0.0001*

Xpovoc A/ong (ms) 407.38 +53.04 370.33 £51.25 <0.0001*

[MTaBoroyucd P300 dyog 18 0 <0.0001*

Haeokolen’P300 31 0 <0.0001*
ypovokabuotépnong

Ot TIéG TOL THVOKO AVTITPOCOTEVOVY HEGES TYEG £ TUTIKEG OMOKAIGELG.

lMann-Whitney U test, “Fisher exact test, *p<0.05

6.5 Aiepedivnon e oLVEICEOPAC TOL VYWOVE Kot tne ypovokabvotépnone Tov

xouatoc P300 otic yvootikéc AS1Tovpyiec

Me Bdaon tov Iivaxa 13, ot acBeveig pe maboroyikn ypovokabucotépnon dev d€pepay

ONUAVTIKA G TPOS TO VEVPOYVYOAOYIKO EAeyyo. Avtifeta ot acbeveic pe maboroyud

VYog glyov onuavtikd pikpotepn Pabpoloyior 6T AEKTIKH Kol OTTIKOYMPIKT VAN

KOl GTO GUVOALKO YVOOTIKO GKOp.

Ilivakag 13 To vVyog ko 1 ypovokabvotépnon P300 oe oyéon pe 1o

VEVPOYVYOLOYIKO ELeyy0 oToVG aoBeveic pe Xkl

SDMT CVLT-II BVMT-R Z‘.nvok’uco
I'vootiko Xkop
[MoBoroyid xpo/on
P300 (N=31) 46.2+15.8 57.5+13.5 22.03+8.6 -0.54 £1.06
dvcrohoykod ypo/on
P300 (N=27) 46.4 +14.2 57.3+12.6 257+17.8 -0.36 £ 0.91
Znu. (v p) 0.925 0.944 0.103 0.498
IaBoroyikd Hyog
P300 (N=18) 42.6 £16.5 503 +15 18.6+9 -1.02+1.17
Dvo1oroykd VYog
P300 (N=40) 48 £14.1 60.6 +10.7 26.1+7 -0.21 £0.79
Znu. (T p) 0.434 0.008* 0.003* e

O TYég ToL TIVaKO AVTUTPOCO®TEVOVY UEGES TILEG + TUTTIKES OMOKAIGELS.

SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning

Visuospatial Memory Test-Revised

'Mann-Whitney U test, *p

<0.005

Test, BVMT-R: Brief
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6.6 ZOYKPLION TOV VELPOWVYOAOYIKAV KOl TOV VELPOOUGLOAOYIK®OV UETPNCE®V

Onwg o@aivetor otov Ilivaxa 14, 10 34.5% 7tov Odelypatog tov achevov
emPeforwbnray pe A kow pe 1 6060 peBoodovg, 32.8% povo pe v
niektpopuctoroywkn ektipnon kot 10.3% pdvo pe tn vevpoyvyoroykn exktipnon. O
Babuog coppoviag e VELPOYLYOAOYIKNG Kol NAEKTPOPVCIOAOYIKNG EKTIUNONG NG
YVOOTIKNG Agttovpyiag otovg acbeveig pe ZkIT ntav 56.9% (33 otovg 58 acbeveic).

Av kot ) dtapopd Twv dvo peBddwV dev NMtav otaTioTikd onpavtiky (p=0.26) kot o
Babuog ocvuemviag Mrov pkpdg (tyunq kappa=0.168, p=0.157), dwapaivetor 6t 0
NAEKTPOPLGIOAOYIKOG EAEYYOC €lvar Mo gvaicOnTog oTNV avayvdpion Tadoloyikng

YVOOTIKNG tkovoTnTag 6Ttovug acbeveig pe Zkll, évavtt Tov veupoyvuyoAoyikov.

IHivakag 14 ZHykpion g ovyvotrag s A avdioya pe ) pnébodo extipnong
Nevpoguororoyiki) Extipnon

NAT HOT'A OXI HOT'A
NAITA 20 34.5%) 6 (10.3%)
Nevpoyvyoroykn
OXITA 19 (32.8%) 13 (22.4%)
Extipnon

I'A: Tvootn datapayn, HOT'A: Hiektpopusioroywd Beforwpévn TA

Onwg gaiveton otov Ilivaka 15 ko v Ewova 8, OAeg ot vevpoyuyoAoyikés Ko
VEVPOPLGIOAOYIKEG HETPNGELS OLEKPIVOY LE oNUavTikn axpifela tovg acBevelg amd
toug vyeic. Tn  peyadvtepn  dwyvootikn  okpifea  onueimce 1 P300
ypovokabvotépnon, akorovBovpevn and to P300 vyog. Tn peyaldtepn evoicOncio
elxe 10 vyog P300 xor ™ peyorvtepn ewdwomta n P300 ypovokabuvotépnorn. O
ouvdvacuog Vyovg kal ypovokabvotépnong P300 (dnA. vyoc <8.92uV 1/xo
ypovokaBvotépnon >329.42ms) €xet evaucHnoio, €WOKOTNTA Kol  OYVOOTIKN
akpifea  93.1%, 56.7% o 76.1%, avtiotolywc. Xvumepaivetor 6Tl O
NAEKTPOPLGIOAOYIKOG  éleyyoc eivar mo  evaicOntog Kot  €W0KOG amd  TOV

VELPOYLYOAOYIKO EAEYYO Y10 TN SLAKPLOT) VYEIDV KOl AGOEVOV.
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Iivaxag 15 Awyvootikn okpifelo VELPOYLYOAOYIKOV Kol VEVPOPLGLOAOYIKMV

UETPNOEWMV Y10, TN SLAKPLOT LYEUDV-0G0EVOV

AUC! Tomké Inpavrikétnte  EvaeOneia Ewdwomra Awryvootuc MaBoroyikd
Todrpa’ (p i) (%) (%) Axpipera (%) ‘Opo
SDMT 0.774 0.044 <0.0001* 62.1 82 70.5 <50
CVLT-II 0.694 0.051 0.001* 51.7 84 65.8 <58
BVMT-R 0.749 0.047 <0.0001* 70.7 72 71.4 <29
rv;"“"“’ 0.786 0.043 <0.0001* 70.7 76 714 <0.075
Kop
P300
Syoc 0.764 0.046 <0.0001* 84.5 60 72.4 <8.92(nV)
P300
0.799 0.044 <0.0001* 67.2 90.2 78 >329.42(ms)
xpovo/on
' Avéwon pe kapmoreg ROC (undeviky vrodeon AUC=0.5), *p<0.05
ROC KAMIMTYAH
— SDMT
CVLT
BVMT-R
| EYNOAKO TNDRITIKO
ZKOP
P300 YWOI
| P300
KPOMOKASY ZTEFHIH

EYAIZOHZIA

0.0

0.0

T T T
02 04 06 08

1-EIAIKOTHTA

10

rPAMMH AMAROPA L

Eixova 8 Kaumdreg ROC yio ) dudkpion petad aclevav Kot vyeidv poptopwv

Onwg eaivetor otov Ilivaka 16, vrdpyel onuovtikn Oetikr] cvoyétion petald Tov

vyoug Tov P300 Ko TV VELPOYLYOAOYIKMOV EMOOGEMY KOl APVNTIKY) GUOYETION LE
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™V ypovokaBuotépnon, LETA ToV EAEYYO Yo TV NAKia, TO VA0 KOl TNV EKTOidEVON
670 GUVOAO TV 0TOH®V (VYWY Ko acBevdv) tng perétng. Movadikn e€aipeon eivot
ol Un onuavtikég ocvoyetioelg peta&y g Pz P300 ypovokabuotépnong kot tov tect

CVLT-II yia tn AEKTIKT Lviun.

IHivaxag 16 Zvoyeticelg Hetalh vELPOYLYOAOYIKOV KOl VEDPOPVGIOLOYIKMV OEIKTMOV

4 r 4 1
6T0 GUVOLO TV 0CHEVAOV Kot LopTOP®V

SDMT CVLT-II BVMT-R Zovoduo
I'vootiké Xkop
Fz 0yoc 0.259* (0.008) 0.345* (<0.0001) 0.288% (0.003) __ 0.361* (<0.0001)
Fz ypovolon 20.246* (0.012) 20.134 (0.172) 20.307* (0.001) ~0.278* (0.004)
Cz byoc 0.311% (0.001) 0.371* (<0.0001) 0.376* (<0.0001) _ 0.429% (<0.0001)
Cz ypovolon ~0.231* (0.018) 20.132 (0.179) ~0.313* (0.001) ~0.275* (0.005)
Pz Gyoc 0.292% (0.003) 0.312* (0.0001) 0.350% (<0.0001) __ 0.387* (<0.0001)
Pz ypovolon 20.203* (0.038) 20.111 (0.258) ~0.271* (0.005) 20.238% (0.015)
P300 Gyoc 0.304* (0.002) 0.362* (<0.0001) 0.358% (<0.0001) _ 0.415* (<0.0001)
P300 ypovolon 20.228% (0.019) 20.127 (0.197) ~0.299* (0.002) -0.265* (0.006)
Xpovoc Alone 20.305* (0.002) 20.402* (<0.0001) ~0.284% (0.003) _ -0.399% (<0.0001)

SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning Test, BVMT-R: Brief
Visuospatial Memory Test-Revised

'Pearson's rho petd omd éheyyo yuo T nAtkia, To GUAO kat TV eknaidevor. Ot Tipéc oty mapévison
AVTITPOCOTEVOVY TO EMIMEDO CTUOVTIIKOTNTOG P.

#p<0.05

6.7 2vuykpiosgic petoéL tov oclsvav pue kol yopic I'A kol tov vyEidv yio TIC

UETPNOELC TNC LEAETNC

2tovg mapokato [livakeg paivovral ot dtapopég petald acbevav pe N xopig I'A kot
pe M yopic niextpopucioroykd PePfaiwpévn 'A (HOT'A) oe oyxéon pe 100G vYIElg
HapTUPEC.

Oco apopd T cvykpicelg Heta&d achevdv Kot HopTOPOV GTUTIGTIKE CTUOVTIKES
owpopés Ppédnkav yw v exnaidevon (mepiocdtepor vylelg pe TprroPdOuia
ekmoidevon) kot v epyacia (meprocdtepol vYieig NTav epyalopevor).

Ooco agopd ™ oVOYKpon TOV HapTUP®V HE Tovg acbeveilg yopic ['A otoatiotikd
ONUAVTIKES Olopopés Ppébnkav povo yw v epyacio (meplocdtepol vYIELG MTav
gpyolopevol). Ooco agopd TN oVOYKPIoN TOV HOpTUP®V HE Tovg acBeveic pe T'A
OTATIOTIKA ONUAVTIKEG O10popES Ppédnkav Yoo TV ekmaidgvor (meplocdTEPOL VYIElG

pe tprtofabua exmaidogvon), Ty epyacia (mepiocoTePOL VYIEIC Tav £pyalopevot), To
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OTPEC, TO AyYoc Kol TNV katabilym (peyodvtepa okop oe acbeveic pe I'A). Oco
a@opd T ovyKplon acbevav pe kot yopic I'A oTaTIoTIKA ONUOVTIKEG O1POPES
Bpétnkav ywo tov aplBpd twv vrotpormv (peyodvtepog oe acbeveic pe T'A), v
avamnpio (peyordtepn oe acbeveic pe T'A), ) AyYN GLUTTOUOTIKNG OywYNS (o
ovyvnl otoug acbevelg pe I'A), ™ cOUOTIK KOT®OT, TO OTPES, TO AYYOG KOl TNV
KataOAym (peyarvtepa og acbeveig pe I'A).

Oco agopd 1 cbykpion tov paptipov pe toug acbeveic yowpic HOI'A ctatiotikd
oNUavTIKEG Olapopég Ppédnkav poévo yio v mvevuatikn koémwon (ot acbevelg
AVEPEPOY LIKPOTEPT] TVEVUOTIKY KOTT®OT ard 0Tt o1 vyeic). Oco agpopd tn cvykpion
TV poptopwv e Toug acbeveic pe HOI'A otatiotikd onpavtikég dtapopéc Bpédniav
povo yuo v gpyacio (meprocotepot vyelg NTav epyalopevor). Télog, 660 apopd
ovykpion aclevav pe kot yopic HOI'A otatiotikd onpovtikés dtapopés Ppédnkay

Yo TNV avomnpio Kot T copatikn Konwoon (neyaivtepa o acbeveic pe HOT'A).

Ilivaxag 17 Xvykpicelg petald aclevav (ue N yopig T'A) ko poptopov yoo Tig
UETPNOELG TNG UEAETNG

Yeig kIl 2KII yopig TA Xkl pe TA InpovtikotTnTa
(N=51) (N=61) (N=34) (N=27) (ty )’
0.0.106 °
L B.0.611°%
Hhucio (1) 38792 41.8+10.6 39.8+10.4 443 +10.6 7.0.034+
5.0.098 *
0.0.426 %
. B.0.281°%
TMovaikeg 41, (80.4) 44, (72.1) 23, (67.6) 21, (77.8) 1 10%
3.0.556 %
a. 0.036**
TprrofdOma B.0.303 ¥
Exnoievon 47,(92.2) 46, (75.4) 28, (82.4) 18, (66.7) 7. 00115+
5.0.265*%
a. 0.001%+*
. B. 0.0097:¥
Epyaldépevor 44, (86.3) 33, (54.1) 20, (58.8) 13, (48.1) ¥. 0.001%
3.0.567 ¥
AtpieL voo0Y - 137.9 £83.9 122.9 +80.8 1568854  8.0.096 "
(u1veg)

Y notpoméc - 72483 44 +45 10.7 +104 5. 0002+
EDSS - 22+19 1.6+1.6 32 5. 0.006%*"
ATA - 50, (82) 28, (82.4) 22, (81.5) 5.1.0%

TA - 24, (39.3) 5,(14.7) 19, (70.4) 5. <0.0001 ¥
a.0.984°
ZOUOTIKN KOTWOT) B.0.105 ¢
() 506+263 507 %263 413 +244 62.5+24.2 70033
5. 0.003*
0.0.143 %
, §

Mvevparuc 40.5+259  33.4+253 30.2 +24.7 37.4+26 p.0.07°,

Kkoémwon (mm) v. 0.475 Y
5.0.213
Poyikt| K6mmon 46.6 £25.3 443 +£315 3744323 53+289 a. 0.674°
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B.0.166
y. 0436 *
3. 0.044"

ZTpeg

10.8 £7.7

13.1 £8.7

104 £6.6

16.7+9.9

0. 0.144
B.0.789 ¢
¥. 0015
5. 00127

Ayyog

44+57

6.5+72

45+54

92+85

a. 0.087°
B.0.929 ¢
¥. 0002
5. 001"

Kotd0iwyn

59+6.6

89+9

6+7.1

12.6 + 10

0. 0.051
B.0.959 ¢

¥. 00015
5. 0.003*

Ot TIHEG TOV TVOIKO, OVTITPOCSMOTEVOVY HEGES TIHEG £ TUTIKEG AMOKAMGELS Y10l TIG TOGOTIKEG LETAPANTEG KOl OTOAVTOG aptOpOS Kot

cvxvomta N, (%) v 116 katnyopikés. ATA: Avocotporomtikn ayoyn, I'A: I'vootua) Awtopayr, ZA: ZOUTTOUHATIKY ayOyn,

2kII: Zxnpovon kotd IThdxag, EDSS: Expanded Disability Status Scale

'"Twéc p yia ovykpiosic:

o. Yyeig vs. ZkII, B. Yyeig vs. ZkIT yopig TA, v. Yyeic vs. ZkIT pe T'A, 8. EkIT pe TA vs. ZIT yopic TA

¥Chi-square test (S10pfmon Yates), ‘Student's t-test, * Mann-Whitney U test

Ta évTova YpApLOTe VTOSNAMVOVY OTATIGTIKA GNUAVTIKY S10popd PACGEL TOV GTATIGTIKOV KPLTHpimy.

*p<0.05 **p<0.017 (516pbwon Bonferroni yio 116 3 cvykpiceis: B, v kot §)

Ilivakas 18 Xvykpicelg peta&d acbevov (ue N yopic MAEKTPOPLGIOAOYIKE

BePparopévn I'A) kot popTOp®V Y100 TIG LETPNOELG TG LEAETNG

Yeig AN Xk yopig kIl pe HOT'A Inpovrikétnro
(N=51) (N=58) HOT'A (N=19) (N=39) (i p)’
0.0.147°
L B.0.812*
Hlcio (€tn) 38.7+£9.2 415 +10.5 402+11.2 42.1+10.2 7.0.103 §
5.0.507 *
0.0.343%
. B.0.531%
Dovaikeg 41, (80.4) 41, (70.7) 14, (73.7) 27, (69.2) 7.0330*
3.0.966 *
a. 0.043+*
TprrofdOma B.0.054 ¥
Exnoievon 47,(92.2) 44, (75.9) 14, (73.7) 30, (76.9) 7.0083"
5.1.0%
a. 0.001***
\ B. 0.045*
Epyalousvot 44, (86.3) 32,(55.2) 12, (63.2) 20, (51.3) 7. 0.001%+Y
3.0.567*
7 7 #
Audpicete voo0D - 13974849  1332%83.6 14294864 0073
(u1veg) ;
Ynotponég - 7+8 6+9.6 7.5+7.1 5. 0.300
EDSS - 22+18 14+1.6 26+1.8 3. 0.005%+
ATA - 48, (82.8) 15, (78.9) 33, (84.6) 5.0.714F
A - 23,(39.7) 4,(21.1) 19, (48.7) 5.0.083 7
0.0.897 %
, ’ #
ZOROTIN KOTOON 564 963 49.9 +25.4 34.6+£256 5742219  P0056
(mm) v.0.192
5. 0.003***
0.0.138°
A et
Hvevuoructy 405+259  33.1£25.6 233£225 37.9 £26 B 0.015¢
Kko6mwon (mm) v. 0.638

5. 0.048+ *
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a. 0.634 %

, ’ #
Yool kémoon 46 64953 44 £31 36.1£30 478+311 P01
(mm) v. 0.836

5.0.127%

0.0.135
B.0.470%
y.0.120 ¢
3.0.622*

2tpeg 108 +7.7 13.1+8.4 12.6 +9.8 134 +7.7

a.0.128 ¢
B.0.707 *
v.0.062
5.0.119%

Ayyog 44+57 6.2+6.7 4862 6.9+6.9

a. 0.064
B.0.968 *
v. 0.027%
5.0.127"

Kata0iwym 59+6.6 8.7+8.7 7.5+10.5 94+78

Ot TYEG TOL TVOKA OVTITPOCOTEVOVV UEGES TWES £ TUTIKES AMOKAIGELS Y10 TIG TOGOTIKEG HETABANTEG Kot ATOAVTOG aptOrdg Ko
ouyvomta N, (%) vy tig kotnyopwés. ATA: Avocotpornomtikyy oywyn, HOT'A: Hiextpopuoiodoyikd Befotopévn yvooTikn
Swtopayn, ZA: Tourtopotikn aymyn, ZKIT: Zkigpovven katd [Tidkog, EDSS: Expanded Disability Status Scale

'"Twéc p yia ovykpioceic:

o. Yyteig vs. kI, B. Yyeig vs. kI yopic HOTA, v. Yyeig vs. ZkIT pe HOT'A, 8. ZkIT pe HOT'A vs. Z«kII ywpic HOT'A
¥Chi-square test (510pPwon Yates) 1§ Fisher exact test , *Student's t-test, " Mann-Whitney U test

Ta £vtova ypappoto VIToSNAMVOLY GTUTIGTIKA GTLAVTIKH d10Q0PE BACEL TOV GTOTIGTIKMV KPLTNPimV.

*p<0.05 **p<0.017 (516pbwon Bonferroni yo 116 3 cuykpiceig: B, y kot )

6.8 2vuykpiceic petoéL tov oclevov pe ko yopic T'A kol T@V VYEIOV Y0 TIC

Boowéc uetpnoslc (YVOoTIKG, OTEIKOVIGTIKA) TNC LEAETNC

Onwc eaiveton otov Ilivaka 19, ov acBeveic pe T'A eiyav otatiotikd onpovtikd
YEPOTEPO VELPOYVYOAOYIKA GKOp amd OTL ot vyieig kot o1 acBeveic pe I'A, petd amod
éleyyo v 10 emimedo ekmaidevonc. Ot vylelg iyov onUOVTIKG KOAVTEPA YVOCTIKA
okop o€ oyéon pe Toug o0obeveic kvpiwg omv ToyvTa emeepyociog TV
TANpoPopldV (akoOpa Kol o€ oyéon pe tovg acbeveic yopic I'A yeyovdg mov v
kaf1oTd To gvaicOnTo deikTn Yo TV aviyvevon g KOTAGTACNS TG VOGOV) KOl GTNV
omtikoywpkn pviun. Ot acBeveic pe I'A d1€@epav GTATIOTIKA OMUOVTIKA LE TOLG
VY1ElG 68 OAEG TIG NAEKTPOPLGLOAOYIKES TTapapeéTpovg Tov P300 (Iivakag 20), aArd
povo oe oxéon pe 1o vyog P300 (ewdwkd oto Cz ko Pz) pe tovg acBeveig ywopic I'A,
petd and €leyyxo v to emimedo ekmaidevonc. H ypovokabuotépnon P300 opepe
onuavtikd emiong petald vysuwv kot acbevov yopic T'A, yeyovdg mov 10 Kabiotd
evaicOnto deik yuo Vv Katdotaon vosov. Oco apopd TIG OMEIKOVIGTIKES LETPTOELS
ONUOVTIKES SL0pOPES TTapaTnpOnKay Yia 10 6Tadcpévo TAATOg Kot OyKo TG Tpitng

KotAlag, To deiktn Tov pecorofiov Kot Tov dyko tv eotidv (ITivaxeg 21 ko 22).
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Iivaxag 19 Xvykpicelg petald acbevav (ue N yopic T'A) ko poptdopov yoo TIg

VEVPOYVYOLOYIKEG LETPNOELS TNG MEAETNG

kIl
(N=61)

XKII yopig TA
(N=34)

Yyeig
(N=51)

XKII pe T'A
(N=27)

ZNpovtikoTNTo
(ryi p)**

SDMT 60 +10.1 46.6 +15.3 533 +12.6

38.1+14.3

0.003*
0.05%
<0.0001*
<0.0001*

CVLT-II 65.5+7.3 57.6+12.8 64.5+8.2

49 £12.5

0.134
0.997
<0.0001*
<0.0001*

BVMT-R 30.6 £5.2 23.7+8.34 28.6 5.1

17.5+7.7

. 0.025*

0.498
<0.0001*

. <0.0001*

2VVOMKO YVOOTIKO
oKop

0.44 +0.58 -0.45+£0.99 -0.16 +£0.59

-1.22+£0.85

SR PRIOI PRI PRI E

. 0.008*

0.277
<0.0001*

. <0.0001*

Ot TYéG TOV TVEKO OVTITPOCMOTEVOVY UECES TIHEG + TumikéEG amokAioels. ['A: Tvowotikny Awrtapoyr], EZkIT: ZkAnpvvon katd

ITAéxag, SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning Test, BVMT-R: Brief Visuospatial Memory

Test-Revised

Yo Yyteig vs. Tk, B. Yyeic vs. kI xopig TA, y. Yyteic vs. ZkII pe TA, 8. ZkII pe TA vs. ZkII yopic TA

2ANCOVA pe oveldpeg petaPAntéc, TV opddo, Ty ekmaidevon kou v opdda*ekmaidevon. Xpnoiomomdnke to Sidak

post-hoc test yia ) dtokpifwon Tov cuykpicenv B, v kat 8. Ta Eviova ypapuato VTOSNAGVOLY GTOTIGTIKG CUOVTIKY S1opopd

Baoel TV OTATIOTIKOV KpLenpimy.

#p<0.05

ITivaxag 20 Xvykpicelg petald aclevav (ue N yopig T'A) ko poptopov yoo Tig

NAEKTPOPVGIOAOYIKEG LETPNOELG TNG UEAETNG

XkIl
(N=58)

XKII yopig TA
(N=32)

Yreig
(N=51)

XKII pe T'A
(N=26)

INpavtikoTNTo
(ryi p)*”

Fz byoc (1V) 995+352  7.45+4.49 8.67 +4.97

5.95+3.33

.0.116
.0.428

0.001%*

.0.051

Cz byoc (LV) 991+£350  7.33+4.79 8.90 +5.48

5.40+£2.82

a
B
v.
)
o

. 0.042*

.0.587
. <0.0001*

. 0.005*

8.33+£3.40 5.45 +4.57 6.54 £5.43

Pz vyog (uV)

4.12+£2.77

.0.262
.0.162

. <0.0001*

. 0.035%

347.08 £
40.75

311.24 +

16.36 350.03 +47.53

Fz ypo/on (ms)

343.44 +30.96

.0.141
<0.0001*

. <0.0001*

.0.934

345.19
39.45

310.94

16.66 347.90 +45.92

Cz ypo/on (ms)

341.85 +£30.22

.0.140
. <0.0001*

. <0.0001*

.0.94

Pz ypo/on (ms) 31043 + 343.67 £ 348.26 +£45.50

338.02 +£28.71

B
Y
3
o
B
Y
3
03
B.
Y
8
o
B
y
8
03

.0.126
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17.15 3891 B. <0.0001*
0.001*
.0.591

.0.093
.0314
<0.0001*
. 0.013%*

P300 byog (uV)  9.40+3.11  6.75+4.44 8.03 +£5.13 516+2.74

Rl e |

.0.133
. <0.0001*
. <0.0001*
. 0.849

310.87 = 34531 +

16.60 39.42 348.73 +£46.15 341.11 £29.45

P300 ypo/on (ms)

R ™™

.0.344

Xpdvog avrtidopaong 355.51 395.24 + B. 0.033*
(ms) 28 65 5489 383.20 £52.93 410.07 £54.60 v, <0.0001*
3.0.130

=]

Ot Tpég TV TVAKO oVTITPOCOTEVOVV HEcES TIWES + Tumkég amokAioels. T'A: T'vootikhy Awrapoyn, ZkIl: Zxinpuven kotd
IMAdixag

Yo Yyeig vs. ZkI, B. Yyeic vs. kI opig TA, y. Yyueic vs. ZkII pe TA, 8. ZkII pe TA vs. ZkII yopic TA

2ANCOVA pe oveldpteg petaPAntéc, v opddo, Ty ekmaidevon kou v opdda*ekmaidsvon. Xpnowonowidnke to Sidak
post-hoc test yio ) dtokpifwon Tov cuykpicenv B, v kat 8. Ta Evtova ypapuato VTOSNAGVOLY GTUTIGTIKG GNUOVTIKY S10popd
Bacel TV OTATIOTIKOV Kprenpimy.

#p<0.05

IHivakxag 21 Xvykpiceig petald acbevov pe ko yopic ['A yoo 116 aneovioTikég

UETPNOELG TNG UEAETNG

; Oyko/koi
FZZ?KT:QO‘ Xo)?)li(gn TA Il pz TA (‘ri::']u[‘))l 8%2‘11"7)89 kIl yopic I'A ZKIEIAHS (Tﬁl?'lull))l
VW 4332 534+182  0.042% LV 153741955  SL2LE g 002%
(mm) 23.42
TVV (ml) 291+14 357142  0.055 NGMV 64595 & 134.26 639‘;"3377* 0.55
NTVV 2?53361' 311;2; 0.045*  NPGMV  508.57 +109.57 49836'.153; 0.364
BCR 0(')%; ; 0(')%(3)76 " 0716 ~ NWMV 82921 +85.27 71913;52* 0.55
ccr 0378 0505 s
glx 333.231 3495+355  0.299
e e

Ot TYéG TOL TVOKO AVTITPOSMTEVOVY HEGES TYLEG £ TUTIKEG OTOKAIGELS.

T'A: Tveotun Awrtapayn, ZkIT: ZkAgpvvon katd [Thdxag, BCR: BiCaudate Ratio, CCI: Corpus Callosum Index, FHW: Frontal
Horn Width, LV: Lesion Volume, NBV: Normalized Brain Volume, NFHW: Normalized Frontal Horn Width, NGMV:
Normalized Grey Matter Volume, NPGMV: Normalized Peripheral Grey Matter Volume, NTVV: Normalized Third Ventricle
Volume, NTVW: Normalized Third Ventricle Width, NWMYV: Normalized White Matter Volume, TVV: Third Ventricle
Volume, TVW: Third Ventricle Width

Ta évrova ypAapHaTe VTOSNAMVOVY GTATICTIKA GNUAVTIKY S10popd PACEL TOV GTATIOTIKOV KPLTnpimy.

'Mann-Whitney U test, *p<0.05
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Iivaxag 22 Xvykpioeig petald acbevov pe kot yopic I'A yuo 11¢ vToEAOIDOELS

EYKEPAMKEG dOUEG TNG LEAETNG

Oykopetpukoi deikTeg . Inp.
(ml) XKII yopig TA XkII pe T'A (xu !
Keprogopog A 777+ 1.63 757 +1.54 0.706
Keprogopog A 738 +1.39 713 +1.53 0.599
Keprogopog 7.59 +1.48 735+1.5 0.610
(n€o0g 6yKog)
Kérgog A 7.61 + 1.66 7.55+1.52 0.819
Kéveog A 755+ 1.51 7.43 +1.60 0.615
Kérvgog 7.58 + 1.54 749 +1.53 0.631
(néc0g 6yK0Q)
Qypé cpaipa A 3.12+0.71 3.09+0.71 0.845
Qypd 6puipa A 3.23 +0.69 334 +0.77 0.286
pé cgaipa 3.18 £0.68 321+0.72 0.540
(nécog 6yK0g)
Odrapog A 12.17 237 11.99 +2.33 0.837
Odrapos A 12.38 +2.29 12.25 +2.45 0.873
Odhapog 12.27 +2.29 12.12 £2.36 0.855
(néo0g 6yK0S)
Innéxapmog A 89+2.13 8.93 £1.95 0.837
Innékapmog A 8.73 +2.23 8.57+2.1 0.681
InmoKapmo 8.82 +2.14 8.75+2 0.945
(nécog 6yK00)
Apvydoi A 3.33+£0.97 3.39 +0.95 0.631
Apoydari A 3.67+1.0 3.67£0.97 0.927
Apvydodi 3.50 £0.96 3.53 +0.95 0.802
(nécog 6yK05)
Emuchvig A 1.08 + 0.30 1.14 +0.36 0.704
Enuchviic A 1.25 +0.36 1.24 +0.43 0.987
Enmucawiig
T 1.16 £0.29 1.19 +0.35 0.605
(néoog dyKog)

Ot TYéG TOL TVOKO AVTITPOSMTEVOVY HEGES TYLEG £ TUTIKEG OTOKAIGELS.
A: Apotepd, I'A: T'vootuc Awrtopayn, A: Ag&d, ZkIT: XxkAnpuven katd IThdxog
Ta évrova ypAappHaTe VTOSNAMVOLY GTATIGTIKA GNUAVTIKY S10popd PACEL TOV GTATIOTIKOV KPLTnpimy.

'Mann-Whitney U test
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6.9 Xvuykpioeic uetald Tov aclevov pe Kol Yyopic NAEKTPOOVGLoA0YIKA Befatouévn

I'A ko Tov vyeidv vy tic Bocwkéc uetpnoelc (YvooTikd, OTEIKOVIGTIKA) TNC

neAétmg

Onwc paivetan otov [livaxka 23, ot acOeveic pe HOT'A giyov otatioTikd onpovtikd
YEPOTEPU VELPOYLYOAOYIKE GKOpP Omd OTL Ol VYIELS, EVM OLEPEPAV CNUOVTIKA UOVO
OTNV OTMTIKOYWPIKN UvAun amd tovg acbeveic yopic HOT'A, petd and éleyyo yia to
eninedo exmaidevonc. Ot vyieic glyav oNUOVTIKG KOADTEPA YVOOTIKA GKOpP GE GYEOM
pe tovg acbevelg Kupiwg otV TaydTNTO EMEEEPYUGING TOV TANPOPOPLOV (AKOUOL Kot
oe oyéon pe toug acbevelg yopic HOT'A yeyovog mov v xobiotd mo evaicOnto
OelkTn Yo TV aviyvevon g KatdoToong TS VOoOoL) KoL GTNV OTTIKOYMPIKT VLY.

O aoBeveig ue HOI'A S1épepav OTATIGTIKG CMUOVTIKA LE TOLG LYIES 68 OAEG TIC
NAeKTpoPLGLOA0YIKEG TTapapétpovg Tov P300 (ITivaxag 24), ahld poévo ce oyéom pe
1 ypovokabvotépnon P300 kot to ypdvo avtidpaong e toug acbeveis yopic HOT'A,
petd amd éleyyo yio to eminedo ekmaidevong. To vyog Cz-P300 diépepe onuavtikd
eniong peta&d vyiwv kot acbevav. Oco agopd TIC OMEIKOVIOTIKEG UETPNOELS OgV
wapoTnpNOnKay onuavtikég deopés avdpecsa otovg acbeveic pe kot yopig T'A

(ITivakeg 25 xon 26).

Ilivakags 23 Zvuykpicelg petald oocbevov (He M YoPIG MAEKTPOPLGLOAOYIKA
BeParopévn I'A) Kot popTOp®V Y10 TIC VEVPOWVYOAOYIKEG LETPNGELG TNG LEAETNG

Yreig kIl Xk yopig XkII pe HOT'A INpavtikoTNTe
(N=51) (N=58) H®T'A (N=19) (N=39) (tyig p)*°

. 0.004*

. 0.007*
<0.0001*
. 0.896

SDMT 60 +10.1 463 +15 4716154 459 +14.9

= e

.0.136
. 0.601
0.001*
.0.193

CVLT-II 65.5+7.3 574 +13 60.8 £10.7 55.7+13.8

o ™e

. 0.035%

. 0.808
<0.0001*
. 0.001*

BVMT-R 30.6 £5.2 23.7+84 28.7+5.6 21.3+8.5

R ™R

L0.01%
ZOVORKO WOOTIKO ) 44\ 58 0,46 +0.99 -0.08 £0.76 064104  POI51
OKOp v. <0.0001*
3. 0.029%

Ot Tipég Tov TVaK AVTITPOCOTEDOVY PEGES TIHES £ TumikéG anokAioels. HOI'A: Hiektpogpuoioloyd Beforwpévn I'vootikn

]

Awrtopoyn, ZklIl: XxkAnpovon katd [MAdkag, SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning Test,
BVMT-R: Brief Visuospatial Memory Test-Revised
‘o Yyeig vs. Tk, B. Yyeig vs. ZkIT xopic TA, v. Yyieic vs. ZkIT pe T'A, 8. ZkIT pe TA vs. ZkIT yopic TA
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ANCOVA pe ave&apmreg petoPAntéc, Ty opdda, v ekmaidevon kol v opdda*eknaidevon. Xpnoiuomomdnke to Sidak

post-hoc test yio ™ dtokpifwon tov cuykpicenv B, v kot 8. Ta Eviova ypapuato VTOSNAGVOLY GTUTIGTIKG GNUOVTIKY S1opopd

Baoet TV 6TOTIOTIKOV KpLTnpimv.

#p<0.05

IHivaxag 24 Xvykpioelg petald acbevov (pe N yopic HOT'A) kot poptopov yia Tig

NAEKTPOPLGIOAOYIKEG LETPNOELS TNG LEAETNG

Yyeig
(N=51)

XkIl
(N=58)

XKII yopig
H®TA (N=19)

XKII pe HOT'A
(N=39)

InpovtikoTnTa
(ryi p)**

Fz vyog (LV) 9.95+3.52

7.45 £4.49

89+3.85

6.74 £4.65

.0.116
. 0.865
0.001*
0.114

Cz byog (LV) 9.91+3.5

7.33£4.79

9.02+4.13

6.51 £4.92

gl ™e

. 0.042*
. 0.886
0.001*
0.077

Pz vyog (LV) 833+34

5.45 +4.57

6.21 £3.93

5.08 £4.85

.0.262
.0.194
0.001*
. 0.678

311.24 +

Fz ypo/on (ms) 1636

347.08 £
40.75

316.41 +18.42

362.02 +40.37

.0.141
. 0.861
<0.0001*
. <0.0001*

310.94 £

Cz ypo/on (ms) 16.66

345.19
39.45

31548 £17.9

359.66 + 39.08

.0.140
.0.902
. <0.0001*
. <0.0001*

31043 +

Pz ypo/on (ms) 17.15

343.67 +
3891

315.38 £17.31

357.45 +£39.16

QR PR(RDPR|IRT®R|OR ™

.0.126
. 0.895
. <0.0001*
. <0.0001*

< ™™

P300 Hyog (1V) 94 £3.11

6.75 +4.44

8.04 £3.72

6.11 £4.66

.0.093
. 0.598
. 0.001*
.0.172

310.87 =

P300 ypo/on (ms) 16.6

34531 %
3942

315.76 £17.71

359.71 +39.15

R ™™R|&™

.0.133
.0.884
. <0.0001*
. <0.0001*

=R ™

Xpdvog avtidopaong 35552+
(ms) 28.65

395.24 +
54.89

370.33 +£51.25

407.38 +£53.04

a. 0.344

. 0.853

. <0.0001*
. 0.002*

™

Ot Tipég Tov TVaK AVTITPOSOTEDOLY HEGES TIHES £ TumikéG anokAioels. HOI'A: Hiektpopuoioroykd Beforwpévn I'vootikn

Awrapoyn, ZKIT: Zkinpoven katd [Thdkog

Yo Yyteig vs. ZkTT, B. Yyeic vs. kI xopig TA, y. Yyueic vs. ZkII pe TA, 8. ZkIT pe TA vs. ZkII yopic TA

2ANCOVA pe oveldpmreg petaBAntéc, v opddo, Ty ekmaidevon kot v opdda*ekmaidsvon. Xpnowonomdnke to Sidak

post-hoc test yio ) dwkpifwon tov cvykpicewv B, v kot . Ta évrova YpALATO VTOSNAMDVOVY GTUTIGTIKA CNUOVTIKY Stpopd

Baoet Tov oToTIoTIKAOV Kprinpimy.

#p<0.05
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Iivakas 25 ZXvuykpicelc petald oacbevov pe kot yoplc MAEKTPOPLGIOAOYIKA

Bepoaropévn I'A yio T1¢ aneIKOVIOTIKEG LETPNOELS TNG LEAETNG

I'pappucoi ;)Kpl}q XKII pe Inp. . 06?1(1(:‘{7:21 kIl yopic XKII pe Inp.
. . ;1
AgikTeg H®IA H®T'A (ty] p) (ml) H®TA H®TA (Twn p)
Tvw 429+191 S5.11+£1.99 0.270 LV 21.36 £22.77 2367 + 0.597
(mm) 23.61
0.037 + 0.045 £ 1479.19 1438.26 +
NTVW 0.016 0.017 0-170 NBV 139.97 160.75 0-355
TVV (ml) 3.01+1.12 3.38+1.57 0.508 NGMV 640.29 £ 147.27 631711523i 0.561
26.36 + 29.76 + 500.96 +
NTVV 912 13.45 0.524 NPGMV 49474 £ 120.11 9581 0.731
0.117 £ 0.130 + 803.10 £
BCR 0.028 0.062 0.787 NWMV 838.9+£99.15 107.42 0.383
0.343 + 0.361 £
ccl 0.054 0.072 0.398
FHW 33.89 %
(mm) 405 34.61 £3.55 0.516
0.298 + 0.305 =
NFHW 0.031 0.030 0.418

Ot TIHEG TOV THVAKO OVTUTPOCOTEVOVY HEGES TILEG = TUTIKES ATOKAIGELG.

H®TI'A: Hhektpopuotoroykd BePfaropévn I'vootikn Atatapayn, kIl ZxkAnpovon katd ITAdkag, BCR: BiCaudate Ratio, CCIL:
Corpus Callosum Index, FHW: Frontal Horn Width, LV: Lesion Volume, NBV: Normalized Brain Volume, NFHW: Normalized
Frontal Horn Width, NGMV: Normalized Grey Matter Volume, NPGMV: Normalized Peripheral Grey Matter Volume, NTVV:
Normalized Third Ventricle Volume, NTVW: Normalized Third Ventricle Width, NWMYV: Normalized White Matter Volume,
TVV: Third Ventricle Volume, TVW: Third Ventricle Width

Ta £vtova ypappoto VITOSNAMVOLY GTUTIGTIKA GLAVTIKY 10QOpE BAGEL TOV GTOTIGTIKMV KPLTNpimV.

'Mann-Whitney U test

Ilivakas 26 ZXvuykpicelc petald oacbevov pe kot yoplc MAEKTPOPLGLOAOYIKA

BeParopévn I'A yia 116 VTOPAOIDIELG EYKEPOAKES dOUES TNG LEAETNG

OykopeTpikoi deikTeg , Inp.
(ml) XKII yopigc HOT'A XKII pe HOT'A vy p)'
Kepkopopog A 742 +2.17 7.78 £1.36 0.597
Kepkoopog A T1+1.7 731 + 1.41 0.693
Kepropopog 726 £1.91 7.57 +1.35 0.615
(néoog byKog)
Kéeog A 7.29 +1.83 7.72 £1.56 0.653
Kéweog A 737+ 1.78 7.49 + 1.48 0.838
Kéhvgos 733+ 1.79 7.6+1.48 0.989
(néo0g 6yK0Q)
Qypd cpaipa A 3+0.92 3.16 +0.64 0.443
Qypé cpaipa A 3.12+0.82 3.33+0.71 0.235
Qypd spaipa 3.06 +0.86 3.24 +0.66 0.374
(néoog byKog)
Odhapog A 11.62 +2.68 1227 +2.3 0.577
Odhapog A 1225 +2.81 123227 0.838
Odlopog 11.94 +2.74 12.28 +2.23 0.713

(néoog dykog)
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Inméxapmog A 8.84 £2.32 8.89 £1.99 0.817
Innoxopmog A 8.39+2.33 8.63 £2.15 0.577
InnoKapmo 8.61 +2.30 8.76 +2.04 0.577
(néc0g 6yK0G)
Apvydaii A 3.41+1.06 3.32 +0.96 0.673
Apvydoii A 3.58 + 1.06 3.66 +0.99 0.860
Apvydahi 3.49 + 1.04 3.49 +0.96 0.946
(nécog 6yK0Q)
Enuchviic A 1.07 +0.23 1.12 037 0.599
Enucavig A 1.26 +0.4 1.24 +0.41 0.784
Enuchvig 1.16 0.3 1.18 +0.34 0.623
(néc0g 6yK00)

Ot TG TOV THVAKO OVTUTPOCOTEVOVY HEGES TILEG T TUTIKES ATOKAIGELG.

A: Apiotepd, HOT'A: Hiextpopuoioroyikd BeBoropévn T'vootikn Awrtapoyn, A: Ag&id, ZkIT: ZxkAnpovvon kotd [TAdkog

Ta £vtova ypappoto VIToSNAMVOLY GTUTIGTIKA GTLAVTIKH 10QOpE PAGEL TOV GTOTIGTIKMV KPLTNpimV.

'Mann-Whitney U test

‘Eyive emavédAnyn 1oV ovoADCE®VY Y10, TIG OTEIKOVICTIKES LETPNOELS LE EEXMPLOTA Yol

T1G Kotnyopieg mabBoAroyikov P300 vyoc kot ypovokaBuotépnons mov GynuaTicTnKoy

pe tig pebodovg 1 kot 2 (BA. evotnta 6.4). Xtov TOPOKATO TIVOKO GoivovTal PLOVO Ot

GTATIOTIKA ONUAVTIKES dopopES xbpv cuvtopioc. Xvykekpipéva 1o Hyog Tov P300

KOHOTOG GYETIOTNKE KLPIWG e TOV GYKO TNG GLVOMKNG QOLAG KOl TEPLPEPIKNG QLS

ovGiag.

Ilivakag 27 X0yKkpion OREKOVIOTIKOV OEIKTAOV OCE

@LG10A0YIKNG Kot Taforoyikng P300 amdkpiong

EMUEPOVG  KOTNYOPiES

®vororoyké P300 MaBoroyuco P300 Inp.
vyog (M£0odog 1) Yyog (M£00dog 1) (ty p)’
NGMV 657.35 + 124.99 589.28 +100.39 0.048*
NPGMV 514.71 £ 101.98 458.68 £ 95.58 0.042%*
®vororoyké P300 IMaBoroyuko P300
vyog (M£0odog 2) Yyog (M£00dog 2)
NGMV 660.95 + 125.48 586.21 +96.75 0.021*
NPGMV 516.75 £ 103.08 458.28 +£91.52 0.021%*

O1 TIPEG TOV TVOKO OVTUTPOGOTEVOVV UEGES TILEG T+ TUTIKES OATOKAIGELG.

Mé00odog 1: Baoiopévn ota Z 6Kop TmV VYELmV LapTOp®V

MéB0dog 2. Bactopévn 6to ypappikd LovTELO TaAVOpOUNGNG LE EAEYXO MG TTPOG TNV EKTOidELON

NGMV: Normalized Grey Matter Volume, NPGMV: Normalized Peripheral Grey Matter Volume

Ta évtova YpappoTo VTOINAMVOLY CTATIGTIKE OTLAVTIKY S10popd PACGEL TOV GTATIOTIK®V KpLTnpiov.
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'Mann-Whitney U test, p<0.05

6.10 IIpoocoéropioTikol TOPAYOVIEC TV VELPOWVYOAOYIKDV Ko

NAEKTPOOVGIOAOYIKOV UETPNGE®V 6TOoVC acbeveic e XkIl

Onwg @atvetor amd 10 ocvvovacpd tov ITvikeov 28 kot 29, ot kvpidtepot
TPOGOI0PIOTIKOL OTEIKOVIOTIKOL TOPAYOVTIES Y10 TO GUVOAIKO YVIOOTIKO GKOp &lval o
deikng tov pecorofiov (CCI) kol o 6yKog Tov eotiwv (o Ilivakag 29 mapovoidlet
UOVO TO GTOTIOTIKG OTULOVTIKA HOVTEAD, 6TO GUVOAO T®V 442 mov £yvav). Emumiéov
OMEIKOVIOTIKOL OElKTEG EOKOTEPA YO TNV AEKTIKN KOl OTTIKOXMPIKY VAU Kot
péonon Ntav n otobpcpévn andotoon tov petonoiov kepdtov (NFHW) kot to
otofpiopévo mhdtog g 3ng kotkog (NTVW), avtistolyws. Oco agopd to xdpo
P300, dev Ppébnke wavévag onuoviikdg amelkovioTikog oegiktng ywoo t P300
ypovokabvotépnon. Avtifeta onuavtikoi Tpocdtoptotikol mapdyovteg yio to P300
Vyog NTav 1 otafcpévn amdotacn tov petomoiov kepdtov (NFHW) kot o

GLVOMKOG 6TUOGHEVOG GYKOG TOV eyke@diov (NBV).

IHivakag 28 Xvcyeticelg LeTa&h YVOOTIKMOV KOl OTEIKOVICTIKOV JEIKTOV

I'vooetikog Asiktng Anam(,)vw‘rucog Pearson's rho ):.l]p(lVTl,KOTII]T(l

dgikTng (Ty p)
SDMT LV -0.341 0.05**
CVLT TVW -0.292 0.044*
NTVW -0.329 0.022*

CCI 0.323 0.025% 3
NFHW -0.407 0.004*

LV -0.318 0.031%**
BVMT-R NTVV -0.306 0.035%*

TVW -0.301 0.038%#**
NTVW -0.342 0.017*
Yuvorkd I'vootikd NTVW 0322 0.025%

2xop

CCI 0.289 0.046%**
NFHW -0.307 0.034*

LV -0.323 0.028%**

Fz hyog NFHW -0.313 0.037%**
NBV 0.334 0.029*

CCI 0.390 0.033%*
Cz hyog NBV 0.335 0.028*
P300 dyog NFHW -0.299 0.046*
NBV 0.317 0.039*

Xpovog avtidpaong LV 0.311 0.043%**
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CCI: Corpus Callosum Index, LV: Lesion Volume, NBV: Normalized Brain Volume, NFHW: Normalized Frontal Horn Width,
NTVV: Normalized Third Ventricle Volume, NTVW: Normalized Third Ventricle Width, TVW: Third Ventricle Width
Tapovoidtoviar ot Tipée onpoviuedTTag p 1o TS ovoyetioerg (Pearson's rho) yopic éheyxo yw v nhkia
(extog ov oyveL onpavtikoTnTo Ldvo petd amd Ereyyo Yo Tnv nAio**)

*p<0.05 yopig éreyyo yio nAikio

** p<0.05 pdvo petd and Edeyyo yuo niiio

##% p<0.05 yopic ko petd and Ereyyo yro niio

IHivakxag 29 T'poppikd HOVIELN Y10 TOVS GTOTIOTIKA GNUOVTIKOVS TPOGIOPIGTIKOVS

OTTEIKOVIOTIKOVG TOPAYOVTES TV YVMOOTIKMV OEIKTMOV

Zrddo 1 21400 2 2 InpovtikotTnTa
(nkuaa(, 1;“::73)168”6") (sheta; R? addeyi %) Xuvvolké R* % (p T)
SDMT 26.6% CCI (0.255;5.1%) 31.7% 0.042%
CVLT-II 7.2% LV (-0.289;6.1%) 13.3% 0.05*
CVLT-II 7.2% CCI (0.321;8.6%) 15.8% 0.022*
CVLT-II 71% NFHW (-0.343;7.5%) 14.6% 0.031*
BVMT-R 12.1% NTVW (-0.302;5.9%) 18% 0.046%*
ZOVOMKG 21.7% LV (-0.3:7.1%) 28.8% 0.026*
I'vootikd Xxop
ZovoRiKo 21.7% CCI (0.299;7.9%) 29.5% 0.021*
I'vootikd Xxop
Fz hyog 2.7% NFHW (-0.362;9.8%) 12.5% 0.038*
Fz hyog 2.9% NBV (0.355;11.1%) 14% 0.031*
Cz hyog 3.7% NBV (0.345;10.4%) 14.1% 0.036*
P300 Hyog 2% NFHW (-0.342;8.8%) 10.8% 0.05*
P300 vyog 2.4% NBV (0.330;9,5%) 11.9% 0.047*

CCIL Corpus Callosum Index, LV: Lesion Volume, NBV: Normalized Brain Volume, NFHW: Normalized Frontal Horn Width,
NTVW: Normalized Third Ventricle Width
sbeta: standardized beta

*p=<0.05

Onwoc eavnke oe mponyovpevn evotra ot acbevelg pe ko yopic T'A dépepav
ONUOVTIKA UETOED TOVS KOl LE TOVS VYIEIG ¢ Tpog Tov aplBpd TV VToTPOnT®V, TO
EDSS, ) copatikn KOnmon, To 6TpeS, T0 Gyxos Kot v KotdOiwym. [lpokeyévon va
eleyyBel 0 pOLOG AVTAOV TOV TAPAYOVTOV 6T cLuVEIGPopd TV deiktdv CCI ko LV
GTO GLUVOMKO YVOOTIKO GKOp, £yve emoAnfevon Tov pHoviéAwv pe Eleyyo Yo kbbe
éva, omd avToHE TOVE TOPAYOVTES EEXWPIOTA. Xe OAN OVTA TO. LOVTEAD dlaTnpnOnke N
ONUAVTIKOTNTA QVTAOV TOV SEIKTOV Yo TV TPOPAeYN Tov YvwoTtikoy okop. EEaipeon
amoTéAESE 0 TapPdyovTag VTOTpon®V e o LV, adAd emelon npoktikd o aptBpds tov
VTOTPOTIMV OVIOVOKAG TO QOPTIO TV €0TIOV OV dlepevviiinKe mopamdve o pOAOG
TOV.

Oco apopd tovg acbevelg pe niektpouctoroyikd PePfaropévn I'A avtol diépepav

ONUAVTIKA ®¢ TTPOS TN SOUATIKY] KOnwon kot to EDSS. Ztov avrtictoyyo éieyyo
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emPePardOnie o poriog Tov NBV oto vyog P300 povo petd amd Eheyyo yio to EDSS.
"o Tovg Aoumovg deikTeg mpokeUEVOL va eheyyBel 0 pOLOC TOVG KATOCKEVAGTIKOV TO.
napokdto povréda (Iivaxag 30, BA. otatiotik) avdivon). Oco agopd 10 poOAo TOL
EDSS oty enidpaocn tov NFHW oto vyog P300, 6to avtictoyo poviého, kopio
peTaPAnT dev elval 6TATIOTIKE oNUOVTIKE. AVTO epunvedeTan TOAVOTEPA MG LYNAN
ocuv-ypoppkotnta petasy EDSS ko NFWHW. Ilpdypott o dgiktng ovoyng tov
povtédov tev mopayoviov EDSS kot tov mapdyovra aAAnienidpaong frav <0.2
(onA. 0.009 ko 0.008, avticToiy®c), evd 0 Tapdyovtag cvoyétiong netay EDSS kot
NFHW c¢ivon Pearson's rtho 0.286 (p=0.04). Avtictoym epunveio oyvel Kot yo. ™)
COUOTIKY KOTT®Oo [ Tovg deiktes NFHW kot NBV.

Iivakxag 30 'EAeyy0oc cLYYLTIKOV EMOPACEDV GTNV EMOPACN TOV OTEIKOVICTIKOV

dewktdv (NFHW, NBV) o610 vyog tov P300

Y1600 1 SBeta (p Tyu1}) Y1dowo 1 SBeta (p Tyu1) Y1600 1 SBeta (p Twun)
Hlia, ) Hlia, ) Hh\ida, .
Exmnaidevon Exnaidevon Exmaidevon
NFHW -0.331 (0.062) NFHW -0.335 (0.058) NBV 0.319 (0.063)
EDSS -0.109 (0.519) Zoporih -0.092 (0.544) Zopatich -0.043 (0.063)
Konwon Konwon
Ytdowo 2 Xtdow0 2 Ytdoéwo 2
ES “ ES A
NFHW#EDSS 2352 (0.155)  NFTHW'ZOROAN g 399 o g4p)  NBVIZomohay 4 15 g9y
Koémwon KOmOon

EDSS: Expanded Disability Status Scale, NBV: Normalized Brain Volume, NFHW: Normalized
Frontal Horn Width

sBeta: Standardized Beta

*p<0.05

6.11 EmumAéov cLOYETIOEIC UE TOVC QTTEKOVIOTIKOVC OEIKTEC TNE MEAETNC

Onwg gaiveror otov Ilivaxa 31, ot pHOVOSIKEG OMUOVTIKES GULOYETIOELS UETO Omod
Eleyyo oG TPog TV NAKia rtav HeTaEy Tov aPlBoD TOV LITOTPOTMOV KOl TOV OEIKTN
OV 0YKOV NG AevK1|g ovsiag (NWMV) kot Tov emmédon Tov Ayyouvg e TOV OYKO TOL
aptotepov emikAvi) mopnvae. Onwg eaiveton (IMivaxoag 32) amd T1g KaTNyOpIKég
pETAPANTEG OV €EETAGTNKOV ONUOVTIKG UEYOAVTEPO OYKO GUVOAIKNG (OGS Kot
TEPLPEPIKNG GOLAS ovsiog elyav ot acBeveic mov eAduPavay EvyKoMpoon, évavti
acBevov pe GAAN ayoyn, oAAd Oyl évavtt tov oacBevov mov dev eAduPovov

0LVOGOTPOTOTOUTIKT] Oy @YN.
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IHivaxag 31 ZNPavTIKEG GUGYETIOELS TOV UETOPANTAOV TNG LEAETNG LE OMEIKOVIOTIKOVG

deikteg
Métpnon A"g‘ﬁ';‘i’l:;‘:;““’g Pearson's rho = 'glvlf:,l"l‘)’)’l"“‘
Augprera NoGov TVV 0.299 0.039*
NTVV 0.310 0.032*
TVW 0.333 0.021*
NTVW 0.344 0.017*
CCI -0.322 0.026*
NBV -0.303 0.041*
Ap1Bp6g Yrnotpondv NWMV -0.316 0.032%**
EDSS NFHW 0.286 0.049*
NWMV -0.359 0.014*
Yoy k6Tmon NWMV -0.314 0.034*
Y1peg TVW 0.286 0.049*
FHW 0.427 0.002*
NFHW 0.386 0.002*
Ayxoc AptoTepbs enuhn 0.490 0.013%*
ToPNVOG

Tlapovoidtovrar ot Tiuég onpovtikdTTag p yia g cvoyetioelc (Pearson's rho) yopig éleyyo yuo Tv nhikio
#p<0.05 yopig £Aeyyo yo nhucio
4 p<0.05 pdvo petd omd Edeyyo yio nhio

*#% p<0.05 yopig ko petd and Ereyyo yo nikio

IHivakxag 32 Katnyopéc LeTOPANTEG e OTATIOTIKA CNULOVTIKEG GUGYETIGELS LLE TOVG

ATEIKOVIGTIKOVG OEIKTES TNG LEAETNG

Anyn Fingolimod  Avyym dAing ATA E"*;::J%Kg;l"w
NGMV 707.21 + 68.85 608.44 + 121.41 0.009%*
NPGMV 551.67 £51.80 478.31 £103.78 0.01%

O1 TG TOV TIVOKO AVTITPOSMRTEVOVV TIG LEGEG TIUEG £ TUTIKES AMOKAIGELG

ATA: Avocotponoromtikr] ayoyn, NGMV: Normalized Grey Matter Volume, NPGMV: Normalized Peripheral
Grey Matter Volume

"Mann-Whitney U, *p<0.017 (810p6won Bonferroni yia 3 cuykpiceic)

6.12 O €leyyoc TOVL TPOTOTOMTIKOV POAOL TOV £YKEQOAMKOV amoféuatoc otn

YVWOOTIKN AELTOLPYio

Onwg meprypdonke v €l0aymyn €va KOAOS OEIKTNG TOL £YKEPAAIKOV omoOEpHaTOC
glvar o mapdyovrag 010pOwong (scaling factor, SF) mov mapdyeton and v pébodo
SIENAX. O éAeyyog yio TOV TPOTOTOMTIKO POAO AVTO TOV TAPAYOVTO GE GYECN LLE TN
OGUVOMKT] YVOOTIKN] Agtovpyio €ywve HE HOVTEAO YPOUUIKNG TOAVOPOUNCT|S,

EAEYYOVTOG G TTPOG TN CNUAVTIKOTNTA TOV Topdyovia aAAnAenidpaong tov SF pe
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TOVG OMEIKOVIOTIKOVG OgikTeG OV Ppédnkay onuoavtikol 6Tnv Tponyovuevn evotna.
210 pHovTéAo a@alpEédnkKe o Topdyovtoc eKTOIOEVONG MOV OVTAVAKAG Kupimg TO
vontikd amdBepa, Yoo vo amoeevyfel TO  QOVOUEVO NG  GULV-YPOUUKOTNTOGC
(colinearity). Emiong mpootédnke o mapdyovtog tov @OAo, dedopévov OtL Bpébnke
dtapopeTikog SF ota dvo eoda (avtpec: 1.22 £ 0.13, yovaikeg: 1.36 £ 0.24, p=0.005).
Onwc eaiveron otov Ilivaxko 33 dev emPBefaidOnke o tpomomomTikog pOAOG TOV
eYKEQOAKOD amofénatog ot YvOoTikny Asttovpyio. Avtifeto onpovtikdc NTav o
TPOTOTOMTIKOG POAOG TOV Tapdyovta dtopbwong oto vywoc Tov P300 (standardized
beta yio tov mopdyovia aAinAemidopaong nrtav -4.4, p=0.038). Xvykexkpyévo oe
acbBeveig pe vymAdtepo mapdyovia d1OpOBmong (dNA. kpdTEPO EVOOKPOVIOKO GYKO 1
EYKEQOAMKO amodbepa), LeyoldTeEPN S1EVPLVGT TOV HETOMIAIOV KOIALUKOD GUGTHLOTOS

onpaivel yapuniotepo vyog P300.

Iivakxas 33 O tpomomomTikdg pOLOG TOV £YKEPOAKOD OMOOENATOS GTO YVOOTIKO

GKOp

Yvvolko ['vootikd Zkop Yvvolko ['vootikd Zkop

AR? Znp. AR ZMp.

(p Tyw) (p Ty

Hlwia, " Hlkia, "
Doho 0.242 0.003 Do 0.207 0.003
LV 0.324 0.029* CCI 0.251 0.067
SF 0.324 0.985 SF 0.234 0.783
LV*SF 0.329 0.580 CCI*SF 0.252 0.168

CCI: Corpus Callosum Index, LV: Lesion Volume, SF: Scaling Factor (mopdyovtag dtopBwong ond
uédodo SIENAX)
*p<0.05

Iivakag 34 O tpomomonTikdc pOA0G Tov eykePaitkov amobépatog ato P300 vyog

"Yyog P300 "Yyog P300
AR’ Inu. AR L.
(sbeta) (p Ty (p Twur)
Hhwia, Hlwcia,
Do 0.047 0.384 Do 0.047 0.384
NFHW 0.127 (1.9) 0.065 NBV 0.132 0.057
SF 0.132 4.4 0.668 SF 0.135 0.717

NFHW*SF  0.229 (-4.4) 0.038%* NBV*SF 0.184 0.144
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NBV: Normalized Brain Volume, NFHW: Normalized Frontal Horn Width, SF: Scaling Factor
(mapdyovtog d16pBwong and pébodo SIENAX)
sbeta: standardized beta

*p<0.05

Ao tov €lEYY0 TOV EMUEPOVS TOPAUETPMV TMOV YVAOOTIKOV AEITOLPYIDOV KOL TOV
P300 ototiotikd onuovtikdg TPOmomomTikdg pOAOG TOL YVOGOTIKOV 0OmoOEHaTog
wapotnpnOnke yo ™ Aektikn pvnun (standardized beta CCI*SF = 2.18, p=0.049) kot
to Vyog tov P300 oto Fz (standardized beta NFHW*SF=-4.7, p=.024). Oco apopd 10
TPMOTO TPOKLATEL OTL OGO UEYOAVTEPOG €ival 0 OgikTng Tov HEGOAOPIoOV 1 AEKTIKY
pvnun Pertidveror ahdd Aydtepo oe acbeveic pe pikpdtepo SF (dniaon peyaidtepo
eyKeQoAMKo amdbepa), 1 OAMOG 1 emidoon ot AEKTIKY] UvAun givol meplocdTePO
ouVapTNoN Tov deikTn TOVv peEcoAoPiov oe aoevelg pe HKpd eyKePAAIKO omdOepo.
Oco apopd v gpunveia Tov Fz dyovg, avt gival avdioyn pe v epunveia Tov

P300 vyovug (BA. Tapamdve).

Iivaxag 35 O tportomomtikdg porog Tov eyke@aitkov amobépatoc oto CVLT-II kot

to Fz P300 vyog
CVLT-II Fz P300 Hyog

AR’ N AR’ TN

(sbeta) (p Tim) (sbeta) (p Tin)
HAio, " HAia,

Diho 0.125 0.021 ko 0.023 0.236
CCI 0.182 (-1.5) 0.053 NFHW 0.097 (2.0) 0.046*

SF 0.162 (-1.4) 0.964 SF 0.074 (4.6) 0.803
CCI*SF 0.222 (2.2) 0.049% NFHW*SF  0.173 (-4.7) 0.024*

CCI: Corpus Callosum Index, CVLT-II: California Verbal Learning Test-II, NFHW: Normalized
Frontal Horn Width, SF: Scaling Factor (mapdyovtog d10pBmong amd pébodo SIENAX)
sbeta: standardized beta

#p<0.05
7 Xvintnon
Ta Pacikd copmepdopato TS HEAETNG GLVOTTIKA eival Ta akdAovOa:

e O1 aoBeveic pe XxIl onueimoay oToTIOTIKG oNUAVTIKA ¥EWPOTEPN Pabuoroyia cto

VEVPOYLYOLOYIKO EAEYYO GE OYECM LE TOVS VYLEIS LAPTLPEG.
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e To 44.3% tov acbevav pe Xkl Bpédnke pe A Bdoel 1oV oTaBUGUEVOVY ©OC TPOG
™V NAKia, To eUA0 Kot TNV eknaidevon Katdtepwv 5% opiov tov vevpoyvyoAoykon
eAEYYOV.

e O1 acbeveig pe ExII Bpénkav pe I'A ot0VG TOPOKAT® YVOOTIKOVG TOUEIS KT
eBivovoa ocvyvotra: ontikoympikr, pwvnun (31.2%), Aektikr pvnun (24.6%) wou
TayVTNTO EneEepyaciog TAnpopoptdv (9.8%).

e O1 acbBeveig pe ZkII giyov otatioTikd onuavtika pikpotepo vyog P300 kouatoc kot
peyoivtepn ypovokabvotépnon P300 kopatog o oyéon pe Toug LY1ElG HAPTLPES.

e To 67.2% tov acBevav pe XkII Ppébnke pe niektpopucioroyikd PePoropévn T'A
(H®I'A) Baocel v oTafUIGHEVOV OC TPOG TNV EKTAIOELOT KOTOTEP®Y 5% oplwv Yo
70 VYOG Kat TNV ypovokabvotépnon tov kopatog P300.

e O1 acBeveig pe ZkII elyav cvyvotepa HOI'A pe Bdon v naboroyikd mopoatetopnévn
ypovokaBvotépnon P300 (31%), mapd pe Baon 1o maboroywd peiwpévo Hyog P300
(29.5%), o€ oyéom e Tovg VYLElS.

¢ O1 acBevelg pe TaBOAOYIKY] YpOVOKABVGTEPT|ION dEV SLEPEPAY CNUOVTIKG OG TPOG TO
vELPOYLYOLOYIKO EAeyyo. AvtiBeta ot acBeveic e maBoroykd Vyog eiyov onuavtikd
pikpotepn Pabpoloyics oTn AEKTIKY] KOl OWTIKOYMPIKN UVAUY KOL GTO GLUVOMKO
YVOOTIKO GKOp.

¢ O Babudg ocvpemviog PETOED TNG VELPOYVLYOAOYIKNG KO TNG NAEKTPOPUVCIOAOYIKNG
extipnong g yvootikng Asttovpyiog otovg acbeveig pe kIl ntav 56.9%.

¢ H niextpopucioroyikn aglohdynon pe Pdomn to kopa P300 eiye ehappd peyardtepn
dyvooTtik) akpifeta amd 0Tt 1 vevpoyvyoAroyikn (76.1% vs. 71.4%) yio tn dudkpion
oV acBevav pe ZKII and tovg vyels.

e To vyoc tov P300 kopartog kot 1 ypovokabuotépnon tov P300 kopatog oxetiomnkay
BeTucd Ko apvnTiKd, avtiotolyme, pe v Padpoioyio ToL vEupoyLXOAOYIKOD EAEYYOV,
HETA amd EAEYYO Yo TV NAIKia, TO VA0 Kol TNV ekmaidgvon, emPePaidvovtag 6Tl T0
rkopa P300 etvon deiktng ¢ YOO TIKNG AE1TOVPYING TOV ATOUOV.

® YVVOMK(, CNUAVTIKA TEPIGTOTEPOL VYIElG epydloviav oe oyxéomn pe Tovg acbevelg
(86.3% vs. 54.1%), aAAd n mapovcio g ['A dev ennpéace GTATIOTIKA CNUAVTIKO TNV
katdotoon g epyaciog (58.8% oe acbeveic yopic I'A vs. 48.1% oe aoBeveig pe TA,
63.2% ot acBeveic yopic HOT'A vs. 51.3% o acBeveig pe HOT'A).

e O1 acBeveig pe T'A elyav mepiocdtepeg VIOTPOTES, Avamnpio, COUATIKY] KOTWOOT Kot

CUUTTOUATO GTPEG, AYXOVS Kot katdbiynmg oe oyxéon pe touvg acbeveic ywpig IA.
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Emiong siyov onuovtikd neptocdteEpO GULUTTOUATO OTPES, GAyXoVvs Kot Katdbiyng ot
GYE0N LE TOVG VYLELS.

e O1 aoBeveic pe HOI'A elyav peyardtepn avommpio Kol GOUOTIKN KOTOOT 6€ oxéon
ne aoBeveig yopic HOT'A.

e O1 oaoBeveic pe war yopic A elyav oTOTIOTIKO ONUOVTIKA HEYOADTEPT
ypovokabvotépnon P300 e oyéomn pe touvg vyieic, aAld uoévo to vyog tov P300 ftav
ONUOVTIKA HiKpOTEPO oToVG aobevelg e I'A oe oyéon pe tovg acbevelg yopig I'A kot
TouC VYlElG, HeTA omd €leyyo ®C mPog TNV ekmaidevor. Me dAAa Aoy M
ypovokaBuotépnon P300 Oiékpive kaAvtepa aocbeveic pe vyelc aveEdptnro g
napovciog ['A, evd to Dyog P300 ftav mo €101kd¢ deiktng yia ) ['A otovg acbeveic
drakpivovtag Tovg amd Tovg acbeveis ywpig I'A kot Tovg vyeic.

e A0 TOVG OMEIKOVIOTIKOVG OEIKTEG GTATIOTIKA GMUOVTIKES OUPOPEG OVALESH GTOVG
acBeveig pe ko yopic A Bpédnioav yia to TAdToC (oTobGHEVO) TNG TPiTnG KOG,
YL Tov otafcpévo OyKo g Tpitng Kowiag, yio Tov deiktn tov pesolofiov kat tov
OYKO TMV ECTUDV.

e O1 aoBevelg pe HOI'A diépepov otatiotikd onuoviikd ond tovg acbevelg ympig
HOT'A, povo oty onTIKOY®PIKN HUVAUN KOl TO GUVOAIKO YVOOTIKO GKOp, UETE Omd
Eleyyo Yo 1o emimedo ekmaidevong. Avtibeta diépepav o€ onuavtikd Pabud ce OAa ta
VEVPOWYVYOAOYIKA TEGT KOl GTO GLVOALKO YVMOOTIKO GKOP GE GYECN LE TOVS VYIEIC, HETd
amo €Aeyyo yw to eminedo ekmaidevong. O acbeveig yopic HOT'A eiyav onpovrikd
pikpotepn Pabporoyio oty TaydINTA £MEEPYACiag TANPOPOPLOV GE GYEST LE TOVG
vylelc, HeTd amd éAeyyo Yo To eminedo ekmaidevong. Me GAAQ AOYLO 1| OTTTIKOXWPTKTY|
pviun ntav mo €101kn ot dwdkpion tov aclevov pe HOI'A and toug acbeveic ympig
HOT'A kot toug vyieig, evod 1 taydra eneepyaciog TANPOPOpLUOY NTOV TO EOIKY| Yo
1 S1AKPIoN VYEIDV Kot 0G0EVDV.

e Aev BpéBnke otatioTikd onuavtiky dtoeopd petatd g katdotaong s HOI'A ko
TOV ATEKOVIGTIKOV OEIKTMV.

e Otav éywve empuépovg e&€taon tov Vyovg kot tng ypovokabvotépnong P300 oe
oxéomn HE TOLG OMEIKOVIOTIKOVUG Ogiktec, 10 moboroywkd pewwpévo vVyog P300
OYETIOTNKE UE HKPOTEPO GTAOUICUEVO OYKO TNG GUVOAKNG QOIS KOl TNG TEPLPEPTKNG
QoG 0VGIOG TOV EYKEPAAOV.

¢ O1 KLPLOTEPOL TPOGIIOPICTIKOL AMEIKOVIOTIKOT TAPAYOVTES Y10, TO GUVOAMKO YVMOOTIKO

OKOp, TNV TOYLTNTO ENEEEPYOCIOG TOV TANPOPOPIDOV KoL TN AEKTIKY] LUVAUN NTOV O
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delkng Tov pecorofiov Kot eMmMALOV 0 GYKOG TOV EGTIAOV Y10 TO GUVOAIKO YVOOTIKO
OKOP KOl TN AEKTIKN HVAUN. ZNUOVTIKOT OTEIKOVIOTIKOL OEIKTEG €1OIKOTEPOL YL TNV
AEKTIKT] KOl OTTIKOYMPIKY] UVAUN NTAV 1 OTOOHIGHEVN AOCTOOT TOV UETOTOHMV
KepAT®V Kot T0 otafuiocpuévo TAGTog TG 3G Kothag, avtictoiyws. Oco apopd to kKhpo
P300, dev Ppébnke xoavévoc onuovtikdg amelkoviotikog oegiktne yw ™ P300
ypovokaBuotépnon. AvtiBeto onuavtikol mpocdlopiotikoi mapdyovieg yioo to P300
VYog NTav 1 OTOOMGUEV OmOOTACN TOV UETOMOIOV KEPATOV KOl O GUVOAIKOG
oTOOUGHEVOG GYKOG TOV EYKEPAAOV.

e To gykepalikd amdbepa Ppédnke va elvar TpomomonTikdg Tapdyovtag TG oxEons
0V Vyovug Tov kOpatog P300 (ko ewdwotepa 610 Fz nAektpdolo) pe ) otabuicpévn
OTOCTOCT TOV UETOMOIMV KEPATMV KAl TNG GXEGNS TNG AEKTIKNG LVINUNG LE TO delkT

TOV pHecoAofiov.

2mv wapovoo peAETn Ppébnie 6Tt o1 aobevelg onueimoay oNUAVTIKA LKpOTEP
BaBuoroyio oe oxéom pHe TOVG VLYLEIC OTO VEVPOWYLYOAOYIKO EAEYYO, HE TIS
TEPICCOTEPES MAPEKKAMGELS VO GNUELDOVOVTOL GTNV ONTIKOYMPIKN KOl AEKTIKY] LV
Kot MyOoTeEPES OTNV TOYVTINTO EMEEEPYAGIOG TANPOPOPLOV. ZVVOAKA, 0 44.3% TV
acOevav avayvopiotnkav pe I'A Bdoetl tov mpotevopevaov kprtnpiov, To omoio gival
€VTOG TOL €0poVg TV opiwv NG debvoic Pifhoypapiag (nA. 41 = 15%) (71).
Emiong, m ovyvotepn mpooPoin NG OMTIKOYWPIKNG KOl AEKTIKNG HviuNG elvor éva
gupnuo mov emPefordveror omd TNV TAELOYNPIO TOV TPONYOOUEVODV HEAETOV (228).
H Myétepo cvyvn mpocsPorn g taydtrog enelepyaciog TV TANPOPOPLOV EXEL
Bpebel oe avtiotorgeg mponyodueveg peréteg (40), aAAd oe GAleg avagopés 1M
cuyvoTnTa OnAdvetor moAD peyohvtepn (228). H taydmmrto emefepyoaciog tov
mAnpogoplv €£xel Ppebel OTL emdewvdveTon pe tor xpoOvie otov acbHeveic Kot
mopayovteg G  HEAETNG Omwg  OTL  ovumeplAneOnocav  acBevel povo  pe
vrotpomidlovca Zkll, pe oyetikd pikpn ddpketa g vosov (Lécog dpog mepimov 11
POV Kot oyetikd pkpn nikio (péon nAkia 42 1), kaBmg Kot 1) ETEPOYEVELL TOV
derypatov achevov 6TiG TPonyoOueVeG HEAETES TOGO ¢ TPOg Tov TOTo NG XKII 650
KOl ®G TPOG TOVLG QAVEPOVS 1 KPLPOVS GLYYVLTIKOVG mopdyovtes (m.y. mMAia,
exmaidevon k.a.) B pmopovoe va eEnynoet avtiyv ™ doeopd (229).

O acBeveic pe ZkIT elyav onuaviikd pkpotepo Hyog tov Kopatog P300 ko
peyaAvtepn ypovokabvotépnon tov P300 xouatoc oe oyéon pe toug vYElg, He TO

67.2% tov acBevov pe ZkII va €xer nhektpopuctoroyikd PBefoaropévn TA (HOT'A),
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gvpnuo mov emPefoardveror and TV onuoctevuévn PiAoypapio pe To avtioToro
mocootd vo givor petald 50-75% (184,188,230). IMapoio ovtd, Oo mpémer va
onueldel 0tL AMyec peréteg mpoPaivouv 610 SaYOPIGUE TV 0GHEVOV G€ 0VTOVS LE
Kat yopigc HOT'A, eved vdpyet onpavtikn €1epoyEvelo 6Tov Tpomo opiopov g HOI'A
(188,214). v mopovcoa PEAETN EMEPNCOUE Vo, EQopUocovpe To Opla Tov 5%
a@oV eAEYYONKe M eMOPAOT NG EKTOIOEVONG, TPOKEUEVOL VAL VITAPYEL OUOLOYEVELDL
HE TOV avTIOTOL(O0 OPIGHO TOL VEVPOYLYOAOYIKOD eAéyyov. O Pabudc cvupmviog
peta&h MG VELPOYLYOAOYIKNG KOl TNG MNAEKTPOPUVOIOAOYIKNG EKTIUMONG NG
YVOOTIKNG Aertovpyiag otovg oocbevels pe 2kl Ntav  56.9%, evo 1
nAektpopucoroykn aflohdynon pe Pdaon 1o wkopua P300 elxe peyaAdrepn
SyveoTikn akpifelo amd OTL 1 VELPOWYVLYOAOYIKN Yo TN SLAKPLoN TOV acOEVOV pE
2kIT amd Tovg vyteic. Avtd Ba pmopovoe va amodobel 6To YEYOVOG OTL TOL TPOKANTA
SVVAHIKA EYYEVAS AVTAVOKAODV KAAVTEPO TNV AEITOVPYIKY] KATAGTOGT) TOV EYKEPAAOV
amd TN QOIVOTLTIKY EKONAMOT TNG YVOGOTIKNG AELTOVPYiog LLE TO VELPOYVYOAOYIKO
éleyyo.

Yuvolikd, ot acBeveig pe Xkl giyav cvyvotepa HOT'A pe Bdon v maboroyukd
napoteTapévn ypovokabvotépnon P300 (50.8%), mapd pe Pdon 10 maboloyucd
petopévo vyog P300 (29.5%), oe oyxéon pe tovg vyelg. Avtd ocuvdder pe
onuoctevpévn Piprloypagio yio to Bépa, émov 19 Mrav vrép TG TOPATETAUEVNG
ypovoxkaBuoTéEPNoNG Ko 14 VIép TOL HELOUEVOL VYoLg
(177,184,187,197,198,204,211-214). 'Eva. gvduopépov hpnua e mapodoos HeEAETNG
ntav 6t n ypovokabvotépnon P300 propovoe va dwywpicel toug acbevelg pe toug
vylelg ko Oyt toug aocBeveic pe T'A pe ekeivovg yopic T'A Pdoer T0VL
VEVPOYVYOLOYIKOV eAEYYOL. AvtiBeta T0 younAd vyog P300 diékpive toug aocBeveig
pe T'A pe tovg acbBeveic yopic I'A ko tovg vyels. Tlpdypatt, oe mponyodueveg
HeAETEG 01 GLYKpPIoELS YivovTay Kupimg HETAED acBevdVY Kol vYIOV LapTOHPOV, YEYOVOS
oL eENYel T VYNAGTEPN cLYVOTNTO AVEDPESTG TAPOUTETAUEVNG Y POVOKAOVGTEPNONG
otovg aoBeveic. Tlapoia avtd, oto cOVOAO TV acBevdv kol vywOV PpHKaue
oNUAVTIKEG cvoyetioelg petah g ypovokabuotépnong kot tov Hyovg tov P300 pe
TIG YVOOTIKES doKLacieg Tov gival copfatd pe v Pploypagic, aAld oe kopio amd
OVTEG TIG HEAETEG OV €YVE SXWPICUOS TV acBevav 6e avtovg pe kol yopig I'A
(184,192,193,204,212). Mia mbov €ENynon g omovciog NG CLOYETIONG NG
ypovokabvotépnong tov P300 pe 10 vevpoyvyoroyikd €heyyo ndvo 6Tovg acbevelg

Bo pmopovce va gival 6Tt AT AVTOVOKAG TEPIGGATEPO TN SLAYLTH ATOUVEAIVMOGT TOV
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KNX Adym g vOoov, mapd TV EKTTOOT GE GUYKEKPLUEVO VELPOYLYOAOYIKO EAEYYO.
H tomoypo@io TV amOpVEMVOTIK®OV £6TIOV 6TO Oetypa pog Oa pmopovoe eniong vo
EMNPEACEL QVTN TN OYEON OT®G EXEL POVEL GE TpoNyoLpEVT peAér (184).

Téhog, ot acbeveic pe maboroywd P300 vwyog eiyav onuoviikd pukpdtepn
Babpoloyio. 6T AEKTIKY KO OTTIKOYMOPIKN UVIUN KOl GTO GUVOMKO YVOGTIKO GKOp.
Md&MoTo, N OMTIKOYMPIKN WUVAUN NTAV 7O €01KN OTN Ol0KPIoN TOV achevodv Ue
HOT'A and toug acbeveig yopic HOT'A kot toug vyieig, evd 1 toydtnta eneéepyaciog
TANPOPOPLOV NTAV TO EOIKT YOl TN SIAKPIOT VYEIDV KOl AcHevVOY oL OT®G ldapLe
elyav xvupiog onuavtika dtpopetikn P300 ypovokabvotépnon. Avtd Oa pmopovoe
va e€nynBel amd 1o yeEYovog Ot otV mMapaywyn Tov Vyovg Tov Kopatog P300, to
omoio avtavakid meplocdTEPO TO OmdOENO TG TPOGOYNG, CLUUETEXOVY KLPIOE 1M
KPOTAQOPPEYHOTIKES Kol PPeYHOTIKES EYKEQPAMKEG TePLOYEG mov  eEumnpeTohv
TEPLOCOTEPO TN HAONOM KoL TN HVAUN Kot AyOTEPO Ol TAAYLEC PETOTIOAES KOl Ol
VIOPAOUDOELS GLUVOETIKES tveg TOL GLUPAAAOVY AydTEPO 6TO VYOS ToL P300 Ko giva
vevboveg v gpovokabvotépnon P300 kot v toyvtnto emeepyacio TV
mAnpogoplov (169,171).

Ot acBeveig pe I'A elyav peyoddtepn avepyio, TEPIGGOTEPES VIOTPOTES, AvomNpid,
COUOTIKY KOTMON KOl CUUTTMOWUOATE GTPES, GyYOoLS Kot KATAOAMYNG G€ GYECN LLE TOVG
acBeveic yopic I'A. Emiong elyav onuovtikd meptocOTEPO GUUTTOUATO GTPES, AYYOLS
Kol KotdOhyng oe oyxéon pe tovg vyteic. Ta evpiuata avtd givor couPatd pe TIc
emmtooelg e I'A otoug acBeveig pe kI (228). Eniong, ot acBeveig pe HOT'A iyav
HEYOADTEPY] avamnpiol KOl COUATIKY KOT®oN o€ oyéon pe acbevelg yopic HOI'A
gupnuo Tov elval cOPUP®VO pe Tponyodueveg dnmpoctevoelg (181,187-189,202). Ot
mapayovteg avtoi Bo umopovoav va Bewpnbovv wg cuyyvtikol ™G aAANAEnidopaoTg
TOV OTEIKOVIOTIKOV OEIKTAOV OV NTOV KOl 0 KUPLOG GTOXOC TNG UEAETNG HE T
YVOOTIK Agttovpyio. o avtdV TOV AOYO TPUYLOTOTOW|COUE EMTAEOV EAEYYOVG
evaucOnoiog (sensitivity analysis), 0 omoiog 0ev avEJEIEE ONUAVTIKO TPOTOTOMTIKO 1)
OLOHEGOAUPNTIKO POAO OVTOV TOV TOPOUETP®V. AVTiOeTa, OTO YPOUMKA HOVTELQ
ToaAvdpounong  ewkotepa v 1o P300 vyog aviyvedOnke onpovtikn ouvv-
YPOUUIKOTNTO TNG OVOTTNPIOG KOl TNG COUOTIKNG KOTWOONG LUE TOVS OMEIKOVIGTIKOVG
Oeikteg yeyovog mov vmodnidver mOavOE OTL oVTEC Eivonl  amOTEAECUA TOV
EYKEPAMKOV aALay®V Adym g vocov. A&ilel BéPata vo onueiwdel 6t 6To delypa
TV aclevov To eminedo NG KOTMOMG KOl TNG YUXOAOYIKNG EmMPApvvons nrov

OYETIKA YOUNAG Yio TO Be@pnTiKd €0pOG TV EPYOLEI®V TOV YPMCLULOTOMONKAY.
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ATO TOVG AMEKOVIOTIKOVG OEIKTEC GTOTIOTIKG OUAVTIKES O10POPES AVALEGO GTOVG
acBeveic pe ko yopig I'A Bpébnkav yio 1o mhdtog (otabcuévo) g tpitng KotMoag,
v Tov otafopévo dyko g Tpitng Kotiog, yio Tov deiktn Tov pecolofiov kot Tov
oyko tov gotidv. [Iponyodueveg peréteg Exovv emPePaidoet 6tTL 10 péyebog g 3ng
KOWMoG Ko 0 GYKOG TV E0TIOV EIVOL Ol TO SNUOVTIKOT TPOPAETTIKOT TOPAYOVTEG TNG
YVOoTIknG Asttovpylog ot XkIT (128,130,133,157,158,160,161). Aryotepeg eivar ot
peAéteg Yo To deiktn tov pecorofiov (162—164) mov €xel cuoyeTioTel KLPIOS He TNV
ToYOTNTO ENEEEPYOCIOG TOV TANPOPOPIDOV KOl HE TNV UVAUN Owg Ppédnke kot otnv
mopovoo, HeALTn. o ™ Aektikn pviun ektdg amd TOV GLUVOAIKO OYKO T®V ECGTIMV
amopvedivoong, Ppédnke onuavtiky 1 otabuiopévn andoTACT TOV UETOTOI®MV
KEPATOV TV KOIWAIDOV, EVA Y10 TNV OTTIKOYWPIKT] LV SNUOVTIKO poro Enanée pdvo
t0 péyebog g 3ng Kotdag, mov and 6o yvopilovpe dev €xovv egetaotel oe GAAN
perétn. Ta apyntikd amoteléopata yio 10 GOUVOAO GYEOOV TOV OYKOUETPIKADV OEIKTMV
mov épyovtar e avtifeon pe GAleg peAéteg, Ba pmopovoav va amodofodv otnv
ETEPOYEVELD, TV OEYUATOV (T.Y. TOAAEG HeAETEG ouumepAapPavouy acbevelg pe
nmpoodevtikn ZkIl axkdpo kor pe KME), ) pebodoroyia (m.y. m T'A opiletar pe
SPOPETIKO TPOTO) Kol KUPIMG OTL Ol TEPIGGATEPES UEAETEC GLYKPIvOLV VYIElS Kot
acBevelg, pe ehdyoteg eopéoet (134,139,143,148).

YUVOAIKA, Ot dtooldotatol ypoppkol oeikteg €0e1&av HEYOADTEPT 1KAVOTNTO
TPOPAEYNC TNG YVOOTIKNG AElTOLPYiog amd OTL Ol OYKOUETPIKOL, pe e€aipeon Tov OYKO
TOV £0TIOV. Avtifeta oykopeTpikol deikTeg OTMG Y. TG POAG Kol AEVKNG ovoiog
Kol TOV DTOPAOIWOI®OV doUdV OV avadeiyOnkay ¢ onuavtikol yo. TV YVOOTIKY
Aertovpyia 6tovg acBeveic TG HeAETNG. e GAAeg peaéteg Exet Ppedel OtL 0 OYKOC T™NG
Qo1dg kot g Aevkng ovciog (124,135) o dykog tov Bordapov (137-139,143,144) won
dAlec dopég my. wmmoOKoumog kot Pacwd yayyho (139,141,143,144,147) eivon
onuavtikoi mpoPAentikol mapdyovieg yw T YVOoTikn Aettovpyia. Ta apvntkd
amoTEAECHATO 0T OKN poG peAétng Ba umopovcav va amodofohv 6e d1apopEg Tov
aQOPOVV TNV EAAELYT] CLYKPICEWMV LE VYIELS, TN UM SL(POVIKOTNTA TOV OTEIKOVIGEMV
oV Topovca UEAETN, TN HeALT acBevov puovo pe vmotpomdlovoo ExII, v
avéivon yopic ™ ypnon evromopévov MRI otoyeiov dykov (voxel) kot ta
OLPOPETIKA LEYEDN TV JEIYUATOV AVAUEGH OTIC LEAETEG.

To maboroywd petowpévo Hyog P300 oyetiotnke pe pkpotepo otabuicpévo dyko
NG OULVOMKNG QOWIG KOl TNG TEPLPEPIKNG QOIS OLGIOG TOV EYKEPAAOL EVOD

onuavtikoi mpocdlopiotikol mapdyovteg ywoo o P300 vyog Ntav m ctabuiopévn
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amOCTACT) TOV UETOMOUOV KEPATOV KOL O OCLVOAIKOS OTOOUICUEVOG OYKOG TOL
eykepdlov. Emione, to eykepoAiikd amdBepo (petpoduevo pe Baon tov moapdyovia
dpbwong amd ™ pébodo SIENAX) Bpébnie va ivar Tpomomomrtikos Topdyovtog
g oxéong Tov LYoLg Tov KLpatog P300 (ko WdwdTEPa 610 FZ nAektpoddto) pe
OoTaOUIGUEVN OMOCTACT) TOV HETOMOHOV KEPAT®V KOlU TNG OYXEONG NG AEKTIKNG
pvnung pe to deiktn tov pecoroPfiov. ‘Oco apopd 1o kdua P300, dev PBpébnke
KOVEVOG ONUOVTIKOG OmEKoVIoTIKOG Ogiktng vy ) P300 ypovokabvotépnon. Amd
660 yvopilovue glvar  TpdOTN Popd mov eléyyetor to kKopa P300 pe tovg vedtepovg
YPOLUIKOVS KOl OYKOUETPIKOVS OMEIKOVIOTIKOVG Ogikteg. Mia mbBavr e€nynon twv
gupnudtov Ba propovoe va givor 6t oV Tapaywyn Tov kopatog P300 coppetéyovv
EVPEMG KATOVEUNUEVEG PAOTIKES TTEPLOYEG KOl pal TO VYOG TOV TPOKANTOD SUVOUIKOD
Oo cvvaptdror mEPIGcOTEPO pPE TOV OYKO TNG QAOUKNG TEPLOYNG, OAAL KOl TOV
GLVOAMKOD GYKov Tov gykeParov (169,171). Avrtibeta, n ypovokabuctépnon mbovdg
aVTOVOKAG TEPIOCOTEPO TIG GLVIETIKEG 000VG TOV KLKAMUATOG OV &ivat vrevBuvo
yw v mopaywyn tov P300 kdpoatog. Meyolvtepn evaucOncio g perlég va
aviveDOEL AMEIKOVIOTIKOVG O€ikTeg mOoL oyeTilovion HE TN AELKN OLGIM TOV
EYKEPAAOL MG CNUAVTIKOVG Y TNV Ypovokabvotépnor, Ba emttvyyovotay mbovog e
TNV O100EGLOTNTO OMEIKOVIGTIKAOV 0E00UEVOV O TOVG LYElg e0eAoVTES.

Ye plo mpooeartn omuocicvorm, o Oykog tv eotiwv otnv T1 MRI ftav o
ONUOVTIKOTEPOG TPOPAENTIKOG TOPAYOVTOG YO TN YPOVOKAOLGTEPNON OKOVGTIKAOV
P300 xopdrov (191). Ot eotiec otmv T1 MRI axolovbio yvootés kot g "povpeg
TPUTEC" ONUATOO0TOVV TNV YAOI®OT AOY® a&ovikng PAAPNG Kot dev ekTIUNONKAY OTIG
O pog perétn. Avtifeta o 6ykog tov T2 eotidv dev Ppeébnke onuavtikdg yu to
P300 wopa, to omoio cuppovel pe ta gopnpota g Epevvag (191). Enpeidveton 0Tt
oV &v AOY® peAétn o apBuog tov acbevov pe mpoodevtikny Xkl ftav peydrog
(OnA. 30 amd tovg 59), omdte M avayvopion eotiwv oty T1  axolovbio
dtevkohbvinke amd ™ Papvtmra g vocov. Emiong ov acBeveig (avedptmra I'A)
Oépepav e Tovg vyielg ot ypovokabvotépnon kot Oyt oto Vyog tov P300, mov
GULVAOEL LE TO ELPNHOTO TNG OKNG LOG LEAETNC.

e pla AN peAdétn o OYKOG TV E0TIOV HETPNONKE Pe pio N-0VTOUOTOTOUEVT
puéBodo ko Bpédnke mopadd e OTL 01 €0TIEC GTO UETMOMIOL0 KEPOG TOV KOIADV KO
GTO GTEAEYOG GYETIOTNKOV OPVNTIKA UE TNV YpovoKkabvuoTEpTon Tov axovotikoh P300
KOHOTOG, ONACON UEYOADTEPEG £0TIEC TPOEPAETOV LEWOUEV YPOVOKABVGTEPTON TOV

P300 kdpatog (184). Xe d00 maAondTepeg LEAETEG e GYETIKA LuKpd detypato achevav
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OV EKTIUNGOV TOV OYKO TV EC0TIOV HE U1 OVTOUATOTOMUEVEG 0OPEG HeBdOOVG
Bapunrag Ppébnkav onuavtikés ovoyeticelg pe T mopapétpovg tov P300
(212,214). Agdopévov TV  OSlOQOPETIKOV OTEIKOVIOTIKOV UETPOE®Y, GLEOT
ovYKpLoN pe TN O1kn pag peAétn dev pmopet va yivel. Téhog, oe pio GAAN peAéTn Omov
34 ac0eveic yoplotnrov 6e ekeltvoug pe Kpod Kot LEYGAO OYKO E0TIOV, gV Bpédnkav
ONUOVTIKES O1POPOTOCELS MG TPOG TIG TAPOUETPOVS TOL OKOVGTIKOV KOl OTTIKOV
P300 mpoxintov duvapikov (203).

H mapodoa perlémn €xel pepikovg meplopiopovs. Katoapyds, o ocuyypovikog g
TOOG OEV EMITPEMEL AGPOAN OUTIOAOYIKG cvpumepdcpato. EmmAéov, yia mpaktikovg
AOyoLG dev vINpyav SLHBEGIIO ATEKOVIGTIKO O£dOUEVA Yol TOVG VYLELG LAPTLPES,
yYeYovog mov PEWDVEL TNV gvoucnoio g HEAETNG Yo TNV OViXVELOT] GNUAVTIKAOV
dpopav. [Tapodia avtd, d£doUEVOL OTL N EMKEVIP®GT NTOV GTNV TOPOLGIO 1] U1 TNG
I'A otovg acBeveig, n EMheyn avTOV TV S£dOUEVOV OV EMNPENCE OMUOVTIKA TO
ocvumepacpata. Tpitov, yio apkerodg acBeveic (13 amd tovg 61) dev vanpyav
dwbéoua ametkovioTikd dedopéva, To omoio enmnpéace TV woyd ¢ perémg. Eniong,
Ol OMEKOVIOELS, OV KOlL TNPOVoHV TIS OVCTNPEG TPOJYPUPES TOOTNTAG KoL
TPOTOKOAAOV, TPOAYLOTOTOMONKAY GE OLUPOPETIKE SLOYVOGTIKA KEVTPA, YEYOVOS TOV
umopet va emnpéace v HETARANTOTNTO TOV TOGOTIKAOV OEOOUEVOV KOt TNV 1Y NG
peréng. Téhog, 660 apopd TO VELPOPLGIOAOYIKO EAEYYO, OV KOl TPOYLOTOTOONKE
v 1010 Opo KoL GTOV 1010 YOPO G€ OAOVG TOLG GLUUETEXOVTES, ThvTa Bo propovcav
Vo VTAPYOLV KPLPOL GLYYLTIKOL Ttapdyovieg mov emmpéalav Tig petpnoets. T tov
éleyyo mOBOVOV CLYYLTIKOV EMOPACEDV £YVE EKTIUNGT NG KOTMOONG KOl NG
YUYOAOYIKNG KOTAGTOONG OA®V TV e£eTacfivimvy. InuelidveTon Eniong, 0Tl VAPV
wapfuor apiotepdyepeg oty opddo tov acbevav (N=3) kot otnv opdoo TV
vyewwv (N=2). Eriong, 34 acbBeveig giyav 1otopikd ontikng vevpitda, oAl poig 13
elyav vrolewmopevn pelwon ™G onTikNG o&HTNTAG GE OPLOL TOV TOVG EMETPEMAY VOl
e€etaoTovy, av Kot 1 onTikn o&OtnTa 0V @aiveTon vo exnpedlel TV TOPAY®YN TOV
OTTIKAV TPOoKANTAOV dvvapkodv P300 (184).

ZOUTEPACUATIKA, 1| TApoVoo HEAETN £0€1Ee OTL 1 YVOOTIKY] VELPOPLGLOAOYIKT
e€étaon pmopel vo  ypnowomomBel omoteAeopoTKG, OM®G Kot O KAWVIKOG
VEVPOYVYOAOYIKOG €heyyoc, Yoo tnv ektiunon g T'A ot XExIl. Emumdéov, n
agloAoynon véov ewdwkov  avatoptkdv MRI  dewktdv  cvvdvalopevn pe  Tig
AELTOVPYIKEG EYKEQPOAKES OOKIHOGIEG TMV TPOKANTAOV OLVOUIK®OV EMTPENEL TNV

TANPESTEPT] KAWVIKT YVOOTIKY] EKTIUNGON TOV 060evoDs. XT0 HEAAOV, O GLUVOLAGHOG
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aVTOV TOV €£ETACEMV AVAUEVETOL VO, SLOOPOLOTIOEL ONUAVTIKO POLO GTNV KAVIKY|

£€pevuva, TG VOGOL Kol GTNV TOPAKOA0VON G TV achevdVY ammd ToV KAVIKO VEVPOADYO.
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Purpose: Cognitive impairment in multiple sclerosis has been
associated with cognitive event-related potentials and MRI
abnormalities. This study aims to explore for the first time the
association between P300 and MRI in multiple sclerosis.

Methods: Fifty-eight relapsing—remitting patients (41.5 = 10.5
years old, 41 women, disease duration 139.7 * 84.9 months)
and 51 healthy controls were used. Visual P300 responses and
a set of 2- or 3-dimensional MRI indices were obtained.
Neuropsychological testing and psychological evaluations were
also performed.

Results: Multiple sclerosis patients had significantly lower P300
amplitude and more prolonged P300 latencies and reaction
times than healthy controls. In total, 67.2% of patients were
identified with abnormal P300 response. These patients had
greater disability and physical fatigue and had lower visuospatial

Cognitive impairment (CI) in multiple sclerosis (MS) is
reported in 26% to 56% of patients.! Cognitive impairment
is apparent in the early stages of MS and worsens with disease
progression.> The cognitive components mostly affected are
information processing speed, working memory, complex
attention, executive functions, verbal fluency and verbal and
visuospatial learning, and memory.?> More importantly, CI has
been attested as a robust predictor for conversion to clinically
definite MS, disability accumulation, progression to secondary
progressive MS, treatment compliance, depression, low quality
of sleep, unemployment, and low quality of life.?

The variability of CI prevalence and phenotype in MS can
be largely attributed to the different subgroups of patients
enrolled, the different psychometric tests, and the different CI
definitions used in studies.! An important limitation of the
neuropsychological testing (NPT) is that it is easily biased by
the physical disability of patients (e.g., reduced visual acuity,
poor fine motor ability) because it requires well-functioning
senses (e.g., visual, auditory) and apt motor behavioral responses
(e.g., writing, speaking, drawing).

In the context of these NPT limitations, volumetric MRI has
come to provide some interesting associations with CI. Indeed,
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memory scores than those with normal P300 response.
Abnormally low P300 amplitude was associated with lower
peripheral gray matter volume and was correlated only with
normalized frontal horn width and normalized brain volume,
after adjusting for age and education. The moderating role of
brain reserve was also documented.

Conclusions: P300 event-related potential was related to both
linear and volumetric MRI markers. Future studies should
expand these results in other disease types and longitudinally.
Event-related potentials could serve as an ancillary tool for
cognitive assessment in multiple sclerosis.

Key Words: Multiple sclerosis, P300, Event-related potential,
MRI, Cognitive.SDCT

(J Clin Neurophysiol 2018;0: 1-9)

increased total brain volume loss (i.e., more than 0.5% to 1.5%
annual loss) or regional brain volume loss (e.g., peripheral gray
matter, hippocampus, and particularly thalamus), and high white and
gray lesion volume have all been related to CL3® However,
volumetric MRI as a surrogate marker for CI is still in its infancy
and alongside with its high cost and low availability, is not yet
intended for widespread clinical use. As such, in the quest of an easy,
robust, early, and global CI assessment, electrophysiological inves-
tigations with cognitive event-related potentials (ERPs) have claimed
a growing role both in MS research and in the clinical settings.
The P300 response (also known as P3 or P3b) is a positive
wave of the ERP maximally recorded over midline scalp sites
that peaks approximately 250 to 500 ms after a rare task-relevant
stimulus in the applied “oddball” paradigms, during which the
individual is asked to behaviorally (i.e., pressing a button) react
to a rare visual or auditory stimulus presented in pseudo-random
order among other frequent stimuli.” This ERP mainly serves as
a surrogate electrophysiological biomarker of attention, working
memory, processing speed, and execution, and, most impor-
tantly, it can be detected even in the absence of behavioral
responding.”!° The neural generators of P300 response have not
yet been fully delineated in studies, but it seems that it implicates
widespread areas throughout the brain surface and it is highly
preserved even after significant brain damage.'® However, there
are some regions that are critical checkpoints of the P300-related
neural network: the temporoparietal region (particularly the
supramarginal gyrus), the inferior parietal lobe, the lateral
prefrontal areas, and the cingulate.!%-!! Similarly, the neurotrans-
mitter systems underlying P300 are still unclear, albeit both
dopaminergic and norepinephrine activities have been implicated
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in the frontal goal-directed attention/working memory and
temporal—parietal stimulus-dependent attention, respectively.!!
The role of the cholinergic system in the frontal focal goal-
directed attention/working memory has also been highlighted!?
and strongly advocated by studies showing abnormal P300
responses in patients with Alzheimer disease.!3

There is much evidence confirming that P300 amplitude is
reduced and its latency is increased in the presence of CI. With
regards to MS, there are 38 published studies on the matter since
1989 (only some of them are referenced in this article). In a nutshell,
results are consistent with reduced P300 amplitude and/or pro-
longed P300 latency and/or prolonged reaction time (RT) to the
target stimulus in up to 75% of MS patients.!4-2! Importantly, these
P300 changes are independent of isolated physical disabilities, such
as optic neuritis, indicating the ability of ERP to reflect “covert”
cognitive processing.!4 Discrepancies between studies can be
attributed to different electrophysiological methods (e.g., auditory
or visual P300), different subgroups of patients, selection of control
subjects, etc. P300 abnormalities have been documented more often
in patients with progressive types of MS in comparison with
patients with relapsing—remitting multiple sclerosis (RRMS), 152022
although they can be detected even in patients with benign MS23-24
or clinically isolated syndrome.?® Longitudinal studies indicated
worsening of the P300 parameters with time, along with the dete-
riorating cognitive function and a possible buffering effect of drugs
such as IFNb-1b, modafinil, and methylprednisolone.?¢-28

Few studies have explored the association between P300
response and MRI findings in MS. In the most recent one,
Kimiskidis et al.!” showed that P300 latency was significantly
predicted by T1 lesion load (“black holes™) but not by T2 lesion load
and brain atrophy assessed with two-dimensional non-automated
measures (i.e., third ventricle width, corpus callosum [cc] area). In
another longitudinal study by Piras et al.,'# auditory P300 latency
was significantly associated with frontal horn and brainstem lesions
assessed by a semiquantitative dimension-dependent method. Two
older studies using relative small samples and simple MRI assess-
ments further supported the link between lesion load and P300
abnormalities.?!->° However, in a study by Sailer et al.’° no
significant P300 differences among patients with low, high, and
frontal lesion volume and control subjects were reported.

The main purpose of the present study was to explore the
association between different MRI biomarkers and P300 ERP
characteristics in MS. For this reason, we compared a set of both
two-dimensional nonautomated MRI indices (2D-MRI) and
volumetric fully automated MRI indices (3D-MRI) against visual
P300 ERP amplitude and latency in a sample of RRMS patients.
Also, ERP and NPT evaluations were performed in MS patients
and matched healthy controls (HCs). Secondary aims of this
study included exploratory group comparisons with respect to
ERP and NPT and between ERP and NPT assessments.

METHODS

Subjects
In this cross-sectional study, we invited 58 RRMS patients
attending their follow-up outpatient visits in Aeginition and
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Army Share Fund Hospital (NIMTS) to participate in the study.
The inclusion criteria were the following: (1) diagnosis of MS
based on the revised 2010 McDonald criteria, (2) being older
than 18 years, (3) fluency in Greek language, (4) Expanded
Disability Status Scale below 6.0, and (5) ability to give written
informed consent.31-32 The exclusion criteria were the following:
(1) major psychiatric disease (e.g., schizophrenia, drug and
substance abuse) or learning disability, (2) serious auditory or
visual or other impairment that would affect the ability of
subjects to understand and perform assessments, and (3) relapse
and/or corticosteroid use within 1 month preceding the study
assessments. A group of 51 healthy volunteers recruited from the
hospital environment by direct inquiry matched through age and
gender (as soon as age and gender data were available for the MS
sample) served as HCs. The study was approved by the
Hospitals’ (Aeginition and Army Share Fund Hospitals) Ethics
Committees, and an informed consent was obtained from each
participant. The study was performed in accordance with the
good clinical practices and the Declaration of Helsinki.

Patient data included age, gender, education, working status,
handedness, disease duration, number of relapses from onset,
drugs, and disability assessed with the Expanded Disability
Status Scale.??

Neuropsychological Testing

Patients and HCs were screened for their cognitive perfor-
mance using the brief international cognitive assessment for MS,
a brief 15-minute screening tool comprised of the Symbol Digits
Modalities Test (SDMT), the California Verbal Learning Test 11
(CVLT-I), and the Brief Visuospatial Memory Test—Revised
(BVMT-R).3? Brief international cognitive assessment for MS
has been recommended by consensus committee of neurologists
and neuropsychologists; it is validated in many countries and has
been extensively used in MS studies.? The tool has been also
validated in Greece.3* The SDMT assesses attention and
information processing speed by asking the participant to voice
the digit associated with each symbol presented in pseudo-
random sequence of nine different symbols (after first presenting
a series of nine symbols paired with a single digit each) as
quickly as possible within 90 seconds. Score was derived by
adding correct matchings within this period. The CVLT-II is
a measure of verbal learning and memory testing the ability of
participants to learn and recall 16 words over the course of five
trials (theoretical range of score, 0-80). Finally, BVMT-R
evaluates visuospatial learning and memory by exposing the
participants to a matrix of six simple designs for 10 seconds
followed by an unaided drawing recall, repeated three times.
Accuracy and location of each design were scored in each trial
(theoretical range of score, 0-36). A total cognitive score was
calculated, based on the mean z scores of the three cognitive
domains of brief international cognitive assessment for MS.

Psychological Assessments and Fatigue

Depression, anxiety, and stress were measured using the
Depression Anxiety Stress 21-item Scale. The responders declare
the frequency of their symptoms in a Likert-type scale (from 0 =
did not apply to me at all to 3 = applied to me very much, or
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most of the time) during the past week. Scores for each subscale,
each comprised by seven items, were produced by summing up
all items and multiplying by two (minimum score = 0 and
maximum score = 42). Higher scores indicate higher level of
depression, anxiety, or stress. The scale has been adapted in the
Greek population.> In our study, internal consistency was
acceptable (Cronbach a: stress = 0.84, anxiety = 0.79, and
depression = 0.84).

Visual analogue scales for physical, cognitive, and mental
fatigue were completed by the participants. Each participant
declared his/her level of fatigue during the last week by drawing
a single point in a 10-cm line (from 0 = no fatigue to 10 = very
much fatigue). Scores were derived by measuring the distance
(in mm) from O to the point indicated. Visual analogue scales for
fatigue have been previously found reliable in MS patients.3°

Electrophysiological Assessment (Acquisition of
P300 or P3b)

A visual oddball stimulus paradigm was applied using
a Micromed electroencephalography machine and BQ Evoke
software, according to published ERP guidelines.® Frequent
visual stimuli were white-black 8 x F8 checkerboards (16 x
24 mm), and rare stimuli were red—black 8 x 8 checkerboards
(16 x 24 mm), both lasting 100 ms in a screen located 70 cm
from the person at eye level. Each trial consisted of 50 rare and
250 frequent stimuli presented binocularly in pseudo-random
order (frequent/rare ratio of 5:1). Two trials for each participant
were performed. The inter-stimulus interval was 2000 ms.
Participants were asked to press a button as soon as the rare
(“target”) stimuli appeared. Responses beyond 700 ms after
target stimuli were excluded. Testing required approximately
1 hour and was done between mid-morning and late afternoon
(9 am to 3 pm), time during which participants would be most
alert. The subjects seated comfortably on a chair, in a dimly lit,
sound-protected room. Ag-AgCl electrodes (Fz, Cz, Pz, Fpz, Al,
A2) affixed with paste were placed on the scalp using the
international 10/20 system. Impedance was kept less than 5 KQ.
Signals were digitized at 285 Hz and amplified by 1:20,000. The
filter bandpass was 0.01 to 35 Hz. Additional artifact rejection
was kept on =50 wV. Potentials at Fz, Cz, and Pz referred to
linked ears (A1/A2) for each trial were averaged offline.
Segmented averaged epochs started 150 ms before rare stimulus
appearance and ended 900 ms after. Valid trials had at least 36
artifact-free epochs. In case of a nonvalid trial, the examination
was repeated so as every participant had two valid trials. The
P300 was identified as the highest positive peak 280 to 420 ms
after the rare stimuli, and N200 was identified as the most
prominent negativity between P200 and P300 at about 200 ms
after rare stimuli. Amplitude was calculated as the peak-to-peak
N200-P300 distance (in wV). In case of a double peak, the
highest one was used. Latency (ms) was defined as the time
between rare stimuli and P300 peak. In case of double peak, an
imaginary intersection line linking the two peaks was used. The
RT for pressing the button press after the target stimuli was also
recorded. Average values for P300 amplitudes, latencies, and
RTs of the two trials, for each electrode (Fz, Cz, Pz) and for all
the electrodes (i.e., grand mean), in each participant were used in
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the analysis. All participants were able to perceive the experi-
mental stimuli without difficulty and were able to correctly
perform the tasks. There were five left-handed participants (two
patients and three HCs). The ERP testing took place at the same
day after NPT. Abnormal P300 was defined as deficits in the
grand mean amplitude and/or latency at the level of below (for
amplitude) or above (for latency) 1.65 SDs (representing the
lowest 5% of scores) in standardized normative education
adjusted data of 51 healthy volunteers because education was
different between group studies (Table 1).

MRI Acquisition and Analysis

Conventional MRI scans acquired within the last 6 months
before the study assessment were available for 48 RRMS
patients. All brain MRIs were performed at 3.0-T devices in
multiple centers using the same acquisition MRI protocol:
T1-weighted 3-dimensional high-resolution magnetization-pre-
pared rapid acquisition with gradient echo sequence, axial
T2-weighted fluid-attenuated inversion recovery sequence, and
axial proton density—weighted images. All scans were examined
by an experienced observer.

On fluid-attenuated inversion recovery images, lesions were
identified and quantified (white matter lesion volume) using
a semiautomated local threshold technique as part of the Medical
Images Processing Analysis and Visualization software (https://
mipav.cit.nih.gov/).

A set of two-dimensional linear manual methods of MRI
assessments were used: third ventricle volume and width,
bicaudate ratio, CC index, frontal horn width, and transverse
skull diameter (TSD), which is the minimum distance separat-
ing the inner tables of the skull at the level of the most rostral
portion of the frontal horns.3”-*% Third ventricle volume
(in mm?) was calculated by multiplying three different dimen-
sions of the third ventricle recognized in the T1-weighted

TABLE 1. Demographic and Clinical Characteristics of 58
Relapsing—Remitting Multiple Sclerosis Patients and 51 Healthy
Controls Included in the Study

RRMS HCs P
Age (years) 41.5 = 10.5 (21-67)  38.7 = 9.2 (20-57) 0.12*
Women 41 (70.7) 41 (80.4) 0.34F
Tertiary education 44 (75.9) 47 (92.2)

0.041

Disease durations 139.7 = 84.9 (16-324) -

(months)

Number of relapses 7 = 8 (1-44) - -
from onset

EDSS 22 + 1.8 (0-6) - -
Immunomodulatory 48 (82.8) - -
treatment

Symptomatic drugs 23 (39.7) - -

Values in the table represent mean values = SDs (minimum-maximum) and
absolute and relative frequencies (%) within each study group.

Significant differences (P = 0.05) have been highlighted as bold.

*Student r-test.

tChi-square test (Yates correction).

EDSS, Expanded Disability Status Scale; HCs, healthy controls; RRMS, relapsing—
remitting multiple sclerosis.
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images; lamina terminalis—posterior commissure line, highest
curvature of the inferior surface of fornix to upper surface of
the mammillary body line, and a line perpendicular to the
interhemispheric fissure at midpoint of the third ventricle (third
ventricle width). Normalized values were also calculated
(NTVV = third ventricle volume/TSD and NTVW = third
ventricle width/TSD). The bicaudate ratio was the minimum
intercaudate distance divided by brain width along the same line.
The bicaudate ratio was measured in the fluid-attenuated
inversion recovery axial slice where the heads of the caudate
nuclei were most visible and closest to one another. Normalized
intercaudate distance was also calculated (NICD = intercaudate
distance/TSD). Corpus callosum index was obtained by drawing
a straight line at greatest anteroposterior diameter of CC and
a perpendicular at its midline. Anterior, posterior, and medium
segments of CC were measured and normalized to its greatest
anteroposterior diameter. The frontal horn width (in mm) was
defined as the maximal distance between the lateral borders of
the frontal horns of the lateral ventricles and was normalized
frontal horn width (NFHW) with the TSD (NFHW = frontal
horn width/TSD).

Volumetric analyses of the brain were also conducted
using axial 3D high-resolution magnetization-prepared rapid
acquisition with gradient echo images and FMRI Software
Library .#! Brain tissue volume, normalized for subject head
size, was estimated with SIENAX. SIENAX starts by extract-
ing brain and skull images from the single whole-head input
data.*? The brain image is then affine registered to MNI152 (or
Talairach) space (a reference brain map obtained from 152
healthy individuals) using the skull image to determine the
registration scaling; this is primarily to obtain the volumetric
scaling factor, to be used as a normalization for head size.*?
Next, tissue-type segmentation with partial volume estimation
is carried out to calculate normalized volumes for total
normalized brain volume (NBV), gray matter volume, periph-
eral gray matter volume, and white matter volume.** For
regional brain volume calculations, we used FMRIB’s FIRST
software, a model-based segmentation/registration tool.*> The
shape/appearance models used in FIRST are constructed from
manually segmented images provided by the Center for
Morphometric Analysis (CMA), MGH, Boston, MA. The
manual labels are parameterized as surface meshes and
modeled as a point distribution model. Deformable surfaces
are used to automatically parameterize the volumetric labels in
meshes; the deformable surfaces are constrained to preserve
vertex correspondence across the training data. Furthermore,
normalized intensities along the surface normals are sampled
and modeled. The shape and appearance model is based on
multivariate Gaussian assumptions. Shape is then expressed as
a mean with modes of variation (principal components). Based
on our learned models, FIRST searches through linear
combinations of shape modes of variation for the most
probable shape instance, given the observed intensities in
a Tl-weighted image. Normalized volumes for caudate
nucleus, putamen, globus pallidum, thalamus, accumbens
nucleus, amygdala, and hippocampus were obtained by
multiplying the estimated volumes by the scaling factors
derived from SIENAX.

Statistical Analyses

Descriptive statistics were presented using mean values,
SDs, and minimum, maximum, absolute, and relative frequen-
cies. Table 1 and Supplemental Digital Content 1 (see Table
S2, http://links.Iww.com/JCNP/A28) present the main demo-
graphic and clinical data of our sample along with group
comparisons. Group comparisons were made using Student #-test
for numerical data and x? test (with Yates correction for 2 X 2
tables, or Fisher exact tests) for categorical data. In case of small
numbers of participants in groups (i.e., lower than 30), or
violation of normality (evaluated through Q-Q plots), Mann—
Whitney U nonparametric test was used. In case of multiple
group comparisons, Bonferroni correction for the level of sig-
nificance was used (corrected significance = 0.05/number of
comparisons). Tables 2 and 3 and Supplemental Digital Con-
tent 2 (see Table S1, http:/links.lww.com/JCNP/A27) present
group differences with respect to P300 and NPT and the direct
association between P300 and NPT, respectively. For the com-
parison between HCs and MS patients, analysis of covariance
was performed after adjusting for the group X education inter-
action because education differed between HCs and MS patients
at baseline (Tables 2 and 3). Sidak post-hoc tests were presented.
Correlations between numerical data were performed using
Pearson correlation rho (bivariate if controlling for confounders)
(see Table S1, Supplemental Digital Content 2, http://links.
Iww.com/JCNP/A27). To address the main aim of this study,
which is the ERP-MRI association, a 2-fold strategy was used.
First, simple univariate group comparisons (MS with normal
P300 vs. MS with abnormal P300, MS with normal P300
amplitude vs. MS with abnormal P300 amplitude and MS with
normal P300 latency vs. MS with abnormal P300 latency) were
made using nonparametric tests. For the sake of brevity, only
significant results are presented in Table 4 (negative results
presented in Tables S3 and S4, Supplemental Digital Content
3 and 4, http://links.lww.com/JCNP/A29 and http:/links.lww.
com/JCNP/A30). Second, to assess MRI determinants of P300
characteristics, stepwise hierarchical linear regression models
were conducted. In the first step, confounders were entered

TABLE 2. P300 Amplitude (V) and Latency (ms) Measurements
of 58 Relapsing—Remitting Multiple Sclerosis Patients and 51
Healthy Controls Included in the Study

RRMS HCs P*
P300 amplitude 6.75 = 4.44 9.4 = 3.11 0.01
P300 latency 34531 = 39.42 310.87 £ 16.6 0.001
Fz P300 amplitude 7.45 = 4.49 9.95 = 3.52 0.02
Fz P300 latency 347.08 = 40.75 311.24 = 16.36 0.001
Cz P300 amplitude 7.33 =479 991 =35 0.007
Cz P300 latency 345.19 = 39.45 310.94 = 16.66 0.001
Pz P300 amplitude 545 = 457 833 £ 34 0.026
Pz P300 latency 343.67 = 3891 310.43 = 17.15 0.001
Reaction time (ms) 395.24 + 54.89 355.52 *= 28.65 0.02

Values in the table represent observed mean vlaues = SDs.
Significant differences (P = 0.05) have been highlighted as bold.
*Analysis of covariance with group, education and group x education interaction as

independent covariates.
HCs, healthy controls; RRMS, relapsing—remitting multiple sclerosis.
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TABLE 3. Cognitive Score Differences Between 58 Relapsing—Remitting Multiple Sclerosis Patients (19 With and 39 Without Abnormal
P300) and 51 Healthy Controls

HCs
60 = 10.1

RRMS
463 * 15

RRMS, Normal P300
47.16 £ 154

RRMS, Abnormal P300
459 = 149

P

a. 0.004
b. 0.007
c. <0.0001
. 0.896
. 0.136
. 0.601
. 0.001
. 0.193
. 0.035
. 0.808
c. <0.0001
d. 0.001
a. 0.01
b. 0.151
c. <0.0001
d. 0.029

SDMT

CVLT-1I 655 73 60.8 = 10.7 557 £ 138

[ al I =W

BVMT-R 306 £5.2 28.7 £ 5.6 213 £85

o e Ao

Total cognitive score 0.44 = 0.58 —0.46 = 0.99 —0.08 = 0.76 —0.64 = 1.04

Values in the table represent means * SDs.

Significant differences (P = 0.05) have been highlighted as bold.

*Comparisons: a. HCs versus RRMS, b. HCs versus RRMS-normal P300, c. HCs versus RRMS-abnormal P300, d. RRMS-normal P300 versus RRMS-abnormal P300.
TAnalysis of covariance with group, education and group x education interaction as independent covariates. Sidak post-hoc test was used for b, ¢, and d comparisons.
BVMT-R, Brief Visuospatial Memory Test—Revised; CVLT-II, California Verbal Learning Test 1I; HCs, healthy controls; RRMS, relapsing—remitting multiple sclerosis; SDMT,

symbol digit modality test.

(i.e., age and education). In the second step, each MRI parameter
was entered separately and for each P300 characteristic as
dependent variable (Fz, Cz, Pz, and total amplitudes and
latencies). Standardized beta coefficients and R? changes were
presented. For the sake of brevity, only significant results are
presented (Table 5). The moderating role of brain reserve (via
scaling factor) was assessed by entering the interaction term
scaling factor X MRI parameter (see Table S5, Supplemental
Digital Content 5, http://links.Iww.com/JCNP/A31). Significant
interaction denoted a moderating role of the scaling factor. Level
of significance was set at 0.05. All analyses were performed
using SPSS v22.0 for Windows (Chicago, IL).

RESULTS

Demographic Variables

There were no significant differences between RRMS
patients and control subjects, except for education with higher
number of HCs being of tertiary level (P = 0.04) (Table 1). With

regards to clinical characteristics, RRMS patients suffered from
the disease approximately 11 years (mean = 139.7 months) and
had mild-to-moderate disability (median Expanded Disability
Status Scale = 1.5). Most (82.8%) were on immunomodulatory
treatment, mainly fingolimod (29.3%) and subcutaneous IFNb-1a
(20.7%). Some patients (39.7%) were receiving symptomatic
treatment, such as baclofen, tizanidine, amantadine, etc.

P300 ERP Evaluations and Correlations With
Cognitive Assessments

Patients had significantly more prolonged P300 latencies
and RTs and lower P300 amplitudes than HCs (Table 2). Based
on the education-adjusted 5% cut-off of the P300 amplitude and
latency grand means in HCs, 39 (67.2%) of RRMS were
identified with abnormal P300. Ten patients had both abnormal
amplitude and latency, 21 patients had only abnormal latency,
and 8 only abnormal amplitude.

P300 amplitudes were significantly positively correlated
with all cognitive scores, and P300 latencies were significantly
negatively correlated with all cognitive scores, except for

TABLE 4. Significant MRI Differences Between Relapsing—Remitting Multiple Sclerosis Patients With Normal and Abnormal P300 Amplitude
Normal P300 Amplitude (N = 40) Abnormal P300 Amplitude (V = 18) P*

NGMV 660.95 £ 125.48 586.21 = 96.75 0.021

NPGMV 516.75 = 103.08 458.28 = 91.52 0.021

Values in the table represent mean values * SDs.
Significant differences (P = 0.05) have been highlighted as bold.
*Mann—Whitney U test.

NGMYV, normalized gray matter volume; NPGMV, normalized peripheral gray matter volume.
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TABLE 5. Multivariate Linear Regression Models Presenting Significant MRI Determinants of P300 After Adjusting for Age and Education in
Relapsing—Remitting Multiple Sclerosis Patients
Step 1 (Age, Education) (R? %) Stage 2 (sbeta; R?2 Change %) Total R? % P

Fz amplitude 2.7 NFHW (—0.362; 9.8) 12.5 0.038
Fz amplitude 2.7 NBV (0.355; 11.1) 13.8 0.031
Cz amplitude 3.7 NBV (0.345; 10.4) 14.1 0.036
P300 amplitude 2 NFHW (—0.342; 8.8) 10.8 0.05
P300 amplitude 2.4 NBYV (0.330; 9.5) 11.9 0.047

Significant differences (P = 0.05) have been highlighted as bold.

NBYV, normalized brain volume; NFHW, normalized frontal horn width; sbeta, standardized beta.

CVLT-II (see Table S1, Supplemental Digital Content 1, http://
links.lww.com/JCNP/A27). Group comparisons for the demo-
graphic and clinical evaluations can be found in Supplemental
Digital Content 2 (see Table S2, http:/links.lww.com/
JCNP/A28).

There were significantly more HCs of tertiary education and
employed than RRMS patients and RRMS patients with
abnormal P300, respectively. Also, RRMS patients with abnor-
mal P300 were significantly more disabled and physically
fatigued than RRMS patient with normal P300. Interestingly,
patients with abnormal P300 reported significantly less cognitive
fatigue than HCs. No significant differences were found between
ERP groups with respect to age, gender, education, employment,
disease duration, relapses, treatment (disease modifying treat-
ment or symptomatic), mood, cognition, and mental fatigue.

Group Comparisons for the Neuropsychological and
Imaging Evaluations

Total cognitive score was significantly lower in RRMS
patients compared with HCs, attributed mainly to the significant
difference between HCs and RRMS patients with abnormal P300
because the latter had also significantly lower scores than RRMS
patients with normal P300 (Table 3). This pattern of group
differences was similar especially for visuospatial memory
(BVMT-R). The SDMT scores were significantly lower in the
RRMS patients compared with HCs, irrespective of P300 status.
Finally, CVLT-II score was significantly lower only in RRMS
with abnormal P300 compared with HCs.

There were no significant differences between P300 groups
and MRI 2D and 3D biomarkers (see Tables S3 and S4,
Supplemental Digital Content 3 and 4, http://links.lww.com/
JCNP/A29, and http:/links.lww.com/JCNP/A30). After repeat-
ing the analysis separately for patients with normal or abnormal
latencies and normal or abnormal amplitudes, it was found that
patients with abnormally low P300 amplitude had significantly
lower normalized gray matter volume and normalized peripheral
gray matter volume (only significant results are presented in
Table 4).

Regression Models Examining MRI Determinants of
P300 Characteristics

Table 5 presents only the significant MRI determinants of
P300 after adjusting for age and education. Normalized brain
volume was a found to be a potent predictor of Fz, Cz, and total
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P300 amplitude, with higher volumes associated with higher
P300 amplitudes. Normalized frontal horn width was also
significantly negatively associated with Fz and total P300
amplitude. Normalized brain volume and NFHW were kept
significant even after adjusting for Expanded Disability Status
Scale and physical fatigue, which were found to be different
between P300 groups (see Table S2, Supplemental Digital
Content 2, http://links.lww.com/JCNP/A28).

To assess the putative moderating role of brain reserve to the
above significant associations, we reanalyzed the data only for
total P300 amplitude after instituting the interaction term of the
scaling factor with either NBV or NFHW (see Table S5,
Supplemental Digital Content 5, http://links.lww.com/JCNP/
A31). In these new models, education (which is a marker for
cognitive reserve) was substituted by gender because the scaling
factor was found to be significantly different (men: 1.22 * (.13,
women: 1.36 * 0.24, P = 0.005). Results showed a significant
scaling factor x NFHW interaction (AR2 = 0.229, standardized
beta = —4.4, P = 0.038), revealing that in patients with higher
scaling factor (i.e., lower brain reserve), higher NFHW was
associated with lower P300 amplitude. Brain reserve was not
a significant moderator of the NBV-P300 amplitude relationship,
perhaps because NBV uses the scaling factor to be normalized.

DISCUSSION

This study aimed at exploring P300 cognitive ERPS in
RRMS patients and, primarily, its association with multiple MRI
markers. First, RRMS patients had significantly lower P300
amplitude and more prolonged P300 latency and RTs, which is in
accordance with previous studies.!#2! Few studies, attempting to
separate MS patients into those with or without abnormal P300,
have come up with an abnormal P300 frequency of 50% to 75%
(67.2% in this study), using different definitions and cut-
offs. 14152946 [n this study, all P300 characteristics were
significantly associated with cognitive scores, which validates
this ERP as a surrogate marker of cognitive function. However,
P300 latencies were not correlated with CVLT-II scores. This
could be attributed to the fact that P300 latency mostly reflects
cognitive speed processing, and CVLT-II procedure, unlike
SDMT and BVMT-R, does not impose time constrictions to
the responders. 1011

We also found that there were significantly more RRMS
patients with abnormal P300 unemployed compared with HCs,
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which is a new finding. However, this is analogous to the
established fact that CI results in greater unemployment in MS
patients.> Also, RRMS patients with abnormal P300 were
significantly more disabled and physically fatigued than RRMS
patients with normal P300, which has been previously well-
documented.?%-2>-2747  Presumably, like CI, P300 ERP, as
a surrogate electrophysiological marker of brain functioning,
reflects diverse pathogenic changes in the MS brain (e.g., brain
atrophy, disruption of critical neural networks subserving
sensorimotor function) phenotypically expressed by various
levels of disability and fatigue. Interestingly, patients with
normal P300 reported significantly less cognitive fatigue than
HCs, although documented with lower cognitive scores. Previous
study has showed that there is a low concordance rate between
patients and informants about the formers’ cognitive function,
with a patients’ tendency to overrate their cognitive ability.*

Another study finding was that after adjusting for education,
SDMT discriminated HCs from MS patients, CVLT-II distin-
guished HCs from MS patients with abnormal P300, and BVMT-
R separated both HCs from MS patients and MS patients with
abnormal P300 from MS patients with normal P300. In other
words, visuospatial memory was a sensitive marker for P300
abnormality, followed by verbal memory and cognitive speed
processing. This could be accounted by the degree of similarity
of the neural networks engaged in P300 oddball paradigm and
the aforementioned cognitive functions. Visuospatial memory
engages a broad occipital-parietal-frontal activation, which bears
notable resemblance with the P300 network comprising mainly
of the temporoparietal region (particularly the supramarginal
gyrus), the inferior parietal lobe, the lateral prefrontal areas, and
the cingulate.!%114% Verbal memory is mostly served by fron-
totemporal networks with little or no participation of the parietal
lobe, which is particularly important for P300 elicitation.*°
However, processing speed assessed by SDMT reflects mainly
the integrity of subcortical white matter connections between the
brainstem and the frontal lobes—basal ganglia responsible for
attention and execution, which have the fewer similarity with the
P300 neural network.>! However, because MS is mainly a white
matter disease, SDMT is particularly potent at distinguishing M'S
patients from HCs, as in our study.

Our study showed no association between P300 status and
all MRI assessments. However, when “abnormality” only for
P300 amplitude or latency was taken into account, patients with
“abnormally” low P300 amplitude had significantly decreased
NGM and NPGM volumes than patients with “normal” ampli-
tudes. In the regression models, NBV and NFHW were found to
be significant predictors of P300 amplitude (especially recorded
in the more frontal electrodes). In a previous study, T1 “black
holes” volume was associated with auditory P300 latency and not
T2 lesion volume, which is in accordance with this study.!” In
another longitudinal study by Piras et al.,'# auditory P300 latency
was significantly associated with frontal horn and brainstem
lesions assessed by a semiquantitative dimension-dependent
method. In this study, we did not apply topographical calculation
of LV. However, the significant contribution found for NFHW
may further strengthen the role of frontal lobe abnormalities in
P300 ERP. Two old studies, in small samples, supported the link
between lesion load and P300 abnormalities; however, they used
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crude MRI assessments (e.g., Vanderbilt grading system and
Ormerod method), thus no direct comparison can be made.?!-?°

It should be noted that in this study, P300 amplitude was
calculated by the N200-P300 peak-to-peak distance in WV and
not as the P300 amplitude from the corrected baseline. The N200
and P300 components both reflect higher-order information
processing, thus instead of evaluating them separately, we chose
to integrate N200 in the P300 amplitude measurement.!%!! In
general, the P300 amplitude reflects the amount of available
attentional reserve for working memory, and the P300 latency is
a marker of cognitive processing speed serving working memory
and executive functions.!®!! Thus, P300 amplitude and latency
would most likely reflect the integrity of gray matter and white
matter, respectively. Indeed, in this study, we showed that gray
matter, especially peripheral gray matter (included in the total
gray matter volume), is important for P300 amplitude “abnor-
mality.” After adjusting for age and education, NBV and NFHW
emerged as significant predictors of P300 amplitude values. The
availability of MRI assessments in HCs would further elucidate
the role of MRI markers in P300. However, based on the
different statistical approaches used to obtain these results only in
MS patients, it can be deduced that while total brain volume and
especially frontal lobe volume determines the magnitude of P300
ERP, it is the peripheral gray matter volume that determines the
critical point where abnormally low P300 amplitude is docu-
mented. However, LV was not associated with P300 latency, as it
would be expected. Sampling issues could account for this
negative result. Larger samples and/or inclusion of patients with
progressive MS would be more potent to reveal a significant
association. Finally, a topographical calculation of LV could also
be of most significance, as discussed above.!

Finally, although this was not the primary aim of this study,
brain reserve (as assessed by the scaling factor) was found to be
a moderator of the NFHW-P300 amplitude relationship. To our
knowledge, this is the first time that brain reserve is associated
with P300 and MRI. Previous studies have attested the protective
role of high brain reserve for brain atrophy and CI in MS.523

This study had several limitations. First, the cross-sectional
design does not allow etiological inferences. Second, there were
no available MRIs for HCs that would permit a better assessment
of the role of MRI markers in P300 characteristics. To obviate
this limitation, we divided MS patients in those with and those
without abnormal P300, and we searched for significant MRI
markers. However, this approach did not solve the bias of using
only MS patients in the multivariate regression models to
ascertain MRI determinants for P300 amplitude and P300
latency. Third, although the acquisition MRI protocol was the
same for all patients, MRIs were performed in different centers,
which could always introduce some systematic bias in the results
of this study. Moreover, MS sample consisted only of RRMS
patients, thus the results cannot be generalized to progressive
types of the disease. However, we think that the inclusion of
progressive MS patients would make the interpretation of the
results more cumbersome because it is well documented that
different pathogenetic mechanisms (i.e., neurodegeneration
rather neuroinflammation) predominate in this type of MS.>*
Finally, although ERPs were elicited using the same time and
space conditions and statistical adjustments were made for major
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confounders (e.g., age and education), there could always be
hidden confounders (e.g., personality, genetic polymorphisms)
that was impossible to assess.’>3

In conclusion, the main findings of this study were (1) P300
was strongly associated with brief international cognitive assess-
ment for MS, (2) RRMS patients had significantly lower P300
amplitude and more prolonged P300 latencies and RTs than HCs,
(3) RRMS patients with “abnormal” P300 had greater disability
and physical fatigue and were more likely to score lower in
visuospatial memory test (BVMT-R) than RRMS patients with
“normal” P300 response, (4) RRMS patients with abnormally
low P300 amplitude had lower peripheral gray matter volume
than patients with normal P300 amplitude, and (5) NBV and
NFHW predicted P300 amplitude in MS patients with NFHW-
P300 amplitude relationship moderated by brain reserve. Future
studies should verify and expand these results by examining
different types of MS patients and longitudinally during disease
progression.
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ARTICLE INFO ABSTRACT

Keywords: Background: Cognitive impairment (CI) has been associated with numerous magnetic resonance imaging (MRI)
Multiple sclerosis indices in multiple sclerosis (MS) patients. In this study we investigated the association of a large set of 2D and
Cognitive 3D MRI markers with cognitive function in MS.

BICAMS Methods: A sample of 61 RRMS patients (mean age 41.8 + 10.6 years old, 44 women, mean disease duration
x(iimetric 137.9 = 83.9 months) along with 51 age and gender matched healthy controls was used in this cross-sectional
Markers study. Neuropsychological and other tests, along with a large set of 2D/3D MRI evaluations were made.

Results: 44.3% of patients had CI. CI patients had more disability, physical fatigue than non-CI patients and more
psychological distress than non-CI patients and HCs. Also, CI patients had significantly larger third ventricle
width and volume, smaller coprus callosum index and larger lesion volume than non-CI patients. These MRI
markers also significantly predicted cognitive scores after adjusting for age and education, explaining about
30.6% of the variance of the total cognitive score.

Conclusions: Selected linear and volumetric MRI indices predict cognitive function in MS. Future studies should

expand these results by exploring longitudinal changes and producing normative data.

1. Introduction

Cognitive impairment (CI) is found in 26-56% of multiple sclerosis
(MS) patients, even in the early stages of the disease (Chiaravalloti and
DeLuca, 2008; Fischer et al., 2014). The cognitive domains mostly af-
fected are information processing speed, working memory, complex
attention, executive functions, verbal fluency and verbal and visuos-
patial learning and memory (Chiaravalloti and DeLuca, 2008). Im-
portantly, CI has been attested as a robust predictor for conversion to
clinically definite MS, disability accumulation, progression to sec-
ondary progressive MS, treatment compliance, depression, low quality
of sleep, unemployment and low quality of life (Chiaravalloti and
DeLuca, 2008). As such, CI monitoring has been now claiming a
growing role both in MS research and in the clinical settings.

In this context, quantitative magnetic resonance imaging (MRI)
assessments have been increasingly used to subserve neuropsycholo-
gical testing in evaluating cognitive function (Rovaris et al., 2006).
Volumetric MRI seems to reliably reflect pathogenetic processes such as
neuroinflammation and neurodegeneration in MS (Lanz et al., 2007).
Most importantly, MS patients have been found to lose about 0.5-1.5%
of their brain volume each year which has been related to concomitant
decline of their cognitive ability (Vollmer et al., 2016). Various studies

using both linear non-automated two-dimensional and volumetric au-
tomated tree-dimensional MRI markers have provided useful MRI as-
sociations with cognitive function in MS (Rocca et al., 2015). Two-di-
mensional MRI markers like third ventricle width (Benedict et al., 2006;
Sénchez et al., 2008), bicaudate ratio (Bermel et al., 2002), corpus
callosum surface (Bergendal et al., 2013) and corpus callosum index
(Yaldizli et al., 2014) have been related to cognitive impairment in MS.
With respect to volumetric MRI, the grey and white matter volume
(Sanfilipo et al., 2006), cortical lesions (Harrison et al., 2015), white
matter lesion volume (Mineev et al., 2009), peripheral grey matter
volume (Jonkman et al.,, 2015), subcortical structures' volume
(Damjanovic et al., 2016) such as thalamus (Bergsland et al., 2016),
hippocampus (Hulst et al., 2015), putamen (Debernard et al., 2015),
caudate nucleus (Batista et al., 2012) and cerebellum (Valentino et al.,
2009) and cingulate gyrus (Geisseler et al., 2016) have all been asso-
ciated with cognitive function in MS. So far, it is the normalized brain
volume and the lesion volume that are mainly investigated in clinical
trials as an important endpoint for brain atrophy. To our knowledge, no
study has examined simultaneously many two- and three-dimensional
MRI markers with respect to cognitive function in the same sample of
MS patients.

So, the primary aim of this study was to investigate the predictive
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ability of a large set of MRI structural markers for cognitive function in
the same sample of relapsing-remitting MS (RRMS) patients. Another
goal was to explore the differences between healthy controls (HCs) and
MS patients with and without CI, with regards to various disease-re-
lated and psychological characteristics.

2. Materials and methods
2.1. Subjects

In this cross-sectional study, we invited 61 RRMS patients attending
their follow-up outpatient visits in Aeginition and Army Share Fund
Hospital (NIMTS) to participate in the study. The inclusion criteria
were: (a) diagnosis of MS based on the revised 2010 McDonald criteria,
(b) being over 18 years old, (c) fluency in Greek language, (d) Expanded
Disability Status Scale (EDSS) below 6.0 and (e) ability to give written
informed consent (Kurtzke, 1983; Polman et al., 2011). The exclusion
criteria were the following: (a) major psychiatric disease (e.g. schizo-
phrenia, drug and substance abuse etc.) or learning disability, (b) ser-
ious auditory or visual or other impairment that would affect the sub-
ject's ability to understand and perform assessments and (c) relapse
and/or corticosteroid use within one month preceding the study as-
sessments. A group of 51 healthy volunteers matched through age and
gender served as HCs. The study was approved by the Hospitals' (Ae-
ginition and Army Share Fund Hospitals) Ethics Committees and an
informed consent was obtained from each participant. The study was
performed in accordance with the good clinical practices and the De-
claration of Helsinki.

Patient data included age, gender, education, working status, dis-
ease duration, number of relapses from onset, drugs and disability as-
sessed with the Expanded Disability Status Scale (EDSS) (Kurtzke,
1983).

2.2. Neuropsychological testing

Patients and HCs were screened for their cognitive performance
using the Brief International Cognitive Assessment for MS (BICAMS), a
brief 15-min screening tool comprised of the Symbol Digits Modalities
Test (SDMT), the California Verbal Learning Test II (CVLT-II) and the
Brief Visuospatial Memory Test Revised (BVMT-R) (Langdon et al.,
2012). The tool has been validated in Greece (Polychroniadou et al.,
2016). SDMT assesses attention and information processing speed by
asking the participant to voice the digit associated with each symbol
presented in pseudo-random sequence of nine different symbols (after
first presenting a series of nine symbols paired with a single digit each)
as quickly as possible within 90s. Score was derived by adding correct
matchings within this time period. CVLT-II is a measure of verbal
learning and memory testing the participant's ability to learn and recall
16 words over the course of five trials (theoretical range of score 0-80).
Finally, BVMT-R evaluates visuospatial learning and memory by ex-
posing the participants to a matrix of six simple designs for 10s fol-
lowed by an unaided drawing recall, repeated three times. Accuracy
and location of each design were scored in each trial (theoretical range
of score 0-36). A total cognitive score was calculated, based on the
mean z scores of the three cognitive domains of BICAMS. CI was defined
as deficits in at least one cognitive domain based on the lowest 5% cut-
offs derived by normative age, gender and education adjusted data (i.e.
using linear regression multivariate models for each cognitive score) of
207 available healthy volunteers.

2.3. Psychological assessments and Fatigue

Depression, anxiety and stress was measured using the Depression
Anxiety Stress 21-item Scale (DASS-21). The responders declare the
frequency of their symptoms in a Likert-type scale (from 0 = did not
apply to me at all to 3 = applied to me very much, or most of the time)
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during the past week. Scores for each subscale each comprised by seven
items were produced by summing up all items and multiplying by two
(minimum score = 0, maximum score = 42). Higher scores indicate
higher level of depression, anxiety or stress. The scale has been adapted
in the Greek population (Lyrakos et al., 2011). In our study internal
consistency was excellent (Cronbach's alphas: stress = 0.84, anxiety =
0.79 and depression = 0.84).

Visual analogue scales for physical (VAS-PF), cognitive (VAS-CF)
and mental (VAS-MF) fatigue were completed by the participants. Each
participant declared his/her level of fatigue during the last week by
drawing a single point in a 10-cm line (from 0 no fatigue to 10 cm very
much fatigue). Scores were derived by measuring the distance (in mm)
from O to the point indicated. VAS scales for fatigue have been pre-
viously found reliable in MS patients (Kos et al., 2017).

2.4. MRI acquisition and analysis

Conventional MRI scans acquired within the last 6 months before
the study assessment were available for the RRMS patients. All brain
MRIs were performed at 3.0 T devices in multiple centers using the
same acquisition MRI protocol: T1-weighted 3D high resolution mag-
netization-prepared rapid acquisition with gradient echo (3D MP-
RAGE) sequence, axial T2-weighted fluid attenuated inversion recovery
(FLAIR) sequence and axial proton density-weighted images. All scans
were examined by an experienced observer.

On FLAIR images, lesions were identified and quantified (white
matter lesion volume, WMLV) using a semi-automated local threshold
technique as part of the Medical Images Processing Analysis and
Visualization (MIPAV) software (https://mipav.cit.nih.gov/).

A set of two-dimensional linear manual methods of MRI assessments
were used: third ventricle volume (TVV) and width (TVW), bicaudate
ratio (BCR), corpus callosum index (CCI), frontal horn width (FHW) and
transverse skull diameter (TSD) which is the minimum distance se-
parating the inner tables of the skull at the level of the most rostral
portion of the frontal horns (Bakshi et al., 2005; Butzkueven et al.,
2008; De Stefano et al., 2007; Grassiot et al., 2009). TVV (in mm?®) was
calculated by multiplying three different dimensions of the third ven-
tricle recognized in the T1-weighted images; lamina terminalis-pos-
terior commissure line, highest curvature of the inferior surface of
fornix-upper surface of the mammillary body line and a line perpen-
dicular to the interhemispheric fissure at third ventricle's midpoint
(TVW). Normalized values were also calculated (NTVV = TVV+TSD
and NTVW = TVW +TSD). The BCR was the minimum intercaudate
distance (ICD) divided by brain width along the same line. The BCR was
measured in the FLAIR axial slice where the heads of the caudate nuclei
were most visible and closest to one another. Normalized ICD was also
calculated (NICD = ICD =+ TSD). CCI was obtained by drawing a straight
line at greatest anteroposterior diameter of CC and a perpendicular at
its midline. Anterior, posterior and medium segments of CC were
measured and normalized to its greatest anteroposterior diameter. The
FHW (in mm) was defined as the maximal distance between the lateral
borders of the frontal horns of the lateral ventricles and was normalized
(NFHW) with the TSD (NFHW = FHW =+ TSD).

Volumetric analyses of the brain was also conducted using axial 3D
MP-RAGE images and FMRI Software Library (FSL) (Smith et al., 2004).
Brain tissue volume, normalized for subject head size, was estimated
with SIENAX. SIENAX starts by extracting brain and skull images from
the single whole-head input data (Smith, 2002). The brain image is then
affine-registered to MNI152 (or Talairach) space (a reference brain map
obtained from 152 healthy individuals) (using the skull image to de-
termine the registration scaling); this is primarily in order to obtain the
volumetric scaling factor, to be used as a normaliZation for head size
(Jenkinson and Smith, 2001). Next, tissue-type segmentation with
partial volume estimation is carried out in order to calculate normalized
volumes for total normalized brain tissue (NBV), grey matter (GMV),
peripheral grey matter (PGMV) and white matter (WMV) (Zhang et al.,
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2001). For regional brain volume calculations we used FMRIB's FIRST
software a model-based segmentation/registration tool (Patenaude
et al., 2011). Normalized volumes for caudate nucleus, putamen, globus
pallidum, thalamus, accumbens nucleus, amygdala and hippocampus
were obtained by multiplying the estimated volumes by the scaling
factors derived from SIENAX.

2.5. Statistical analyses

Descriptive statistics were made using means, standard deviations,
minimum, maximum, absolute and relative frequencies. Group com-
parisons were made using Student's t-test for numerical data and chi-
square test (with Yates correction for 2 X 2 tables, or Fisher's exact tests)
for categorical data. In case of small numbers of participants in groups
(i.e. lower than 30), or violation of normality (evaluated through Q-Q
plots), Mann-Whitney U non-parametric test was used. In case for
multiple group comparisons, Bonferroni correction for the level of
significance was employed (corrected significance = 0.05 <+ number of
comparisons). For the comparison between HCs and MS patients with or
without CI, analysis of covariance was performed after adjusting for the
group x education interaction since education differed between HCs
and MS patients at baseline. Sidak's post-hoc tests were presented. In
order to assess MRI determinants of cognitive scores step-wise hier-
archical linear regression models were conducted. In the first step
confounders were entered. In the second step each MRI parameter was
entered separately and for each cognitive score. Standardized beta
coefficients and R-square changes were presented. Level of significance
was set at 0.05. All analyses were performed using SPSS v22.0 for
Windows (Chicago IL).

3. Results
3.1. Demographic variables

There were no significant differences between RRMS and controls,
except for education with higher number of HCs being of tertiary level
(p = .036). With regards to clinical characteristics, RRMS patients
suffered from the disease about 11 years (mean = 137.9 months) and
had mild to moderate disability (mean EDSS = 2.2). Most (82.8%) were
on immunomodulatory treatment mainly fingolimod (27.9%) and su-
cutaneous IFNb-la (19.7%). Some patients (39.4%) were receiving
symptomatic treatment such as baclofen, tizanidine, amantadine etc.

3.2. Cognitive evaluations in the study sample

Based on the age, gender and education-adjusted 5% cut-offs for
SDMT, CVLT-II and BVMT-R, 27 (44.3%) of patients had CI. Six (9.8%)
had abnormal SDMT scores, 15 (24.6%) had abnormal CVLT-II scores
and 19 (31.2) had abnormal BVMT-R scores. Seventeen (27.9%) had CI
in one cognitive domain, 7 (11.5%) in two and 3 (4.9%) in three cog-
nitive domains (Table 1).

After adjusting for education, all cognitive scores were significantly
decreased in RRMS CI patients compared to non-CI patients or HCs
(Table 2). Interestingly SDMT score was more decreased in RRMS pa-
tients irrespective of CI status compared to HCs, whereas significant
differences between HCs and all MS patients with respect to BVMT-R
could be attributed mainly to CI patients, since no significant difference
was noted between non-CI patients and HCs. Finally, CVLT-II dis-
criminated significantly CI patients from non-CI patients, and not HCs
from all RRMS patients.

3.3. Groups comparisons for demographic, disease-related and
psychological characteristics

There were significantly more unemployed patients compared to
HGs, irrespective of CI (Table 3). Also CI patients were significantly
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Table 1
Demographic and clinical characteristics of 61 relapsing-remitting multiple sclerosis
(RRMS) patients and 51 healthy controls (HCs) included in the study.

RRMS HCs p value
Age (years) 41.8 £ 10.6 38.7 £9.2 0.11°
(21-67) (20-57)
Women 44 (72.1) 41 (80.4) 0.43"
Tertiary education 46 (75.4) 47 (92.2) 0.036"
Disease Durations (months) 137.9 = 83.9 - -
(16-324)

Number of relapses from onset 7.2 = 8.3 (1-44) - -
EDSS 2.2 £ 1.9 (0-6) - -
Immunomodulatory Treatment 50 (82) - -
Symptomatic drugs 24 (39.4) - -

Values in the table represent means =+ standard deviations (minimum-maximum) and
absolute and relative frequencies (%) within each study group.
Significant differences (p=<.05) have been highlighted as bold.
EDSS: Expanded Disability Status Scale.
@ Student's t-test.
b Chi-square test (Yates correction).

more likely to have greater disability, to have sustained more relapses
or to take symptomatic treatment (most likely both reflected by the
greater disability), to report more physical fatigue, stress, anxiety and
depression than non-CI patients. Stress, anxiety and depression was also
more increased in CI patients than HCs.

3.4. Imaging assessments

CI patients had significantly larger (normalized) third ventricle
width and volume, smaller CCI and larger lesion volume than non-CI
patients (Table 4). No significant differences were noted between pa-
tients' subgroups for all the subcortical structures (Table 5). We re-
analyzed data for the subcortical structures separately for each category
of CI (i.e. SDMT or CVLT-II or BVMT-R impairment) and differences still
remained non-significant (data not showed) (Table 6).

After adjusting for age and education, SDMT score was significantly
predicted by CCI only (R? change = 5.1%, p = .042), CVLT-II score was
significantly predicted by LV (R? change = 6.1%, p = .05), CCI (R?
change = 8.6%, p = .022) and NFHW (R? change = 7.5%, p = .031),
BVMT-R score was significantly predicted by NTVW (R? change =
5.9%, p = .046) and the total cognitive score was significantly pre-
dicted by LV (R? change = 7.1%, p = .026) and CCI (R* change =
7.9%, p = .021). Age, education and either CCI and LV explained about
30.6% (if added in the same model) of the variance of the total cog-
nitive score. We repeated the analysis after adjusting for each sig-
nificant difference between patients' subgroups found in Table 3, with
no change in the final results (data not showed).

4. Discussion

This study primarily aimed at exploring the role of different MRI
markers in cognitive function in RRMS patients. Third ventricle width
(TVW), corpus callosum index (CCI) and lesion volume (LV) emerged as
the most significant predictors of the presence of CI in MS. When in-
dividual scores were taken into account, third ventricle width sig-
nificantly predicted BVMT-R, CCI significantly predicted SDMT, CVLT-
I and total cognitive score and LV significantly predicted CVLT-II and
total cognitive score. Also, CVLT-II score was negatively associated with
normalized frontal horn width (NFHW). None of the subcortical struc-
tures predicted CI or cognitive scores in this study. Also, CI patients had
more disability and reported more physical fatigue, stress, anxiety and
depression than non-CI patients.

With regards to linear MRI indices, our results confirm that third
ventricle width and CCI are significantly associated with cognitive
function in MS (Benedict et al., 2006; Papathanasiou et al., 2015;
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Table 2
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Cognitive score differences between 61 relapsing-remitting MS (RRMS) patients (27 with and 34 without cognitive impairment-CI) and 51 healthy controls (HCs).

HCs RRMS

Non-CI patients CI patients p value™”

SDMT 60 = 10.1 46.6 + 15.3

CVLT-II 65.5+7.3 57.6 £ 12.8

BVMT-R 30.6 = 5.2 23.7 = 8.34

Total Cognitive Score 0.44 = 0.58 —0.45 = 0.99

53.3 £ 12.6 38.1 +14.3 a. 0.003*

b. 0.05*
c. <0.0001*
d. <0.0001*
64.5 £ 8.2 49 +12.5 a. 0.134

b. 0.997

c. < 0.0001*
d. <0.0001*
a
b
[
d
a
b
c
d

28.6 £ 5.1 175+ 7.7 . 0.025*

. 0.498

. < 0.0001*
. < 0.0001*
. 0.008*

. 0.277

. < 0.0001*

. <0.0001*

—0.16 = 0.59 —1.22 + 0.85

Values in the table represent means =+ standard deviations.

SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning Test, BVMT-R: Brief Visuospatial Memory Test-Revised.

Significant differences (p <.05) have been highlighted as bold.

@ Comparisons: a. HCs vs. RRMS, b. HCs vs. non-CI patients, c. HCs vs. CI patients d. non-CI patients vs. CI patients.
b ANCOVA with group, education and group x education interaction as independent covariates. Sidak's post-hoc test was used for b, ¢, d comparisons.

Sanchez et al., 2008). Also, previous findings confirm that TVW and not
BCR is associated with visuospatial memory, which is in accordance
with this study (Marasescu et al., 2016). Another study by Bermel et al.,
found that BCR was inversely correlated with SDMT score which was
not found in our study (Bermel et al., 2002). However, it should be
noted that in this study the sample consisted of a small number (N =
23) of RRMS patients and progressive MS patients that did not differ
with respect to brain atrophy and lesion load and also adjustment was
made only for age. Thus, direct comparisons with this study cannot be
made. Previous studies are also in agreement with our findings of a
significant association between CCI and processing speed and memory
(Bergendal et al., 2013; Yaldizli et al., 2014). Finally, to our knowledge
this is the first time that frontal horn width is associated with verbal
memory in MS. Previous studies have documented FHW increase with
time in patients, but no associations with cognitive functions were
made (Martola et al., 2010).

Lesion volume was found to be the only significant volumetric
predictor of cognitive function in MS and particularly verbal memory,
as in previous studies (Fritz et al., 2016; Lazeron et al., 2006; Mineev
et al.,, 2009; Pinter et al., 2015; Tiemann et al., 2009). Most likely
disruption of cortico-cortical and cortico-subcortical white matter tracts
account for the significant role of LV in cognitive function in MS
(Bendfeldt et al., 2010; Hulst et al., 2013; Rossi et al., 2012). In support
of this, previous studies have ascertained the association between white
matter and grey matter pathology in MS, presumably through me-
chanisms of retrograde and anterograde axonal degeneration, although
other studies negate such a relationship (De Stefano et al., 2003;
Sbardella et al., 2013). In order to verify such an hypothesis, we
checked for the correlation between LV and the other MRI indices in
this study (data not showed). Significant partial correlations were found
for NTVW (r = 0.332, p = .024), CCI (r = —0.516, p < .0001), NFHW
(r = 0.356, p = .015), NBV (r = —0.322, p = .029) and NPGMV (r =
—0.297, p = .045). Interestingly, LV was associated with CCI, NTVW
and NFHW which also were linked to cognitive function in this study.
The lack of the significant results with NBV or NPGMV may attributed
to regional cortical atrophy that this study did not assess. Also, using a
more comprehensive neuropsychological test would presumably be
more likely to reveal significant results.

This study showed negative results for other volumetric MRI mea-
surements such as brain volume, grey and white matter volume and all
subcortical structures. This contradicts previous findings of a significant
association between cognitive function and these markers, especially

NBV and thalamus that is more consistently found in many studies
(Batista et al., 2012; Benedict et al., 2013; Bergsland et al., 2016; Daams
et al., 2016; Damjanovic et al., 2016; Debernard et al., 2015; Gouveia
et al., 2017; Hulst et al., 2015; Jonkman et al., 2015; Lazeron et al.,
2006; Mineev et al., 2009; Pinter et al., 2015; Preziosa et al., 2016;
Sacco et al., 2015; Sanfilipo et al., 2006). Heterogeneity of MS samples
(i.e. inclusion of patients with progressive or advanced MS or even with
clinically isolated syndrome), methodology (i.e. adjustment for dif-
ferent confounding factors or conducting only univariate analysis) and
neuropsychological testing (i.e. use of tests other than BICAMS) may
account for these discrepancies. However, the most important differ-
ence was that in this study MRI differences were searched among CI and
non-CI patients, while most of the previous studies, with only few ex-
ceptions (Daams et al., 2016; Damjanovic et al., 2016; Preziosa et al.,
2016; Sacco et al., 2015), reported differences among MS patients and
HCs. Thus, our analysis was less likely to reveal significant changes.
In a study by Sacco et al., non-CI patients had smaller LV than CI
patients as in this study (Sacco et al., 2015). In the same study, a sig-
nificant group difference was reported for NWM (mean difference
25.5ml, p = .01). In our study, the mean difference between CI and
non-CI patients was larger (mean difference 35.52 ml) but it was not
significant. Given the smaller number of patients used in Sacco et al.
study and the lack of a Bonferroni correction (given the multiple
comparisons) we suspect a type I error for their findings. In another
study by Preziosa et al., except for LV, additionally NBV and NGMV
were found reduced in CI patients compared to controls (mean differ-
ence for NBV 65ml against 44 ml in this study, mean difference for
GMV 45 ml against 12 ml in this study) (Preziosa et al., 2016). Except
for the lack of the Bonferroni correction, this study assessed CI with a
large set of neuropsychological test, whereas we used only BICAMS,
thus direct comparison is not safe. In a very similar to ours multicenter
study, with the exception of neuropsychological testing difference, LV,
NBV, NGMV, NPGMV, NWMV and volumes of all the subcortical
structures were found decreased in CI patients compared to non-CI
patients, after performing age- and site-adjusted linear mixed models
(Damjanovic et al., 2016). Given the relative small mean differences for
these measurements presented in their paper, we presume that their
statistical approach was more sensitive at detecting significant differ-
ences. Finally, in a study by Daams et al., LV, NBV, NGMV, NWMV and
volume of subcortical structures (i.e. accumbens, caudate, hippo-
campus, pallidum, putamen and thalamus) were all found significant
different in CI and non-CI patients after appropriate statistical
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Table 3
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Comparisons between 61 relapsing-remitting MS (RRMS) patients (27 with and 34 without cognitive impairment-CI) and 51 healthy controls (HCs).

HCs RRMS

Non-CI patients CI patients p value®

Age (years) 38.7 £9.2 41.8 = 10.6

Women 41, (80.4) 44, (72.1)

Tertiary Education 47, (92.2) 46, (75.4)

Employed 44, (86.3) 33, (54.1)

137.9 + 83.9
7.2+83
22+19
50, (82)

24, (39.3)
50.7 £ 26.3

Disease duration (months) -
Relapses from disease onset -
EDSS -
Immunomodulatory treatment -
Symptomatic treatment -
Physical fatigue (mm) 50.6 + 26.3

Cognitive fatigue (mm) 40.5 £ 25.9 33.4 £ 253

Mental Fatigue (mm) 46.6 + 25.3 44,3 + 31.5

Stress 10.8 = 7.7 13.1 £ 8.7

Anxiety 4.4 +£57 6.5+72

Depression 59 * 6.6

39.8 + 10.4 44.3 £ 10.6 0.106°
0.611¢
0.034"¢
0.098¢
0.426"
0.281°
1.011
0.556"
0.036""
0.303"
0.011""
0.265"
0.001" "
0.009" "
0.001"""
. 0.567"
d. 0.096¢
d. 0.002" ¢
d. 0.006 ¢
d. 1.0°

d. < 0.0001
0.984¢
0.105°
0.033'¢
0.003" ¢
0.143¢
0.07¢
0.475¢
0.213¢
0.674°
0.166°
0.436¢
0.044"¢
0.144¢
0.789°¢
0.01""¢
0.012" ¢
0.087¢
0.929¢
0.002 ¢
0.01""4
0.051¢
0.959¢
0.001 "¢
0.003 "¢

23, (67.6) 21, (77.8)

28, (82.4)

18, (66.7)

20, (58.8) 13, (48.1)

fEp TR AP TREAD TR AL T

122.9 + 80.8 156.8 + 85.4
4.4 +45 10.7 = 10.4
1.6 £ 1.6 3x2

28, (82.4) 22, (81.5)

5, (14.7) 19, (70.4)
41.3 = 24.4 62.5 = 24.2

30.2 = 24.7 37.4 = 26

37.4 £ 32.3

53 + 28.9

10.4 = 6.6

16.7 £ 9.9

45*5.4

9.2 +8.5

12.6 =10

0 TP AT AT ANTE AL T A T

Values in the table represent means * standard deviations and absolute and relative frequencies (%) within each study group.

EDSS: Expanded Disability Status Scale.
Significant differences have been highlighted as bold.

2 Comparisons: a. HCs vs. RRMS, b. HCs vs. non-CI patients, c¢. HCs vs. CI patients d. non-CI patients vs. CI patients.

b Chi-square test (Yates correction) or Fisher's exact test.

¢ Student's t-test.

4 Mann-Whitney U test.

* p=<.05.

** p=<.017 (Bonferroni correction for 3 comparisons: b, ¢ and d).

manipulation of the data, with relative large absolute volume differ-
ences reported (Daams et al., 2016). However, 37% of their sample
were of progressive MS and neuropsychological testing was done using
a large set of tools, which may account for the discrepancy with our
study. Indeed, in patients with long-standing disease, histopathologi-
cally confirmed neurodegeneration may be a driver for MRI measured
atrophy (Popescu et al., 2015).

Additional findings were that there were significantly more un-
employed patients compared to HCs, which agrees with previous stu-
dies (Chiaravalloti and DeLuca, 2008). Also, CI patients had more dis-
ability and reported more physical fatigue, stress, anxiety and
depression than non-CI patients. CI has been previously linked to more
disability and physical fatigue (Rojas et al., 2016). More interestingly,
CI predicts disability worsening up to 10 years before (Moccia et al.,
2016). In addition, patients with CI tend to use avoidance and

emotional-focused coping to tackle stress, which increase their stress,
anxiety and depression (Goretti et al., 2010; Montel et al., 2012;
Rabinowitz and Arnett, 2009).

This study has several limitations. Firstly, the cross-sectional design
does not allow etiological inferences. Secondly, there were no available
MRIs for HCs which would permit a better assessment of the role of MRI
markers in cognitive function. To obviate this limitation, we divided MS
patients in those with and those without CI and we searched for sig-
nificant MRI markers. Thirdly, although the acquisition MRI protocol
was the same for all patients, MRIs were performed in different centers
which could always introduce some systematic bias in the study's re-
sults. Fourthly, this study did not include patients with progressive MS.
Finally, our findings do not exclude the possibility that certain regions
of cortical grey matter atrophy and cortical lesions could account for
the cognitive function of our MS patients.
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Comparisons between 27 relapsing-remitting MS (RRMS) patients with cognitive impairment (CI) and 34 RRMS patients without CI with respect to 2D and 3D MRI biomarkers.

2D MRI Non-CI patients CI patients p value® 3D MRI (ml) Non-CI patients CI patients p value®
TVW (mm) 4332 5.34 +£1.82 0.042* LV 15.37 £ 19.55 31.21 + 23.42 0.002*
NTVW 0.038 £ 0.016 0.047 = 0.016 0.025* NBV 1472.45 + 135.22 1428.06 + 162.05 0.231
TVV (ml) 291 +1.4 3.57 £1.42 0.055 NGMV 645.95 + 134.26 634.37 = 95.37 0.55
NTVV 25.33 = 11.36 31.73 £ 12.48 0.045* NPGMV 508.57 * 109.57 493.13 * 86.56 0.364
BCR 0.117 £ 0.024 0.136 = 0.074 0.716 NWMV 829.21 * 85.27 793.69 * 119.22 0.55
CCI 0.378 £ 0.06 0.331 + 0.064 0.015*

FHW (mm) 33.79 * 3.68 34.95 * 3.55 0.299

NFHW 0.296 = 0.028 0.311 = 0.029 0.112

Values in the table represent means *+ standard deviations.

BCR: BiCaudate Ratio, CCI: Corpus Callosum Index, FHW: Frontal Horn Width, LV: Lesion Volume, NBV: Normalized Brain Volume, NFHW: Normalized Frontal Horn Width, NGMV:
Normalized Grey Matter Volume, NPGMV: Normalized Peripheral Grey Matter Volume, NTVV: Normalized Third Ventricle Volume, NTVW: Normalized Third Ventricle Width, NWMV:
Normalized White Matter Volume, TVV: Third Ventricle Volume, TVW: Third Ventricle Width.

Significant differences (p <.05) have been highlighted as bold.
@ Mann-Whitney U test.

Table 5
Comparisons between 27 relapsing-remitting MS (RRMS) patients with cognitive im-
pairment (CI) and 34 RRMS patients without CI with respect to subcortical MRI volumes.

Subcortical volumes (ml) Non-CI patients CI patients p value®
Right Caudate 7.77 £ 1.63 7.57 = 1.54 0.706
Left Caudate 7.38 £ 1.39 7.13 £ 1.53 0.599
Mean Caudate 7.59 = 1.48 7.35 1.5 0.610
Right Putamen 7.61 = 1.66 7.55 + 1.52 0.819
Left Putamen 7.55 + 1.51 7.43 + 1.60 0.615
Mean Putamen 7.58 = 1.54 7.49 = 1.53 0.631
Right Globus Pallidum 3.12 £ 0.71 3.09 = 0.71 0.845
Left Globus Pallidum 3.23 £ 0.69 3.34 £ 0.77 0.286
Mean Globus Pallidum 3.18 = 0.68 3.21 £ 0.72 0.540
Right Thalamus 12.17 + 2.37 11.99 = 2.33 0.837
Left Thalamus 12.38 + 2.29 12.25 + 2.45 0.873
Mean Thalamus 12.27 = 2.29 12.12 + 2.36 0.855
Right Hippocampus 8.9 =213 8.93 = 1.95 0.837
Left Hippocampus 8.73 £ 2.23 8.57 £ 2.1 0.681
Mean Hippocampus 8.82 = 2.14 8.75+ 2 0.945
Right Amygdala 3.33 + 0.97 3.39 + 0.95 0.631
Left Amygdala 3.67 £ 1.0 3.67 £ 0.97 0.927
Mean Amydgala 3.50 = 0.96 3.53 £ 0.95 0.802
Right Accumbens 1.08 = 0.30 1.14 = 0.36 0.704
Left Accumbens 1.25 + 0.36 1.24 = 0.43 0.987
Mean Accumbens 1.16 = 0.29 1.19 £ 0.35 0.605

Values in the table represent means + standard deviations.
2 Mann-Whitney U test.

Table 6
Multivariate linear regression models presenting significant only (p<.05) MRI determi-
nants of cognitive scores after adjusting for age and education in relapsing-remitting MS
patients.

Step 1 (age, Stage 2 (sbeta; R  Total R*% p value
education) change %)
(R*%)
SDMT 26.6% CCI (0.255;5.1%) 31.7% 0.042
CVLT-II 7.2% LV (—0.289;6.1%) 13.3% 0.05
CVLT-II 7.2% CCI (0.321;8.6%) 15.8% 0.022
CVLT-II 7.1% NFHW 14.6% 0.031
(—0.343;7.5%)
BVMT-R 12.1% NTVW 18% 0.046
(—0.302;5.9%)
Total Cognitive  21.7% LV (-0.3;7.1%) 28.8% 0.026
Score
Total Cognitive  21.7% CCI (0.299;7.9%) 29.5% 0.021
Score

BVMT-R: Brief Visuospatial Memory Test-Revised, CCI: Corpus Callosum Index, CVLT-II:
California Verbal Learning Test, LV: Lesion Volume, NFHW: Normalized Frontal Horn
Width, NTVW: Normalized Third Ventricle Width, sbeta: standardized beta, SDMT:
Symbol Digit Modality Test.

In conclusion, selected two-dimensional (third ventricle width and
corpus callosum index) and three-dimensional (i.e. lesion volume) MRI
assessments can be used as surrogate markers of cognitive function in
MS patients. Although, normalized brain volume and lesion volume still
remains a critical endpoint in clinical trials, we propose the future in-
corporation of simple two-dimensional markers such as third ventricle
width and corpus callosum index. Future research should also improve
our understanding on the longitudinal changes of these markers and to
provide normative data that will help clinical and therapeutic decision-
making.
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