
 

                                                     

 

ǼΘȃǿȀȅ Ȁǹǿ ȀǹȆȅǻǿȈȉȇǿǹȀȅ ȆǹȃǼȆǿȈȉǾȂǿȅ ǹΘǾȃȍȃ 

ǿǹȉȇǿȀǾ ȈȋȅȁǾ 

 

ǹ' ȃǼȊȇȅȁȅΓǿȀǾ ȀȁǿȃǿȀǾ, ǹǿΓǿȃǾȉǼǿȅ ȃȅȈȅȀȅȂǼǿȅ 

 

ȃİυȡȠφυıȚȠȜȠȖȚțȒ țαȚ ȞİυȡȠȥυȤȠȜȠȖȚțȒ įȚİȡİȪȞȘıȘ ĲȦȞ įȚαĲαȡαȤȫȞ ĲȦȞ 

ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ ıİ αıșİȞİȓȢ ȝİ ıțȜȒȡυȞıȘ țαĲȐ πȜȐțαȢ 

 

 

 

ǹȇȉǼȂǿǹǻǾȈ Ȁ. ǹȇȉǼȂǿȅȈ 

ȃǼȊȇȅȁȅΓȅȈ 

 

 

ǻǿǻǹȀȉȅȇǿȀǾ ǻǿǹȉȇǿǺǾ 

 

 

 

 

 

 

 

 

 

ǹșȒȞα, 2018 
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(Ș ıİȜȓįα ȑȝİȚȞİ ıțȩπȚȝα țİȞȒ) 
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ǼΘȃǿȀȅ Ȁǹǿ ȀǹȆȅǻǿȈȉȇǿǹȀȅ ȆǹȃǼȆǿȈȉǾȂǿȅ ǹΘǾȃȍȃ 

ǿǹȉȇǿȀǾ ȈȋȅȁǾ 

 

ǹ' ȃǼȊȇȅȁȅΓǿȀǾ ȀȁǿȃǿȀǾ, ǹǿΓǿȃǾȉǼǿȅ ȃȅȈȅȀȅȂǼǿȅ 

 

ȃİυȡȠφυıȚȠȜȠȖȚțȒ țαȚ ȞİυȡȠȥυȤȠȜȠȖȚțȒ įȚİȡİȪȞȘıȘ ĲȦȞ įȚαĲαȡαȤȫȞ ĲȦȞ 

ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ ıİ αıșİȞİȓȢ ȝİ ıțȜȒȡυȞıȘ țαĲȐ πȜȐțαȢ 

 

 

 

ǹȇȉǼȂǿǹǻǾȈ Ȁ. ǹȇȉǼȂǿȅȈ 

ȃǼȊȇȅȁȅΓȅȈ 

 

 

ǻǿǻǹȀȉȅȇǿȀǾ ǻǿǹȉȇǿǺǾ 

 

 

 

 

 

 

 

 

 

ǹșȒȞα, 2018 
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ǾȝİȡȠȝȘȞȓα αȚĲȒıİȦȢ ĲȠυ υπȠȥȘφȓȠυ: 01.02.2013 

 

ǾȝİȡȠȝȘȞȓα ȠȡȚıȝȠȪ 3ȝİȜȠȪȢ ȈυȝȕȠυȜİυĲȚțȒȢ ǼπȚĲȡȠπȒȢ: 06.06.2013 

 

ǾȝİȡȠȝȘȞȓα ȠȡȚıȝȠȪ ĲȠυ șȑȝαĲȠȢ: 12.07.2013 

 

ǾȝİȡȠȝȘȞȓα țαĲȐșİıȘȢ ĲȘȢ įȚįαțĲȠȡȚțȒȢ įȚαĲȡȚȕȒȢ: 02.03.2018 

 

ȉα ȝȑȜȘ ĲȘȢ 3ȝİȜȠȪȢ  ȈυȝȕȠυȜİυĲȚțȒȢ ǼπȚĲȡȠπȒȢ: 

 

1. ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα,  ǼπȓțȠυȡȘ ȀαșȘȖȒĲȡȚα ȃİυȡȠȜȠȖȓαȢ (ǼπȚȕȜȑπȠυıα) 

(ȉȝȒȝα ǹπȠȝυİȜȚȞȦĲȚțȫȞ ȃȠıȘȝȐĲȦȞ & ǼȡİυȞȘĲȚțȩ ǼȡȖαıĲȒȡȚȠ ǹȞȠıȠȖİȞİĲȚțȒȢ, 

ǹ' ȃİυȡȠȜȠȖȚțȒ ȀȜȚȞȚțȒ, ǹȚȖȚȞȒĲİȚȠ ȃȠıȠțȠȝİȓȠ, ǿαĲȡȚțȒ ȈȤȠȜȒ ȆαȞİπȚıĲȘȝȓȠυ 

ǹșȘȞȫȞ) 

2. ȇȑȞĲȗȠȢ ȂȚȤαȒȜ, ǹȞαπȜȘȡȦĲȒȢ ȀαșȘȖȘĲȒȢ ȃİυȡȠȜȠȖȓαȢ 

(ǹ' ȃİυȡȠȜȠȖȚțȒ ȀȜȚȞȚțȒ, ǹȚȖȚȞȒĲİȚȠ ȃȠıȠțȠȝİȓȠ, ǿαĲȡȚțȒ ȈȤȠȜȒ ȆαȞİπȚıĲȘȝȓȠυ 

ǹșȘȞȫȞ) 

(ıİ αȞĲȚțαĲȐıĲαıȘ ĲȠυ απȠȤȦȡȒıαȞĲα ȜȩȖȦ ıυȞĲαȟȚȠįȩĲȘıȘȢ țαș. ȉȡȚαȞĲαφȪȜȜȠυ 

ȃȓțȠυ) 

3. ǽαȜȫȞȘȢ ǿȦȐȞȞȘȢ, ǼπȓțȠυȡȠȢ ȀαșȘȖȘĲȒȢ 

(ȃİυȡȠȥυȤȠȜȠȖȚțȩ ǼȡȖαıĲȒȡȚȠ, ǹ' ȃİυȡȠȜȠȖȚțȒ ȀȜȚȞȚțȒ, ǹȚȖȚȞȒĲİȚȠ ȃȠıȠțȠȝİȓȠ, 

ǿαĲȡȚțȒ ȈȤȠȜȒ ȆαȞİπȚıĲȘȝȓȠυ ǹșȘȞȫȞ)  

 

ȆȡȩİįȡȠȢ ĲȘȢ ǿαĲȡȚțȒȢ ȈȤȠȜȒȢ: ȈφȘțȐțȘȢ Ȇ. ȆȑĲȡȠȢ 

ȅȞȩȝαĲα ȝİȜȫȞ ĲȘȢ 7ȝİȜȠȪȢ İπȚĲȡȠπȒȢ: 

1. ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα,  ǼπȓțȠυȡȘ ȀαșȘȖȒĲȡȚα ȃİυȡȠȜȠȖȓαȢ 

2. ȇȑȞĲȗȠȢ ȂȚȤαȒȜ, ǹȞαπȜȘȡȦĲȒȢ ȀαșȘȖȘĲȒȢ ȃİυȡȠȜȠȖȓαȢ 

3. ǽαȜȫȞȘȢ ǿȦȐȞȞȘȢ, ǼπȓțȠυȡȠȢ ȀαșȘȖȘĲȒȢ 

4. ǼυαȖȖİȜȠπȠȪȜȠυ Ȃαȡȓα-ǼȜυșİȡȓα, ǼπȓțȠυȡȘ ȀαșȘȖȒĲȡȚα ȃİυȡȠȜȠȖȓαȢ 

5. ȋȡȠȪıȠȢ ΓȚȫȡȖȠȢ, ȀαșȘȖȘĲȒȢ ȆαȚįȚαĲȡȚțȒȢ-ǼȞįȠțȡȚȞȠȜȠȖȓαȢ 

6. ȆαȡαıțİυȐȢ ΓȚȫȡȖȠȢ, ǼπȓțȠυȡȠȢ ȀαșȘȖȘĲȒȢ ȃİυȡȠȜȠȖȓαȢ 

7. ȌȐȡȡȠȢ ȀȦȞıĲαȞĲȓȞȠȢ, ǼπȓțȠυȡȠȢ ȀαșȘȖȘĲȒȢ ȌυȤȚαĲȡȚțȒȢ 

 

ǺαșȝȩȢ ȝİ ĲȠȞ ȠπȠȓȠ ȑȖȚȞİ απȠįİțĲȒ Ș įȚįαțĲȠȡȚțȒ įȚαĲȡȚȕȒ: ǹȇǿȈȉǹ (10) 
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Ʊ ΌǒǋǐǓ Ǖǐǖ ƫǑǑǐǋǒƽǕǐǖǓ 
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 ΣǕǐǖǓ ΓǐǎǆίǓ Ǎǐǖ,  
 

ƬǖǒǊƽǋǐ ǋαǊ Ʈαǒία 

 

 ΣǕα αǅƾǒǗǊα Ǎǐǖ, 
 

 ƯǕǝǒα ǋαǊ ƲαǎαǄǊǟǕη 

 

 ΣǕηǎ Ǆǖǎαίǋα Ǎǐǖ, 
 

 ΧǒǞǔα  
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ȈȪȞĲȠȝȠ ǺȚȠȖȡαφȚțȩ 

ǺαıȚțȑȢ ȈπȠυįȑȢ 

 
ȈİπĲȑȝȕȡȚȠȢ 1999 – ǿȠȪȜȚȠȢ 2005  
ǼșȞȚțȩ țαȚ ȀαπȠįȚıĲȡȚαțȩ ȆαȞİπȚıĲȒȝȚȠ ǹșȘȞȫȞ ǹșȒȞα 
ȆĲυȤȓȠ ǿαĲȡȚțȒȢ ȈȤȠȜȒȢ                                                                ǺαșȝȩȢ πĲυȤȓȠυ: 7,34 (ȁǿǹȃ 
ȀǹȁȍȈ) 
 

ȂİĲαπĲυȤȚαțȑȢ ȈπȠυįȑȢ 

 
ȅțĲȫȕȡȚȠȢ 2009 – ǿȠȪȜȚȠȢ 2010  
ǼșȞȚțȩ țαȚ ȀαπȠįȚıĲȡȚαțȩ ȆαȞİπȚıĲȒȝȚȠ ǹșȘȞȫȞ ǹșȒȞα 
«ǲȜİȖȤȠȢ ĲȠυ ȈĲȡİȢ țαȚ ȆȡȠαȖȦȖȒ ĲȘȢ ȊȖİȓαȢ»                                     ǺαșȝȩȢ πĲυȤȓȠυ: 9,78 
(ǹȇǿȈȉǹ)                       
ȊπİȪșυȞȠȚ Ȁαș. : ȋȡȠȪıȠȢ Γ., ǻαȡȕȓȡȘ ȋ.                                                
 

ǻȚπȜȦȝαĲȚțȒ ǼȡȖαıȓα ȂİĲαπĲυȤȚαțȠȪ ȆȡȠȖȡȐȝȝαĲȠȢ 

 
ȈİπĲȑȝȕȡȚȠȢ 2010-ǿȠȪȞȚȠȢ 2011                                                                                        
ȅȚ İπȚįȡȐıİȚȢ ĲȘȢ įȚαφȡαȖȝαĲȚțȒȢ αȞαπȞȠȒȢ țαȚ ĲȘȢ πȡȠȠįİυĲȚțȒȢ ȝυȧțȒȢ 
ȤαȜȐȡȦıȘȢ ıĲȘ ıȦȝαĲȚțȒ țαȚ ȥυȤȚțȒ υȖİȓα ĲȦȞ αıșİȞȫȞ ȝİ ıțȜȒȡυȞıȘ țαĲȐ 
πȜȐțαȢ. ȆȚȜȠĲȚțȒ ĲυȤαȚȠπȠȚȘȝȑȞȘ țȜȚȞȚțȒ ȝİȜȑĲȘ. 

ǹșȒȞα 

ǹȚȖȚȞȒĲİȚȠ ȃȠıȠțȠȝİȓȠ, ȆαȞİπȚıĲȒȝȚȠ ǹșȘȞȫȞ              ǺαșȝȩȢ įȚπȜȦȝαĲȚțȒȢ İȡȖαıȓαȢ: 10 
(ǹȇǿȈȉǹ) 
ǼπȩπĲȘȢ: ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα,  
ǼπȓțȠυȡȘ Ȁαș. ȃİυȡȠȜȠȖȓαȢ, ȆαȞİπȚıĲȒȝȚȠ ǹșȘȞȫȞ                  
 

ΓȜȫııİȢ 

 
 ǹȖȖȜȚțȐ 

ȀȐĲȠȤȠȢ įȚπȜȦȝȐĲȦȞ Certificate of Proficiency in English, University of 
Cambridge țαȚ Certificate of Proficiency in English, University of Michigan. 

ΓȞȫıİȚȢ Ǿ/Ȋ 

 
 ȁİȚĲȠυȡȖȚțȐ ȈυıĲȒȝαĲα : Windows (ΆȡȚıĲα) 

ȁȠȖȚıȝȚțȩ : Microsoft Office, SPSS, Zotero (ΆȡȚıĲα) 
 

ǼȡȖαıȚαțȑȢ ΘȑıİȚȢ 

 
ǹπȡȓȜȚȠȢ 2012-ȈȒȝİȡα 
ȃȠıȠțȠȝİȓȠ ȃǿȂȉȈ, ȃİυȡȠȜȠȖȚțȩ ȉȝȒȝα 
ǼȚįȚțİυȩȝİȞȠȢ ȃİυȡȠȜȠȖȓαȢ 

ǼπȚȕȜȑπȦȞ ȚαĲȡȩȢ: ȆαπαȞαıĲαıȓȠυ ǿȦȐȞȞȘȢ (ǻȚİυșυȞĲȒȢ ȃİυȡȠȜȠȖȚțȒȢ 
ȀȜȚȞȚțȒȢ) 
 

 
ǹșȒȞα 

ȈİπĲȑȝȕȡȚȠȢ 2010-ȈȒȝİȡα  
Ίįȡυȝα ǿαĲȡȠȕȚȠȜȠȖȚțȫȞ ǼȡİυȞȫȞ ǹțαįȘȝȓαȢ ǹșȘȞȫȞ ǹșȒȞα 
ǼπȚıĲȘȝȠȞȚțȩȢ ȈυȞİȡȖȐĲȘȢ ȂİĲαπĲυχȚαțȠȪ ȆȡȠȖȡȐȝȝαĲȠȢ "ΈȜİȖχȠȢ ĲȠυ 
ȈĲȡİȢ țαȚ ȆȡȠαȖωȖȒ ĲȘȢ ȊȖİȓαȢ", ǿαĲȡȚțȒ ȈχȠȜȒ ȆαȞİπȚıĲȒȝȚȠ ǹșȘȞȫȞ 

ǼπȚȕȜȑπȦȞ: ȋȡȠȪıȠȢ ΓȚȫȡȖȠȢ (ȀαșȘȖȘĲȒȢ ȆαȞİπȚıĲȘȝȓȠυ ǹșȘȞȫȞ) 

 

  
ǿαȞȠυȐȡȚȠȢ 2012-ǹπȡȓȜȚȠȢ 2012 
ȃȠıȠțȠȝİȓȠ ȆαȓįȦȞ "Ǿ ǹȖȓα ȈȠφȓα", ȃİυȡȠȜȠȖȚțȩ ȉȝȒȝα 

 
ǹșȒȞα 



viii 
 

ǼȚįȚțİυȩȝİȞȠȢ ȆαȚįȠȞİυȡȠȜȠȖȓαȢ 

ǼπȚȕȜȑπȦȞ ȚαĲȡȩȢ: ȈțȚαįȐȢ ȀȦȞıĲαȞĲȓȞȠȢ (ǻȚİυșυȞĲȒȢ ȃİυȡȠȜȠȖȚțȒȢ 
ȀȜȚȞȚțȒȢ) 
 
ȅțĲȫȕȡȚȠȢ 2011-ǿαȞȠυȐȡȚȠȢ 2012, ǻİțȑȝȕȡȚȠȢ 2014-ȂȐȡĲȚȠȢ 2015  
ΓİȞȚțȩ ȃȠıȠțȠȝİȚȠ ǹșȘȞȫȞ ȀȠİȡȖȚαȜȑȞİȚȠ-ȂπİȞȐțİȚȠ, ȌυȤȚαĲȡȚțȩ 
ȉȝȒȝα                   
ǼȚįȚțİυȩȝİȞȠȢ ΨυχȚαĲȡȚțȒȢ 

ǼπȚȕȜȑπȦȞ ȚαĲȡȩȢ: ȈĲȐυȡȠȢ ǾȜȓαȢ (ǻȚİșυȞĲȒȢ ȌυȤȚαĲȡȚțȠȪ ȉȝȒȝαĲȠȢ) 
 

 
ǹșȒȞα  

 
 
 

ǹȪȖȠυıĲȠȢ 2008 – ȈİπĲȑȝȕȡȚȠȢ 2009  
ǹȚȖȚȞȒĲİȚȠ ȃȠıȠțȠȝİȓȠ ǹșȒȞα 
ǼπȚıĲȘȝȠȞȚțȩȢ ıυȞİȡȖȐĲȘȢ ıİ İȟωĲİȡȚțȐ ȞİυȡȠȜȠȖȚțȐ ȚαĲȡİȓα 

ǼπȚȕȜȑπȦȞ ȚαĲȡȩȢ: ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα (ǼπȓțȠυȡȘ Ȁαș. ȃİυȡȠȜȠȖȓαȢ 
ȆαȞİπȚıĲȘȝȓȠυ ǹșȘȞȫȞ) 
 

 

ǻİțȑȝȕȡȚȠȢ 2007 – ǿȠȪȜȚȠȢ 2008  
ΓİȞȚțȩ ȃȠıȠțȠȝİȓȠ ȁȚȕαįİȚȐȢ, ȆαșȠȜȠȖȚțȒ ȀȜȚȞȚțȒ ȁȚȕαįİȚȐ 
ǼȚįȚțİυȩȝİȞȠȢ παșȠȜȠȖȓαȢ 

ǼπȚȕȜȑπȦȞ ǿαĲȡȩȢ: ȈαȕȕȐțȘȢ ΓİȫȡȖȚȠȢ (ǻȚİυșυȞĲȒȢ ȆαșȠȜȠȖȚțȒȢ ȀȜȚȞȚțȒȢ) 
 

 

ȂȐȚȠȢ 2007 – ȃȠȑȝȕȡȚȠȢ 2007  
ȆİȡȚφİȡȚțȩ ǿαĲȡİȓȠ ΦȚȜȦĲȓȠυ ȃȐȟȠυ - ΓİȞȚțȩ ȃȠıȠțȠȝİȓȠ ȃȐȟȠυ ȃȐȟȠȢ 
ǹȖȡȠĲȚțȩȢ ǿαĲȡȩȢ  
ǼπȚȕȜȑπȦȞ ȚαĲȡȩȢ: ȀαȡαȝπȐĲıȠȢ ǾȜȓαȢ (ΓİȞȚțȩȢ ǿαĲȡȩȢ) 
 

 

ΦİȕȡȠυȐȡȚȠȢ 2007 – ȂȐȚȠȢ 2007  
ΓİȞȚțȩ ȃȠıȠțȠȝİȓȠ ȈȪȡȠυ ȈȪȡȠȢ 
ǹȖȡȠĲȚțȩȢ ǿαĲȡȩȢ 

 

 

ȃȠȑȝȕȡȚȠȢ 2005 – ǹȪȖȠυıĲȠȢ 2006  
ȈĲȡαĲȚȦĲȚțȐ țȑȞĲȡα ΆȡĲαȢ, ǹșȒȞαȢ, ȈȐȝȠυ ΆȡĲα, ǹșȒȞα,  

          ȈȐȝȠȢ 
ȅπȜȓĲȘȢ ǿαĲȡȩȢ (ȈĲȡαĲȚȦĲȚțȒ ΘȘĲİȓα)  

 
ǻȚįαțĲȚțȒ ǼȝπİȚȡȓα 

 
ȈİπĲȑȝȕȡȚȠȢ 2010-ȈȒȝİȡα  
ȂİĲαπĲυȤȚαțȩ ȆȡȩȖȡαȝȝα ȈπȠυįȫȞ "ΈȜİȖȤȠȢ ĲȠυ ȈĲȡİȢ țαȚ 
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ǼυȤαȡȚıĲȓİȢ 

 

ΘȑȜȦ Ȟα İυȤαȡȚıĲȒıȦ ĲȠυȢ țαșȘȖȘĲȑȢ ȝȠυ ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα, ȉȡȚαȞĲαφȪȜȜȠυ 

ȃȓțȠ țαȚ ǽαȜȫȞȘ ǿȦȐȞȞȘ ȖȚα ĲȘȞ ĲȚȝȒ πȠυ ȝȠυ ȑțαȞαȞ Ȟα αȞȒțȠυȞ ıĲȘȞ ĲȡȚȝİȜȒ 

ıυȝȕȠυȜİυĲȚțȒ İπȚĲȡȠπȒ ĲȘȢ įȚαĲȡȚȕȒȢ ȝȠυ țαȚ ȖȚα ȩȜȘ ĲȘȞ İπȚıĲȘȝȠȞȚțȒ țαȚ ȘșȚțȒ 

ıυȝπαȡȐıĲαıȘ țαȚ İȝπȚıĲȠıȪȞȘ πȠυ ȝȠυ παȡİȓȤαȞ țαș' ȩȜȘ ĲȘ įȚȐȡțİȚα ĲȘȢ 

İțπȩȞȘıȒȢ ĲȘȢ. ǿįȚαȓĲİȡα șα ȒșİȜα Ȟα İυȤαȡȚıĲȒıȦ șİȡȝȐ ĲȘȞ țαșȘȖȒĲȡȚα 

ǹȞαȖȞȦıĲȠȪȜȘ Ȃαȡȓα πȠυ ıυȞȑȕαȜİ țαșȠȡȚıĲȚțȐ ıĲȘ įȚαȝȩȡφȦıȘ ĲȘȢ 

İπȚıĲȘȝȠȞȚțȒȢ ȝȠυ ĲαυĲȩĲȘĲαȢ, ıĲα 14 πİȡȓπȠυ ȤȡȩȞȚα ȖȞȦȡȚȝȓαȢ țαȚ ıυȞİȡȖαıȓαȢ 

ȝαȢ țαȚ πȠυ ȝİ υπȠıĲȒȡȚȟİ ȘșȚțȐ țαȚ ȥυȤȠȜȠȖȚțȐ ıİ ȩȜȘ ȝȠυ ĲȘȞ πȠȡİȓα ĲȠυ 

țȜȚȞȚțȠȪ ȚαĲȡȠȪ țαȚ İȡİυȞȘĲȒ. 

 

Ǿ παȡȠȪıα ȑȡİυȞα įİȞ șα ȝπȠȡȠȪıİ Ȟα İțπȠȞȘșİȓ ȤȦȡȓȢ ĲȘȞ υπȠıĲȒȡȚȟȘ țαȚ 

İȞșȐȡȡυȞıȘ ĲȠυ πȡȫȘȞ įȚİυșυȞĲȒ ĲȘȢ ȃİυȡȠȜȠȖȚțȒȢ țȜȚȞȚțȒȢ ĲȠυ ȞȠıȠțȠȝİȓȠυ 

ȃǿȂȉȈ ȚαĲȡȩ ȞİυȡȠȜȩȖȠ ȆαπαȞαıĲαıȓȠυ ǿȦȐȞȞȘ țαȚ ĲȠυ ȞυȞ įȚİυșυȞĲȒ ȚαĲȡȩ 

ȞİυȡȠȜȩȖȠ ȋαȚȡȩπȠυȜȠ ȀȦȞıĲαȞĲȓȞȠ. ǿįȚαȓĲİȡȘ İυȖȞȦȝȠıȪȞȘ ȠφİȓȜȦ, İπȓıȘȢ, ıĲȠȞ 

ȚαĲȡȩ ȞİυȡȠȜȩȖȠ ȈȦĲȘȡȓȠυ ȀȦȞıĲαȞĲȓȞȠ πȠυ ȝİ ȝȪȘıİ ıĲȘȞ ȘȜİțĲȡȠφυıȚȠȜȠȖȓα ĲȦȞ 

πȡȠțȜȘĲȫȞ įυȞαȝȚțȫȞ țαȚ ıĲȘȞ ȠȖțȠȝİĲȡȓα ĲȘȢ ȝαȖȞȘĲȚțȒȢ απİȚțȩȞȚıȘȢ ĲȠυ 

İȖțİφȐȜȠυ. ȉȑȜȠȢ, ȠφİȓȜȦ Ȟα İυȤαȡȚıĲȒıȦ șİȡȝȐ ĲȘȞ ĲİȤȞȠȜȩȖȠ ĲȠυ İȡȖαıĲȘȡȓȠυ 

İȖțİφαȜȠȖȡαφȓαȢ ĲȠυ ȞȠıȠțȠȝİȓȠυ ȃǿȂȉȈ țυȡȓα ȀȠıȝȐ ǹȞĲȚȖȩȞȘ ȖȚα ĲȘȞ πȠȜȪĲȚȝȘ 

ȕȠȒșİȚα ĲȘȢ ıĲȘȞ İțĲȑȜİıȘ ĲȦȞ πȡȠțȜȘĲȫȞ įυȞαȝȚțȫȞ ıĲȠ İȡȖαıĲȒȡȚȠ țαȚ ȖȚα ĲȠ 

İȚȜȚțȡȚȞȑȢ İȞįȚαφȑȡȠȞ ĲȘȢ ȖȚα ĲȘ ıȦıĲȒ țαȚ İπȚĲυȤȒ πİȡȐĲȦıȘ ĲȘȢ ȑȡİυȞαȢ. 

 

ȅφİȓȜȦ ȝİȖȐȜȘ İυȖȞȦȝȠıȪȞȘ ıĲȠυȢ ȖȠȞİȓȢ ȝȠυ ȀυȡȚȐțȠ țαȚ Ȃαȡȓα ȖȚα ĲȘȞ 

αȞαĲȡȠφȒ țαȚ ĲȘ įȚαπαȚįαȖȫȖȘıȘ πȠυ ȝȠυ παȡİȓȤαȞ ȝİ αυĲαπȐȡȞȘıȘ țαȚ 

πȡȠıȦπȚțȑȢ ıĲİȡȒıİȚȢ, απȠĲİȜȫȞĲαȢ ȖȚα İȝȑȞα ȑȞα șαυȝαıĲȩ παȡȐįİȚȖȝα 

αȟȚȠπȡİπȠȪȢ, παȡαȖȦȖȚțȠȪ țαȚ πİȡȒφαȞȠυ ȕȓȠυ. ǼυȤαȡȚıĲȫ, İπȓıȘȢ, ĲȠȞ αįİȡφȩ ȝȠυ 

ȆαȞαȖȚȫĲȘ țαȚ ȚįȚαȓĲİȡα ĲȘȞ αįİȡφȒ ȝȠυ ȃĲȩȡα, ȖȚα ĲȘȞ αȖȐπȘ țαȚ ĲȘȞ υπȠıĲȒȡȚȟȘ 

ĲȠυȢ. ȉȑȜȠȢ, șα ȒșİȜα Ȟα İυȤαȡȚıĲȒıȦ ĲȘȞ ȖυȞαȓțα ȝȠυ ȋȡȪıα πȠυ İȓȞαȚ ȐȟȚα 

ıυȞȠįȠȚπȩȡȠȢ ȝȠυ ıĲȠȞ πȡȠıȦπȚțȩ țαȚ İπȚıĲȘȝȠȞȚțȩ ȝȠυ ȕȓȠ țαȚ πȠυ ȝİ υπȠȝȠȞȒ 

țαȚ ıȦφȡȠıȪȞȘ ıυȞȑȕαȜİ țαĲαȜυĲȚțȐ ıĲȘȞ πȡȠıȦπȚțȒ țαȚ İπȚıĲȘȝȠȞȚțȒ ȝȠυ 

įȚαȝȩȡφȦıȘ.   
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ȆİȡȓȜȘȥȘ  
ǼȚıαȖȦȖȒ 

Ǿ ıțȜȒȡυȞıȘ țαĲȐ πȜȐțαȢ (ȈțȆ) İȓȞαȚ ȝȓα İπȓțĲȘĲȘ αȖȞȫıĲȠυ αȚĲȚȠȜȠȖȓαȢ 

απȠȝυİȜȚȞȦĲȚțȒ ȞȩıȠȢ ĲȠυ țİȞĲȡȚțȠȪ ȞİυȡȚțȠȪ ıυıĲȒȝαĲȠȢ πȠυ πȡȠıȕȐȜȜİȚ țυȡȓȦȢ 

ĲȠυȢ ȞȑȠυȢ İȞȒȜȚțİȢ πȡȠțαȜȫȞĲαȢ ȝȓα ıİȚȡȐ απȩ ȞİυȡȠȜȠȖȚțȐ ıυȝπĲȫȝαĲα, ȝİĲαȟȪ 

ĲȦȞ ȠπȠȓȦȞ İȓȞαȚ țαȚ Ș ȖȞȦıĲȚțȒ įȚαĲαȡαȤȒ (Γǻ). Ǿ ıυȤȞȩĲȘĲα ĲȘȢ Γǻ ıĲȠυȢ 

αıșİȞİȓȢ İȓȞαȚ πİȡȓπȠυ 26-60%, İȝφαȞȓȗİĲαȚ ȞȦȡȓȢ țαĲȐ ĲȘȞ πȠȡİȓα ĲȘȢ ȞȩıȠυ țαȚ 

İπȘȡİȐȗİȚ ĲȘȞ ıυȞȠȜȚțȒ πȠȚȩĲȘĲα ȗȦȒȢ ĲȦȞ αıșİȞȫȞ. ǹφȠȡȐ țυȡȓȦȢ ĲȘ ȝȞȒȝȘ, ĲȘȞ 

ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ, ĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ αȞĲȓȜȘȥȘ țαȚ ĲȠ ȜȩȖȠ, 

İȞȫ Ƞ țȪȡȚȠȢ ĲȡȩπȠȢ αȟȚȠȜȩȖȘıȘȢ ĲȘȢ Γǻ ıĲȘȞ țȜȚȞȚțȒ πȡȐȟȘ İȓȞαȚ Ƞ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩȢ ȑȜİȖȤȠȢ. ȈĲȘȞ πȡȩıφαĲȘ ȕȚȕȜȚȠȖȡαφȓα ȞȑİȢ απİȚțȠȞȚıĲȚțȑȢ MRI 

(Magnetic Resonance Imaging) ĲİȤȞȚțȑȢ țαȚ įİȓțĲİȢ ȑȤȠυȞ απȠțαȜȪȥİȚ 

İȞįȚαφȑȡȠυıİȢ ıυıȤİĲȓıİȚȢ ȝİ ĲȘ Γǻ ıĲȘ ȞȩıȠ. ȆαȡȐȜȜȘȜα, ȑȤȠυȞ ȖȓȞİȚ πȡȠıπȐșİȚİȢ 

İțĲȓȝȘıȘȢ ĲȘȢ Γǻ ȝİ ĲȘ ȤȡȒıȘ ĲȠυ πȡȠțȜȘĲȠȪ įυȞαȝȚțȠȪ P300 πȠυ αȞĲαȞαțȜȐ ĲȘ 

ȜİȚĲȠυȡȖȓα ĲȠυ İȖțİφȐȜȠυ ıĲȘ ȞȠȘĲȚțȒ įȠțȚȝαıȓα ĲȘȢ ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ (oddball 

paradigm). ȂȑȤȡȚ ıĲȚȖȝȒȢ, įİȞ ȑȤȠυȞ πȡαȖȝαĲȠπȠȚȘșİȓ ȝİȜȑĲİȢ πȠυ Ȟα įȚİȡİυȞȠȪȞ ĲȘ 

ıȤȑıȘ ĲȦȞ ȜİȚĲȠυȡȖȚțȫȞ İȖțİφαȜȚțȫȞ ȖȞȦıĲȚțȫȞ įİȚțĲȫȞ πȠυ πȡȠıφȑȡİȚ Ș 

ȘȜİțĲȡȠφυıȚȠȜȠȖȓα ȝİ ĲȠυȢ ȞȑȠυȢ αυĲȠȝαĲȠπȠȚȘȝȑȞȠυȢ țαȚ ȝȘ, įİȓțĲİȢ ĲȘȢ 

αȞαĲȠȝȚțȒȢ απİȚțȩȞȚıȘȢ ȝİ MRI.     

ȈțȠπȩȢ 

ȆȡȦĲαȡȤȚțȩȢ ıĲȩȤȠȢ ĲȘȢ παȡȠȪıαȢ ȝİȜȑĲȘȢ İȓȞαȚ Ȟα įȚİȡİυȞȘșİȓ Ș ıȤȑıȘ ĲȦȞ İȚįȚțȫȞ 

απİȚțȠȞȚıĲȚțȫȞ MRI įİȚțĲȫȞ ȝİ ĲȘ ȞİυȡȠφυıȚȠȜȠȖȚțȒ İțĲȓȝȘıȘ ĲȘȢ Γǻ ȝİ ȕȐıȘ ĲȠ 

πȡȠțȜȘĲȩ įυȞαȝȚțȩ ȇ300 ıİ αıșİȞİȓȢ ȝİ ȈțȆ. ǻİυĲİȡİȪȠȞĲİȢ ıĲȩȤȠȚ İȓȞαȚ Ș 

įȚİȡİȪȞȘıȘ ĲȘȢ įȚαȖȞȦıĲȚțȒȢ αțȡȓȕİȚαȢ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ țαȚ 

ȞİυȡȠφυıȚȠȜȠȖȚțȠȪ İȜȑȖȤȠυ țαȚ ĲȠυ ȡȩȜȠυ ĲȦȞ įİȚțĲȫȞ ĲȘȢ MRI țαȚ ĲȠυ țȪȝαĲȠȢ 

ȇ300 ıĲȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα ıĲȘ ȈțȆ.  

ȊȜȚțȩ-ȂȑșȠįȠȢ 

ȆȡȩțİȚĲαȚ ȖȚα ıυȖȤȡȠȞȚțȒ ȝİȜȑĲȘ 61 αıșİȞȫȞ ȝİ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ țαȚ 51 

İȟȠȝȠȚȦȝȑȞȦȞ ȦȢ πȡȠȢ ĲȠ φȪȜȠ țαȚ ĲȘȞ ȘȜȚțȓα υȖİȚȫȞ ȝαȡĲȪȡȦȞ. ǲȞα įİȓȖȝα 156 

υȖİȚȫȞ İșİȜȠȞĲȫȞ ȤȡȘıȚȝȠπȠȚȒșȘțİ İπȚπȜȑȠȞ ȖȚα ĲȘȞ αȞαȖȞȫȡȚıȘ ĲȦȞ țȡȚĲȘȡȓȦȞ ĲȘȢ 

Γǻ ȝİ ȕȐıȘ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ İȜȑȖȤȠυ. ȅȚ ȝİĲȡȒıİȚȢ ıĲȠ ȕαıȚțȩ įİȓȖȝα ĲȘȢ 

ȝİȜȑĲȘȢ πİȡȚȜȐȝȕαȞαȞ țȠȚȞȦȞȚțȠįȘȝȠȖȡαφȚțȠȪȢ παȡȐȖȠȞĲİȢ, ȤαȡαțĲȘȡȚıĲȚțȐ ĲȘȢ 

ȞȩıȠυ, ĲȠȞ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ (Brief International Cognitive Assessment for 
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Multiple Sclerosis-BICAMS), ĲȘȞ țȩπȦıȘ (ȝİ ĲȘ ȤȡȒıȘ ȠπĲȚțȫȞ αȞαȜȠȖȚțȫȞ 

țȜȚȝȐțȦȞ), ĲȘ ȥυȤȠȜȠȖȚțȒ țαĲȐıĲαıȘ (Depression Anxiety Stress Scale 21-DASS-

21), ĲȠȞ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȩ ȑȜİȖȤȠ ȝİ ȠπĲȚțȐ πȡȠțȜȘĲȐ įυȞαȝȚțȐ ȇ300 țαȚ ĲȠȞ 

απİȚțȠȞȚıĲȚțȩ MRI ȑȜİȖȤȠ ȝİ ĲȘ ȤȡȒıȘ αυĲȠȝαĲȠπȠȚȘȝȑȞȦȞ ȠȖțȠȝİĲȡȚțȫȞ įİȚțĲȫȞ 

ıυȞȠȜȚțȐ ĲȠυ İȖțİφȐȜȠυ țαȚ ĲȦȞ υπȠφȜȠȚȦįȫȞ įȠȝȫȞ (ȝȑșȠįȠȚ MIPAV, SIENAX 

țαȚ FIRST) țαȚ ȝȘ αυĲȠȝαĲȠπȠȚȘȝȑȞȦȞ ȖȡαȝȝȚțȫȞ įİȚțĲȫȞ (π.Ȥ. ȩȖțȠȢ ĲȡȓĲȘȢ 

țȠȚȜȓαȢ, įİȓțĲȘȢ ȝİıȠȜȠȕȓȠυ ț.α.). 

ǹπȠĲİȜȑıȝαĲα 

ȉȠ 44.3% țαȚ ĲȠ 67.2% ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ ȕȡȑșȘțİ ȝİ ȞİυȡȠȥυȤȠȜȠȖȚțȐ 

ĲİțȝȘȡȚȦȝȑȞȘ Γǻ țαȚ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ (ǾΦΓǻ), αȞĲȚıĲȠȓȤȦȢ. 

ȅ ȕαșȝȩȢ ıυȝφȦȞȓαȢ ȝİĲαȟȪ ĲȘȢ ȞİυȡȠȥυȤȠȜȠȖȚțȒȢ țαȚ ĲȘȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒȢ 

İțĲȓȝȘıȘȢ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ ȒĲαȞ 56.9%. Ǿ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒ αȟȚȠȜȩȖȘıȘ ȝİ ȕȐıȘ ĲȠ țȪȝα ȇ300 İȓȤİ İȜαφȡȐ ȝİȖαȜȪĲİȡȘ 

įȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα απȩ ȩĲȚ Ș ȞİυȡȠȥυȤȠȜȠȖȚțȒ (76.1% vs. 71.4%) ȖȚα ĲȘ įȚȐțȡȚıȘ 

ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ απȩ ĲȠυȢ υȖȚİȓȢ. ȉȠ ȪȥȠȢ ĲȠυ ȇ300 țȪȝαĲȠȢ țαȚ Ș 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ ȇ300 țȪȝαĲȠȢ ıυıȤİĲȓıĲȘțαȞ șİĲȚțȐ țαȚ αȡȞȘĲȚțȐ, 

αȞĲȚıĲȠȓȤȦȢ, ȝİ ĲȘȞ İπȓįȠıȘ ıĲȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ. Ǿ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ 

țȪȝαĲȠȢ P300 įȚȑțȡȚȞİ țαȜȪĲİȡα αıșİȞİȓȢ ȝİ υȖȚİȓȢ αȞİȟȐȡĲȘĲα ĲȘȢ παȡȠυıȓαȢ Γǻ, 

İȞȫ ĲȠ ȪȥȠȢ P300 ȒĲαȞ πȚȠ İȚįȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ Γǻ ıĲȠυȢ αıșİȞİȓȢ. Ǿ 

ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ ȒĲαȞ πȚȠ İȚįȚțȒ ıĲȘ įȚȐțȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ Ȓ ȤȦȡȓȢ ǾΦΓǻ, 

İȞȫ Ș ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ ȒĲαȞ πȚȠ İȚįȚțȒ ȖȚα ĲȘ įȚȐțȡȚıȘ υȖİȚȫȞ 

țαȚ αıșİȞȫȞ. ȉȠ παșȠȜȠȖȚțȐ ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 ıȤİĲȓıĲȘțİ ȝİ ȝȚțȡȩĲİȡȠ 

ıĲαșȝȚıȝȑȞȠ ȩȖțȠ ĲȘȢ ıυȞȠȜȚțȒȢ φαȚȐȢ țαȚ ĲȘȢ πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ ĲȠυ 

İȖțİφȐȜȠυ. ȈȘȝαȞĲȚțȠȓ πȡȠıįȚȠȡȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ȇ300 ȪȥȠȢ ȒĲαȞ Ș 

ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ ĲȦȞ țȠȚȜȚȫȞ ĲȠυ İȖțİφȐȜȠυ țαȚ Ƞ 

ıυȞȠȜȚțȩȢ ıĲαșȝȚıȝȑȞȠȢ ȩȖțȠȢ ĲȠυ İȖțİφȐȜȠυ. ǻİȞ ȕȡȑșȘțİ țαȞȑȞαȢ ıȘȝαȞĲȚțȩȢ 

απİȚțȠȞȚıĲȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ ȇ300 ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ȈĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ 

įȚαφȠȡȑȢ αȞȐȝİıα ıĲȠυȢ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ ȕȡȑșȘțαȞ ȖȚα ĲȠ ıĲαșȝȚıȝȑȞȠ 

πȜȐĲȠȢ țαȚ ȩȖțȠ ĲȘȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ, ȖȚα ĲȠȞ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ ĲȠȞ ıυȞȠȜȚțȩ 

ȩȖțȠ ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ. ȅȚ țυȡȚȩĲİȡȠȚ πȡȠıįȚȠȡȚıĲȚțȠȓ απİȚțȠȞȚıĲȚțȠȓ 

παȡȐȖȠȞĲİȢ ȖȚα ĲȘ ıυȞȠȜȚțȒ ȖȞȦıĲȚțȒ ȕαșȝȠȜȠȖȓα ȒĲαȞ Ƞ įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ 

țαȚ Ƞ ıυȞȠȜȚțȩȢ ȩȖțȠȢ ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ, ȖȚα ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ 

ĲȦȞ πȜȘȡȠφȠȡȚȫȞ Ƞ įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ, ȖȚα ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ  Ș ıĲαșȝȚıȝȑȞȘ 



4 
 

απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ, țαȚ Ƞ ıυȞȠȜȚțȩȢ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ țαȚ ȖȚα ĲȘȞ 

ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ ĲȠ ıĲαșȝȚıȝȑȞȠ πȜȐĲȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ.  

ȈυȝπİȡȐıȝαĲα 

Ǿ ȝİȜȑĲȘ ȑįİȚȟİ ȩĲȚ Ș ȖȞȦıĲȚțȒ ȞİυȡȠφυıȚȠȜȠȖȚțȒ İȟȑĲαıȘ ȝπȠȡİȓ Ȟα 

ȤȡȘıȚȝȠπȠȚȘșİȓ απȠĲİȜİıȝαĲȚțȐ, ȩπȦȢ țαȚ Ƞ țȜȚȞȚțȩȢ ȞİυȡȠȥυȤȠȜȠȖȚțȩȢ ȑȜİȖȤȠȢ, ȖȚα 

ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȘ ȈțȆ. ǼπȚπȜȑȠȞ, Ș αȟȚȠȜȩȖȘıȘ ȞȑȦȞ 

İȚįȚțȫȞ αȞαĲȠȝȚțȫȞ MRI įİȚțĲȫȞ ıυȞįυαȗȩȝİȞȘ ȝİ ĲȚȢ ȜİȚĲȠυȡȖȚțȑȢ İȖțİφαȜȚțȑȢ 

įȠțȚȝαıȓİȢ ĲȦȞ πȡȠțȜȘĲȫȞ įυȞαȝȚțȫȞ İπȚĲȡȑπİȚ ĲȘȞ πȜȘȡȑıĲİȡȘ țȜȚȞȚțȒ ȖȞȦıĲȚțȒ 

İțĲȓȝȘıȘ ĲȠυ αıșİȞȠȪȢ. ȈĲȠ ȝȑȜȜȠȞ, Ƞ ıυȞįυαıȝȩȢ αυĲȫȞ ĲȦȞ İȟİĲȐıİȦȞ αȞαȝȑȞİĲαȚ 

Ȟα įȚαįȡαȝαĲȓıİȚ ıȘȝαȞĲȚțȩ ȡȩȜȠ ıĲȘȞ țȜȚȞȚțȒ ȑȡİυȞα ĲȘȢ ȞȩıȠυ țαȚ ıĲȘȞ 

παȡαțȠȜȠȪșȘıȘ ĲȦȞ αıșİȞȫȞ απȩ ĲȠȞ țȜȚȞȚțȩ ȞİυȡȠȜȩȖȠ.    
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ȆİȡȓȜȘȥȘ (ǹȖȖȜȚțȐ) 

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 
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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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ȈȊȃȉȅȂȅΓȇǹΦǿǼȈ 

ǼȁȁǾȃǿȀǼȈ 

ǹȂȈ :ǹțĲȚȞȠȜȠȖȚțȐ ȂİȝȠȞȦȝȑȞȠ ȈȪȞįȡȠȝȠ 
Γǻ :ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ 
ǾΦΓǻ :ǾȜİțĲȡȠΦυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ 
ȀȂȈ :ȀȜȚȞȚțȐ ȂİȝȠȞȦȝȑȞȠ ȈȪȞįȡȠȝȠ 
ȀȃȈ :ȀİȞĲȡȚțȩ ȃİυȡȚțȩ ȈȪıĲȘȝα 
ȈțȆ :ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

 

ǹΓΓȁǿȀǼȈ 

 

AUC :Area Under the Curve 
BCR :Bicaudate Ratio 
BICAMS :Brief International Cognitive Assessment for Multiple Sclerosis 
BRB-N :Brief Repeatable Battery of Neuropsychological tests 
BVMT-R :Brief Visuospatial Memory Test-Revised 
CCI :Corpus Callosum Index 
CVLT :California Verbal Learning Test 
EBV :Epstein-Barr Virus 
EDSS :Expanded Disability Status Scale 
ERP :Evoked-Related Potential 
FHW :Frontal Horn Width 
FLAIR :Fluid Attenuation Inversion Recovery 
HLA :Human Leucocyte Antigen 
MACFIMS :Minimal Assessment of Cognitive Function in Multiple Sclerosis 
MAG :Myelin Associated Glycoprotein 
MHC :Major Histocompatibility Complex 
MRI :Magnetic Resonance Imaging 
NBV :Normalized Brain Volume 
NFHW :Normalized Frontal Horn Width 
NTVV :Normalized Third Ventricle Volume 
NTVW :Third Ventricle Width 
PASAT :Paced Auditory Serial Addition Test 
SDMT :Symbol Digit Modality Test 
SF :Scaling Factor 
SRT :Selective Reminding Test 
TVV :Third Ventricle Volume 
TVW :Third Ventricle Width 
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ΓǼȃǿȀȅ ȂǼȇȅȈ 

 

1 Ǿ ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

 

1.1 ǼπȚįȘȝȚȠȜȠȖȓα ĲȘȢ ȈțȆ 

 

Ǿ ıțȜȒȡυȞıȘ țαĲȐ πȜȐțαȢ (ȈțȆ) Ȓ πȠȜȜαπȜȒ ıțȜȒȡυȞıȘ İȓȞαȚ ȝȓα İπȓțĲȘĲȘ 

απȠȝυİȜȚȞȦĲȚțȒ ȞȩıȠȢ ĲȠυ țİȞĲȡȚțȠȪ ȞİυȡȚțȠȪ ıυıĲȒȝαĲȠȢ (ȀȃȈ) πȠυ πȡȠıȕȐȜȜİȚ 

țυȡȓȦȢ ȞȑȠυȢ İȞȒȜȚțİȢ ıυȤȞȩĲİȡα țαĲȐ ĲȘ 3Ș įİțαİĲȓα ĲȘȢ ȗȦȒȢ ĲȠυȢ.  

ȈĲȘȞ ǼυȡȫπȘ Ș İĲȒıȚα İπȓπĲȦıȘ ĲȘȢ ȞȩıȠυ İȓȞαȚ țαĲȐ ȝȑıȠ ȩȡȠ 4.3 πİȡȚıĲαĲȚțȐ 

αȞȐ 100,000 αȞșȡȦπȠȑĲȘ țαȚ Ƞ ȝȑıȠȢ İπȚπȠȜαıȝȩȢ 83 ȐĲȠȝα αȞȐ 100,000 țαĲȠȓțȠυȢ, 

ȝİ ȝİȖαȜȪĲİȡȠυȢ αȡȚșȝȠȪȢ Ȟα ıȘȝİȚȫȞȠȞĲαȚ ıĲȚȢ ȕȠȡİȚȩĲİȡİȢ ǼυȡȦπαȧțȑȢ ȤȫȡİȢ (1). 

ȅ ȜȩȖȠȢ ȖυȞαȓțİȢ πȡȠȢ ȐȞįȡİȢ πȠȚțȓȜȜİȚ αȞȐȝİıα ıİ ȤȫȡİȢ țαȚ țυȝαȓȞİĲαȚ ȖȪȡȦ απȩ 

ȑȞα ȝȑıȠ ȩȡȠ ĲȠυ 2:1, İȞȫ Ș ȝȑıȘ ȘȜȚțȓα İȝφȐȞȚıȘȢ ĲȘȢ ȞȩıȠυ İȓȞαȚ Ĳα 35-64 ȑĲȘ. 

ΘİĲȚțȩ ȠȚțȠȖİȞİȚαțȩ ȚıĲȠȡȚțȩ İȝφαȞȓȗİȚ πİȡȓπȠυ ĲȠ 5-10% ĲȦȞ αȡȡȫıĲȦȞ ȝİ ȝȓα 

ȝȚțȡȒ ȝȘĲȡȚțȒ İπȚțȡȐĲȘıȘ (1). ȈĲȚȢ ǾȆǹ Ƞ İπȚπȠȜαıȝȩȢ ĲȘȢ ȞȩıȠυ İȓȞαȚ 149.2 αȞȐ 

100,000 țαĲȠȓțȠυȢ ȝİ ĲȚȢ ǹȞαĲȠȜȚțȑȢ ȆȠȜȚĲİȓİȢ Ȟα ıȘȝİȚȫȞȠυȞ ĲȠȞ ȝİȖαȜȪĲİȡȠ 

İπȚπȠȜαıȝȩ, İȞȫ Ƞ ȝȑıȠȢ ȩȡȠȢ ĲȠυ ȜȩȖȠυ ȖυȞαȚțȫȞ πȡȠȢ ȐȞĲȡİȢ İȓȞαȚ πİȡȓπȠυ 3.13:1 

(2). ȈĲȘȞ ȁαĲȚȞȚțȒ ǹȝİȡȚțȒ Ș İĲȒıȚα İπȓπĲȦıȘ ĲȘȢ ȞȩıȠυ İȓȞαȚ 0.15-1.9 πİȡȚıĲαĲȚțȐ 

αȞȐ 100,000 αȞșȡȦπȠȑĲȘ țαȚ Ƞ İπȚπȠȜαıȝȩȢ 0.75-21.5 αȞȐ 100,000 țαĲȠȓțȠυȢ (3). 

ȈĲȘȞ ǹıȓα Ƞ İπȚπȠȜαıȝȩȢ ĲȘȢ ȞȩıȠυ țυȝαȓȞİĲαȚ ıĲȠ 0.77-5.80 αȞȐ 100,000 

țαĲȠȓțȠυȢ, Ƞ ȜȩȖȠȢ ȖυȞαȚțȫȞ πȡȠȢ ȐȞįȡİȢ απȩ 0.7-9.0:1 țαȚ Ș ȝȑıȘ ȘȜȚțȓα İȝφȐȞȚıȘȢ 

ĲȘȢ ȞȩıȠυ İȓȞαȚ Ĳα 25.3-46.4 ȑĲȘ (4). ΌıȠ αφȠȡȐ ĲȘ ȂȑıȘ ǹȞαĲȠȜȒ țαȚ ĲȘȞ ǺȩȡİȚα 

ǹφȡȚțȒ, Ƞ İπȚπȠȜαıȝȩȢ ĲȘȢ ȞȩıȠυ țυȝαȓȞİĲαȚ ıĲȠ 14.77-101.4 αȞȐ 100,000 

țαĲȠȓțȠυȢ, Ƞ ȜȩȖȠȢ ȖυȞαȚțȫȞ πȡȠȢ ȐȞįȡİȢ İȓȞαȚ 0.8-4.3:1 țαȚ Ș ȝȑıȘ ȘȜȚțȓα 

İȝφȐȞȚıȘȢ ĲȘȢ ȞȩıȠυ Ĳα 25.2-32.5 ȑĲȘ (5). 

ȈĲȘȞ ǼȜȜȐįα, ȝİȜȑĲİȢ țυȡȓȦȢ ıĲȘȞ ǻυĲȚțȒ Ȥȫȡα απȩ ĲȠ 1984 ȝȑȤȡȚ ĲȠ 2006 

įİȓȤȞȠυȞ ȝȓα αȪȟȘıȘ ĲȠυ İπȚπȠȜαıȝȠȪ απȩ 10.1/100,000 ıİ 119.61/100,000 țαȚ ĲȘȢ 

İπȓπĲȦıȘȢ απȩ 2.71/100,000 ıİ 10.73/100,000 (6). 

ΓȚα πȠȜȜȐ ȤȡȩȞȚα İȓȤİ αȞαįİȚȤșİȓ Ƞ ȡȩȜȠȢ ĲȘȢ απȩıĲαıȘȢ απȩ ĲȠȞ ȚıȘȝİȡȚȞȩ ıĲȠȞ 

İπȚπȠȜαıȝȩ ĲȘȢ ȞȩıȠυ. ȈυȖțİțȡȚȝȑȞα, ȕȠȡİȚȩĲİȡİȢ ȤȫȡİȢ ȑȤȠυȞ įȚαπȚıĲȦșİȓ ȝİ 

αυȟȘȝȑȞȘ İπȓπĲȦıȘ țαȚ İπȚπȠȜαıȝȩ ıİ ıȤȑıȘ ȝİ ȤȫȡİȢ πȠυ ȕȡȓıțȠȞĲαȚ țȠȞĲȐ ıĲȠȞ 

ȚıȘȝİȡȚȞȩ. ȆαȡȩȜα αυĲȐ, αυĲȒ Ș șİȫȡȘıȘ ĲİȓȞİȚ Ȟα İȖțαĲαȜİȚφĲİȓ ıİ ȞİȩĲİȡİȢ 
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αȞαȜȪıİȚȢ ĲȦȞ İπȚįȘȝȚȠȜȠȖȚțȫȞ įİįȠȝȑȞȦȞ țαȚ ȚįȚαȓĲİȡα ȖȚα ĲȚȢ ȃȠĲȚȩĲİȡİȢ ȤȫȡİȢ 

ĲȘȢ ǹυıĲȡαȜȓαȢ (7). ǼπȓıȘȢ, ĲȚȢ ĲİȜİυĲαȓİȢ įİțαİĲȓİȢ ȑȤİȚ ıȘȝİȚȦșİȓ αȪȟȘıȘ ĲȠυ 

İπȚπȠȜαıȝȠȪ țαȚ ĲȘȢ İπȓπĲȦıȘȢ ĲȘȢ ȞȩıȠυ, ȚįȚαȓĲİȡα ıĲȚȢ ȖυȞαȓțİȢ, ȖİȖȠȞȩȢ πȠυ ȑȤİȚ 

πȡȠțαȜȑıİȚ αȡțİĲȑȢ ıυȗȘĲȒıİȚȢ ȖȚα ĲȠυȢ παȡȐȖȠȞĲİȢ țȚȞįȪȞȠυ πȠυ ĲȘȞ πȡȠțαȜȠȪȞ 

(7). ǼȓȞαȚ İȞįȚαφȑȡȠȞ ȩĲȚ ıİ ȝİȜȑĲİȢ ȝİĲαȞαıĲȫȞ ȑȤİȚ ȕȡİșİȓ ȩĲȚ Ș ȝİĲαȞȐıĲİυıȘ 

ȝİĲαȟȪ ȤȦȡȫȞ ȝİ įȚαφȠȡİĲȚțȩ țȓȞįυȞȠ İȝφȐȞȚıȘȢ ĲȘȢ ȞȩıȠυ πȡȠțαȜİȓ αȞĲȓıĲȠȚȤȘ 

αȜȜαȖȒ ĲȠυ țȚȞįȪȞȠυ ȝȩȞȠ ȩĲαȞ αυĲȒ ıυȝȕαȓȞİȚ ıİ ȝȚțȡȑȢ ȘȜȚțȓİȢ ĲȦȞ 10-20 İĲȫȞ 

(8).  

ΌıȠ αφȠȡȐ ĲȠυȢ παȡȐȖȠȞĲİȢ țȚȞįȪȞȠυ, İțİȓȞȠȚ πȠυ ȑȤȠυȞ αȞαįİȚȤșİȓ ȦȢ ȚįȚαȓĲİȡα 

ıȘȝαȞĲȚțȠȓ İȓȞαȚ ıυȞȠπĲȚțȐ ȠȚ παȡαțȐĲȦ: Ƞ ȝȚțȡȩȢ ȕαșȝȩȢ ȑțșİıȘȢ ıİ ȝȚțȡȠȕȚαțȐ 

αȞĲȚȖȩȞα țαȚ ȚȠȪȢ ıİ ȝȚțȡȒ ȘȜȚțȓα (ȕȜ. υπȩșİıȘ ĲȘȢ υȖȚİȚȞȒȢ) ıİ ıυȞįυαıȝȩ ȝİ ĲȘȞ 

ȑțșİıȘ ıĲȠȞ Țȩ Epstein-Barr virus (EBV) ıİ ȝİȖȐȜȘ ȘȜȚțȓα, Ș ȑȜȜİȚȥȘ ȕȚĲαȝȓȞȘȢ D 

țαȚ Ĳα ȤαȝȘȜȐ İπȓπİįα ĲȘȢ 25-υįȡȠȟυȕȚĲαȝȓȞȘȢ D3 ıİ ıυȞįυαıȝȩ ȝȐȜȚıĲα ȝİ ĲȘȞ 

παȡȠυıȓα ĲȠυ HLA-DRB1*1501 απȜȠĲȪπȠυ απȩ ĲȘȞ πİȡȓȠįȠ ĲȘȢ țȪȘıȘȢ ȝȑȤȡȚ ĲȘ 

ȖȑȞȞȘıȘ țαȚ ĲȘȞ İȞȘȜȚțȓȦıȘ ĲȠυ αĲȩȝȠυ, Ƞ ȖİȞİĲȚțȩȢ απȜȩĲυπȠȢ HLA-DRB1*1501-

DRB5*0101 ȝİ πȡȠıșİĲȚțȒ İπȓįȡαıȘ ĲȦȞ ȠȡȠȜȠȖȚțȫȞ İȟİĲȐıİȦȞ ȖȚα ĲȠȞ Țȩ EBV, ĲȠ 

țȐπȞȚıȝα țαȚ Ș παȡȠυıȓα ĲȠυ απȜȩĲυπȠυ HLA-DRB1*1501 απȠυıȓα ĲȠυ HLA-A*02 

ıİ ıυȞįυαıȝȩ ȝİ ĲȘȞ παȤυıαȡțȓα (9–11). ȆȜȒșȠȢ ȖȠȞȚįȚαțȫȞ πȠȜυȝȠȡφȚıȝȫȞ ȑȤİȚ 

ıυȞįİșİȓ İπȓıȘȢ ȝİ ĲȘ ȞȩıȠ țαȚ αφȠȡȠȪȞ ȖȠȞȓįȚα țυȡȓȦȢ ȚȞĲİȡȜİυțȚȞȫȞ (π.Ȥ. IL2, IL7 

ț.α.) țαȚ țυĲȠțȚȞȫȞ (π.Ȥ. TNFα, heat shock proteins ț.α.) (12,13). ǹπȩ ĲȠυȢ 

πİȡȚȕαȜȜȠȞĲȚțȠȪȢ παȡȐȖȠȞĲİȢ țȚȞįȪȞȠυ ĲȩıȠ ȖȚα ĲȘȞ ȑȞαȡȟȘ ȩıȠ țαȚ ȖȚα ĲȘȞ 

υπȠĲȡȠπȒ ĲȘȢ ȞȩıȠυ, ĲȠ ıĲȡİȢ απȠĲİȜİȓ İπȓıȘȢ ȑȞαȞ ıȘȝαȞĲȚțȩ αȞαįυȩȝİȞȠ 

παȡȐȖȠȞĲα (14). 

ȉα πȠıȠıĲȐ ȠȚțȠȖİȞİȚαțȒȢ țȜȘȡȠȞȠȝȚțȩĲȘĲαȢ πȠυ ȑȤȠυȞ ȕȡİșİȓ ıİ ȝȓα ȝİĲα-

αȞȐȜυıȘ İȓȞαȚ Ĳα παȡαțȐĲȦ: ȝȠȞȠȗυȖȦĲȚțȐ įȓįυȝα țȠȡȓĲıȚα 16.3%, ȝȠȞȠȗυȖȦĲȚțȐ 

įȓįυȝα αȖȩȡȚα 8.9%, įȚȗυȖȦĲȚțȐ įȓįυȝα țȠȡȓĲıȚα 4.7%, įȚȗυȖȦĲȚțȐ įȓįυȝα αȖȩȡȚα 

4.1%, αįȑȡφȚα ȓįȚȠυ φȪȜȠυ 4.6%, αįȑȡφȚα įȚαφȠȡİĲȚțȠȪ φȪȜȠυ 3.2%, αįȑȡφȚα ȖİȞȚțȐ 

2.18%, ȖȠȞȑαȢ 1.42%, ĲȑțȞȠ 0.63%, 2Ƞυ Ȓ 3Ƞυ ȕαșȝȠȪ ıυȖȖİȞȒȢ <1% (15). Ǿ 

ıυȞİȚıφȠȡȐ ĲȠυ HLA ıυıĲȒȝαĲȠȢ (Human Leucocyte Antigen) ıĲȘ ȖİȞİĲȚțȒ 

İπȚȡȡȑπİȚα ıĲȘ ȞȩıȠ İȓȞαȚ πİȡȓπȠυ 18% (15). Ȉİ ȝȓα πȡȩıφαĲȘ ȝİĲα-αȞȐȜυıȘ ĲȦȞ 

ȝİȜİĲȫȞ ıİ įȚįȪȝȠυȢ ȕȡȑșȘțİ ȩĲȚ Ș ȖİȞİĲȚțȒ țȜȘȡȠȞȠȝȚțȩĲȘĲα ıυȞȠȜȚțȐ ıυȝȕȐȜİȚ 

țαĲȐ 40-60%, ĲȠ πİȡȚȕȐȜȜȠȞ țαĲȐ 29% țαȚ Ș ȖİȞİĲȚțȒ țαȚ ĲȠ πİȡȚȕȐȜȜȠȞ ȝαȗȓ țαĲȐ 

10-30% ıĲȘȞ İπȚȡȡȑπİȚα ıĲȘ ȞȩıȠ (16). 
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1.2 ȆαșȠȖȑȞİȚα ĲȘȢ ȈțȆ 

 

Ǿ παșȠȖȑȞİȚα ĲȘȢ ȞȩıȠυ İȓȞαȚ πȠȜȪπȜȠțȘ ȝİ αυĲȠȐȞȠıȠυȢ ȝȘȤαȞȚıȝȠȪȢ Ȟα 

İȝπȜȑțȠȞĲαȚ ĲȩıȠ ıĲȘȞ ȑȞαȡȟȘ ȩıȠ țαȚ ıĲȘȞ πȠȡİȓα ĲȘȢ ȞȩıȠυ, αȞ țαȚ ȑȤİȚ 

įȚαĲυπȦșİȓ Ș ȐπȠȥȘ ȩĲȚ ȝπȠȡİȓ Ȟα πȡȠȘȖİȓĲαȚ ȝȓα ȝȘ αȞȠıȠȝİıȠȜαȕȠȪȝİȞȘ 

țαĲαıĲȡȠφȒ țυĲĲȐȡȦȞ (țυȡȓȦȢ ȠȜȚȖȠįİȞĲȡȠțυĲĲȐȡȦȞ) ĲȠυ ȀȃȈ (17). ȅȚ țυȡȚȩĲİȡİȢ 

παșȠȖİȞİĲȚțȑȢ įȚαįȚțαıȓİȢ πȠυ ȜαȝȕȐȞȠυȞ Ȥȫȡα ıĲȚȢ πȜȐțİȢ Ȓ İıĲȓİȢ ĲȘȢ ȞȩıȠυ İȓȞαȚ 

Ș ȜİȝφȠțυĲĲαȡȚțȒ įȚȒșȘıȘ, Ș İȞİȡȖȠπȠȓȘıȘ ĲȘȢ ȝȚțȡȠȖȜȠȓαȢ, Ș απȠȝυİȜȓȞȦıȘ, Ș 

αȟȠȞȚțȒ ȕȜȐȕȘ țαȚ Ș αıĲȡȠȖȜȠȚαțȒ ȠυȜȒ (18). ΌıȠ αφȠȡȐ ĲȘȞ παșȠȜȠȖȚțȒ 

αȞαĲȠȝȚțȒ ĲȦȞ πȜαțȫȞ Ȓ İıĲȚȫȞ πȠυ ıȘȝαĲȠįȠĲȠȪȞ ĲȚȢ ȕȜȐȕİȢ ıĲȠȞ İȖțȑφαȜȠ țαȚ ĲȠ 

ȞȦĲȚαȓȠ ȝυİȜȩ, ȑȤȠυȞ πİȡȚȖȡαφİȓ ĲȑııİȡȚȢ ĲȪπȠȚ (ȆȓȞαțαȢ 1) (19,20). ǹțȩȝα įİȞ 

İȓȞαȚ ȖȞȦıĲȩ, αȞ Ƞ ĲȪπȠȢ ĲȦȞ İıĲȚȫȞ ȝȑȞİȚ ıĲαșİȡȩȢ Ȓ ȝİĲαȕȐȜȜİĲαȚ ȝİ ĲȘȞ πȠȡİȓα 

ĲȘȢ ȞȩıȠυ (19). Ȃȓα ȐȜȜȘ παșȠȜȠȖȠαȞαĲȠȝȚțȒ țαĲȐĲαȟȘ ĲȘȢ απȠȝυİȜȚȞȦĲȚțȒȢ 

πȜȐțαȢ İȓȞαȚ ıİ Ƞȟİȓα (υπİȡțυĲĲαȡȚțȩĲȘĲα, φαȖȠțυĲĲȐȡȦıȘ ȝυİȜȓȞȘȢ απȩ 

ȝαțȡȠφȐȖα, įȚȐȤυĲȘ ȑțφȡαıȘ ĲȠυ MHC ĲȐȟȘȢ II -Major Histocompatibility 

Complex- ȝȠȡȓȦȞ απȩ ĲȘȞ ȝȚțȡȠȖȜȠȓα), ȤȡȩȞȚα İȞİȡȖȒ (İȞİȡȖȒ απȠȝυİȜȓȞȦıȘ, 

φαȖȠțυĲĲȐȡȦıȘ ȝυİȜȓȞȘȢ απȩ ȝαțȡȠφȐȖα, ȑțφȡαıȘ MHC-II ȝȠȡȓȦȞ απȩ 

ȝȚțȡȠȖȜȠȚαțȐ țȪĲĲαȡα țαȚ ȝαțȡȠφȐȖα ȝȩȞȠ ıĲȘȞ πİȡȚφȑȡİȚα ĲȘȢ πȜȐțαȢ) țαȚ ȤȡȩȞȚα 

αȞİȞİȡȖȒ (αıĲȡȠȖȜȠȚαțȒ ȠυȜȒ, απȠȝυİȜȓȞȦıȘ, απȠυıȓα φȜİȖȝȠȞȦįȫȞ țυĲĲȐȡȦȞ țαȚ 

MHC-II ȑțφȡαıȘȢ) (21). 

ȆȓȞαțαȢ 1 ȉȪπȠȚ ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ ıĲȘ ȈțȆ 

ȉȪπȠȢ ǹȞȠıȠȜȠȖȓα ȅȜȚȖȠįİȞĲȡȠțȪĲĲαȡα ΧαȡαțĲηȡȚıĲȚțȐ 
İıĲȓαȢ 

ȈχȩȜȚα 

ǿ CD8+ T-
ȜİȝφȠțȪĲĲαȡα, 

ȝαțȡȠφȐȖα, 
İȞİȡȖȠπȠȚȘȝȑȞα 
ȝȚțȡȠȖȜȠȚαțȐ 

țȪĲĲαȡα 

ǻȚȐıȦıȘ ȝİȖȐȜȠυ αȡȚșȝȠȪ, 
ĲαȤİȓα İπαȞαȝυİȜȓȞȦıȘ 

 

ȈαφȒ ȩȡȚα, 
πİȡȚφȜİȕȚțȒ φȜİȖȝȠȞȒ 

15% ĲȦȞ 
αıșİȞȫȞ 

ǿǿ ΌπȦȢ ĲȠ ǿ, İπȚπȜȑȠȞ 
αȞĲȚıȫȝαĲα țαȚ 
İȞİȡȖȠπȠȚȘȝȑȞȠ 

ıυȝπȜȒȡȦȝα 

ǻȚȐıȦıȘ ȝİȖȐȜȠυ αȡȚșȝȠȪ, 
ĲαȤİȓα İπαȞαȝυİȜȓȞȦıȘ 

ȈαφȒ ȩȡȚα, 
πİȡȚφȜİȕȚțȒ φȜİȖȝȠȞȒ 

58% ĲȦȞ 
αıșİȞȫȞ 

ǿǿǿ ǼȞİȡȖȠπȠȚȘȝȑȞȘ 
ȝȚțȡȠȖȜȠȓα 

ǹπȩπĲȦıȘ, αȞȐıĲȡȠφȘ 
(dying-back) 

ȠȜȚȖȠįİȞįȡȠπȐșİȚα 
ǼțȜİțĲȚțȒ απȫȜİȚα 

πȡȦĲİǸȞȘȢ MAG (myelin 
associated glycoprotein) 

ǹȟȠȞȚțȒ ȕȜȐȕȘ 

ǹıαφȒ ȩȡȚα, ȩȤȚ 
πİȡȚφȜİȕȚțȒ φȜİȖȝȠȞȒ 

26% ĲȦȞ 
αıșİȞȫȞ 

IV ȂαțȡȠφȐȖα țαȚ T-
ȜİȝφȠțȪĲĲαȡα 

ȂİȖȐȜȘ ȝȘ απȠπĲȦĲȚțȒ 
απȫȜİȚα 

ǹȟȠȞȚțȒ ȕȜȐȕȘ 

ȈαφȒ ȩȡȚα, 
πİȡȚφȜİȕȚțȒ Ȓ ȝȘ 

φȜİȖȝȠȞȒ 

1%, țυȡȓȦȢ 
ıĲȘȞ 

πȡȦĲȠπαșȒ 
πȡȠȧȠȪıα ȝȠȡφȒ 

ĲȘȢ ȞȩıȠυ 
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ȅȚ İıĲȓİȢ Ȓ ȕȜȐȕİȢ, ıȪȝφȦȞα ȝİ ĲȚȢ İπȚțȡαĲȠȪıİȢ șİȦȡȓİȢ, πȡȠțαȜȠȪȞĲαȚ απȩ 

αȞȠıȠȜȠȖȚțȠȪȢ ȝȘȤαȞȚıȝȠȪȢ πȠυ ȟİțȚȞȠȪȞ απȩ ĲȘȞ πİȡȚφȑȡİȚα (π.Ȥ. ȜİȝφȚțȩ 

ıȪıĲȘȝα) ȝİ αȞαȖȞȫȡȚıȘ ȐȖȞȦıĲȦȞ ȝȑȤȡȚ ıĲȚȖȝȒȢ αȞĲȚȖȩȞȦȞ απȩ Ĳα αυĲȠįȡαıĲȚțȐ 

ȜİȝφȠțȪĲĲαȡα. ȇȩȜȠ ıĲȘȞ παșȠȖȑȞİȚα ĲȘȢ ȞȩıȠυ ȑȤȠυȞ ıȤİįȩȞ ȩȜȠȚ ȠȚ ĲȪπȠȚ ĲȦȞ 

αȞȠıȠțυĲĲȐȡȦȞ: CD4+ Th1 țαȚ Th2 ȕȠȘșȘĲȚțȐ ȉ-ȜİȝφȠțȪĲĲαȡα, CD8+ T-

ȜİȝφȠțȪĲĲαȡα, CD4+CD25+ T-ȡυșȝȚıĲȚțȐ ȜİȝφȠțȪĲĲαȡα, Th17 ȜİȝφȠțȪĲĲαȡα, Ȗį-

ȉ ȜİȝφȠțȪĲĲαȡα, Ĳα țȪĲĲαȡα φυıȚțȠȓ φȠȞİȓȢ țαȚ Ĳα Ǻ-ȜİȝφȠțȪĲĲαȡα, αțȩȝα țαȚ Ĳα 

ȝαıĲȠțȪĲĲαȡα, Ĳα ȠυįİĲİȡȩφȚȜα țαȚ Ĳα ȝαțȡȠφȐȖα (22). ȅȚ șİȦȡȓİȢ ȖȚα ĲȘȞ 

İȞİȡȖȠπȠȓȘıȘ ĲȦȞ ȜİȝφȠțυĲĲȐȡȦȞ İȓȞαȚ πȠȜȜȑȢ țαȚ πİȡȚȜαȝȕȐȞȠυȞ ĲȘ ȝȠȡȚαțȒ 

ȝȓȝȘıȘ ȝİ ȝȚțȡȠȕȚαțȐ Ȓ ȚȧțȐ αȞĲȚȖȩȞα, ĲȘȞ παȡαĲυȤȠȪıα İπȚĲȠπȚțȒ įȚαıπȠȡȐ 

(bystander epitope spreading) ȝİĲȐ απȩ ȚȠȖİȞȒ Ȓ ȐȜȜȘ ȜȠȓȝȦȟȘ, ĲȘȞ įȚȑȖİȡıȘ απȩ 

υπİȡαȞĲȚȖȩȞα, ĲȘȞ αȞαȖȞȫȡȚıȘ ȞİȠİȝφαȞȚȗȩȝİȞȦȞ ȓįȚȦȞ İπȚĲȩπȦȞ (π.Ȥ. ǹȕ 

țȡυıĲαȜȜȓȞȘ), ĲȘȞ αȞαȖȞȫȡȚıȘ ĲȡȠπȠπȠȚȘȝȑȞȦȞ İπȚĲȩπȦȞ ıİ ȝυİȜȚȞȚțȑȢ πȡȦĲİǸȞİȢ 

ț.α. (22). ȉα İȞİȡȖȠπȠȚȘȝȑȞα țαȚ Ĳα ȝȘ İȞİȡȖȠπȠȚȘȝȑȞα ȜİȝφȠțȪĲĲαȡα İȚıȑȡȤȠȞĲαȚ 

ıĲȠ ȀȃȈ ȝȑıα απȩ ĲȠȞ įȚαıπαıȝȑȞȠ αȚȝαĲȠİȖțİφαȜȚțȩ φȡαȖȝȩ țαȚ πȡȠțαȜȠȪȞ 

ȕȜȐȕİȢ țυȡȓȦȢ ıĲȘ ȜİυțȒ Ƞυıȓα ĲȠυ İȖțİφȐȜȠυ αȞαȖȞȦȡȓȗȠȞĲαȢ ȝυİȜȚȞȚțȐ țαȚ ȝȘ 

ȝυİȜȚȞȚțȐ αȞĲȚȖȩȞα πȠυ παȡȠυıȚȐȗȠȞĲαȚ απȩ αȞĲȚȖȠȞȠπαȡȠυıȚαıĲȚțȐ țȪĲĲαȡα (π.Ȥ. 

İȞįȠșȒȜȚȠ, ȝαțȡȠφȐȖα, ȝȚțȡȠȖȜȠȓα, Ǻ-ȜİȝφȠțȪĲĲαȡα, ȞİυȡȫȞİȢ, αıĲȡȠțȪĲĲαȡα ț.α.) 

ȝİ ĲȘ ȕȠȒșİȚα ĲȦȞ ȝȠȡȓȦȞ ĲȠυ ȝİȓȗȠȞȠȢ ıυȝπȜȑȖȝαĲȠȢ ȚıĲȠıυȝȕαĲȩĲȘĲαȢ MHC 

ĲȐȟȘȢ ǿ țαȚ ǿǿ (22). ȅȚ țȪȡȚȠȚ İȞȠȡȤȘıĲȡȦĲȑȢ ĲȘȢ φȜİȖȝȠȞȒȢ İȓȞαȚ Ĳα CD4+ T-

ȕȠȘșȘĲȚțȐ ȜİȝφȠțȪĲĲαȡα, İȞȫ ıȘȝαȞĲȚțȩ ȡȩȜȠ παȓȗȠυȞ Ĳα ȝαțȡȠφȐȖα ȝİ ĲȘȞ 

φαȖȠțυĲĲȐȡȦıȘ ĲȘȢ ȝυİȜȓȞȘȢ țαȚ ĲȘ įȚȐıπαıȒ ĲȘȢ ıĲα ȜυıȠıȫȝαĲα (21,22).  

ȆαȡȩȜα αυĲȐ, ȠȚ İıĲȓİȢ İȝφαȞȓȗȠȞĲαȚ ȩȤȚ ȝȩȞȠ ıĲȘ ȜİυțȒ Ƞυıȓα ĲȠυ İȖțİφȐȜȠυ 

αȜȜȐ țαȚ ıĲȘ φαȚȐ Ƞυıȓα (3 ĲȪπȠȚ: α. φȜȠȚȧțȑȢ-υπȠφȜȠȚȫįİȚȢ, ȕ. φȜȠȚȧțȑȢ țαȚ Ȗ. 

υπȠȤȠȡȚȠİȚįȚțȑȢ) ȝİ ıυȝȝİĲȠȤȒ ĲȘȢ ȤȠȡȚȠİȚįȠȪȢ ȝȒȞȚȖȖαȢ, țυȡȓȦȢ ıĲȚȢ πȡȠȠįİυĲȚțȑȢ 

ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ (23). ǿįȚαȓĲİȡȠ ȡȩȜȠ ıĲȚȢ φȜȠȚȧțȑȢ-υπȠφȜȠȚȫįİȚȢ țαȚ φȜȠȚȧțȑȢ 

İıĲȓİȢ παȓȗȠυȞ Ĳα ȉ-ȜİȝφȠțȪĲĲαȡα (țαȚ ȜȚȖȩĲİȡȠ Ĳα Ǻ-ȜİȝφȠțȪĲĲαȡα) țαȚ Ș 

πİȡȚαȖȖİȚαțȒ φȜİȖȝȠȞȒ ıĲȚȢ αȡȤȚțȑȢ φȐıİȚȢ ĲȘȢ ȞȩıȠυ țαȚ ȠȚ șȪȜαțİȢ ĲȦȞ Ǻ-

ȜİȝφȠțυĲĲȐȡȦȞ (țαȚ ȜȚȖȩĲİȡȠ ȉ-ȜİȝφȠțυĲĲȐȡȦȞ) ıĲȘȞ ȤȠȡȚȠİȚįȒ ȝȒȞȚȖȖα ȖȚα ĲȚȢ 

υπȠȤȠȡȚȠİȚįȚțȑȢ İıĲȓİȢ ıĲȘȞ πȡȠȠįİυĲȚțȒ ȝȠȡφȒ ĲȘȢ ȈțȆ (18,20,23).  

ȈĲȠȞ ȝȘȤαȞȚıȝȩ ĲȘȢ φȜİȖȝȠȞȒȢ țαȚ ĲȘȢ țȚȞȘĲȚțȒȢ ĲȦȞ țυĲĲȐȡȦȞ ıĲȠ ȀȃȈ 

ıυȝȝİĲȑȤȠυȞ ȝȩȡȚα πȡȠıțȩȜȜȘıȘȢ (cell adhesion molecules), țυĲȠțȓȞİȢ, ȤυȝȠțȓȞİȢ 

țαȚ πȡȦĲİȐıİȢ πȠυ ıυȝȕȐȜȜȠυȞ ıĲȘȞ ȚıĲȚțȒ ȕȜȐȕȘ, αȡȤȚțȐ ĲȦȞ 

ȠȜȚȖȠįİȞĲȡȠțυĲĲȐȡȦȞ țαȚ įİυĲİȡİυȩȞĲȦȢ ĲȦȞ ȞİυȡȫȞȦȞ ȝİ ĲȠυȢ ȐȟȠȞȑȢ ĲȠυȢ. Ǿ 
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αıĲȡȠȖȜȠȚαțȒ ȠυȜȒ ıȘȝαĲȠįȠĲİȓ ĲȘ ȤȡȠȞȚȩĲȘĲα ĲȘȢ πȜȐțαȢ țαȚ ĲȘ ȜİȚĲȠυȡȖȚțȒ ȕȜȐȕȘ 

ĲȘȢ πİȡȚȠȤȒȢ ĲȘȢ (23). ȆαȡȐȜȜȘȜα, Ș φυıȚȠȜȠȖȚțȐ İȝφαȞȚȗȩȝİȞİȢ ȜİυțȒ țαȚ φαȚȐ 

Ƞυıȓα, ȠȚ ȠπȠȓİȢ İȓȞαȚ İȜİȪșİȡİȢ πȜαțȫȞ, İȝφαȞȓȗȠυȞ țαȚ αυĲȑȢ αȜȜαȖȑȢ ȩπȦȢ İȓȞαȚ 

įȚȐȤυĲȘ φȜİȖȝȠȞȒ, απȫȜİȚα αȟȩȞȦȞ, İȞİȡȖȠπȠȓȘıȘ ȝȚțȡȠȖȜȠȓαȢ țαȚ αıĲȡȠȖȜȠȚαțȫȞ 

țυĲĲȐȡȦȞ πȠυ ȝȩȜȚȢ ȝİȡȚțȫȢ ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȚȢ ȖİȚĲȞȚȐȗȠυıİȢ πȜȐțİȢ απȠȝυİȜȓȞȦıȘȢ 

(23). 

Ȃİ ĲȘȞ πȡȩȠįȠ ĲȘȢ ȞȩıȠυ, Ș φȜİȖȝȠȞȒ φαȓȞİĲαȚ Ȟα πİȡȚȠȡȓȗİĲαȚ ȝȩȞȠ ıĲȠ ȀȃȈ 

(įȚαȝİȡȚıȝαĲȠπȠȚȘȝȑȞȘ), İȞȫ πȡȠıĲȓșİȞĲαȚ Ƞ țαĲαıĲȡȠφȚțȩȢ ȡȩȜȠȢ ĲȘȢ ȝȘ 

αȞȠıȠȝİıȠȜαȕȠȪȝİȞȘȢ ȞİυȡȠİțφȪȜȚıȘȢ ıĲȘȞ ȠπȠȓα ıυȝȕȐȜȜȠυȞ ȝȘȤαȞȚıȝȠȓ ȩπȦȢ Ș 

İȞαπȩșİıȘ ıȚįȒȡȠυ, Ș υπȠȟȓα, Ș ĲȠȟȚțȩĲȘĲα ĲȠυ ȖȜȠυĲαȝȚȞȚțȠȪ ȠȟȑȠȢ, ĲȠ ȠȟİȚįȦĲȚțȩ 

ıĲȡİȢ țαȚ Ș ȕȜȐȕȘ ĲȦȞ ȝȚĲȠȤȠȞįȡȓȦȞ (18,23). ȈĲȚȢ πȡȠȠįİυĲȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ 

φαȓȞİĲαȚ İπȓıȘȢ ȩĲȚ Ƞ ȡȩȜȠȢ ĲȦȞ Ǻ-ȜİȝφȠțυĲĲȐȡȦȞ İȓȞαȚ πȚȠ țαșȠȡȚıĲȚțȩȢ απȩ ȩĲȚ 

αυĲȩȢ ĲȦȞ ȉ-ȜİȝφȠțυĲĲȐȡȦȞ (20,23).  

ȈĲα πȡȫĲα ıĲȐįȚα ĲȘȢ ȞȩıȠυ φαȓȞİĲαȚ ȩĲȚ υπȐȡȤİȚ țȐπȠȚȠȢ ȕαșȝȩȢ İπȚįȚȩȡșȦıȘȢ 

ĲȦȞ ȕȜαȕȫȞ țυȡȓȦȢ ȝȑıȦ ĲȠυ ȝȘȤαȞȚıȝȠȪ ĲȘȢ İπαȞαȝυİȜȓȞȦıȘȢ (20). ȆαȡȐȜȜȘȜα, 

ĲȠ ȞİυȡȚțȩ ıȪıĲȘȝα φαȓȞİĲαȚ Ȟα αȞĲȚıĲαșȝȓȗİȚ ĲȚȢ ȜİȚĲȠυȡȖȚțȑȢ ȕȜȐȕİȢ ȝȑıα απȩ 

İπȚıĲȡȐĲİυıȘ υȖİȚȫȞ πİȡȚȠȤȫȞ, ȝİ απȠĲȑȜİıȝα ĲȘȞ țαșυıĲȑȡȘıȘ ĲȘȢ İȝφȐȞȚıȘȢ ĲȘȢ 

αȞαπȘȡȓαȢ. ΌĲαȞ ȠȚ ȝȘȤαȞȚıȝȠȓ İπȚįȚȩȡșȦıȘȢ țαȚ ȜİȚĲȠυȡȖȚțȒȢ αȞĲȚıĲȐșȝȚıȘȢ 

υπİȡțİȡαıĲȠȪȞ, Ș ıυȞİȤȚȗȩȝİȞȘ ȞİυȡȠİțφȪȜȚıȘ πȡȠțαȜİȓ ȑțįȘȜȘ țαȚ πȡȠȠįİυĲȚțȐ 

İȟİȜȚııȩȝİȞȘ αȞαπȘȡȓα ıĲȠȞ αıșİȞȒ. 

 

1.3 ȀȜȚȞȚțȒ ǼȚțȩȞα țαȚ ǻȚȐȖȞȦıȘ ĲȘȢ ȈțȆ 

 

Ǿ ȈțȆ πȡȠțαȜİȓ ıυȝπĲȫȝαĲα țαȚ ȞİυȡȠȜȠȖȚțȐ ıȘȝİȓα ıȤİįȩȞ απȩ ȩȜα Ĳα 

ȜİȚĲȠυȡȖȚțȐ ıυıĲȒȝαĲα π.Ȥ. αȚıșȘĲȚțȐ, αȚıșȘĲȘȡȚαțȐ, țȚȞȘĲȚțȐ, ȕȐįȚıȘȢ țαȚ 

ȚıȠȡȡȠπȓαȢ, ıφȚȖțĲȘȡȚαțȐ, ȥυȤȚțȐ țαȚ ȖȞȦıĲȚțȐ (24). ȂİȡȚțȐ ĲυπȚțȐ İȞαȡțĲȒȡȚα 

ıυȝπĲȫȝαĲα İȓȞαȚ Ș șȩȜȦıȘ ĲȘȢ ȩȡαıȘȢ, Ș įȚπȜȦπȓα, ȠȚ αȚȝȦįȓİȢ, Ș απȫȜİȚα ĲȘȢ 

αȚıșȘĲȚțȩĲȘĲαȢ, ȠȚ įȚαĲαȡαȤȑȢ ĲȘȢ ȕȐįȚıȘȢ, Ș πȐȡİıȘ Ȓ παȡȐȜυıȘ țȓȞȘıȘȢ țȐπȠȚȠυ 

ȐțȡȠυ Ȓ ȝȑȜȠυȢ, ȠȚ įȚαĲαȡαȤȑȢ ȠȪȡȘıȘȢ țαȚ αφȩįİυıȘȢ, ȠȚ ıİȟȠυαȜȚțȑȢ įȚαĲαȡαȤȑȢ 

țαȚ ĲȠ αȓıșȘȝα ȘȜİțĲȡȚțȠȪ ȡİȪȝαĲȠȢ țαĲȐ ȝȒțȠȢ ĲȘȢ ıπȠȞįυȜȚțȒȢ ıĲȒȜȘȢ İȚįȚțȐ 

țαĲȐ ĲȘȞ țȐȝȥȘ ĲȠυ αυȤȑȞα (ıȘȝİȓȠ Lhermitte) (25). ȆαȡȩȜα αυĲȐ ȐȜȜα πȚȠ ıπȐȞȚα 

ıυȝπĲȫȝαĲα ȩπȦȢ αȚφȞȓįȚα țȫφȦıȘ ȝπȠȡİȓ Ȟα ıȘȝαĲȠįȠĲȒıȠυȞ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ 

ȞȩıȠυ (26). ȉα ıυȝπĲȫȝαĲα İȟİȜȓııȠȞĲαȚ ıυȞȒșȦȢ ıİ ȫȡİȢ țαȚ ȘȝȑȡİȢ țαȚ 

ȝİȖȚıĲȠπȠȚȠȪȞĲαȚ ıİ 4 İȕįȠȝȐįİȢ, ȖȚα Ȟα υφİșȠȪȞ αȡȖȩĲİȡα αυĲȩȝαĲα ȤȦȡȓȢ 
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șİȡαπİȓα. ȈĲȚȢ πȡȠȠįİυĲȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ Ș İȟȑȜȚȟȘ ĲȦȞ ıυȝπĲȦȝȐĲȦȞ İȓȞαȚ πȚȠ 

αȡȖȒ, İȞȫ Ș ȪφİıȘ ıυȞȒșȦȢ ȜİȓπİȚ Ȓ İȓȞαȚ ȝİȡȚțȒ. 

 Ǿ πȠȡİȓα ĲȘȢ ȞȩıȠυ πȠȚțȓȜȜİȚ απȩ αıșİȞȒ ıİ αıșİȞȒ țαȚ ȝπȠȡİȓ Ȟα İȓȞαȚ ȝİ 

İȟȐȡıİȚȢ țαȚ υφȑıİȚȢ (υπȠĲȡȠπȚȐȗȠυıα) Ȓ πȡȠȠįİυĲȚțȒ (ǼȚțȩȞα 1). Ǿ πȡȫĲȘ 

αȞĲȚıĲȠȚȤİȓ ıĲȠ 85-90% ĲȦȞ αıșİȞȫȞ țαȚ İȓȞαȚ πȚȠ ıυȤȞȒ ıİ ȖυȞαȓțİȢ țαȚ ȞȑȠυȢ ȖȪȡȦ 

ıĲα 30 ȑĲȘ ĲȘȢ ȗȦȒȢ ĲȠυȢ (25). ȋαȡαțĲȘȡȓȗİĲαȚ απȩ İπİȚıȩįȚα ȞİυȡȠȜȠȖȚțȒȢ 

İπȚįİȓȞȦıȘȢ πȠυ țȡαĲȠȪȞ πȐȞȦ απȩ 24 ȫȡİȢ țαȚ įİȞ ıυȞȠįİȪȠȞĲαȚ απȩ πυȡİĲȩ. Ǿ 

απȠțαĲȐıĲαıȘ ȝπȠȡİȓ Ȟα İȓȞαȚ πȜȒȡȘȢ Ȓ αĲİȜȒȢ, İȞȫ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȦȞ υφȑıİȦȞ 

Ș țȜȚȞȚțȒ İȚțȩȞα ĲȠυ αıșİȞȒ İȓȞαȚ ıĲαșİȡȒ. ǹȞĲȓșİĲα, ıĲȘȞ πȡȦĲȠπαșȫȢ 

πȡȠȠįİυĲȚțȒ Ȓ πȡȠȧȠȪıα ȝȠȡφȒ ĲȘȢ ȞȩıȠυ, ȜİȓπȠυȞ ȠȚ İȟȐȡıİȚȢ, İȞȫ Ș țȜȚȞȚțȒ İȚțȩȞα 

ĲȠυ αȡȡȫıĲȠυ ıĲαįȚαțȐ İπȚįİȚȞȫȞİĲαȚ. ǹȞĲȚıĲȠȚȤİȓ ıĲȠ 10-15% ĲȦȞ πİȡȚπĲȫıİȦȞ, 

İȓȞαȚ ĲȠ ȓįȚȠ ıυȤȞȒ ıĲȠυȢ ȐȞĲȡİȢ țαȚ ıĲȚȢ ȖυȞαȓțİȢ țαȚ İȝφαȞȓȗİĲαȚ ıİ ȝİȖαȜȪĲİȡİȢ 

ıυȞȒșȦȢ ȘȜȚțȓİȢ (ȝȑıȠȢ ȩȡȠȢ Ĳα 40 ȑĲȘ) (25). ȅȚ αıșİȞİȓȢ ȝİ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ 

İȝφαȞȓȗȠυȞ ıυȤȞȐ įİυĲİȡȠȖİȞȫȢ πȡȠȧȠȪıα πȠȡİȓα ȝİ İȜȐȤȚıĲİȢ Ȓ țαșȩȜȠυ İȟȐȡıİȚȢ 

țαȚ ıĲαįȚαțȒ ıυııȫȡİυıȘ αȞαπȘȡȓαȢ. 

 

 

ǼȚțȩȞα 1 ȅȚ țȜȚȞȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȈțȆ 
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ΓȚα ĲȘȞ αȡȤȚțȒ įȚȐȖȞȦıȘ ĲȘȢ ȞȩıȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ĲȩıȠ țȜȚȞȚțȐ ȩıȠ țαȚ 

αțĲȚȞȠȜȠȖȚțȐ țαȚ İȡȖαıĲȘȡȚαțȐ țȡȚĲȒȡȚα, ȖȚα ĲȘȞ ıĲȠȚȤİȚȠșȑĲȘıȘ ĲȘȢ ȜİȖȩȝİȞȘȢ 

"įȚαıπȠȡȐȢ ıĲȠ ȤȫȡȠ țαȚ ıĲȠ ȤȡȩȞȠ" (25). ȉȠ ȚıĲȠȡȚțȩ țαȚ Ș țȜȚȞȚțȒ İȟȑĲαıȘ İȓȞαȚ 

İȟαȚȡİĲȚțȐ ıȘȝαȞĲȚțȐ ȖȚα ĲȘ įȚαπȓıĲȦıȘ ĲȦȞ ȜİȚĲȠυȡȖȚțȫȞ ıυıĲȘȝȐĲȦȞ πȠυ 

πȐıȤȠυȞ, ĲȦȞ İπİȚıȠįȓȦȞ țαȚ ĲȘȢ ȤȡȠȞȚțȒȢ ĲȠυȢ İȝφȐȞȚıȘȢ. ǹυĲȐ ıυȝπȜȘȡȫȞȠȞĲαȚ 

απȩ ĲȘȞ απİȚțȩȞȚıȘ ȝİ ȝαȖȞȘĲȚțȒ ĲȠȝȠȖȡαφȓα MRI (Magnetic Resonance Imaging) 

İȖțİφȐȜȠυ țαȚ ȞȦĲȚαȓȠυ ıȦȜȒȞα ȝİ ĲȘȞ ȤȡȒıȘ παȡαȝαȖȞȘĲȚțȒȢ ȠυıȓαȢ. Ȉİ αυĲȒȞ, ıİ 

πȐȞȦ απȩ ĲȠ 80-90% ĲȦȞ αıșİȞȫȞ αȞαįİȚțȞȪȠȞĲαȚ İıĲȓİȢ πİȡȚțȠȚȜȚαțȐ, 

υπȠφȜȠȚȦįȫȢ, υπȠıțȘȞȚįȚαțȐ Ȓ ıĲȠ ȞȦĲȚαȓȠ ıȦȜȒȞα, ȝİ įȚȐȝİĲȡȠ ȐȞȦ ĲȦȞ 3mm țαȚ 

ȝİ ȑȞα țȜαıȚțȩ ȦȠİȚįȑȢ ıȤȒȝα πȠυ İȓȞαȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȚȢ απȠȝυİȜȓȞȦıȘȢ, țυȡȓȦȢ 

ıĲȚȢ ȉ2 țαȚ FLAIR (Fluid Attenuation Inversion Recovery) αțȠȜȠυșȓİȢ (25). Ǿ 

πȡȩıȜȘȥȘ παȡαȝαȖȞȘĲȚțȒȢ ȠυıȓαȢ απȩ αυĲȑȢ ĲȚȢ İıĲȓİȢ ıĲȚȢ ȉ1 αțȠȜȠυșȓİȢ İȓȞαȚ 

ıĲȠȚȤİȓȠ İȞİȡȖȩĲȘĲαȢ țαȚ φȜİȖȝȠȞȒȢ. Ǿ παȡȠυıȓα "ȝαȪȡȦȞ ĲȡυπȫȞ" ("black holes") 

ıĲȚȢ ȉ1 αțȠȜȠυșȓİȢ ıȘȝαĲȠįȠĲİȓ İȞİȡȖȩĲȘĲα Ȓ παȜαȚȩĲȘĲα ĲȦȞ İıĲȚȫȞ ȜȩȖȦ 

ȖȜȠȓȦıȘȢ (27). Ǿ İȟȑĲαıȘ ĲȠυ İȖțİφαȜȠȞȦĲȚαȓȠυ υȖȡȠȪ αȞαįİȚțȞȪİȚ ıυȤȞȐ ȒπȚα 

πȜİȚȠțυĲĲȐȡȦıȘ ȜİȝφȠțυĲĲαȡȚțȠȪ ĲȪπȠυ (<25 țȪĲĲαȡα/cm3), υȥȘȜȒ πȡȦĲİǸȞȘ 

(ıυȞȒșȦȢ <100mg/dl) țαȚ παȡȠυıȓα IgG ȠȜȚȖȠțȜȦȞȚțȫȞ ȗȦȞȫȞ ȝİ αȪȟȘıȘ ĲȠυ IgG 

index (>0.6) ıĲȠ 90% ĲȦȞ πİȡȚπĲȫıİȦȞ (25). ȆαȡȩȜα αυĲȐ Ș αȞİȪȡİıȘ 

ȠȜȚȖȠțȜȦȞȚțȫȞ ȗȦȞȫȞ, αȞ țαȚ İȓȞαȚ πȠȜȪ İυαȓıșȘĲȘ ȖȚα ĲȘ ȈțȆ, įİȞ İȓȞαȚ İȚįȚțȒ ȖȚα 

ĲȘ ȞȩıȠ. ȆȠȜȪ ıȘȝαȞĲȚțȩ ȡȩȜȠ İπȓıȘȢ ıĲȘ įȚȐȖȞȦıȘ ĲȘȢ ȞȩıȠυ παȓȗȠυȞ ȠȚ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ İȟİĲȐıİȚȢ țαȚ țυȡȓȦȢ Ĳα ȠπĲȚțȐ țαȚ Ĳα αțȠυıĲȚțȐ πȡȠțȜȘĲȐ 

įυȞαȝȚțȐ. Ǿ αȞİȪȡİıȘ παșȠȜȠȖȚțȫȞ țαĲαȖȡαφȫȞ ıİ αυĲȐ ıȘȝαĲȠįȠĲİȓ ĲȘȞ παȡȠυıȓα 

υπȠțȜȚȞȚțȒȢ İıĲȓαȢ ıĲȠ ȀȃȈ țαȚ Ȑȡα įȚαıπȠȡȐȢ ıĲȠ ȤȫȡȠ. 

ȅ țȜȚȞȚțȩȢ ȚαĲȡȩȢ πȠυ ȕȡȓıțİĲαȚ αȞĲȚȝȑĲȦπȠȢ ȝİ αıșİȞȒ ȝİ υπȠȥȓα ȈțȆ αφȠȪ ȑȤİȚ 

ıυȜȜȑȟİȚ ȩȜİȢ ĲȚȢ παȡαπȐȞȦ țȜȚȞȚțȑȢ, απİȚțȠȞȚıĲȚțȑȢ țαȚ İȡȖαıĲȘȡȚαțȑȢ πȜȘȡȠφȠȡȓİȢ 

țαȜİȓĲαȚ Ȟα İφαȡȝȩıİȚ Ĳα įȚαȖȞȦıĲȚțȐ ȖȚα ĲȘ ȞȩıȠ țȡȚĲȒȡȚα McDonald 2010, αφȠȪ 

ȕȑȕαȚα ȑȤİȚ απȠțȜİȓıİȚ ȐȜȜȠυȢ ȝȚȝȘĲȑȢ ĲȘȢ ȈțȆ (28). ȉα țȡȚĲȒȡȚα αυĲȐ φαȓȞȠȞĲαȚ 

ıĲȠȞ ȆȓȞαțα 2. ȉα țȡȚĲȒȡȚα McDonald İȓȞαȚ İȚįȚțȐ ȖȚα ĲȘ ȈȀȆ țαȚ įİȞ ȕȠȘșȠȪȞ ıĲȘ 

įȚȐțȡȚıȘ ĲȘȢ ȈțȆ ȝİ ȐȜȜα ȞȠıȒȝαĲα ȝİ παȡȩȝȠȚİȢ İțįȘȜȫıİȚȢ, ȖȚ' αυĲȩ șİȦȡȠȪȞĲαȚ 

ȩĲȚ İȓȞαȚ İυαȓıșȘĲα țαȚ ȩȤȚ İȚįȚțȐ ȖȚα ĲȘ ȞȩıȠ. ȆȡȐȖȝαĲȚ ıĲȠ 5-10% ĲȦȞ 

πİȡȚπĲȫıİȦȞ υπȐȡȤİȚ İıφαȜȝȑȞȘ įȚȐȖȞȦıȘ ĲȘȢ ȈȀȆ țαȚ αυĲȩ ĲȠ πȠıȠıĲȩ 

αȞĲȚıĲȠȚȤİȓ ıİ ȐȜȜα αυĲȠȐȞȠıα (π.Ȥ. αȞȚφȦıφȠȜȚπȚįȚțȩ ıȪȞįȡȠȝȠ), ȜȠȚȝȫįȘ (π.Ȥ. 

ȞȩıȠȢ Lyme), ȝİĲαȕȠȜȚțȐ (π.Ȥ. ȑȜȜİȚȥȘ Ǻ12) țαȚ țȜȘȡȠȞȠȝȚțȐ ȞȠıȒȝαĲα (π.Ȥ. 
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αįȡİȞȠȜİυțȠįυıĲȡȠφȓα) πȠυ șα πȡȑπİȚ Ȟα απȠțȜİȓȠȞĲαȚ (29). Ȉİ πİȡȓπĲȦıȘ İȞȩȢ 

țȜȚȞȚțȠȪ ȤȡȠȞȚțȐ ȝİȝȠȞȦȝȑȞȠυ İπİȚıȠįȓȠυ ȩπȠυ Ƞ αıșİȞȒȢ įİȞ πȜȘȡȠȓ Ĳα țȡȚĲȒȡȚα 

ĲȠυ ȤȡȩȞȠυ, αȜȜȐ ȝπȠȡİȓ Ȟα πȜȘȡȠȓ Ĳα țȡȚĲȒȡȚα ĲȠυ ȤȫȡȠυ, ĲȩĲİ Ș ĲȓșİĲαȚ Ș 

įȚȐȖȞȦıȘ ĲȠυ țȜȚȞȚțȐ ȝİȝȠȞȦȝȑȞȠυ ıυȞįȡȩȝȠυ Ȓ İπİȚıȠįȓȠυ (ȀȂȈ, clinically 

isolated syndrome, CIS) (30). Ǿ παȡȠυıȓα İıĲȚȫȞ İȞįİȚțĲȚțȫȞ απȠȝυİȜȓȞȦıȘȢ, ȤȦȡȓȢ 

ȩȝȦȢ ĲȘȞ παȡȠυıȓα țȜȚȞȚțȒȢ ıυȝπĲȦȝαĲȠȜȠȖȓαȢ Ȓ ıȘȝİȚȠȜȠȖȓαȢ Ȓ ȜİȚĲȠυȡȖȚțȒȢ 

ȑțπĲȦıȘȢ ĲȠυ αĲȩȝȠυ, ıυȞșȑĲȠυȞ ȑȞα ȐȜȜȠ ıȪȞįȡȠȝȠ ĲȠ αțĲȚȞȠȜȠȖȚțȐ ȝİȝȠȞȦȝȑȞȠ 

ıȪȞįȡȠȝȠ (ǹȂȈ, radiologically isolated syndrome, RIS), ȝİ ȕȐıȘ Ĳα țȡȚĲȒȡȚα 

Barkhof-Tintore (31,32). 

 

ȆȓȞαțαȢ 2 ȉα țȡȚĲȒȡȚα McDonalds 2010  ȖȚα ĲȘ įȚȐȖȞȦıȘ ĲȘȢ ȈțȆ 

 

ΚȜȚȞȚțȐ ǼπİȚıȩįȚα1 ǺȜȐȕİȢ ǼπȚπȜȑȠȞ ΚȡȚĲȒȡȚα ȖȚα Ĳη 
ǻȚȐȖȞωıη 

2 Ȓ πİȡȚııȩĲİȡα ıİ 
įȚαφȠȡİĲȚțȩ ȤȡȩȞȠ2 țαȚ 
πİȡȚȠȤȒ ĲȠυ ȀȃȈ 

ǹȞĲȚțİȚȝİȞȚțȒ3 țȜȚȞȚțȒ İπȚȕİȕαȓȦıȘ ȖȚα 2 Ȓ 
πİȡȚııȩĲİȡα İπİȚıȩįȚα Ȓ 1 İπİȚıȩįȚȠ ȝİ 
αȟȚȩπȚıĲȠ șİĲȚțȩ ȚıĲȠȡȚțȩ ȖȚα ȑȞα İπȚπȜȑȠȞ 
παȜαȚȩĲİȡȠ ıİ įȚαφȠȡİĲȚțȒ πİȡȚȠȤȒ ĲȠυ ȀȃȈ 

ȀαȞȑȞα. 

2 Ȓ πİȡȚııȩĲİȡα ıİ 
įȚαφȠȡİĲȚțȩ ȤȡȩȞȠ2 

ǹȞĲȚțİȚȝİȞȚțȒ3 țȜȚȞȚțȒ İπȚȕİȕαȓȦıȘ ȖȚα 1 
πİȡȚȠȤȒ ĲȠυ ȀȃȈ țαȚ ıĲα 2 İπİȚıȩįȚα 

ǻȚαıπȠȡȐ ıĲȠ ȤȫȡȠ4: 
- ≥1ȉ2 İıĲȓα ıİ ≥2 πİȡȚȠȤȑȢ 
(υπȠφȜȠȚȫįȘȢ, πİȡȚțȠȚȜȚαțȒ, 
υπȠıțȘȞȚįȚαțȒ, ȞȦĲȚαȓȠȢ ȝυİȜȩȢ) ǳ 
- αȞαȝȠȞȒ ȖȚα ȑȞα İπȚπȜȑȠȞ țȜȚȞȚțȩ 
İπİȚıȩįȚȠ ıİ įȚαφȠȡİĲȚțȒ πİȡȚȠȤȒ 
ĲȠυ ȀȃȈ 

1 ǹȞĲȚțİȚȝİȞȚțȒ3 țȜȚȞȚțȒ İπȚȕİȕαȓȦıȘ ȖȚα 2 
πİȡȚȠȤȑȢ ĲȠυ ȀȃȈ 

ǻȚαıπȠȡȐ ıİ ȤȡȩȞȠ: 
- ȉαυĲȩȤȡȠȞȘ παȡȠυıȓα İȞİȡȖȫȞ 
(Gd+) țαȚ αȞİȞİȡȖȫȞ πİȡȚȠȤȫȞ ǳ 
- ȀαȚȞȠȪȡȚα İıĲȓα ıİ MRI 
αȞİȟαȡĲȒĲȦȢ ȤȡȩȞȠυ 'Ǿ 
- ǹȞαȝȠȞȒ ȖȚα ȞȑȠ țȜȚȞȚțȩ 
İπİȚıȩįȚȠ 

1 ǹȞĲȚțİȚȝİȞȚțȒ3 țȜȚȞȚțȒ İπȚȕİȕαȓȦıȘ ȖȚα 1 
πİȡȚȠȤȒ ĲȠυ ȀȃȈ 

ȀȡȚĲȒȡȚα ȖȚα įȚαıπȠȡȐ ıİ ȤȡȩȞȠ 
țαȚ ȤȫȡȠ 

ȆȡȠȠįİυĲȚțȒ ȈțȆ 1 ȑĲȠȢ πȡȠȠįİυĲȚțȒȢ πȠȡİȓαȢ ȞȩıȠυ țαȚ ĲȠυȜȐȤȚıĲȠȞ 2 απȩ Ĳα παȡαțȐĲȦ 3: 
1. ǻȚαıπȠȡȐ ıİ ȤȫȡȠ ȝİ παȡȠυıȓα ≥1 İıĲȚȫȞ πİȡȚțȠȚȜȚαțȐ, υπȠφȜȠȚȦįȫȢ Ȓ 
υπȠıțȘȞȚįȚαțȐ 
2. ȆαȡȠυıȓα ≥2 İıĲȚȫȞ ıĲȠ ȞȦĲȚαȓȠ ȝυİȜȩ 
3. ΘİĲȚțȑȢ ȠȜȚȖȠțȜȦȞȚțȑȢ ȗȫȞİȢ ıĲȠ ǼȃȊ (țαȚ ȩȤȚ ıĲȠȞ Ƞȡȩ) Ȓ/țαȚ αυȟȘȝȑȞȠȢ IgG 
index 

1ȀȜȚȞȚțȐ ıυȝπĲȫȝαĲα Ȓ ıȘȝİȓα ıυȝȕαĲȐ ȝİ ĲȘ ȞȩıȠ, įȚȐȡțİȚαȢ 24 ȦȡȫȞ Ȓ πİȡȚııȩĲİȡȠ, απȠυıȓα πυȡİĲȠȪ Ȓ 
ȜȠȓȝȦȟȘȢ țαȚ αφȠȪ ȑȤİȚ πȡȠȘȖȘșİȓ įȚȐıĲȘȝα 30 ȘȝİȡȫȞ ȞİυȡȠȜȠȖȚțȒȢ ıĲαșİȡȩĲȘĲαȢ. 
2ǹπȩıĲαıȘ ȤȡȠȞȚțȒ ȐȞȦ ĲȦȞ 30 ȘȝİȡȫȞ 
3ǹȞĲȚțİȚȝİȞȚțȒ İπȚȕİȕαȓȦıȘ ȝİ țȜȚȞȚțȒ İȟȑĲαıȘ Ȓ/țαȚ ȞİυȡȠφυıȚȠȜȠȖȚțȑȢ İȟİĲȐıİȚȢ. Ǿ İȝφȐȞȚıȘ ĲυπȚțȫȞ 
ıυȝπĲȦȝȐĲȦȞ ȖȚα ĲȘ ȞȩıȠ, απȠυıȓα αȞĲȚțİȚȝİȞȚțȫȞ İυȡȘȝȐĲȦȞ ȝπȠȡİȓ Ȟα ıĲȠȚȤİȚȠșİĲȒıİȚ ȑȞα αȞĲȚțİȚȝİȞȚțȩ 
țȜȚȞȚțȩ İπİȚıȩįȚȠ. 
4ȅȚ İıĲȓİȢ πȠυ πȡȠțαȜȠȪȞ țȜȚȞȚțȐ ȑțįȘȜȠ ıĲİȜİȤȚαȓȠ Ȓ ȞȦĲȚαȓȠ ıȪȞįȡȠȝȠ įİȞ πȡȠıȝİĲȡȠȪȞĲαȚ. 
ȀȃȈ: ȀİȞĲȡȚțȩ ȃİυȡȚțȩ ȈȪıĲȘȝα, MRI: Magnetic Resonance Imaging, ǼȃȊ: ǼȖțİφαȜȠȞȦĲȚαȓȠ ȊȖȡȩ 
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1.4 ȆȡȩȖȞȦıȘ ĲȘȢ ȈțȆ 

 

ȈυȞȠȜȚțȐ, ĲȠ 50% ĲȦȞ αıșİȞȫȞ șα ȤȡİȚαıĲİȓ υπȠıĲȒȡȚȟȘ ıĲȘ ȕȐįȚıȘ ıİ 15 ȤȡȩȞȚα 

απȩ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ȞȩıȠυ, İȞȫ ȝȩȜȚȢ ĲȠ 10% įİȞ șα ȑȤİȚ ȝİȓȗȠȞα αȞαπȘȡȓα ȝİĲȐ απȩ 

25 ȤȡȩȞȚα αțȩȝα țαȚ ȤȦȡȓȢ șİȡαπİȓα (33). ǹȡȞȘĲȚțȐ πȡȠȖȞȦıĲȚțȐ ȤαȡαțĲȘȡȚıĲȚțȐ 

İȓȞαȚ ĲȠ αȞĲȡȚțȩ φȪȜȠ, Ș ȝİȖȐȜȘ ȘȜȚțȓα ȑȞαȡȟȘȢ ĲȘȢ ȞȩıȠυ, Ș παȡȠυıȓα țȚȞȘĲȚțȫȞ 

ıυȝπĲȦȝȐĲȦȞ țαĲȐ ĲȘȞ ȑȞαȡȟȘ țαȚ Ș πȡȠȠįİυĲȚțȒ ȝȠȡφȒ ĲȘȢ ȞȩıȠυ (33). ȉȠ 50% 

ĲȦȞ αıșİȞȫȞ ȝİ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ șα ȝİĲαπȑıİȚ ıĲȘ įİυĲİȡȠȖİȞȒ πȡȠȧȠȪıα 

ȝȠȡφȒ ıĲα 10 ȤȡȩȞȚα απȩ ĲȘȞ ȑȞαȡȟȘ (34). ȂİȜȑĲȘ ĲȘȢ φυıȚțȒȢ ȚıĲȠȡȓαȢ ĲȘȢ ȞȩıȠυ 

απȠțȐȜυȥİ ȩĲȚ Ș ȈțȆ İȓȞαȚ ȝȓα ȞȩıȠȢ įȪȠ ıĲαįȓȦȞ: ĲȠ πȡȫĲȠ ıĲȐįȚȠ αφȠȡȐ ĲȠ 

ȤȡȠȞȚțȩ įȚȐıĲȘȝα ȝȑȤȡȚ Ƞ αıșİȞȒȢ Ȟα απȠțĲȒıİȚ ȝȑĲȡȚα αȞαπȘȡȓα (ıțȠȡ 3.0 țαĲȐ 

Expanded Disability Status Scale, EDSS) (35) ıĲȠ ȠπȠȓȠ İπȚțȡαĲİȓ Ș φȜİȖȝȠȞȒ țαȚ 

ȠπȠȚαįȒπȠĲİ παȡȑȝȕαıȘ ȝπȠȡİȓ Ȟα αȜȜȐȟİȚ ĲȘ ȝİȜȜȠȞĲȚțȒ φυıȚțȒ πȠȡİȓα ĲȘȢ ȞȩıȠυ, 

țαȚ ĲȠ įİȪĲİȡȠ ıĲȐįȚȠ (ıțȠȡ EDSS ȝİȖαȜȪĲİȡȠ ĲȠυ 3.0) ıĲȠ ȠπȠȓȠ İπȚțȡαĲİȓ Ș 

ȞİυȡȠİțφȪȜȚıȘ țαȚ Ƞ ȤȡȩȞȠȢ ȝȑȤȡȚ ĲȘȞ ȝİȖαȜȪĲİȡȘ αȞαπȘȡȓα (EDSS ıțȠȡ 6.0, įȘȜ. 

ȕȠȒșİȚα țαĲȐ ĲȘ ȕȐįȚıȘ) įİȞ İπȘȡİȐȗİĲαȚ απȩ țαȞȑȞαȞ πȡȠȖȞȦıĲȚțȩ παȡȐȖȠȞĲα (π.Ȥ. 

ĲȪπȠȢ ȞȩıȠυ, φαȡȝαțİυĲȚțȒ αȖȦȖȒ țĲȜ.) (36). ǹυĲȩ ȑȤİȚ įȫıİȚ ĲȠ ȑȞαυıȝα ȖȚα ĲȘȞ 

αȞȐπĲυȟȘ șİȡαπİȚȫȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȠ πȡȫĲȠ ıĲȐįȚȠ ĲȘȢ ȞȩıȠυ țαȚ πȠυ 

ȝπȠȡȠȪȞ Ȟα αȜȜȐȟȠυȞ ĲȘ φυıȚțȒ πȠȡİȓα ĲȘȢ ȞȩıȠυ. ȆȡȐȖȝαĲȚ ĲȠ "ȠπȜȠıĲȐıȚȠ" ĲȠυ 

ıȪȖȤȡȠȞȠυ ȞİυȡȠȜȩȖȠυ ȑȤİȚ ıȒȝİȡα αȞαȕαșȝȚıĲİȓ ȝİ πȜȒșȠȢ αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȫȞ 

șİȡαπİȚȫȞ ȩπȦȢ İȓȞαȚ ȠȚ ȚȞĲİȡφİȡȩȞİȢ, Ș ȠȟȚțȒ ȖȜαĲȚȡαȝȑȡȘ, Ș ĲİȡȚφȜȠυȞαȝȓįȘ, Ƞ 

φȠυȝαȡȚțȩȢ įȚȝİșυȜİıĲȑȡαȢ, Ș φȚȞȖțȠȜȚȝȩįȘ, Ș ȞαĲαȜȚȗȠυȝȐȝπȘ țαȚ Ș 

αȜİȝĲȠυȗȠυȝȐȝπȘ, αȜȜȐ țαȚ αȞȠıȠțαıĲαȜĲȚțȫȞ șİȡαπİȚȫȞ ȩπȦȢ İȓȞαȚ Ĳα 

țȠȡĲȚțȠİȚįȒ, Ș ȝȚĲȠȟαȞįȡȩȞȘ, Ș țυțȜȠφȦıφαȝȓįȘ, Ș αȗαșİȚȠπȡȓȞȘ țαȚ Ș ȝİșȠĲȡİȟȐĲȘ 

(37,38). Ǿ İȟαĲȠȝȚțİυȝȑȞȘ αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ șİȡαπİȓα ȕαıȚıȝȑȞȘ ıİ İȚįȚțȠȪȢ 

ȕȚȠįİȓțĲİȢ απȠĲİȜİȓ ȝȓα ıȪȖȤȡȠȞȘ țȜȚȞȚțȒ αȞȐȖțȘ țαȚ ıȓȖȠυȡα ĲȠ ȝȑȜȜȠȞ ĲȘȢ 

șİȡαπİυĲȚțȒȢ ĲȘȢ ȞȩıȠυ Ĳα İπȩȝİȞα ȤȡȩȞȚα (39).  

 

2 ȅȚ ΓȞȦıĲȚțȑȢ ȁİȚĲȠυȡȖȓİȢ ıĲȘ ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

 

2.1 ȅ ĲȪπȠȢ ĲȘȢ ȖȞȦıĲȚțȒȢ įȚαĲαȡαȤȒȢ ıĲȘ ȈțȆ 
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Ǿ ȖȞȦıĲȚțȒ įȚαĲαȡαȤȒ (Γǻ) ıĲȘ ȈțȆ αφȠȡȐ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ 

πȜȘȡȠφȠȡȚȫȞ, ĲȘ ȝȞȒȝȘ İȡȖαıȓαȢ, ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ, ĲȘ ȝȐșȘıȘ, ĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ 

ȝȐșȘıȘ țαȚ ȝȞȒȝȘ, ĲȘȞ ıȪȞșİĲȘ πȡȠıȠȤȒ, ĲȚȢ İțĲİȜİıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ țαȚ ĲȘȞ 

İπȓȜυıȘ πȡȠȕȜȘȝȐĲȦȞ (40) (ǼȚțȩȞα 2). ǼπȓıȘȢ, Ș įȚαĲαȡαȤȒ ıĲȘ ȜİțĲȚțȒ 

(φȦȞȘȝαĲȚțȒ) İυφȡȐįİȚα țαȚ ıĲȘȞ İțĲİȜİıĲȚțȒ ȜİȚĲȠυȡȖȓα İȓȞαȚ απȩ ĲȚȢ πȡȫĲİȢ πȠυ 

παȡȠυıȚȐȗȠȞĲαȚ ıĲȘ ȈțȆ αțȩȝα țαȚ ıİ αıșİȞİȓȢ ȝİ İȜȐȤȚıĲȘ αȞαπȘȡȓα (41,42). Ȉİ 

αıșİȞİȓȢ ȝİ șİĲȚțȑȢ ȠȜȚȖȠțȜȦȞȚțȑȢ ȗȫȞİȢ φαȓȞİĲαȚ ȩĲȚ İπȚțȡαĲİȓ Ș įȚαĲαȡαȤȒ ıĲȘȞ 

ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ (43). ȀαĲȐ ĲȘȞ πȠȡİȓα ĲȘȢ ȞȩıȠυ, Ș ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ țαȚ Ș ıȪȞșİĲȘ πȡȠıȠȤȒ İȓȞαȚ αυĲȑȢ πȠυ İπȚįİȚȞȫȞȠȞĲαȚ ıİ ȝİȖαȜȪĲİȡȠ 

ȕαșȝȩ (44), ȝİ ĲȘȞ πȡȫĲȘ Ȟα İȓȞαȚ Ƞ πȚȠ αȟȚȩπȚıĲȠȢ įİȓțĲȘȢ ĲȘȢ Γǻ ıİ ȝȚα πİȡȓȠįȠ 5 

İĲȫȞ παȡαțȠȜȠȪșȘıȘȢ (45). 

 

 

ǼȚțȩȞα 2 Ǿ ıυȤȞȩĲȘĲα ĲȦȞ ȖȞȦıĲȚțȫȞ įȚαĲαȡαȤȫȞ ıĲȘ ȈțȆ 

 

ȅȚ ĲȠȝİȓȢ ĲȦȞ ȖȞȦıĲȚțȫȞ įυıȜİȚĲȠυȡȖȚȫȞ ıĲȘ ȞȩıȠ įİȞ İȓȞαȚ αȞİȟȐȡĲȘĲȠȚ ȝİĲαȟȪ 

ĲȠυȢ. ΓȚα παȡȐįİȚȖȝα, Ș ȝİȚȦȝȑȞȘ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ İȟȘȖİȓ ıİ 

ȑȞα ȕαșȝȩ ĲȘȞ ȤαȝȘȜȩĲİȡȘ İπȓįȠıȘ țαȚ ıĲȚȢ İțĲİȜİıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ĲȦȞ αıșİȞȫȞ 

αυĲȫȞ ıĲα ȖȞȦıĲȚțȐ ĲİıĲ (46). ǼπȓıȘȢ, αıșİȞİȓȢ ȝİ İțĲİȜİıĲȚțȑȢ įȚαĲαȡαȤȑȢ 
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İȝφαȞȓȗȠυȞ ıȘȝαȞĲȚțȐ πȡȠȕȜȒȝαĲα ıĲȘ ȜȒȥȘ țαșȘȝİȡȚȞȫȞ απȠφȐıİȦȞ (47). 

ȂİȜȑĲȘ ȑȤİȚ įİȓȟİȚ ȩĲȚ Ș İțĲİȜİıĲȚțȒ ȜİȚĲȠυȡȖȓα İȓȞαȚ Ș ıȘȝαȞĲȚțȩĲİȡȘ ȖȚα ĲȘȞ 

İπȓįȠıȘ ıĲȠυȢ πİȡȚııȩĲİȡȠυȢ ȖȞȦıĲȚțȠȪȢ ĲȠȝİȓȢ π.Ȥ. ĲȘȢ ȝȞȒȝȘȢ, ȝȐșȘıȘȢ țĲȜ 

(48,49).  

 

2.2 Ǿ ıυȤȞȩĲȘĲα ĲȘȢ ȖȞȦıĲȚțȒȢ įȚαĲαȡαȤȒȢ ıĲȘ ȈțȆ 

 

Ȉİ ȝȚα πȡȩıφαĲȘ ȝİȜȑĲȘ Ƞ İπȚπȠȜαıȝȩȢ ĲȘȢ Γǻ ȒĲαȞ 40.5% ȖȚα ĲȠ ȀȂȈ, 36.9% 

ȖȚα ĲȘ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ, 96.8% ȖȚα ĲȘ įİυĲİȡȠȖİȞȫȢ πȡȠȧȠȪıα ȈțȆ țαȚ 85.7% 

ȖȚα ĲȘȞ πȡȦĲȠπαșȫȢ πȡȠȧȠȪıα ȈțȆ (50). ȂȚα ȐȜȜȘ İπȚįȘȝȚȠȜȠȖȚțȒ πȡȠȠπĲȚțȒ 

ȝİȜȑĲȘ ıĲȘ ȀαĲȐȞȚα ĲȘȢ ȈȚțİȜȓαȢ αȟȚȠȜȩȖȘıİ ĲȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα 125 αıșİȞȫȞ 

ȝİ ȈțȆ ĲȘȢ țȠȚȞȩĲȘĲαȢ ȖȚα ȤȡȠȞȚțȩ įȚȐıĲȘȝα 3 İĲȫȞ țαȚ țαĲȑȜȘȟİ ıĲȠ ȩĲȚ Ș ĲαȤȪĲȘĲα 

İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ ȕȡȑșȘțİ įȚαĲαȡαȖȝȑȞȘ πİȡȓπȠυ ıĲȠ ȑȞα ĲȡȓĲȠ ĲȦȞ 

αıșİȞȫȞ İȞȫ Ƞ İπȚπȠȜαıȝȩȢ ĲȘȢ Γǻ ȒĲαȞ 44% (95%CI: 35.2-53.1%) (51).   

Ǿ Γǻ ıİ ȖİȞȚțȑȢ ȖȡαȝȝȑȢ İȓȞαȚ ȝİȖαȜȪĲİȡȘ ıĲȚȢ πȡȠȠįİυĲȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ 

(52), İȝφαȞȓȗİĲαȚ ȞȦȡȓȢ ıĲȘȞ πȠȡİȓα ĲȘȢ ȞȩıȠυ (53) țαȚ αυȟȐȞİȚ ȝİ ĲȘȞ πȐȡȠįȠ ĲȠυ 

ȤȡȩȞȠυ. ȈĲα 30 ȤȡȩȞȚα ĲȘȢ ȞȩıȠυ πİȡȓπȠυ ȠȚ ȝȚıȠȓ αıșİȞİȓȢ İȝφαȞȓȗȠυȞ įȚαĲαȡαȤȑȢ 

ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ, ıĲȘȞ πȡȠıȠȤȒ țαȚ ıĲȘ ȝȞȒȝȘ, ȝİ ĲȘȞ 

ȝȚțȡȩĲİȡȘ ȘȜȚțȓα ȑȞαȡȟȘȢ țαȚ ĲȠȞ πȡȠȠįİυĲȚțȩ ĲȪπȠ ĲȘȢ ȞȩıȠυ Ȟα απȠĲİȜȠȪȞ 

αȡȞȘĲȚțȠȪȢ πȡȠȖȞȦıĲȚțȠȪȢ παȡȐȖȠȞĲİȢ (54). ǼπȓıȘȢ, ıİ 3 ȤȡȩȞȚα απȩ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ 

ȞȩıȠυ, ĲȠ ȑȞα ĲȡȓĲȠ ĲȦȞ αıșİȞȫȞ αȞαȝȑȞİĲαȚ Ȟα İπȚįİȚȞȫıȠυȞ ĲȘȞ ȖȞȦıĲȚțȒ ĲȠυȢ 

ȜİȚĲȠυȡȖȓα (55). Ȉİ ȝȚα ȝİȜȑĲȘ 18 İĲȫȞ ıİ ȝȩȜȚȢ 22 ȐĲȠȝα ȕȡȑșȘțİ ȝȚțȡȒ αȪȟȘıȘ ĲȘȢ 

Γǻ (απȩ 41% ıİ 59%) ȝİ ĲȠ ȤȡȩȞȠ, ȝİ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ 

Ȟα απȠĲİȜİȓ ĲȠȞ țυȡȚȩĲİȡȠ ĲȠȝȑα ĲȘȢ ȞȩȘıȘȢ πȠυ ȕȜȐπĲİĲαȚ (56). ȉȑȜȠȢ ıİ πȡȩıφαĲȘ 

ȝİȜȑĲȘ ȕȡȑșȘțİ ȩĲȚ Ș ȘȜȚțȓα țαȚ Ƞ ȕαșȝȩȢ ĲȘȢ ıȦȝαĲȚțȒȢ αȞαπȘȡȓαȢ țαȚ ȩȤȚ Ƞ ĲȪπȠȢ 

ĲȘȢ ȈțȆ İȓȞαȚ ȠȚ țȪȡȚȠȚ πȡȠȕȜİπĲȚțȠȓ παȡȐȖȠȞĲİȢ ĲȘȢ Γǻ (57). 

Ȉİ ȝȚα ȝİȖȐȜȘ πȡȠȠπĲȚțȒ ȝİȜȑĲȘ ıĲȘ ȃȠȡȕȘȖȓα, Γǻ İȓȤİ įȚαπȚıĲȦșİȓ ıİ ȐȡȡİȞα 

ȐĲȠȝα πȡȚȞ ĲȘ įȚȐȖȞȦıȘ ĲȘȢ ȈțȆ (58). ȈĲȠ įİȓȖȝα αυĲȩ, ȐĲȠȝα ȝİ ȤαȝȘȜȐ ıțȠȡ ıĲȠ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ (>1 ĲυπȚțȒ απȩțȜȚıȘ απȩ ĲȠȞ ȝȑıȠ ȩȡȠ) İȓȤαȞ 2.81 φȠȡȑȢ 

ȝİȖαȜȪĲİȡȠ țȓȞįυȞȠ ȖȚα αȞȐπĲυȟȘ υπȠĲȡȠπȚȐȗȠυıαȢ ȈțȆ Ĳα İπȩȝİȞα 2 ȤȡȩȞȚα. ΌıȠ 

αφȠȡȐ ĲȘȞ πȡȦĲȠπαșȫȢ πȡȠȧȠȪıα ȈțȆ, Ș Γǻ ȒĲαȞ ıȘȝαȞĲȚțȩĲİȡȘ țαȚ πȡȠȘȖİȓĲȠ ĲȦȞ 

πȡȫĲȦȞ ıυȝπĲȦȝȐĲȦȞ ȝȑȤȡȚ țαȚ 20 ȑĲȘ.  

ȈĲȠ ȀȂȈ țαȚ ıĲȠ ǹȂȈ Ș Γǻ İȓȞαȚ ıυȤȞȒ (π.Ȥ. 27.6% ıİ ǹȂȈ țαȚ 57% ıİ ȀȂȈ) 

țαȚ ıȤİĲȓȗİĲαȚ țυȡȓȦȢ ȝİ ĲȘȞ İȞĲȩπȚıȘ ĲȦȞ İıĲȚȫȞ Ȓ ĲȘȞ İȖțİφαȜȚțȒ αĲȡȠφȓα  (59–
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64). ȅȚ ȖȞȦıĲȚțȠȓ ĲȠȝİȓȢ ȝİ ĲȘ ȝİȖαȜȪĲİȡȘ įȚαĲαȡαȤȒ İȓȞαȚ παȡȩȝȠȚȠȚ ȝİ ĲȘ 

υπȠĲȡȠπȚȐȗȠυıα ȈțȆ țαȚ αφȠȡȠȪȞ țυȡȓȦȢ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ 

(65). ȆİȡȓπȠυ 5 ȑĲȘ ȝİĲȐ απȩ ȀȂȈ Ș ȞȠȘĲȚțȒ ȜİȚĲȠυȡȖȓα İπȚįİȚȞȫȞİĲαȚ ıĲȠ 54% ĲȦȞ 

αĲȩȝȦȞ țυȡȓȦȢ ȝİ υȥȘȜȩ φȠȡĲȓȠ ȉ2 İıĲȚȫȞ (66).  

Ǿ Γǻ İȝφαȞȓȗİĲαȚ İπȓıȘȢ țαȚ ıİ αıșİȞİȓȢ ȝİ țαȜȠȒșȘ ȈțȆ (įȘȜ. įȚȐȡțİȚα ȞȩıȠυ 

πȐȞȦ απȩ 10 ȑĲȘ țαȚ EDSS <=2.0) (67). Ȉİ ȝȚα πȡȠȠπĲȚțȒ 10İĲȒ ȝİȜȑĲȘ 342 

αıșİȞȫȞ, ȠȚ αıșİȞİȓȢ ȝİ țαȜȠȒșȘ ȈțȆ (12.5% ĲȠυ įİȓȖȝαĲȠȢ) İȝφȐȞȚıαȞ ıİ πȠıȠıĲȩ 

47% Γǻ țαȚ ıİ πȠıȠıĲȩ 53.3% țαĲȐșȜȚȥȘ ȝİĲȐ απȩ 10 ȑĲȘ, İȞȫ ıĲȠ 81% 

İπȚįİȚȞȫșȘțİ Ș ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα (68).  

ȉȑȜȠȢ, șα πȡȑπİȚ Ȟα ıȘȝİȚȦșİȓ ȩĲȚ πİȡȓπȠυ ĲȠ ȑȞα ĲȡȓĲȠ ĲȦȞ αıșİȞȫȞ υπȠĲȚȝȠȪȞ Ȓ 

υπİȡİțĲȚȝȠȪȞ ĲȘ ȖȞȦıĲȚțȒ ĲȠυȢ ȜİȚĲȠυȡȖȓα, ȝİ ĲȠυȢ πȡȫĲȠυȢ ȖİȞȚțȐ Ȟα 

ȤαȡαțĲȘȡȓȗȠȞĲαȚ απȩ πİȡȚııȩĲİȡȠ ıĲȡİȢ, ȐȖȤȠȢ țαȚ țαĲȐșȜȚȥȘ (69). ȅȚ αıșİȞİȓȢ țαȚ 

ȠȚ πȜȘȡȠφȠȡȚȠįȩĲİȢ ĲȠυȢ αȞαȖȞȦȡȓȗȠυȞ απȩ țȠȚȞȠȪ ĲȘ Γǻ ıİ πȠıȠıĲȩ 50%, ȝİ ȝȚα 

ĲȐıȘ ȝȐȜȚıĲα ȖȚα υπİȡİțĲȓȝȘıȘ απȩ αıșİȞİȓȢ ȝİ πȡȠȠįİυĲȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ 

(70). 

 

2.3 ȅȚ ȝȑșȠįȠȚ İțĲȓȝȘıȘȢ ĲȘȢ ȖȞȦıĲȚțȒȢ įȚαĲαȡαȤȒȢ ıĲȘ ȈțȆ 

 

Ǿ țυȡȚȩĲİȡȘ ȝȑșȠįȠȢ İțĲȓȝȘıȘȢ ĲȘȢ Γǻ ıĲȘ ȈțȆ İȓȞαȚ Ĳα ȞİυȡȠȥυȤȠȜȠȖȚțȐ ĲİıĲ.  

Ȉİ ȖİȞȚțȑȢ ȖȡαȝȝȑȢ, Ș ıυȤȞȩĲȘĲα ĲȘȢ Γǻ İπȘȡİȐȗİĲαȚ απȩ ĲȠȞ ĲȡȩπȠ πȠυ αυĲȒ 

ȠȡȓȗİĲαȚ ıİ įȚȐφȠȡİȢ ȝİȜȑĲİȢ. Ȉİ ȝȚα ıυıĲȘȝαĲȚțȒ αȞαıțȩπȘıȘ ĲȦȞ ȝİșȩįȦȞ αυĲȫȞ 

απȩ ĲȠȞ Fischer M țαȚ ıυȞ, αȞαȖȞȦȡȓıĲȘțαȞ ıυȞȠȜȚțȐ 70 ȝȑșȠįȠȚ ȠȡȚıȝȠȪ πȠυ 

ĲαȟȚȞȠȝȒșȘțαȞ ıİ 3 ıυȞȠȜȚțȐ πȡȠıİȖȖȓıİȚȢ: 1. ĲȠȞ țȡȓıȚȝȠ αȡȚșȝȩ ĲȦȞ παșȠȜȠȖȚțȫȞ 

παȡαȝȑĲȡȦȞ Ȓ ĲȦȞ ȞȠȘĲȚțȫȞ ĲİıĲ (ıυȤȞȩĲİȡα ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ ȩȡȚȠ ıțȠȡ ĲȠυ 5Ƞυ 

İțαĲȠıĲȘȝȠȡȓȠυ ȖȚα ĲȠ 20% ĲȦȞ παȡαȝȑĲȡȦȞ) Ȓ ĲȦȞ ĲȠȝȑȦȞ ĲȘȢ ȞȩȘıȘȢ, 2. ĲȠ 

ıȪȞșİĲȠ ıțȠȡ πȠȜȜȫȞ İȡȖαȜİȓȦȞ (π.Ȥ. ȝİ ĲȘ ȕȠȒșİȚα ĲȦȞ ȉ-ıțȠȡ Ȓ ȐȜȜȦȞ ȝİșȩįȦȞ 

ıυȞįυαıȝȫȞ ĲȦȞ țαȞȠȞȚțȠπȠȚȘȝȑȞȦȞ ıțȠȡ ĲȦȞ İȡȖαȜİȓȦȞ), Ȓ 3. ıυȞįυαıȝȠȓ αυĲȫȞ 

(71). Ǿ ıυȤȞȩĲİȡȘ απαȞĲȫȝİȞȘ πȡȠıȑȖȖȚıȘ ȒĲαȞ Ș πȡȫĲȘ.  

ȈĲȘȞ ȓįȚα ȝİȜȑĲȘ Ș ıυȤȞȩĲȘĲα ĲȘȢ Γǻ ıĲȘ ȈțȆ αȞȐȜȠȖα ȝİ ĲȚȢ πȡȠıİȖȖȓıİȚȢ ȒĲαȞ: 

42±15% (πȡȠıȑȖȖȚıȘ 1), 30±14% (πȡȠıȑȖȖȚıȘ 2) țαȚ 50±16% (πȡȠıȑȖȖȚıȘ 3). ȅȚ 

įȚȐφȠȡİȢ πȡȠıİȖȖȓıİȚȢ įİȞ ȕȡȑșȘțαȞ Ȟα įȚαφȑȡȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝİĲαȟȪ 

ĲȠυȢ. ȅ ȝȑıȠȢ ȩȡȠȢ ĲȘȢ Γǻ ȩȜȦȞ ĲȦȞ πȡȠıİȖȖȓıİȦȞ ȒĲαȞ 41±15%. Ȃİ țȡȚĲȒȡȚȠ Ĳα 

țȡȓıȚȝα ȩȡȚα țȐșİ ȝİȜȑĲȘȢ ȠȚ ıυȖȖȡαφİȓȢ țαĲȑĲαȟαȞ ĲȚȢ įȚȐφȠȡİȢ ȝİșȩįȠυȢ 

İțĲȓȝȘıȘȢ ĲȘȢ Γǻ ıİ "ȤαȜαȡȑȢ", "αυıĲȘȡȑȢ" țαȚ "İȞįȚȐȝİıİȢ". Ȃİ ȕȐıȘ αυĲȒȞ ĲȘȞ 
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țαĲȐĲαȟȘ Ĳα πȠıȠıĲȐ Γǻ ȒĲαȞ: 58±20% ("ȤαȜαȡȑȢ"), 37±13% ("αυıĲȘȡȑȢ") țαȚ 

44±13% ("İȞįȚȐȝİıİȢ"). ȈĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȡȑșȘțİ ȝİĲαȟȪ ĲȦȞ įȪȠ 

πȡȫĲȦȞ, ĲȠ ȠπȠȓȠ țαĲαįİȚțȞȪİȚ ȩĲȚ ȝİ αυıĲȘȡȩĲİȡα țȡȚĲȒȡȚα ĲȠ πȠıȠıĲȩ ĲȘȢ ȃǼ  

υπȠİțĲȚȝȐĲαȚ, İȞȫ ȝİ πȠȜȪ ȤαȜαȡȐ țȡȚĲȒȡȚα υπİȡİțĲȚȝȐĲαȚ. ȅȚ αȞαȜȪıİȚȢ ĲȘȢ 

παȡȠȪıαȢ ȝİȜȑĲȘȢ țαĲȑȜȘȟαȞ ıĲȘȞ πȡȩĲαıȘ ȖȚα υȚȠșȑĲȘıȘ ĲȘȢ πȡȠıȑȖȖȚıȘȢ 1 ȝİ Ĳα 

παȡαțȐĲȦ țȡȚĲȒȡȚα: 32%, 17% țαȚ 7.5% ĲȦȞ παȡαȝȑĲȡȦȞ Ȓ ĲȦȞ ȞȠȘĲȚțȫȞ ĲİıĲ Ȟα 

ȑȤȠυȞ ıțȠȡ țȐĲȦ απȩ 1 (15.8%), 1.5 (6.6% įİȓȖȝαĲȠȢ) țαȚ 2 ĲυπȚțȑȢ απȠțȜȓıİȚȢ 

(2.3%), αȞĲȚıĲȠȓȤȦȢ, İȟİȚįȚțİȪȠȞĲαȢ ȑĲıȚ ĲȘȞ πȡȠȖİȞȑıĲİȡȘ πȡȩĲαıȘ ȖȚα ĲȘ ȤȡȒıȘ 

ıțȠȡ țȐĲȦ ĲȠυ ȠȡȓȠυ ĲȠυ 5Ƞυ İțαĲȠıĲȘȝȠȡȓȠυ (υπȠȜȠȖȚȗȩȝİȞȠ ıĲȠ φυıȚȠȜȠȖȚțȩ 

πȜȘșυıȝȩ) ȖȚα πİȡȓπȠυ ĲȠ 20% ĲȦȞ παȡαȝȑĲȡȦȞ Ȓ ĲȦȞ ĲİıĲ (72).  

ǲȞα απȩ Ĳα πȚȠ ıυȤȞȐ ȤȡȘıȚȝȠπȠȚȠȪȝİȞα İȡȖαȜİȓα İȓȞαȚ ĲȠ Rao's Brief Repeatable 

Battery of Neuropsychological Tests (BRB-N) (50). ȂȚα ȕȡαȤİȓα ȑțįȠıȘ ĲȠυ 

İȡȦĲȘȝαĲȠȜȠȖȓȠυ BRB πȠυ πİȡȚȜαȝȕȐȞİȚ ĲȠ Symbol Digit Modalities Test (SDMT), 

ĲȠ Paced Auditory Serial Addition Test (PASAT) țαȚ ĲȠ Selective Reminding Test 

(SRT) ȕȡȑșȘțİ İπȓıȘȢ αȡțİĲȐ İυαȓıșȘĲȘ țαȚ İȚįȚțȒ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ĲȘȢ Γǻ ıĲȘ 

ȈțȆ (73). ǺαıȚțȩ İπȓıȘȢ İȡȖαȜİȓȠ İȓȞαȚ ĲȠ Minimal Assessment of Cognitive 

Function in MS (MACFIMS) (74,75). ȈυȞĲȠȝȩĲİȡα țȜȚȞȚțȐ ȞİυȡȠȥυȤȠȜȠȖȚțȐ ĲİıĲ 

ȑȤȠυȞ πȡȠĲαșİȓ ȖȚα ĲȘȞ İțĲȓȝȘıȘ Γǻ ıĲȘ ȈțȆ (76).  

ǲȞα ĲȑĲȠȚȠ ıȪȞĲȠȝȠ țȜȚȞȚțȩ İȡȖαȜİȓȠ İțĲȓȝȘıȘȢ ĲȘȢ ȞȠȘĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıİ 

αıșİȞİȓȢ ȝİ ȈțȆ İȓȞαȚ ĲȠ Brief International Cognitive Assessment for Multiple 

Sclerosis (BICAMS). ȉȠ İȡȖαȜİȓȠ απȠĲİȜİȓĲαȚ απȩ Ĳȡȓα ĲİıĲ: ĲȠ Symbol Digit 

Modalities Test (SDMT, İțĲȚȝȐ πȡȠıȠȤȒ țαȚ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ), 

ĲȠ California Verbal Learning Test - Second Edition (CVLT II, İțĲȚȝȐ ĲȘ įȘȜȦĲȚțȒ 

ȜİțĲȚțȒ ȝȞȒȝȘ) țαȚ ĲȠ Brief Visuospatial Memory Test - Revised (BVMT-R, İțĲȚȝȐ 

ĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȐșȘıȘ țαȚ ȝȞȒȝȘ). ȉȠ ĲİıĲ ȑȤİȚ ıĲαșȝȚıĲİȓ ıĲȘȞ ǿıπαȞȓα, (77), 

ıĲȘȞ ǼȜȜȐįα (78), ıĲȠȞ ȀαȞαįȐ (79), ıĲȘ ȁȚșȠυαȞȓα (80), ıĲȘȞ ǿȡȜαȞįȓα (81), ıĲȘȞ 

ȅυȖȖαȡȓα (82) țαȚ ıĲȘ ǺȡαȗȚȜȓα (83). ΓȚα ĲȘȞ αȞαȖȞȫȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ Γǻ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıυȞȒșȦȢ ĲȠ ȩȡȚȠ ĲȠυ 5% İțαĲȠıĲȘȝȠȡȓȠυ (ȖȚα ĲȠυȜȐȤȚıĲȠȞ ȑȞα απȩ 

Ĳα 3 ĲȑıĲ) ȩπȦȢ αυĲȩ πȡȠțȪπĲİȚ απȩ ĲȘȞ İȟȑĲαıȘ ıİ φυıȚȠȜȠȖȚțȐ ȐĲȠȝα (72). ΆȜȜȠ 

țȡȚĲȒȡȚȠ ȖȚα įȚαπȓıĲȦıȘ ȞȠȘĲȚțȒȢ ȑțπĲȦıȘȢ İȓȞαȚ ıțȠȡ țȐĲȦ ĲȠυ 1.5 ĲυπȚțȫȞ 

απȠțȜȓıİȦȞ (ȩπȦȢ πȡȠțȪπĲİȚ απȩ įİȓȖȝα φυıȚȠȜȠȖȚțȫȞ αĲȩȝȦȞ) ıİ ĲȠυȜȐȤȚıĲȠȞ įȪȠ 

ȖȞȦıĲȚțȠȪȢ ĲȠȝİȓȢ (84). ȅįȘȖȓİȢ ȖȚα ĲȘ ıĲȐșȝȚıȘ țαȚ ĲȘ ȤȡȒıȘ ĲȠυ BICAMS ȑȤȠυȞ 

ȒįȘ įȘȝȠıȚİυĲİȓ țαȚ απȠĲİȜȠȪȞ ıȘȝαȞĲȚțȩ ȠįȘȖȩ ȖȚα ĲȠυȢ İȡİυȞȘĲȑȢ (85,86). 
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Ȉİ ȝȚα πȡȩıφαĲȘ ȝİȜȑĲȘ ĲȠ 63.6% ĲȦȞ αıșİȞȫȞ İȓȤİ įȚαĲαȡαȤȒ ıİ ĲȠυȜȐȤȚıĲȠȞ 

ȑȞα ĲİıĲ  BICAMS (87). ȉȠ SDMT φȐȞȘțİ İπȓıȘȢ Ȟα İȓȞαȚ πȚȠ İȪțȠȜȠ țαȚ πȚȠ 

İυαȓıșȘĲȠ İȡȖαȜİȓȠ απȩ ĲȠ ıυȤȞȐ ȤȡȘıȚȝȠπȠȚȠȪȝİȞȠ PASAT ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ĲȘȢ 

Γǻ ıĲȠυȢ αıșİȞİȓȢ (88,89). ȉα įȪȠ αυĲȐ ĲİıĲ İȟİĲȐȗȠυȞ πİȡȚȠȤȑȢ πȠυ ıυȝȝİĲȑȤȠυȞ 

ıĲȘ ȝİĲαφȠȡȐ ĲȘȢ πȜȘȡȠφȠȡȓαȢ αȞȐȝİıα ıİ ȝİȖȐȜİȢ πİȡȚȠȤȑȢ ĲȠυ İȖțİφȐȜȠυ, İȞȫ ĲȠ 

PASAT αυȟȐȞİȚ ĲȚȢ απαȚĲȒıİȚȢ țυȡȓȦȢ ȖȚα ĲȚȢ İțĲİȜİıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ĲȠυ 

ȝİĲȦπȚαȓȠυ φȜȠȚȠȪ (90). ȂȩȜȚȢ πȡȩıφαĲα ĲȠ SDMT αȞαȖȞȦȡȓıĲȘțİ ȠȝȩφȦȞα απȩ 

ĲȘȞ ȚαĲȡȚțȒ țȠȚȞȩĲȘĲα ĲȘȢ ȈțȆ ȦȢ ȑȞα πȠȜȪ αȟȚȩπȚıĲȠ İȡȖαȜİȓȠ ĲȘȢ ĲαȤȪĲȘĲαȢ 

İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ țαȚ ȦȢ ıȘȝαȞĲȚțȩȢ πȡȠȕȜİπĲȚțȩȢ įİȓțĲȘȢ ĲȘȢ 

İȡȖαıȚαțȒȢ țαĲȐıĲαıȘȢ țαȚ ĲȦȞ țαșȘȝİȡȚȞȫȞ ıυȞȘșİȚȫȞ ĲȦȞ αıșİȞȫȞ (91). 

ȂȐȜȚıĲα, İπȚıȘȝȐȞșȘțİ ȩĲȚ ȝȓα ȝİȓȦıȘ țαĲȐ 4 πȩȞĲȠυȢ Ȓ țαĲȐ 10% șİȦȡİȓĲαȚ 

țȜȚȞȚțȐ ıȘȝαȞĲȚțȒ. 

Ȉİ ȐȜȜȘ ǿĲαȜȚțȒ ȝİȜȑĲȘ ȑȖȚȞİ ıȪȖțȡȚıȘ ĲȠυ BRB ĲİıĲ ȝİ ĲȠ BICAMS ıİ 192 

αıșİȞİȓȢ ıİ ıȪȖțȡȚıȘ ȝİ υȖȚİȓȢ. ȉα ıțȠȡ țαȚ ıĲα įȪȠ İȡȦĲȘȝαĲȠȜȩȖȚα ȒĲαȞ 

ȤαȝȘȜȩĲİȡα ıĲȠυȢ αıșİȞİȓȢ ıİ ıȪȖțȡȚıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ȀαȚ Ĳα įȪȠ İȡȦĲȘȝαĲȠȜȩȖȚα 

αȞαȖȞȫȡȚıαȞ ĲȠȞ ȓįȚȠ πİȡȓπȠυ αȡȚșȝȠȪ αıșİȞȫȞ ȝİ Γǻ, İȞȫ Ƞ ȕαșȝȩȢ ıυȝφȦȞȓαȢ ĲȠυ 

ȕȡȑșȘțİ ȚțαȞȠπȠȚȘĲȚțȩȢ (Cohen's K=0.46) (92). ȉȠ İȡȖαȜİȓȠ BICAMS ȑȤİȚ ȕȡİșİȓ 

İπȓıȘȢ ȦȢ ıȘȝαȞĲȚțȩȢ πȡȠȕȜİπĲȚțȩȢ παȡȐȖȠȞĲαȢ ĲȘȢ țαșȘȝİȡȚȞȒȢ ȜİȚĲȠυȡȖȚțȩĲȘĲαȢ 

ĲȦȞ αıșİȞȫȞ (93) țαȚ ĲȘȢ İȡȖαıȚαțȒȢ țαĲȐıĲαıȘȢ ĲȠυ αıșİȞȠȪȢ (94). 

 

2.4 ȅ πȡȠȖȞȦıĲȚțȩȢ ȡȩȜȠȢ ĲȘȢ ȖȞȦıĲȚțȒȢ įȚαĲαȡαȤȒȢ ıĲȘ ȈțȆ 

 

Ǿ ȪπαȡȟȘ Γǻ ıİ αıșİȞİȓȢ ȝİ ȀȂȈ ĲȡȚπȜαıȚȐȗİȚ ĲȘȞ πȚșαȞȩĲȘĲα ȝİĲαĲȡȠπȒȢ ıİ 

ıȓȖȠυȡȘ ȈțȆ (95). Ȉİ ȝȚα ȐȜȜȘ 8İĲȒ ȝİȜȑĲȘ αıșİȞȫȞ ȕȡȑșȘțİ ȩĲȚ Ș Γǻ İȓȞαȚ țαȜȩȢ 

πȡȠȖȞȦıĲȚțȩȢ įİȓțĲȘȢ ĲȘȢ ȝİĲαĲȡȠπȒȢ ĲȠυ ȀȂȈ ıİ ȕȑȕαȚȘ ȈțȆ, ĲȘȢ 

πȡȠȠįİυĲȚțȩĲȘĲαȢ ĲȘȢ αȞαπȘȡȓαȢ, ĲȘȢ ȝİĲȐπĲȦıȘȢ ıİ įİυĲİȡȠȖİȞȫȢ πȡȠȧȠȪıα ȈțȆ 

țαȚ ĲȘȢ ȜȑπĲυȞıȘȢ ĲȠυ φȜȠȚȠȪ (96). Ȉİ ȝȚα πȡȠȠπĲȚțȒ ȝİȜȑĲȘ 10 İĲȫȞ ȕȡȑșȘțİ ȩĲȚ 

αıșİȞİȓȢ πȠυ αȞαȖȞȦȡȓıĲȘțαȞ ȝİ Γǻ țαĲȐ ĲȘ įȚȐȖȞȦıȘ İȓȤαȞ 3 φȠȡȑȢ ȝİȖαȜȪĲİȡȠ 

țȓȞįυȞȠ Ȟα φĲȐıȠυȞ EDSS 4.0 ȝİĲȐ απȩ 10 ȑĲȘ țαȚ 2 φȠȡȑȢ ȝİȖαȜȪĲİȡȠ țȓȞįυȞȠ ȖȚα 

ȝİĲαĲȡȠπȒ ıİ įİυĲİȡȠȖİȞȫȢ πȡȠȧȠȪıα ȈțȆ ıİ ıȤȑıȘ ȝİ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ (97). Ǿ 

Γǻ πȡȠȕȜȑπİȚ İπȓıȘȢ ĲȘȞ ıȦȝαĲȚțȒ αȞαπȘȡȓα 7 ȑĲȘ ȝİĲȐ (98). 

Ǿ ȪπαȡȟȘ Γǻ ıİ αıșİȞİȓȢ ȝİ ȈțȆ ıυȞįυȐȗİĲαȚ İπȓıȘȢ ȝİ πİȡȚııȩĲİȡȘ αȞİȡȖȓα țαȚ 

ȤİȚȡȩĲİȡȘ πȠȚȩĲȘĲα ȗȦȒȢ (99,100). ΌıȠ αφȠȡȐ ĲȘȞ İȡȖαıȓα, αıșİȞİȓȢ ȐȞİȡȖȠȚ İȓȞαȚ 

πȚȠ πȚșαȞȩ Ȟα αȞĲȚȝİĲȦπȓȗȠυȞ πȡȠȕȜȒȝαĲα İțĲİȜİıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ țαȚ ȖȞȦıĲȚțȒȢ 
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țȩπȦıȘȢ (101). Ǿ İȡȖαıȚαțȒ İπȓįȠıȘ ĲȦȞ αıșİȞȫȞ ȝİ Γǻ İȓȞαȚ ȤİȚȡȩĲİȡȘ απȩ αυĲȫȞ 

ȤȦȡȓȢ Γǻ, ȩπȦȢ αυĲȒ țȡȓȞİĲαȚ απȩ ĲȠυȢ İπȩπĲİȢ ĲȠυȢ ıĲȘȞ İȡȖαıȓα, αȞ țαȚ ȠȚ 

αıșİȞİȓȢ ȝİ Γǻ ȑĲİȚȞαȞ Ȟα țȡȓȞȠυȞ ĲȘȞ İπȓįȠıȘ ĲȠυȢ țαȜȪĲİȡα απȩ αıșİȞİȓȢ ȤȦȡȓȢ 

įȚαπȚıĲȦȝȑȞȘ Γǻ (102). ȉȑȜȠȢ, Ș αȞİȡȖȓα πȡȠȕȜȑφșȘțİ țυȡȓȦȢ απȩ ĲȠ SDMT παȡȐ 

απȩ ȐȜȜα ȞȠȘĲȚțȐ ĲİıĲ (103).  

ǼπȓıȘȢ Ș Γǻ φαȓȞİĲαȚ ȩĲȚ ȝπȠȡİȓ Ȟα İπȚįİȚȞȫıİȚ ĲȘȞ țαĲȐșȜȚȥȘ ȝȑıα απȩ ĲȚȢ 

αȡȞȘĲȚțȑȢ ıυȞȑπİȚİȢ ĲȘȢ πȡȫĲȘȢ ıĲȚȢ ıĲȡαĲȘȖȚțȑȢ πȡȠıαȡȝȠȖȒȢ ıĲȘ ȞȩıȠ (104). 

ǹıșİȞİȓȢ ȝİ Γǻ țαȚ țυȡȓȦȢ įȚαĲαȡαȤȑȢ ıĲȚȢ İțĲİȜİıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ȤȡȘıȚȝȠπȠȚȠȪȞ 

ıĲȡαĲȘȖȚțȑȢ αȞĲȚȝİĲȫπȚıȘȢ ĲȠυ ıĲȡİȢ țαȚ ĲȦȞ πȡȠȕȜȘȝȐĲȦȞ ĲȠυȢ ȕαıȚıȝȑȞȘ ıĲȠ 

ıυȞαȓıșȘȝα π.Ȥ. αυĲȠțαĲȘȖȠȡȓα, απȠφυȖȒ ț.α. (105). Ȉİ αȞȐȜȠȖȘ ȝİȜȑĲȘ ȕȡȑșȘțİ ȩĲȚ 

Ș Γǻ İπȘȡİȐȗİȚ ĲȚȢ ıĲȡαĲȘȖȚțȑȢ πȡȠıαȡȝȠȖȒȢ ıĲȘ ȞȩıȠ ĲȦȞ αıșİȞȫȞ, İυȞȠȫȞĲαȢ 

αυĲȑȢ ĲȘȢ απȠφυȖȒȢ țαȚ ĲȠυ ıυȞαȚıșȒȝαĲȠȢ παȡȐ αυĲȑȢ πȠυ ȑȤȠυȞ ȦȢ ȕȐıȘ ĲȘȞ 

πȡαțĲȚțȒ αȞĲȚȝİĲȫπȚıȘ ĲȠυ πȡȠȕȜȒȝαĲȠȢ (106). Ȉİ ȝȚα ȐȜȜȘ ȝİȜȑĲȘ Ș țαȜȪĲİȡȘ 

ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα ıȤİĲȓıĲȘțİ İπȓıȘȢ ȝİ πİȡȚııȩĲİȡȘ αυĲȠ-απȠĲİȜİıȝαĲȚțȩĲȘĲα 

(107). 

Ǿ Γǻ ıİ αıșİȞİȓȢ ȝİ ȈțȆ İπȘȡİȐȗİȚ αȡȞȘĲȚțȐ įȚȐφȠȡİȢ πĲυȤȑȢ ĲȘȢ ȗȦȒȢ ĲȦȞ 

αıșİȞȫȞ ȩπȦȢ ĲȘ įȚαȤİȓȡȚıȘ ȤȡȘȝȐĲȦȞ țαȚ ĲȦȞ ȠȚțȠȞȠȝȚțȫȞ υπȠșȑıİȦȞ, (108,109), 

ĲȘ ıυȝȝȩȡφȦıȘ ıĲȘ φαȡȝαțİυĲȚțȒ αȖȦȖȒ (110), ĲȘȞ πȠȚȩĲȘĲα ȪπȞȠυ (111), ĲȘȞ 

țαĲȐșȜȚȥȘ (112), ĲȘȞ țȩπȦıȘ (113), ĲȘȞ țαșȘȝİȡȚȞȒ ȜİȚĲȠυȡȖȚțȩĲȘĲα (114) țαȚ ĲȘȞ 

πȠȚȩĲȘĲα ȗȦȒȢ πȠυ ıȤİĲȓȗİĲαȚ ȝİ ĲȘȞ υȖİȓα (115). ǼπȓıȘȢ, Ș Γǻ πİȡȚȠȡȓȗİȚ ĲȘȞ 

țαșȘȝİȡȚȞȒ ȜİȚĲȠυȡȖȚțȩĲȘĲα țαȚ ıυȝȝİĲȠȤȒ ĲȠυ αĲȩȝȠυ ıĲα țȠȚȞȐ (116,117) ĲȘȞ 

ȠįȒȖȘıȘ (118) țαȚ ȠįȘȖİȓ ıİ ȖȞȦıĲȚțȒ țȩπȦıȘ (119,120). 

 

2.5 ȅȖțȠȝİĲȡȚțȒ MRI αȞȐȜυıȘ țαȚ ȖȞȦıĲȚțȒ įȚαĲαȡαȤȒ ıĲȘ ȈțȆ 

 

ȅȚ πȠıȠĲȚțȑȢ İțĲȚȝȒıİȚȢ ĲȘȢ MRI ȝȑıȦ ĲȘȢ ȠȖțȠȝİĲȡȓαȢ ȠȜȠȑȞα πİȡȚııȩĲİȡȠ 

țİȡįȓȗȠυȞ ȑįαφȠȢ ȖȚα ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ Γǻ ȑȞαȞĲȚ ĲȘȢ πȠȚȠĲȚțȒȢ İțĲȓȝȘıȘȢ ĲȦȞ 

İıĲȚȫȞ (121). Ǿ ȠȖțȠȝİĲȡȚțȒ MRI φαȓȞİĲαȚ Ȟα αȞĲαȞαțȜȐ αȟȚȩπȚıĲα παșȠȖİȞİĲȚțȑȢ 

įȚαįȚțαıȓİȢ ĲȘȢ ȞȩıȠυ ȩπȦȢ İȓȞαȚ Ș φȜİȖȝȠȞȒ (İȚįȚțȐ ȖȚα ĲȠȞ ȩȖțȠ ĲȦȞ İıĲȚȫȞ) țαȚ Ș 

ȞİυȡȠİțφȪȜȚıȘ (İȚįȚțȐ ȖȚα ĲȠȞ ȩȖțȠ ĲȠυ İȖțİφȐȜȠυ, ĲȘȢ φαȚȐȢ țαȚ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ 

țαȚ ĲȦȞ υπȠφȜȠȚȦįȫȞ įȠȝȫȞ) (122,123).  

Ȉİ ȝȚα ıυıĲȘȝαĲȚțȒ αȞαıțȩπȘıȘ ȕȡȑșȘțİ ȩĲȚ ȠȚ αıșİȞİȓȢ ȝİ ȈțȆ ȤȐȞȠυȞ 0.5-

1.5% ĲȠυ İȖțİφαȜȚțȠȪ ĲȠυȢ ȩȖțȠ țȐșİ ȑĲȠȢ. ȈĲȘȞ ȓįȚα αȞαıțȩπȘıȘ ıυȝπİȡαȓȞİĲαȚ 

ȩĲȚ Ș ȝİȓȦıȘ ıĲȠȞ ıυȞȠȜȚțȩ ȩȖțȠ ĲȠυ İȖțİφȐȜȠυ (normalized brain volume, NBV) 
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ıυȞįȑİĲαȚ ȝİ ĲȘȞ İπȚįİȓȞȦıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ απȩįȠıȘȢ (114). Ǿ İȖțİφαȜȚțȒ αĲȡȠφȓα 

ȩπȦȢ αȟȚȠȜȠȖİȓĲαȚ απȩ ĲȚȢ ȠȖțȠȝİĲȡȚțȑȢ MRI αȞαȜȪıİȚȢ İȝφαȞȓȗİĲαȚ ȞȦȡȓȢ țαĲȐ ĲȘ 

įȚȐȡțİȚα ĲȘȢ ȞȩıȠυ (ȒįȘ απȩ ĲȠ ıĲȐįȚȠ ȀȂȈ) țαȚ απȠĲİȜİȓ αȡȞȘĲȚțȩ πȡȠȖȞȦıĲȚțȩ 

įİȓțĲȘ ȖȚα ĲȘ ȝİĲαĲȡȠπȒ ĲȠυ ȀȂȈ ıİ ıȓȖȠυȡȘ ȈțȆ, ĲȘȞ αȞαπȘȡȓα, ĲȘȞ țȩπȦıȘ țαȚ 

ĲȘ Γǻ (113). ȅ ȩȖțȠȢ ĲȘȢ φαȚȐȢ țαȚ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ ȑȤİȚ ıȤİĲȚıșİȓ İπȓıȘȢ ȝİ ĲȘ Γǻ 

(țυȡȓȦȢ ȝİ ȜİțĲȚțȒ ȝȞȒȝȘ, ȠπĲȚțȒ ȝȞȒȝȘ, ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ țαȚ 

ȝȞȒȝȘ İȡȖαıȓαȢ) țαȚ ȝİ πİȡȚııȩĲİȡα ȞİυȡȠȥυȤȚαĲȡȚțȐ ıυȝπĲȫȝαĲα (țαĲȐșȜȚȥȘ, 

įυıφȠȡȓα, İυİȡİșȚıĲȩĲȘĲα, ȐȖȤȠȢ, İυφȠȡȓα, απȐșİȚα țαȚ ȐȡıȘ ĲȦȞ αȞαıĲȠȜȫȞ) (124).  

ΌıȠ αφȠȡȐ ĲȚȢ φȜȠȚȧțȑȢ İıĲȓİȢ, αυĲȑȢ ȑȤȠυȞ ıυıȤİĲȚıșİȓ ȝİ ĲȘȞ ȑțπĲȦıȘ ıĲȘȞ 

ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (125,126). Ȉİ ȝİȜȑĲȘ ȝİ 7 Tesla MRI (ȝİ 

ȚțαȞȩĲȘĲα Ȟα αȞαȖȞȦȡȓıİȚ ĲȠ 30-50% ĲȦȞ παșȠȜȠȖȠαȞαĲȠȝȚțȐ İπȚȕİȕαȚȦȝȑȞȦȞ 

φȜȠȚȚȧțȫȞ ȕȜαȕȫȞ) ȕȡȑșȘțİ ȩĲȚ ȠȚ φȜȠȚȧțȑȢ İıĲȓİȢ ıȤİĲȓȗȠȞĲαȞ İπȓıȘȢ ĲȩıȠ ȝİ ĲȘ 

ıȦȝαĲȚțȒ αȞαπȘȡȓα ȩıȠ țαȚ ȝİ ĲȘȞ Γǻ ıĲȘ ȞȩıȠ (127). ǼπȓıȘȢ, Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ 

ıĲȘ ȜİυțȒ Ƞυıȓα ȕȡȑșȘțİ Ȟα İȓȞαȚ ıȘȝαȞĲȚțȩȢ πȡȠȕȜİπĲȚțȩȢ παȡȐȖȠȞĲİȢ ĲȘȢ Γǻ 9 

ȑĲȘ ȝİĲȐ (128). ȅ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ ȑȤİȚ ıυıȤİĲȚıșİȓ İπȓıȘȢ ȝİ 

ȝİȖαȜȪĲİȡȘ Γǻ (129). ȈυȞȠȜȚțȐ, Ƞ ȠȜȚțȩȢ ȩȖțȠȢ ĲȠυ İȖțİφȐȜȠυ țαȚ Ƞ ȩȖțȠȢ ĲȦȞ 

İıĲȚȫȞ ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘ Γǻ ıĲȘ ȈțȆ țαȚ İȚįȚțȐ ȝİ ĲȘȞ ȑțπĲȦıȘ ıĲȘȞ ĲαȤȪĲȘĲα 

İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (130,131). ȂȐȜȚıĲα Ș ȝİȓȦıȘ αυĲȫȞ ĲȦȞ ȩȖțȦȞ 

φαȓȞİĲαȚ Ȟα πȡȠȕȜȑπȠυȞ ĲȘȞ İȝφȐȞȚıȘ ĲȘȢ Γǻ ȝȑȤȡȚ țαȚ 5 ȑĲȘ ȝİĲȐ (132). 

ȈυȝπİȡαıȝαĲȚțȐ, Ƞ ıυȞȠȜȚțȩȢ ȩȖțȠȢ ĲȘȢ φαȚȐȢ ȠυıȓαȢ ĲȠυ İȖțİφȐȜȠυ țαȚ Ƞ ȩȖțȠȢ 

ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ İȓȞαȚ ȠȚ ıȘȝαȞĲȚțȩĲİȡȠȚ πȡȠȖȞȦıĲȚțȠȓ παȡȐȖȠȞĲİȢ ĲȘȢ 

Γǻ İȟȘȖȫȞĲαȢ πİȡȓπȠυ ĲȠ 20% αυĲȒȢ (133). 

ȂȚα ȝİȜȑĲȘ İȟȑĲαıİ πȠȜȜαπȜȠȪȢ įİȓțĲİȢ MRI ıİ ıȤȑıȘ ȝİ ĲȘ ȖȞȦıĲȚțȒ 

ȜİȚĲȠυȡȖȓα αıșİȞȫȞ ȝİ ȈțȆ (134). Ǿ ȠȖțȠȝİĲȡȚțȒ αȞȐȜυıȘ απȠțȐȜυȥİ ıĲαĲȚıĲȚțȐ 

ıȘȝαȞĲȚțȑȢ ȝİȚȫıİȚȢ ıİ ȩȜȠυȢ ĲȠυ ȝİĲȡȠȪȝİȞȠυȢ ȩȖțȠυȢ ıυȞȠȜȚțȐ ĲȠυ İȖțİφȐȜȠυ, 

ĲȦȞ İıĲȚȫȞ απȠȝυİȜȓȞȦıȘȢ, ĲȠυ φȜȠȚȠȪ țαȚ ĲȦȞ υπȠφȜȠȚȦįȫȞ įȠȝȫȞ ȝİ țυȡȚȩĲİȡȠ 

ĲȠȞ șȐȜαȝȠ ıĲȠυȢ αıșİȞİȓȢ πȠυ αȞαȖȞȦȡȓıĲȘțαȞ ȝİ Γǻ. ȂİĲȐ ĲȠȞ ȑȜİȖȤȠ 

ĲȡȠπȠπȠȚȘĲȚțȫȞ παȡαȖȩȞĲȦȞ, Ƞ ȩȖțȠȢ ĲȘȢ φαȚȐȢ ȠυıȓαȢ φȐȞȘțİ ȦȢ Ƞ πȚȠ ıȘȝαȞĲȚțȩȢ 

πȡȠȕȜİπĲȚțȩȢ παȡȐȖȠȞĲαȢ ĲȘȢ Γǻ (135).  

ǹȞĲȓșİĲα ıİ ȐȜȜȘ ȝİȜȑĲȘ ıİ αıșİȞİȓȢ ȝİ πȡȦĲȠπαșȫȢ πȡȠȧȠȪıα ȈțȆ ȕȡȑșȘțİ ȩĲȚ 

Ƞ ȩȖțȠȢ ĲȠυ șαȜȐȝȠυ İȓȞαȚ Ƞ πȚȠ ȚıȤυȡȩȢ πȡȠȖȞȦıĲȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ Γǻ ıİ ȩȜȠυȢ 

ĲȠυȢ ĲȠȝİȓȢ ĲȘȢ ȞȩȘıȘȢ (136). ȂȐȜȚıĲα Ƞ ȩȖțȠȢ ĲȠυ αȡȚıĲİȡȠȪ șαȜȐȝȠυ φȐȞȘțİ Ȟα 

ȑȤİȚ ȚįȚαȓĲİȡȘ ıȘȝαıȓα ıĲȘ Γǻ απȩ ȐȜȜȠυȢ İȡİυȞȘĲȑȢ (137–139). Ȉİ ȝİȜȑĲȘ ȕȡȑșȘțİ 

ȩĲȚ Ƞ ȩȖțȠȢ ĲȠυ șαȜȐȝȠυ İȓȞαȚ  ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȩȢ ȖȚα ȩȜİȢ ĲȚȢ ȞȠȘĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ 
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(140). Ȉİ ȐȜȜȘ ȠȖțȠȝİĲȡȚțȒ αȞȐȜυıȘ ȕȡȑșȘțİ İπȓıȘȢ ȝİȚȦȝȑȞȠȢ ȩȖțȠȢ șαȜȐȝȠυ, 

ȚππȠțȐȝπȠυ țαȚ ĲȠυ țİȜȪφȠυȢ ĲȘȢ ȦȤȡȐȢ ıφαȓȡαȢ πȠυ ıȤİĲȓıĲȘțαȞ ȝİ ĲȘ Γǻ ıĲȠυȢ 

αıșİȞİȓȢ țαȚ ıυȖțİțȡȚȝȑȞα ȝİ ĲȚȢ ȜİȚĲȠυȡȖȓİȢ ĲȘȢ ĲαȤȪĲȘĲαȢ İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ (141).  ȈυȝπİȡαıȝαĲȚțȐ, πȠȜȜȠȓ İȡİυȞȘĲȑȢ υπȠıĲȘȡȓȗȠυȞ ȩĲȚ Ƞ ȩȖțȠȢ 

ĲȠυ șαȜȐȝȠυ șα πȡȑπİȚ Ȟα απȠĲİȜİȓ ȝİȜȜȠȞĲȚțȩ țαĲαȜȘțĲȚțȩ ıȘȝİȓȠ ıĲȚȢ țȜȚȞȚțȑȢ 

ȝİȜȑĲİȢ (142). 

Ȉİ ȝȚα πȠȜυțİȞĲȡȚțȒ ǼυȡȦπαȧțȒ ȝİȜȑĲȘ (62 ȈțȆ, 65 υȖȚİȓȢ), αıșİȞİȓȢ ȝİ Γǻ 

ȕȡȑșȘțαȞ ȝİ ȝİȖαȜȪĲİȡȠυȢ ȩȖțȠυȢ ȕȜαȕȫȞ ĲȩıȠ ıĲȘ φαȚȐ, ȩıȠ țαȚ ıĲȘ ȜİυțȒ Ƞυıȓα. 

ȈĲȘȞ ȓįȚα ȝİȜȑĲȘ ȠȚ țαȜȪĲİȡȠȚ πȡȠȖȞȦıĲȚțȠȓ įİȓțĲİȢ ȖȚα ĲȘȞ ȪπαȡȟȘ Γǻ ȒĲαȞ Ș 

αĲȡȠφȓα ıυȞȠȜȚțȐ ĲȠυ İȖțİφȐȜȠυ, ĲȘȢ πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ, ȩȜȦȞ ĲȦȞ 

υπȠφȜȠȚȦįȫȞ įȠȝȫȞ (π.Ȥ. șȐȜαȝȠȢ, ȚππȩțαȝπȠȢ, țİȡțȠφȩȡȠȢ πυȡȒȞαȢ, țȑȜυφȠȢ 

φαțȠİȚįȠȪȢ πυȡȒȞα, ȦȤȡȐ ıφαȓȡα, İπȚțȜȚȞȒȢ πυȡȒȞαȢ) (143). Ȉİ αıșİȞİȓȢ ȝİ ȈțȆ 

ıυȞȠȜȚțȐ ȑȤȠυȞ țαĲαȖȡαφİȓ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȠȚ ȩȖțȠȚ İȖțİφαȜȚțȫȞ įȠȝȫȞ (φαȚȐȢ 

ȠυıȓαȢ, πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ, țȠȚȜȚȫȞ, țİȡțȠφȩȡȠυ πυȡȒȞα, țİȜȪφȠυȢ 

φαțȠİȚįȠȪȢ πυȡȒȞα, ȦȤȡȐȢ ıφαȓȡαȢ, șαȜȐȝȠυ țαȚ İπȚțȜȚȞȠȪȢ πυȡȒȞα) ıİ ıȤȑıȘ ȝİ 

ĲȠυȢ φυıȚȠȜȠȖȚțȠȪȢ ȝȐȡĲυȡİȢ. ȂȐȜȚıĲα Ƞ ȩȖțȠȢ αυĲȫȞ ĲȦȞ įȠȝȫȞ (țαȚ țυȡȓȦȢ ĲȠυ 

șαȜȐȝȠυ țαȚ ĲȠυ țİȜȪφȠυȢ ĲȘȢ ȦȤȡȐȢ ıφαȓȡαȢ) ıȤİĲȓıĲȘțİ ıȘȝαȞĲȚțȐ ȝİ ĲȘȞ 

ȑțπĲȦıȘ ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (144). Ȉİ ȝȚα ȐȜȜȘ 

πȡȠȠπĲȚțȒ ȝİȜȑĲȘ Ș ȕȜȐȕȘ/αĲȡȠφȓα ĲȘȢ πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ țαȚ ĲȦȞ 

υπȠφȜȠȚȦįȫȞ įȠȝȫȞ ıȤİĲȓıĲȘțİ ȝİ ĲȘ Γǻ ıİ αıșİȞİȓȢ ȝİ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ țαȚ 

πȡȦĲȠπαșȫȢ πȡȠȧȠȪıα ȈțȆ, αȞĲȚıĲȠȓȤȦȢ, αȞαįİȚțȞȪȠȞĲαȢ ĲȠȞ πȚșαȞȩ ȡȩȜȠ 

įȚαφȠȡİĲȚțȫȞ įȠȝȫȞ ıĲȘ Γǻ țαșȫȢ Ș ȞȩıȠȢ İȟİȜȓııİĲαȚ (145). Ȉİ ȝȚα ȐȜȜȘ 

ȠȖțȠȝİĲȡȚțȒ ȝİȜȑĲȘ ȠȚ πİȡȚııȩĲİȡİȢ υπȠφȜȠȚȫįİȚȢ įȠȝȑȢ φȐȞȘțαȞ ȝİ ȝȚțȡȩĲİȡȠ 

ȩȖțȠ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ, ȝİ ȝİȖαȜȪĲİȡȘ ȝİȓȦıȘ Ȟα İȝφαȞȓȗȠυȞ ȠȚ ȐȞĲȡİȢ 

αıșİȞİȓȢ ıİ ıȤȑıȘ ȝİ ĲȚȢ ȖυȞαȓțİȢ. ȅȚ πİȡȚȠȤȑȢ πȠυ įİȞ φȐȞȘțαȞ Ȟα įȚαφȑȡȠυȞ 

ıȘȝαȞĲȚțȐ ȝİ ĲȠυȢ υȖȚİȓȢ ȒĲαȞ ȖȚα ĲȠυȢ ȐȞĲȡİȢ ȠȚ ȚππȩțαȝπȠȚ, ȠȚ αȝυȖįαȜȑȢ țαȚ Ƞ 

įİȟȚȩȢ İπȚțȜȚȞȒȢ πυȡȒȞαȢ, țαȚ ȖȚα ĲȚȢ ȖυȞαȓțİȢ Ƞ įİȟȚȩȢ ȚππȩțαȝπȠȢ, Ƞ įİȟȚȩȢ 

İπȚțȜȚȞȒȢ πυȡȒȞαȢ, ȠȚ αȝυȖįαȜȑȢ țαȚ ĲȠ țȑȜυφȠȢ ĲȠυ φαțȠİȚįȠȪȢ πυȡȒȞα. ȅ ȩȖțȠȢ 

ĲȠυ șαȜȐȝȠυ țαȚ ȩȤȚ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ φȐȞȘțαȞ İπȓıȘȢ Ȟα ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘ Γǻ 

ıĲȘȞ ȈțȆ (146). 

ΌπȦȢ șα αȞαȝİȞȩĲαȞ Ș αĲȡȠφȓα ĲȠυ ȚππȠțȐȝπȠυ (țαȚ ȚįȚαȓĲİȡα ĲȠυ αȡȚıĲİȡȠȪ) țαȚ 

ȠȚ ȕȜȐȕİȢ ıĲȚȢ ıυȞįȑıİȚȢ ĲȠυ țυȡȓȦȢ ȝİ ĲȘȞ ȑȜȚțα ĲȠυ πȡȠıαȖȦȖȓȠυ İȟȘȖİȓ Ĳα 

ȝȞȘȝȠȞȚțȐ πȡȠȕȜȒȝαĲα ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈȀȆ (147). Ȉİ ȝȚα ȐȜȜȘ ȠȖțȠȝİĲȡȚțȒ 

ȝİȜȑĲȘ ȕȡȑșȘțİ ȩĲȚ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ, ĲȠυ ȚππȠțȐȝπȠυ (ȚįȚαȓĲİȡα ĲȠυ αȡȚıĲİȡȠȪ), 
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ĲȘȢ φαȚȐȢ țαȚ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ ıȤİĲȓıĲȘțαȞ ȝİ ȖȞȦıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ π.Ȥ. 

ȠπĲȚțȠȤȦȡȚțȒ αȞĲȓȜȘȥȘ, ȜİțĲȚțȒ ȝȞȒȝȘ, πȡȠıȠȤȒ, İπȚĲİȜȚțȑȢ ȜİȚĲȠυȡȖȓİȢ țαȚ ĲȘȞ 

ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ (148). Ȉİ ȐȜȜȘ ȝİȜȑĲȘ 17 İĲȫȞ Ș αĲȡȠφȓα ĲȠυ 

ȝİıȠȜȠȕȓȠυ ȕȡȑșȘțİ Ȟα ıȤİĲȓȗİĲαȚ ȝİ ĲȘ ıȦȝαĲȚțȒ αȞαπȘȡȓα țαȚ ĲȘ ȖȞȦıĲȚțȒ 

įȚαĲαȡαȤȒ țαȚ țυȡȓȦȢ ĲȘȞ ȑțπĲȦıȘ ıĲȠ SDMT (149).  

ȅȚ ȕȜȐȕİȢ ıĲȘȞ παȡİȖțİφαȜȓįα İπȓıȘȢ ȑȤȠυȞ ıȤİĲȚıșİȓ ȝİ ĲȘ Γǻ ıĲȘ ȈțȆ (150). 

Ȉİ ȠȖțȠȝİĲȡȚțȒ ȝİȜȑĲȘ ȝİ ȑȝφαıȘ ĲȘȞ παȡİȖțİφαȜȓįα ıĲȘȞ ȈțȆ, ȕȡȑșȘțİ ȩĲȚ Ƞ 

ȠπȓıșȚȠȢ ȜȠȕȩȢ ĲȘȢ ȝπȠȡİȓ İπȓıȘȢ Ȟα İȞȑȤİĲαȚ ıĲȘ ȝİȚȦȝȑȞȘ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ 

πȜȘȡȠφȠȡȚȫȞ (151). Ȉİ ȐȜȜȘ ȝİȜȑĲȘ Ƞ ȩȖțȠȢ ĲȠυ ȠπȓıșȚȠυ ȜȠȕȠȪ ĲȘȢ παȡİȖțİφαȜȓįαȢ 

ȕȡȑșȘțİ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȩȢ ıĲȘȞ İπİȟİȡȖαıȓα ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (152). ǼπȓıȘȢ 

ȕȜȐȕİȢ ıĲȘ παȡİȖțİφαȜȓįα φαȓȞİĲαȚ ȩĲȚ παȓȗȠυȞ ıȘȝαȞĲȚțȩ ȡȩȜȠ ıĲȚȢ İțĲİȜİıĲȚțȑȢ 

ȜİȚĲȠυȡȖȓİȢ țαȚ ıĲȘȞ ȜİțĲȚțȒ İυφȡȐįİȚα ĲȦȞ αıșİȞȫȞ (153). 

ǹĲȡȠφȓα ıİ πİȡȚȠȤȑȢ ĲȠυ αȡȚıĲİȡȠȪ πȡȩıșȚȠυ φȜȠȚȠȪ ĲȠυ πȡȠıαȖȦȖȓȠυ 

ıȤİĲȓıĲȘțİ ȝİ įȚαĲαȡαȤȑȢ ĲȦȞ İțĲİȜİıĲȚțȒ ȜİȚĲȠυȡȖȚȫȞ π.Ȥ. ȜİțĲȚțȒ țαȚ ȝİĲαφȠȡȚțȒ 

İυφȡȐįİȚα (154). ΓȚα ĲȚȢ İțĲİȜİıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ȑȤȠυȞ ȕȡİșİȓ țαȚ ȐȜȜİȢ ıυıȤİĲȓıİȚȢ 

ȝİ ȐȜȜİȢ πİȡȚȠȤȑȢ ĲȘȢ φαȚȐȢ țαȚ ȜİυțȒȢ ȠυıȓαȢ İȞįİȚțĲȚțȩ ĲȘȢ πȠȜȜαπȜȩĲȘĲαȢ ĲȘȢ 

ȜİȚĲȠυȡȖȓαȢ țαȚ ĲȘȢ ıȘȝαıȓαȢ ĲȘȢ ıĲȘ ȈȀȆ πȠυ πȡȠıȕȐȜȜİȚ πȠȜȜȑȢ πİȡȚȠȤȑȢ ĲȠυ 

İȖțİφȐȜȠυ (155). Ǿ ȜȑπĲυȞıȘ ĲȠυ țȡȠĲαφȚțȠȪ țαȚ ĲȠυ ȕȡİȖȝαĲȚțȠȪ φȜȠȚȠȪ 

ıȤİĲȓıĲȘțİ ȝİ įȚαĲαȡαȤȑȢ ıĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ țαȚ ĲȘȞ ȠπĲȚțȒ ȝȞȒȝȘ αȞĲȚıĲȠȓȤȦȢ 

(156). 

ǹπȩ ĲȠυȢ įȚıįȚȐıĲαĲȠυȢ ȖȡαȝȝȚțȠȪȢ įİȓțĲİȢ İȖțİφαȜȚțȒȢ αĲȡȠφȓαȢ ĲȠ ȝȑȖİșȠȢ ĲȘȢ 

3ȘȢ țȠȚȜȓαȢ (ȑȝȝİıȠȢ įİȓțĲȘȢ αĲȡȠφȓαȢ șαȜȐȝȦȞ) πȡȠȕȜȑπİȚ țαȜȪĲİȡα ĲȘȞ ȖȞȦıĲȚțȒ 

ȜİȚĲȠυȡȖȓα ıĲȘ ȈȀȆ ıİ ıȤȑıȘ ȝİ ȐȜȜȠυȢ įİȓțĲİȢ (157,158). ȅ įİȓțĲȘȢ BCR 

(bicaudate ratio πȠυ αȟȚȠȜȠȖİȓ ȑȝȝİıα ĲȠ ȕαșȝȩ įȚİȪȡυȞıȘȢ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ 

ĲȦȞ țȠȚȜȚȫȞ) ȑȤİȚ ıυıȤİĲȚıșİȓ İπȓıȘȢ ȝİ ĲȠ SDMT (159). Ȉİ ȝİȜȑĲȘ ĲȘȢ 

ȠπĲȚțȠȤȦȡȚțȒȢ ȞȠȘĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıİ 100 αıșİȞİȓȢ ȝİ ȈțȆ ȕȡȑșȘțİ ȩĲȚ Ș Γǻ 

ıȤİĲȓıĲȘțİ ȝİ İȖțİφαȜȚțȒ αĲȡȠφȓα (İțĲȚȝȒșȘțİ ȝİ ĲȠȞ įİȓțĲȘ BCR țαȚ ĲȘ ȝȑĲȡȘıȘ 

ĲȘȢ 3ȘȢ țȠȚȜȓαȢ) țαȚ ĲȠȞ ȩȖțȠ ĲȦȞ İȖțİφαȜȚțȫȞ İıĲȚȫȞ, ȝİ ĲȠ ȝȑȖİșȠȢ ĲȘȢ 3ȘȢ 

țȠȚȜȓαȢ Ȟα İȝφαȞȓȗİȚ ĲȘȞ ȚıȤυȡȩĲİȡȘ ıυıȤȑĲȚıȘ (160). Ȉİ ȐȜȜȘ ȝİȜȑĲȘ Ƞ ȩȖțȠȢ ĲȦȞ 

İıĲȚȫȞ țαȚ ĲȠ ȝȑȖİșȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ ȑȤȠυȞ ȕȡİșİȓ Ȟα ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘ ȖȞȦıĲȚțȒ 

ȜİȚĲȠυȡȖȓα ıĲȘ ȈțȆ (161). ǹπȜȠȓ įİȓțĲİȢ ȩπȦȢ Ș İπȚφȐȞİȚα ĲȠυ ȝİıȠȜȠȕȓȠυ 

ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (162). ȂİȜȑĲȘ πȠυ 

ȝȑĲȡȘıİ ĲȘȞ įȚȐıĲαıȘ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ, ĲȘȞ İπȚφȐȞİȚα ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ țυȡȓȦȢ ĲȠυ 
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șαȜȐȝȠυ ȕȡȒțİ ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ țαȚ ĲȘ ȝȞȒȝȘ (163).  

Ǿ ȖȞȦıĲȚțȒ țȩπȦıȘ (πȠυ ıĲȘȞ ȓįȚα ȝİȜȑĲȘ ıȤİĲȓıĲȘțİ ȚıȤυȡȐ ȝİ ĲȘ ȞȠȘĲȚțȒ 

ȜİȚĲȠυȡȖȓα) ıȤİĲȓıĲȘțİ ȝİ ĲȠ įİȓțĲȘ CCI (Corpus Callosum Index), ĲȠȞ NBV țαȚ ĲȠȞ 

ȩȖțȠ ĲȦȞ țȠȚȜȚȫȞ, İȞȫ ıĲȘ ȝİȜȑĲȘ ȕȡȑșȘțİ İπȓıȘȢ Ƞ ȚıȤυȡȩȢ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ 

ĲȘȢ ȘȜȚțȓαȢ, αȜȜȐ țαȚ Ș İπȚįİȓȞȦıȘ ĲȦȞ MRI įİȚțĲȫȞ ȝİ ĲȠ ȤȡȩȞȠ (119). ȉȑȜȠȢ, Ƞ 

CCI ȑȤİȚ ıυıȤİĲȚıĲİȓ ȝİ ĲȠȞ ȩȖțȠ ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ, ȝİ ĲȠ ıυȞȠȜȚțȩ ȩȖțȠ 

ĲȠυ İȖțİφȐȜȠυ, ȝİ ĲȘ ȜİțĲȚțȒ İυφȡȐįİȚα, ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȘȢ 

πȜȘȡȠφȠȡȓαȢ, ĲȘ ȝαțȡȠπȡȩșİıȝȘ ȝȞȒȝȘ țαȚ ĲȘȞ țȩπȦıȘ (164). 

ȉȑȜȠȢ İȚįȚțȒ αȞαφȠȡȐ πȡȑπİȚ Ȟα ȖȓȞİȚ ıĲȘȞ ȑȞȞȠȚα ĲȠυ απȠșȑȝαĲȠȢ (reserve) πȠυ 

İȓȞαȚ ȒįȘ ȖȞȦıĲȒ ȖȚα ĲȘ ıȘȝαıȓα ĲȠυ ıĲȚȢ ȞİυȡȠİțφυȜȚıĲȚțȑȢ παșȒıİȚȢ ĲȠυ 

İȖțİφȐȜȠυ (π.Ȥ. ȞȩıȠȢ Alzheimer). ȉȠ ȝȠȞĲȑȜȠ ĲȠυ απȠșȑȝαĲȠȢ ıĲȘȡȓȗİĲαȚ ıĲȘȞ Țįȑα 

ȩĲȚ Ș Γǻ ȖȓȞİĲαȚ İȝφαȞȒȢ ȩĲαȞ İȟαȞĲȜȘșİȓ ĲȠ įȚαșȑıȚȝȠ ȖȞȦıĲȚțȩ απȩșİȝα ĲȠυ 

αĲȩȝȠυ, ȜȩȖȦ țȐπȠȚαȢ παșȠȜȠȖȓαȢ ĲȠυ ȀȃȈ. ȉȠ απȩșİȝα ȑȤİȚ įȪȠ įȚαıĲȐıİȚȢ: ĲȠ 

ȞȠȘĲȚțȩ απȩșİȝα țαȚ ĲȠ İȖțİφαȜȚțȩ απȩșİȝα. Ǿ İțĲȓȝȘıȘ ĲȠυ ȞȠȘĲȚțȠȪ απȠșȑȝαĲȠȢ 

İȓȞαȚ ȑȝȝİıȘ țαȚ ȖȓȞİĲαȚ απȩ ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ İȝπİȚȡȚȫȞ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ 

ȗȦȒȢ ĲȠυ αĲȩȝȠυ Ȓ αȜȜȚȫȢ ĲȠυ ȞȠȘĲȚțȠȪ İȝπȜȠυĲȚıȝȠȪ (π.Ȥ. İțπαȓįİυıȘ, İȡȖαıȚαțȑȢ 

İȝπİȚȡȓİȢ, ȜİțĲȚțȒ ȞȠȘȝȠıȪȞȘ, İȝπȜȠțȒ ıİ ȞȠȘĲȚțȑȢ įȡαıĲȘȡȚȩĲȘĲİȢ ț.α.) (165). 

ȉȠ İȖțİφαȜȚțȩ απȩșİȝα αȞαφȑȡİĲαȚ ıĲȠȞ ȩȖțȠ ĲȠυ İȖțİφȐȜȠυ țαȚ Ȑȡα ȑȝȝİıα 

ıĲȠȞ αȡȚșȝȩ ĲȦȞ ȞİυȡȫȞȦȞ. ȈυȞȒșȦȢ αυĲȩ İțĲȚȝȐĲαȚ απȩ ĲȠȞ İȞįȠțȡȐȞȚȠ ȩȖțȠ 

(ȑȝȝİıȠȢ įİȓțĲȘȢ ĲȠυ maximal lifetime brain growth, MLBG), ĲȠ ȝȑȖİșȠȢ ĲȠυ 

țȡαȞȓȠυ, ĲȠȞ αȡȚșȝȩ ĲȦȞ ıυȞȐȥİȦȞ ț.α. ȈĲȚȢ ȠȖțȠȝİĲȡȚțȑȢ MRI ȝİȜȑĲİȢ (π.Ȥ. 

SIENAX) Ƞ İȞįȠțȡȐȞȚȠȢ ȩȖțȠȢ İțĲȚȝȐĲαȚ ȝİ ȕȐıȘ ĲȠȞ παȡȐȖȠȞĲα įȚȩȡșȦıȘȢ (scaling 

factor) (166) ȦȢ πȡȠȢ ȑȞα πȡȠĲυπȦȝȑȞȠ İȖțİφαȜȚțȩ ȤȐȡĲȘ (π.Ȥ. ĲȠȞ Montreal 

Neurological Institute ȤȐȡĲȘ Ȓ MNI) (165). ıĲȘ ȈțȆ ĲȠ αυȟȘȝȑȞȠ İȖțİφαȜȚțȩ 

απȩșİȝα πȡȠıĲαĲİȪİȚ απȩ ĲȘ Γǻ (167). Ȉİ ȝȚα ȐȜȜȘ ȝİȜȑĲȘ παȡαțȠȜȠȪșȘıȘȢ 4.5 

İĲȫȞ ȕȡȑșȘțİ ȩĲȚ ĲȩıȠ ĲȠ υȥȘȜȩ İȖțİφαȜȚțȩ απȩșİȝα, ȩıȠ țαȚ ĲȠ ȞȠȘĲȚțȩ απȩșİȝα 

(ȞȠȘĲȚțȩȢ İȝπȜȠυĲȚıȝȩȢ) ȜİȚĲȠυȡȖȠȪıαȞ πȡȠıĲαĲİυĲȚțȐ ıĲȘ ıȤȑıȘ ĲȘȢ İȖțİφαȜȚțȒȢ 

αĲȡȠφȓαȢ țαȚ ĲȘȢ ȖȞȦıĲȚțȒȢ ȑțπĲȦıȘȢ (168).  
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3 Ǿ ȃİυȡȠφυıȚȠȜȠȖȚțȒ ȂİȜȑĲȘ ĲȦȞ ΓȞȦıĲȚțȫȞ ȁİȚĲȠυȡȖȚȫȞ ıĲȘ 

ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

 

3.1 ȉȠ țȪȝα ȇ300 

 

Ǿ ȞİυȡȠφυıȚȠȜȠȖȚțȒ ȝİȜȑĲȘ ĲȦȞ αȞȫĲİȡȦȞ ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ πİȡȚȜαȝȕȐȞİȚ 

țυȡȓȦȢ Ĳα πȡȠțȜȘĲȐ įυȞαȝȚțȐ (event related potentials-ERPs). ȉα įυȞαȝȚțȐ αυĲȐ 

țαĲαȖȡȐφȠȞĲαȚ ıĲȠ ĲȡȚȤȦĲȩ ĲȘȢ țİφαȜȒȢ ȝİ απȜȐ țαĲαȖȡαφȚțȐ ȘȜİțĲȡȩįȚα ĲȘȢ 

țȜαıȚțȒȢ ȘȜİțĲȡȠİȖțİφαȜȠȖȡαφȓαȢ ȝİĲȐ απȩ ȝȚα ıȪȞșİĲȘ İπİȟİȡȖαıȓα, țİȞĲȡȚțȩ 

ıĲȠȚȤİȓȠ ĲȘȢ ȠπȠȓαȢ İȓȞαȚ Ș αȞȐȜυıȘ ȝȑıȠυ ȩȡȠυ (averaging). Ǿ ĲİȜİυĲαȓα ȝȑșȠįȠȢ 

ȖȓȞİĲαȚ ȝİĲȐ ĲȘȞ țαĲαȖȡαφȒ (įȘȜαįȒ offline) țαȚ ıυȞȓıĲαĲαȚ ıĲȘȞ ıȪȞșİıȘ ȩȜȦȞ ĲȦȞ 

țαĲαȖȡαφȫȞ αȞȐ įȠțȚȝȒ (trial). ȉȠ απȠĲȑȜİıȝα İȓȞαȚ Ș παȡαȖȦȖȒ ȝȚα țυȝαĲȠȝȠȡφȒȢ 

πȠυ İȓȞαȚ ĲȠ απȠĲȑȜİıȝα ĲȠυ ȝȑıȠυ ȩȡȠυ ĲȦȞ țαĲαȖȡαφȫȞ αȞȐ įȠțȚȝȒ. Ȃİ ĲȘȞ 

αȞȐȜυıȘ ȝȑıȠυ ȩȡȠυ πİĲυȤαȓȞİĲαȚ Ș İȟȐȜİȚȥȘ πȚșαȞȫȞ παȡαıȓĲȦȞ țαȚ Ș αȞȐįİȚȟȘ 

ȞİυȡȠφυıȚȠȜȠȖȚțȫȞ φαȚȞȠȝȑȞȦȞ πȠυ παȡȐȖȠυȞ įυȞαȝȚțȐ ȝȚțȡȒȢ ıυȤȞȩĲȘĲαȢ țαȚ 

ȤαȝȘȜȠȪ ȪȥȠυȢ πȠυ įİȞ ȝπȠȡȠȪȞ Ȟα ȖȓȞȠυȞ ȠȡαĲȐ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ țαĲαȖȡαφȒȢ 

(online). ǲȞα απȩ αυĲȐ Ĳα πȡȠțȜȘĲȐ įυȞαȝȚțȐ πȠυ ȑȤİȚ ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȘ ȈțȆ ȖȚα 

ĲȘ ȝİȜȑĲȘ ĲȦȞ ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ İȓȞαȚ ĲȠ P300 (P ȖȚα positive țαȚ 300 ms ȖȚα ĲȠ 

ȝȑıȠ ȤȡȩȞȠ πȠυ απαȚĲİȓĲαȚ ȖȚα Ȟα İȝφαȞȚıĲİȓ ĲȠ țȪȝα ȝİĲȐ ĲȠ ȖİȖȠȞȩȢ -event). 

ȉȠ țȪȝα P300 απȠĲİȜİȓ ȑȞα ȩȥȚȝȠ șİĲȚțȩ țȪȝα πȠυ țαĲαȖȡȐφİĲαȚ țυȡȓȦȢ απȩ Ĳα 

țİȞĲȡȚțȐ ȘȜİțĲȡȩįȚα (Fz, Cz, Pz) ıȪȝφȦȞα ȝİ ĲȠ ıȪıĲȘȝα 10-20 ĲȠπȠșȑĲȘıȘȢ ĲȦȞ 

ȘȜİțĲȡȠįȓȦȞ ȝİĲȐ απȩ țȐπȠȚȠ İȡȑșȚıȝα. Ǿ παȡαȖȦȖȒ ĲȠυ ȇ300 ȖȓȞİĲαȚ ȝİ ȕȐıȘ ĲȠ 

υπȩįİȚȖȝα ĲȘȢ ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ (oddball paradigm), țαĲȐ ĲȠ ȠπȠȓȠ Ƞ 

İȟİĲαȗȩȝİȞȠȢ υπȠȕȐȜȜİĲαȚ ıİ ȑȞα İπαȞαȜαȝȕαȞȩȝİȞȠ "ıυȤȞȩ" αțȠυıĲȚțȩ Ȓ ȠπĲȚțȩ 

İȡȑșȚıȝα (non-target) ıĲȠ ȠπȠȓȠ παȡİȝȕȐȜȜİĲαȚ ȑȞα ȜȚȖȩĲİȡȠ ıυȤȞȩ Ȓ "ıπȐȞȚȠ" 

İȡȑșȚıȝα (target) ȓįȚαȢ țαĲȘȖȠȡȓαȢ (αȜȜȐ ȝİ įȚαφȠȡİĲȚțȑȢ ȚįȚȩĲȘĲİȢ π.Ȥ. țȩțțȚȞȠ Ȓ 

ȝπȜİ αυĲȠțȓȞȘĲȠ), ıĲȠ ȠπȠȓȠ țαȜİȓĲαȚ Ȟα αȞĲȚįȡȐıİȚ țȚȞȘĲȚțȐ π.Ȥ. παĲȫȞĲαȢ ȑȞα 

țȠυȝπȓ (169). Ȉİ πİȡȓπĲȦıȘ πȠυ įİȞ İȝφαȞȓȗİĲαȚ ĲȠ "ıπȐȞȚȠ" İȡȑșȚıȝα 

țαĲαȖȡȐφȠȞĲαȚ ȝȩȞȠ įυȞαȝȚțȐ ĲȘȢ αȚıșȘĲȚțȒȢ İπİȟİȡȖαıȓαȢ ĲȠυ "ıυȤȞȠȪ" 

İȡİșȓıȝαĲȠȢ (P100, ȃ100, P200, N200). ȈĲȠ "ıπȐȞȚȠ" İȡȑșȚıȝα, Ș Ȟȑα İȞȘȝȑȡȦıȘ 

ĲȘȢ αȚıșȘĲȚțȒȢ πȜȘȡȠφȠȡȓαȢ ıȘȝαĲȠįȠĲİȓĲαȚ απȩ ĲȘȞ İȝφȐȞȚıȘ ĲȠυ P300 țȪȝαĲȠȢ 

(ǼȚțȩȞα 3). ǼȓȞαȚ İȞįȚαφȑȡȠȞ ȩĲȚ Ș απȩțȡȚıȘ P300 İȝφαȞȓȗİĲαȚ İπȓıȘȢ țαȚ ıİ 

πİȡȓπĲȦıȘ πȠυ ıĲȘ ıİȚȡȐ ĲȦȞ ıυȤȞȫȞ İȡİșȚıȝȐĲȦȞ παȡİȝȕȜȘșȠȪȞ απȠυıȓİȢ 
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İȡİșȓıȝαĲȠȢ (169). ǹυĲȩ İȓȞαȚ İȞįİȚțĲȚțȩ ȩĲȚ ĲȠ țȪȝα P300 αȞĲαȞαțȜȐ ĲȘȞ İȞįȠȖİȞȒ 

ȞȠȘĲȚțȒ απȩțȡȚıȘ ĲȠυ İȖțİφȐȜȠυ țαȚ ȜȚȖȩĲİȡȠ ĲȘȞ țȚȞȘĲȚțȒ απȩțȡȚıȘ ıĲȠ 

πİȡȚȕȐȜȜȠȞ. 

 

ǼȚțȩȞα 3 ȉα įυȞαȝȚțȐ πȠυ țαĲαȖȡȐφȠȞĲαȚ ıĲȠ υπȩįİȚȖȝα ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ ȉα 

įυȞαȝȚțȐ P100 (P1), N100 (N1), P200 (P2), N200(N2) αȞĲȚπȡȠıȦπİȪȠυȞ ĲȘȞ 

αȚıșȘĲȚțȒ İπİȟİȡȖαıȓα ĲȠυ «ıυȤȞȠȪ» țαȚ ĲȠυ «ıπȐȞȚȠυ» İȡİșȓıȝαĲȠȢ. ȉȠ țȪȝα P300 

(P3) αȞĲȚπȡȠıȦπİȪİȚ ĲȘȞ İȞȘȝȑȡȦıȘ ĲȠυ αȚıșȘĲȚțȠȪ πȜαȚıȓȠυ ȝİ Ȟȑα πȜȘȡȠφȠȡȓα 

απȩ ĲȠ «ıπȐȞȚȠ» İȡȑșȚıȝα. (απȩ  ȚıĲȩĲȠπȠ Wikipedia)  

 

ȉȠ țȪȝα, ȩπȦȢ țαȚ țȐșİ țȪȝα πȡȠțȜȘĲȠȪ įυȞαȝȚțȠȪ, ȑȤİȚ įȪȠ țȪȡȚİȢ ȝİĲȡȒıȚȝİȢ 

ȚįȚȩĲȘĲİȢ: ĲȠ ȪȥȠȢ (amplitude, ȝV) țαȚ Ƞ ȤȡȩȞȠȢ ȖȚα ĲȘȞ İȝφȐȞȚıȒ ĲȠυ Ȓ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ (latency, msec). ȉȠ ȪȥȠȢ ȝİĲȡȐĲαȚ ıİ ıȤȑıȘ ȝİ ĲȘ ȖȡαȝȝȒ 

αȞαφȠȡȐȢ ĲȘȢ țαĲαȖȡαφȒȢ ȝİĲȐ απȩ ĲȘȞ αȞȐȜυıȘ ȝȑıȠυ ȩȡȠυ, πȡȚȞ αțȡȚȕȫȢ απȩ ĲȠ 

İȡȑșȚıȝα, ȝȑȤȡȚ ĲȘȞ ȝȑȖȚıĲȘ țȠȡυφȒ ĲȠυ țȪȝαĲȠȢ, Ȓ ȝİ ĲȠ ȪȥȠȢ peak-to-peak (N2P3), 

İȞȫ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȦȢ ĲȠ ȤȡȩȞȠ απȩ ĲȠ İȡȑșȚıȝα ȝȑȤȡȚ ĲȠ ȝȑȖȚıĲȠ ȪȥȠȢ ĲȠυ 

țȪȝαĲȠȢ ıİ ȑȞα įȚȐıĲȘȝα 250-500ms ȝİĲȐ απȩ ĲȠ İȡȑșȚıȝα (170).  

ȉȠ ȪȥȠȢ İȟαȡĲȐĲαȚ țυȡȓȦȢ απȩ ĲȘ ıυȤȞȩĲȘĲα İȝφȐȞȚıȘȢ ĲȠυ "ıπȐȞȚȠυ" 

İȡİșȓıȝαĲȠȢ țαȚ απȩ ĲȠ ȤȡȠȞȚțȩ ȝİıȠįȚȐıĲȘȝα ĲȦȞ İȡİșȚıȝȐĲȦȞ (İȟαφȐȞȚıȘ αυĲȒȢ 

ĲȘȢ İπȓįȡαıȘȢ αȞ >6sec) (169). ΌıȠ ȝȚțȡȩĲİȡȘ İȓȞαȚ Ș ıυȤȞȩĲȘĲα İȝφȐȞȚıȘȢ țαȚ ȩıȠ 

ȝİȖαȜȪĲİȡȠ ĲȠ ȝİıȠįȚȐıĲȘȝα ĲȩıȠ ȝİȖαȜȪĲİȡȠ ĲȠ ȪȥȠȢ ĲȠυ țȪȝαĲȠȢ, υπȠįȘȜȫȞȠȞĲαȢ 

țαĲȐ țȐπȠȚȠ ĲȡȩπȠ ĲȠȞ ȕαșȝȩ πȠυ ĲȠ ȐĲȠȝȠ αȞαȝȑȞİȚ ĲȠ "ıπȐȞȚȠ" İȡȑșȚıȝα 

(170,171). ȂȚțȡȩĲİȡȠȢ ȕαșȝȩȢ αȞαȝȠȞȒȢ ĲȠυ "ıπȐȞȚȠυ" İȡİșȓıȝαĲȠȢ ıȘȝαȓȞİȚ 
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İȞĲȠȞȩĲİȡȘ απȩțȡȚıȘ ĲȦȞ İȖțİφαȜȚțȫȞ πİȡȚȠȤȫȞ πȠυ İȓȞαȚ υπİȪșυȞİȢ ȖȚα ĲȘȞ 

"İȞȘȝȑȡȦıȘ" ĲȘȢ ȞȠȘĲȚțȒȢ įȚαįȚțαıȓαȢ πȠυ ıυȞĲİȜİȓĲαȚ țαĲȐ ĲȘȞ İȟȑĲαıȘ. ΆȜȜȠȢ 

παȡȐȖȠȞĲαȢ πȠυ αυȟȐȞİȚ ĲȠ ȪȥȠȢ İȓȞαȚ Ĳα İȡİșȓıȝαĲα ȝİ ȝİȖȐȜİȢ įȚαφȠȡȑȢ ȝİĲαȟȪ 

ĲȠυȢ Ȓ υȥȘȜȩ ȕαșȝȩ αȞĲαȝȠȚȕȒȢ Ȓ İȞįȚαφȑȡȠȞĲȠȢ (169,171).  ǹȞĲȓșİĲα, ıİ 

πİȡȚπĲȫıİȚȢ πȠυ ĲȠ φȠȡĲȓȠ ĲȘȢ πȡȦĲȠȖİȞȠȪȢ įȠțȚȝαıȓαȢ αυȟȐȞİĲαȚ (π.Ȥ. ĲȠ ȐĲȠȝȠ 

ȝİĲȡȐ ĲȠȞ αȡȚșȝȩ ĲȦȞ "ıπαȞȓȦȞ" İȡİșȚıȝȐĲȦȞ), ĲȠ ȪȥȠȢ ȝȚțȡαȓȞİȚ, υπȠįȘȜȫȞȠȞĲαȢ 

ȩĲȚ ĲȠ ȪȥȠȢ İȓȞαȚ țαȚ ȑȞα ȝȑĲȡȠ ĲȠυ απȠșİȝαĲȚțȠȪ ĲȘȢ πȡȠıȠȤȒȢ πȠυ İȓȞαȚ įȚαșȑıȚȝȠ 

țαȚ ĲȘȢ įȚαșȑıȚȝȘȢ İπİȟİȡȖαıĲȚțȒȢ ȚıȤȪȠȢ (169,170). 

ǹȞĲȓșİĲα, Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ αȞĲαȞαțȜȐ πİȡȚııȩĲİȡȠ ĲȘȞ ĲαȤȪĲȘĲα 

İπİȟİȡȖαıȓαȢ ĲȘȢ πȜȘȡȠφȠȡȓαȢ țαȚ ıİ φυıȚȠȜȠȖȚțȐ ȐĲȠȝα αυĲȒ ȝİĲαȕȐȜȜİĲαȚ 

αȞȐȜȠȖα ȝİ ĲȘȞ ĲαȤȪĲȘĲα İȝφȐȞȚıȘȢ ĲȦȞ İȡİșȚıȝȐĲȦȞ (171). ǼπȓıȘȢ İȡİșȓıȝαĲα ıĲα 

ȠπȠȓα Ș țαĲȘȖȠȡȚȠπȠȓȘıȘ ĲȦȞ ȚįȚȠĲȒĲȦȞ ĲȠυȢ İȓȞαȚ πȚȠ įȪıțȠȜȘ (įȘȜ. ȑȤȠυȞ ȝȚțȡȑȢ 

įȚαφȠȡȑȢ) παȡȐȖȠυȞ ȝİȖαȜȪĲİȡȠυȢ ȤȡȩȞȠυȢ İȝφȐȞȚıȘȢ ĲȠυ țȪȝαĲȠȢ (169–171). 

ȉȑȜȠȢ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ įȚαįȚțαıȓαȢ ȝπȠȡİȓ Ȟα ȝİĲȡȘșİȓ țαȚ Ƞ ȤȡȩȞȠȢ αȞĲȓįȡαıȘȢ 

ĲȠυ αĲȩȝȠυ ıĲȠ "ıπȐȞȚȠ' İȡȑșȚıȝα παĲȫȞĲαȢ π.Ȥ. ȑȞα țȠυȝπȓ. ǼȓȞαȚ ıȘȝαȞĲȚțȩ, ȩĲȚ Ș 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ țȪȝαĲȠȢ P300 įİȞ İπȘȡİȐȗİȚ ȠȪĲİ İπȘȡİȐȗİĲαȚ απȩ ĲȠ ȤȡȩȞȠ 

αȞĲȓįȡαıȘȢ ĲȠυ αĲȩȝȠυ ıĲȠ ıπȐȞȚȠ İȡȑșȚıȝα, ȖİȖȠȞȩȢ πȠυ İπȓıȘȢ İȓȞαȚ İȞįİȚțĲȚțȩ 

ĲȘȢ İȞįȠȖİȞȠȪȢ φȪıȘȢ ĲȠυ P300 țȪȝαĲȠȢ (169,171). ȉȠ φαȚȞȩȝİȞȠ αυĲȩ țαșȚıĲȐ ĲȘȞ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 ȦȢ ıȘȝαȞĲȚțȩ İȡȖαȜİȓȠ ĲȘȢ ȑȡİυȞαȢ ȖȚα ĲȠ įȚαȤȦȡȚıȝȩ ĲȘȢ 

ȖȞȦıĲȚțȒȢ İțĲȓȝȘıȘȢ ĲȠυ İȡİșȓıȝαĲȠȢ ȝİ ĲȘȞ İțĲİȜİıĲȚțȒ πİȡȚȕαȜȜȠȞĲȚțȒ 

αȞĲαπȩțȡȚıȘ ıİ αυĲȩ. 

ǹȟȓȗİȚ Ȟα ıȘȝİȚȦșİȓ ȩĲȚ ĲȠ ȪȥȠȢ țαȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ P300 ȑȤȠυȞ İπȓıȘȢ 

ıυȞįİșİȓ ȝİ ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ, ĲȘȞ İȖțİφαȜȚțȒ ȘȝȚıφαȚȡȚțȒ İπȚțȡαĲȘĲȚțȩĲȘĲα, ĲȘȞ 

ȫȡα ĲȘȢ ȘȝȑȡαȢ, ĲȘȞ țȩπȦıȘ, φȐȡȝαțα, ĲȠ țȐπȞȚıȝα (172), ĲȠ IQ, ıυȖțİțȡȚȝȑȞȠυȢ 

ȖİȞİĲȚțȠȪȢ ĲȩπȠυȢ (įȘȜ. ĲȠ ȪȥȠȢ ĲȠυ țȪȝαĲȠȢ P300 țαșȠȡȓȗİĲαȚ țαĲȐ 60-69% απȩ 

ĲȘȞ țȜȘȡȠȞȠȝȚțȩĲȘĲα) (173) αțȩȝα țαȚ ĲȘȞ πȡȠıȦπȚțȩĲȘĲα ĲȠυ αĲȩȝȠυ (169,170). 

ΌıȠ αφȠȡȐ ĲȘȞ ȘȜȚțȓα, ĲȠ ȪȥȠȢ țαȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ P300 φαȓȞİĲαȚ ȩĲȚ 

ȝİȖαȜȫȞİȚ țαȚ ȝȚțȡαȓȞİȚ ıĲαįȚαțȐ, αȞĲȚıĲȠȓȤȦȢ, απȩ ĲȘ ȖȑȞȞȘıȘ ȝȑȤȡȚ țαȚ πİȡȓπȠυ 

ĲȘȞ ȘȜȚțȓα ĲȦȞ 30-35, ȖȚα Ȟα αțȠȜȠυșȒıȠυȞ ĲȘȞ αȞĲȓıĲȡȠφȘ ȝİĲαȕȠȜȒ ȝİĲȐ, țαșȫȢ 

ĲȠ ȐĲȠȝȠ ȖȘȡȐıțİȚ (174) (ǼȚțȩȞα 4).  
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ǼȚțȩȞα 4 Ǿ ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ĲȠ ȪȥȠȢ ĲȠυ țȪȝαĲȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȘȞ 

ȘȜȚțȓα (απȩ Dinteren R et al. P300 development across the lifespan: A systematic 

review and meta-analysis. Plos One, 2014)  

 

ǼȓȞαȚ ıȘȝαȞĲȚțȩ Ȟα ĲȠȞȚıșİȓ ȩĲȚ ĲȠ țȪȝα P300 İȓȞαȚ įȪȠ ĲȪπȦȞ: ĲȠ P3b țαȚ ĲȠ P3a. 

ȉȠ P3b παȡȐȖİĲαȚ ȝİ ĲȠȞ ĲȡȩπȠ πȠυ πİȡȚȖȡȐφȘțİ παȡαπȐȞȦ. ǹȞĲȓșİĲα, ĲȠ P3a 

παȡȐȖİĲαȚ İπȓıȘȢ ȝİ ĲȠ υπȩįİȚȖȝα ĲȘȢ ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ, ȝİ ĲȘ įȚαφȠȡȐ ȩĲȚ 

αțȠȜȠυșİȓ ȑȞα ĲȡȓĲȠ ıπȐȞȚȠ İȡȑșȚıȝα Ȓ İȡȑșȚıȝα παȡİȝȕȠȜȒȢ πȠυ ȑȤİȚ ıαφȫȢ 

įȚαφȠȡİĲȚțȑȢ ȚįȚȩĲȘĲİȢ ȝİ αυĲȑȢ ĲȠυ "ıπȐȞȚȠυ" țαȚ ĲȠυ "ıυȤȞȠȪ" İȡİșȓıȝαĲȠȢ (π.Ȥ. 

ȒȤȠȢ ȡȠȒȢ αȞȐȝİıα ıĲȠυȢ ȒȤȠυȢ "țȜȚț" ĲȠυ ȕαıȚțȠȪ υπȠįİȓȖȝαĲȠȢ, Ȓ İȚțȩȞα İȞȩȢ 

įȑȞĲȡȠυ αȞȐȝİıα ıĲȚȢ İȚțȩȞİȢ ȝİ ĲȚȢ ıțαțȚȑȡİȢ ĲȠυ ȕαıȚțȠȪ υπȠįİȓȖȝαĲȠȢ) (169). ȉȠ 

țȪȝα P3a παȡȐȖİĲαȚ țυȡȓȦȢ ȝİĲȦπȠțİȞĲȡȚțȐ, αȞĲȓșİĲα ȝİ ĲȠ țȪȝα P3b πȠυ 

παȡȐȖİĲαȚ țυȡȓȦȢ ȝİĲȦπȠȕȡİȖȝαĲȚțȐ (ǼȚțȩȞα 5). ΌıȠ ȝİȖαȜȪĲİȡȘ İȓȞαȚ Ș įȚαφȠȡȐ 

ĲȠυ İȡİșȓıȝαĲȠȢ παȡİȝȕȠȜȒȢ απȩ Ĳα "ıπȐȞȚα"/"ıυȤȞȐ" İȡİșȓıȝαĲα ĲȩıȠ ȝİȖαȜȪĲİȡȠ 

İȓȞαȚ ĲȠ ȪȥȠȢ ĲȠυ P3a țαȚ ĲȩıȠ πȚȠ πȠȜȪ țαĲαȖȡȐφİĲαȚ ıĲȚȢ πȡȩıșȚİȢ πİȡȚȠȤȑȢ (170). 
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ȉȠ țȪȝα P3a φαȓȞİĲαȚ ȩĲȚ αȞĲȚπȡȠıȦπİȪİȚ ĲȘȞ İıĲȚαıȝȑȞȘ ȕαıȚıȝȑȞȘ ıĲȠ ıĲȩȤȠ 

πȡȠıȠȤȒ ȖȚα ĲȘȞ ıυȞİȤȒ İȞȘȝȑȡȦıȘ ĲȠυ αȚıșȘĲȚțȠȪ πȜαȚıȓȠυ (P3b). 

 

ǼȚțȩȞα 5 ȉȠ țȪȝα P3a ȉȠ țȪȝα P3a παȡȐȖİĲαȚ țυȡȓȦȢ ȝİĲȦπȠțİȞĲȡȚțȐ (Fz, Cz) ȝİĲȐ 

απȩ İȡȑșȚıȝα παȡİȝȕȠȜȒȢ, İȞȫ ĲȠ țȪȝα P3b παȡȐȖİĲαȚ țυȡȓȦȢ ȕȡİȖȝαĲȚțȐ (Pz) ȝİĲȐ 

απȩ İȡȑșȚıȝα ıĲȩȤȠ. (απȩ Linden D. The P300: Where in the brain is it produced and 

what does it tell us? Neuroscientist, 2005.)  

 

Ǽț ĲȘȢ įȚαįȚțαıȓαȢ παȡαȖȦȖȒȢ ĲȠυ țȪȝαĲȠȢ P300 ıυȞȐȖİĲαȚ ȩĲȚ İȝπȜȑțȠȞĲαȚ ȠȚ 

αțȩȜȠυșİȢ ȖȞȦıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ: πȡȠıȠȤȒ-ıυȖțȑȞĲȡȦıȘ (İπȚțİȞĲȡȦȝȑȞȘ ıĲȠ ıĲȩȤȠ 

țαȚ ıĲȠ İȡȑșȚıȝα), αȞȫĲİȡȘ İπİȟİȡȖαıȓα ĲȠυ αȚıșȘĲȘȡȚαțȠȪ İȡİșȓıȝαĲȠȢ (įȚȐțȡȚıȘ 

"ıπαȞȓȠυ" ȝȑıα απȩ ĲȘ ıİȚȡȐ ĲȦȞ "ıυȤȞȫȞ" İȡİșȚıȝȐĲȦȞ), ȝȞȒȝȘ İȡȖαıȓαȢ 

(ıυȖțȡȐĲȘıȘ ĲȦȞ ȚįȚȠĲȒĲȦȞ ĲȠυ "ıυȤȞȠȪ" İȡİșȓıȝαĲȠȢ ȖȚα ĲȘ ıȪȖțȡȚıȒ ĲȠυȢ ȝİ 

αυĲȑȢ ĲȠυ "ıπȐȞȚȠυ") țαȚ İțĲİȜİıĲȚțȒ ȜİȚĲȠυȡȖȓα (απȩφαıȘ ȖȚα įȚαφȠȡȑȢ țαȚ ȖȚα 

απȩțȡȚıȘ ıĲȠ πİȡȚȕȐȜȜȠȞ). Ȃİ ȕȐıȘ Ĳα πȡȠαȞαφİȡȩȝİȞα, ĲȠ ȪȥȠȢ ĲȠυ P300 

αȞĲαȞαțȜȐ πİȡȚııȩĲİȡȠ ĲȘȞ "İπİȟİȡȖαıĲȚțȒ ȚıȤȪ", Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ  P300 ĲȘȞ 

"İπİȟİȡȖαıĲȚțȒ ĲαȤȪĲȘĲα" țαȚ Ƞ ȤȡȩȞȠȢ αȞĲȓįȡαıȘȢ ĲȘȞ "İțĲİȜİıĲȚțȒ ĲαȤȪĲȘĲα" ĲȠυ 

İȖțİφȐȜȠυ, ȤȦȡȓȢ Ȟα ıȘȝαȓȞİȚ ȩĲȚ Ș țȐșİ ȚįȚȩĲȘĲα İȓȞαȚ αȞİȟȐȡĲȘĲȘ ĲȘȢ ȐȜȜȘȢ. ΌıȠ 
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αφȠȡȐ ĲȠ țȪȝα P3a ȠȚ ȚįȚȩĲȘĲİȢ ĲȠυȢ αȞĲαȞαțȜȠȪȞ πİȡȚııȩĲİȡȠ ĲȘȞ αȞαıĲȠȜȒ ȦȢ 

ȝȑȡȠȢ ĲȘȢ ȝİĲȦπȚαȓαȢ İțĲİȜİıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ. Ȃİ ȕȐıȘ ĲȠυȢ 6 ĲȠȝİȓȢ ĲȘȢ ȞȩȘıȘȢ 

țαĲȐ DSM V, ĲȠ P300 αȞĲȚπȡȠıȦπİȪİȚ țυȡȓȦȢ ĲȘȞ ıȪȞșİĲȘ πȡȠıȠȤȒ țαȚ ĲȘȞ 

İțĲİȜİıĲȚțȒ ȜİȚĲȠυȡȖȓα πȠυ İȟυπȘȡİĲȠȪȞĲαȚ πȡȦĲαȡȤȚțȫȢ απȩ ĲȠȞ ȝİĲȦπȚαȓȠ φȜȠȚȩ 

țαȚ įİυĲİȡİυȩȞĲȦȢ απȩ ĲȚȢ υπȠφȜȠȚȫįİȚȢ ıυȞįȑıİȚȢ ĲȠυ ȝİ ȐȜȜİȢ πİȡȚȠȤȑȢ πȠυ 

İȞȑȤȠȞĲαȚ ıĲȘȞ įȠțȚȝαıȓα. ǼȞįİȚțĲȚțȩ İȓȞαȚ ȩĲȚ țαĲȐ ĲȘ įȠțȚȝαıȓα ĲȠυ ĲυȤαȓȠυ 

υπȠįİȓȖȝαĲȠȢ țαĲαȖȡȐφİĲαȚ įȡαıĲȘȡȚȩĲȘĲα πȠυ ȝİĲȐ απȩ φαıȝαĲȚțȒ αȞȐȜυıȘ İȓȞαȚ 

țυȡȓȦȢ șȒĲα țαȚ ȐȜφα, πȠυ ȑȤȠυȞ ıυȞįİșİȓ ȝİ țαĲαıĲȐıİȚȢ İıĲȚαıȝȑȞȘȢ πȡȠıȠȤȒȢ 

țαȚ ȝȞȒȝȘȢ (170). 

ȈĲȘȞ πȡȠıπȐșİȚα Ȟα αȞȚȤȞİυĲȠȪȞ πȚșαȞȑȢ "ȖİȞȞȒĲȡȚİȢ" ĲȠυ įυȞαȝȚțȠȪ P300 

πȜȒșȠȢ ȝİȜİĲȫȞ ıİ αıșİȞİȓȢ, ȝİ İȞįȠțȡȐȞȚİȢ țαĲαȖȡαφȑȢ, ȝİĲȐ απȩ ȕȜȐȕȘ țαȚ ȝİ 

ȜİȚĲȠυȡȖȚțȒ ȝαȖȞȘĲȚțȒ ĲȠȝȠȖȡαφȓα (fMRI) ȑȤȠυȞ πȡαȖȝαĲȠπȠȚȘșİȓ (169,171). 

ȈυȞȠȜȚțȐ, Ș απȩțȡȚıȘ P300 İȟυπȘȡİĲİȓĲαȚ απȩ įȚȐȤυĲİȢ πİȡȚȠȤȑȢ ıİ ȩȜȠȞ ĲȠȞ 

İȖțȑφαȜȠ țαȚ ȖİȞȚțȐ İȓȞαȚ πȠȜȪ αȞșİțĲȚțȒ ıĲȚȢ İȖțİφαȜȚțȑȢ ȕȜȐȕİȢ. ȆαȡȩȜα αυĲȐ, 

υπȐȡȤȠυȞ İȖțİφαȜȚțȑȢ πİȡȚȠȤȑȢ πȠυ απȠĲİȜȠȪȞ ıȘȝαȞĲȚțȠȪȢ țȩȝȕȠυȢ ıĲȠ ȞİυȡȦȞȚțȩ 

įȓțĲυȠ ĲȠυ P300: Ș țȡȠĲαφȠȕȡİȖȝαĲȚțȒ πİȡȚȠȤȒ (țαȚ țυȡȓȦȢ Ș υπİȡȤİȓȜȚα ȑȜȚțα), ĲȠ 

țȐĲȦ ȕȡİȖȝαĲȚțȩ ȜȩȕȚȠ, Ƞ ȑȟȦ πȡȠȝİĲȦπȚαȓȠȢ φȜȠȚȩȢ țαȚ Ș ȑȜȚțα ĲȠυ πȡȠıαȖȦȖȓȠυ. 

Ȉİ ȖİȞȚțȑȢ ȖȡαȝȝȑȢ ȠȚ πȚȠ πȡȩıșȚİȢ πİȡȚȠȤȑȢ İȟυπȘȡİĲȠȪȞ ĲȘȞ İπȚțİȞĲȡȦȝȑȞȘ ıĲȠȞ 

ıĲȩȤȠ ıυȝπİȡȚφȠȡȐ țαȚ ĲȚȢ țȚȞȘĲȚțȑȢ απȠțȡȓıİȚȢ, İȞȫ ȠȚ πȚȠ ȠπȓıșȚİȢ ĲȘȞ πȡȠıȠȤȒ 

İπȚțİȞĲȡȦȝȑȞȘ ıĲȠ İȡȑșȚıȝα.  

Ȃİ ȩȡȠυȢ ȞİυȡȠȤȘȝİȓαȢ, ĲȠ ȤȠȜȚȞİȡȖȚțȩ ıȪıĲȘȝα İȓȞαȚ ĲȠ πȚȠ ıȘȝαȞĲȚțȩ ȖȚα ĲȘ 

ȜİȚĲȠυȡȖȓα ĲȘȢ ıȪȞșİĲȘȢ πȡȠıȠȤȒȢ țαȚ ĲȘȢ İțĲİȜİıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ, ıυȞȠįİυȩȝİȞȠ 

απȩ ĲȚȢ İυȡİȓİȢ πȡȠȕȠȜȑȢ ĲȠυ ȞĲȠπαȝȚȞİȡȖȚțȠȪ (ȜȒȥȘ απȠφȐıİȦȞ, țȚȞȘĲȚțȑȢ 

απαȞĲȒıİȚȢ, İıĲȚαıȝȑȞȘ ıĲȠ ıĲȩȤȠ πȡȠıȠȤȒ) țαȚ ĲȠυ ȞȠȡαįȡİȞİȡȖȚțȠȪ ıυıĲȒȝαĲȠȢ 

(İπαȖȡȪπȞȘıȘ, İıĲȚαıȝȑȞȘ ıĲȠ İȡȑșȚıȝα πȡȠıȠȤȒ) (175). ȆȡȐȖȝαĲȚ, ıĲȠυȢ αıșİȞİȓȢ 

ȝİ ȞȩıȠ Alzheimer πȠυ ĲȠ ȤȠȜȚȞİȡȖȚțȩ ıȪıĲȘȝα ȑȤİȚ υπȠıĲİȓ ȕȜȐȕȘ, Ș απȩțȡȚıȘ 

P300 İȓȞαȚ παșȠȜȠȖȚțȒ (176). 

Ǿ ıυȞȠπĲȚțȒ παȡȠυıȓαıȘ ĲȠυ țȪȝαĲȠȢ P300 φαȓȞİĲαȚ ıĲȘȞ ǼȚțȩȞα 6. 
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ɇʐʖʆό ɸʌέθισʅα vlPFC

ACC

TPJ

IPL

ΧΑɆΑȾɈΗɆȻɇɈȻȾΑ

ɁɈΟɅΑɀȻɁȵɆȳȻȾΟ ȾΑȻ 
ΧΟȿȻɁȵɆȳȻȾΟ 

ɇɉɇɈΗɀΑ

ɁΟɆΑȴɆȵɁȵɆȳȻȾΟ 
ɇɉɇɈΗɀΑ 

(LCNE system)

ɇɉɇɈΗɀΑɈΑ 
ɁȵɉɆΟȴȻΑȲȻȲΑɇΗɇ

ȳɁΩɇɈȻȾȵɇ 
ȿȵȻɈΟɉɆȳȻȵɇ

ɀɁΗɀΗ 
ȵɆȳΑɇȻΑɇ

ɅɆΟɇΟΧΗ 
ȵɇɈȻΑɇɀȵɁΗ 

ɇɈΟ 
ȵɆȵȺȻɇɀΑ

 

ɇʋάʆιο ɸʌέθισʅα
vlPFC

ACC

TPJ

IPL

ΧΑɆΑȾɈΗɆȻɇɈȻȾΑ

P300P300

ɁɈΟɅΑɀȻɁȵɆȳȻȾΟ ȾΑȻ 
ΧΟȿȻɁȵɆȳȻȾΟ 

ɇɉɇɈΗɀΑ

ɁΟɆΑȴɆȵɁȵɆȳȻȾΟ 
ɇɉɇɈΗɀΑ 

(LCNE system)

ɇɉɇɈΗɀΑɈΑ 
ɁȵɉɆΟȴȻΑȲȻȲΑɇΗɇ

ȳɁΩɇɈȻȾȵɇ 
ȿȵȻɈΟɉɆȳȻȵɇ

ɀɁΗɀΗ 
ȵɆȳΑɇȻΑɇ

ɅɆΟɇΟΧΗ 
ȵɇɈȻΑɇɀȵɁΗ 

ɇɈΟ 
ȵɆȵȺȻɇɀΑ

ɅɆΟɇΟΧΗ 
ȵɇɈȻΑɇɀȵɁΗ 
ɇɈΟɁ ɇɈΟΧΟ

ȵȾɈȵȿȵɇɈȻȾΗ 
ȾȻɁΗɈȻȾΗ 

ΑɅΑɁɈΗɇΗ

Ύʗος (ʅV) Χʌοʆοʃαθʐσʏέʌηση (ms) Χʌόʆος Αʆʏίɷʌασης (ms)

ȵʋɸʇɸʌɶασʏιʃή ισʖύς 
σʐσʏήʅαʏος

ȵʋɸʇɸʌɶασʏιʃή ʏαʖύʏηʏα 
σʐσʏήʅαʏος

Ⱦιʆηʏιʃή ɸʃʏɸʄɸσʏιʃή 
ʏαʖύʏηʏα  

ȵʌέθισʅα ʋαʌɸʅβοʄής vlPFC

ACC

TPJ

IPL

ΧΑɆΑȾɈΗɆȻɇɈȻȾΑ

P3b
P3a

ɁɈΟɅΑɀȻɁȵɆȳȻȾΟ ȾΑȻ 
ΧΟȿȻɁȵɆȳȻȾΟ 

ɇɉɇɈΗɀΑ

ɁΟɆΑȴɆȵɁȵɆȳȻȾΟ 
ɇɉɇɈΗɀΑ 

(LCNE system)

ɇɉɇɈΗɀΑɈΑ 
ɁȵɉɆΟȴȻΑȲȻȲΑɇΗɇ

ȳɁΩɇɈȻȾȵɇ 
ȿȵȻɈΟɉɆȳȻȵɇ

ɀɁΗɀΗ 
ȵɆȳΑɇȻΑɇ

ɅɆΟɇΟΧΗ 
ȵɇɈȻΑɇɀȵɁΗ 

ɇɈΟ 
ȵɆȵȺȻɇɀΑ

ɅɆΟɇΟΧΗ 
ȵɇɈȻΑɇɀȵɁΗ 
ɇɈΟɁ ɇɈΟΧΟ

ΑɁΑɇɈΟȿΗ

 

ǼȚțȩȞα 6 Ǿ παȡαȖȦȖȒ ĲȠυ țȪȝαĲȠȢ P300 
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3.2 ȉȠ țȪȝα ȇ300 ıĲȘ ȈțȆ 

 

Ȉİ ȖİȞȚțȑȢ ȖȡαȝȝȑȢ υπȐȡȤȠυȞ ȚıȤυȡȑȢ İȞįİȓȟİȚȢ ȩĲȚ ĲȠ ȪȥȠȢ ĲȠυ P300 ȝȚțȡαȓȞİȚ țαȚ 

Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ ȝİȖαȜȫȞİȚ ıİ πİȡȓπĲȦıȘ Γǻ (169–171,176). ΌıȠ αφȠȡȐ ĲȘ 

ȈțȆ αȡțİĲȑȢ ȝİȜȑĲİȢ ȑȤȠυȞ įȚİȡİυȞȒıİȚ ĲȘ ıȤȑıȘ ĲȠυ țȪȝαĲȠȢ P300 țαȚ ĲȘȢ 

ȖȞȦıĲȚțȒȢ įυıȜİȚĲȠυȡȖȓαȢ πȠυ παȡαĲȘȡİȓĲαȚ ıĲȘ ȞȩıȠ. ȈĲȠȞ ȆȓȞαțα 3 ȖȓȞİĲαȚ ȝȓα 

ıȪȞȠȥȘ 38 ȝİȜİĲȫȞ απȩ ĲȠ 1989 ȝȑȤȡȚ ĲȠ 2017 πȠυ ȑȤȠυȞ įȘȝȠıȚİυĲİȓ ıĲȠ Medline. 

ǹπȩ αυĲȑȢ 14 ȑįİȚȟαȞ ȩĲȚ ĲȠ ȪȥȠȢ İȓȞαȚ ȝİȚȦȝȑȞȠ, 19 ȩĲȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ İȓȞαȚ 

αυȟȘȝȑȞȘ țαȚ 8 ȩĲȚ Ƞ ȤȡȩȞȠȢ αȞĲȓįȡαıȘȢ İȓȞαȚ αυȟȘȝȑȞȠȢ ıİ αıșİȞİȓȢ ȝİ ȈțȆ ıİ 

ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ǼπȓıȘȢ, 16 απȩ ĲȚȢ 38 ȑȡİυȞİȢ ȑįİȚȟαȞ ȩĲȚ ȠȚ ȝİĲαȕȠȜȑȢ αυĲȑȢ 

ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘ ȖȞȦıĲȚțȒ įυıȜİȚĲȠυȡȖȓα ĲȦȞ αıșİȞȫȞ αυĲȫȞ. ΆȜȜİȢ ıυıȤİĲȓıİȚȢ 

πȠυ ȕȡȑșȘțαȞ ȝİ ĲȠ țȪȝα P300 İȓȞαȚ ȠȚ παȡαțȐĲȦ: ȝİ ĲȠ φȠȡĲȓȠ ĲȦȞ İıĲȚȫȞ (4 

ȝİȜȑĲİȢ ıυȞȠȜȚțȐ ȑįİȚȟαȞ παȡȐĲαıȘ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ȝİ ĲȘȞ αȪȟȘıȘ ĲȠυ 

φȠȡĲȓȠυ ĲȦȞ İıĲȚȫȞ), ĲȘȞ țαĲȐșȜȚȥȘ (ȝȓα ȝİȜȑĲȘ ȑįİȚȟİ ȝİȓȦıȘ ĲȠυ ȪȥȠυȢ), ĲȘȞ 

αȞαπȘȡȓα (3 ȝİȜȑĲİȢ ȑįİȚȟαȞ țυȡȓȦȢ παȡȐĲαıȘ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ), ĲȘ įȚȐȡțİȚα 

ĲȘȢ ȞȩıȠυ (4 ȝİȜȑĲİȢ), ĲȘȞ ȘȜȚțȓα (3 ȝİȜȑĲİȢ), țαȚ ĲȘ φαȡȝαțİυĲȚțȒ αȖȦȖȒ (ȕİȜĲȓȦıȘ 

țυȡȓȦȢ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ȝİ IFNb-1b, ȝȠȞĲαφȚȞȓȜȘ țαȚ ȝİșυȜπȡİįȞȚȗȠȜȩȞȘ, ıİ 

3 ȚıȐȡȚșȝİȢ ȝİȜȑĲİȢ). 

ȈȘȝαȞĲȚțȒ İπȚıȒȝαȞıȘ ıİ αυĲȑȢ ĲȚȢ ȝİȜȑĲİȢ İȓȞαȚ ȩĲȚ ȠȚ αıșİȞİȓȢ πȠȜȜȑȢ φȠȡȑȢ įİȞ 

įȚȑφİȡαȞ ıĲȘ ȖȞȦıĲȚțȒ İπȓįȠıȘ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ, παȡȐ ĲȚȢ ıȘȝαȞĲȚțȑȢ 

įȚαφȠȡȑȢ ĲȠυȢ ıĲȠ țȪȝα P300, ȖİȖȠȞȩȢ πȠυ țαșȚıĲȐ ĲȠ ĲİȜİυĲαȓȠ ȦȢ πȡȫȚȝȠ įİȓțĲȘ 

ĲȘȢ ȖȞȦıĲȚțȒȢ įυıȜİȚĲȠυȡȖȓαȢ (177). ǻȚαȤȡȠȞȚțȑȢ ȝİȜȑĲİȢ įİȓȤȞȠυȞ İπȓıȘȢ 

İπȚįİȓȞȦıȘ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ țȪȝαĲȠȢ P300 (ȝİȓȦıȘ ȪȥȠυȢ) αȞȐȜȠȖİȢ ȝİ ĲȘȞ 

İπȚįİȓȞȦıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ĲȦȞ αıșİȞȫȞ (178).  ǲȞα ȐȜȜȠ ıȘȝαȞĲȚțȩ 

İȪȡȘȝα İȓȞαȚ ȩĲȚ ıİ αıșİȞİȓȢ ȝİ ȖȞȦıĲȚțȒ įυıȜİȚĲȠυȡȖȓα Ș αȪȟȘıȘ ĲȘȢ įυıțȠȜȓαȢ ĲȠυ 

υπȠįİȓȖȝαĲȠȢ ĲȘȢ ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ İȓȤİ ȦȢ απȠĲȑȜİıȝα ıȘȝαȞĲȚțȐ υȥȘȜȩĲİȡȠ 

țȪȝα P300 ıĲȚȢ πȡȩıșȚİȢ İȖțİφαȜȚțȑȢ πİȡȚȠȤȑȢ, ȖİȖȠȞȩȢ πȠυ İȓȞαȚ İȞįİȚțĲȚțȩ ĲȘȢ 

αȞĲȚȡȡȠπȚıĲȚțȒȢ İπȚıĲȡȐĲİυıȘȢ ĲȦȞ πȡȩıșȚȦȞ ȝİĲȦπȚαȓȦȞ πİȡȚȠȤȫȞ ıĲȘ ȖȞȦıĲȚțȒ 

ȑțπĲȦıȘ (177,179). ȉȠ ȓįȚȠ φȐȞȘțİ ıİ ȝȚα ȐȜȜȘ ȝİȜȑĲȘ ȩπȠυ Ș αȪȟȘıȘ ĲȘȢ 

ȖȞȦıĲȚțȒȢ țȩπȦıȘȢ İȓȤİ ȦȢ απȠĲȑȜİıȝα ĲȘȞ αȪȟȘıȘ ĲȠυ ȪȥȠυȢ țαȚ ĲȘ ȝİȓȦıȘ ĲȘȢ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ĲȠυ țȪȝαĲȠȢ P3a ıĲȚȢ πȡȩıșȚİȢ ȝİĲȦπȚαȓİȢ πİȡȚȠȤȑȢ (180). Ȃȓα 

ȐȜȜȘ İπȚıȒȝαȞıȘ, İȓȞαȚ ȩĲȚ ȠȚ παȡȐȝİĲȡȠȚ ȪȥȠȢ Ȓ/țαȚ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ P300 

ȝİĲαȕȐȜȜȠȞĲαȞ αȡȞȘĲȚțȐ ȝİ ĲȘȞ αȪȟȘıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ țȩπȦıȘȢ (181,182), αȜȜȐ țαȚ 

ĲȘȢ țαĲȐșȜȚȥȘȢ, İȚįȚțȐ ıĲȠ ȪȥȠȢ (183). ǼπȓıȘȢ ȠȚ αȜȜαȖȑȢ ıĲȠ țȪȝα P300 ȒĲαȞ 
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αȞİȟȐȡĲȘĲİȢ απȩ ĲȘȞ παȡȠυıȓα Ȓ ȝȘ ȠπĲȚțȒȢ ȞİυȡȓĲȚįαȢ (184). ΌıȠ αφȠȡȐ ĲȠȞ ĲȪπȠ 

ĲȘȢ ȈțȆ, ȑȤȠυȞ ȕȡİșİȓ Ĳα παȡαțȐĲȦ: ȠȚ αıșİȞİȓȢ ȝİ țαȜȠȒșȘ ȈțȆ ȑȤȠυȞ ȝİȖαȜȪĲİȡȘ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 απȩ ȩĲȚ ȠȚ αıșİȞİȓȢ ȝİ υπȠĲȡȠπȚȐȗȠυıα Ȓ ȠȚ υȖȚİȓȢ 

(185,186), ȠȚ αȜȜαȖȑȢ ĲȠυ P300 İȝφαȞȓȗȠȞĲαȚ ȒįȘ απȩ ĲȠ țȜȚȞȚțȐ ȝİȝȠȞȦȝȑȞȠ 

ıȪȞįȡȠȝȠ (187), ȠȚ αıșİȞİȓȢ ȝİ πȡȠȠįİυĲȚțȒ ȞȩıȠ ȑȤȠυȞ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 Ȓ/țαȚ 

αȪȟȘıȘ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ıİ ıȤȑıȘ ȝİ αυĲȠȪȢ ȝİ υπȠĲȡȠπȚȐȗȠυıα (188–190). 
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ȆȓȞαțαȢ 3 ȂİȜȑĲİȢ ĲȠυ țȪȝαĲȠȢ P300 ıĲȘ ȈțȆ 

ǺȚȕȜȚȠȖȡαφȚțȒ 
ǹȞαφȠȡȐ 

ǻİȓȖȝα ǺαıȚțȐ ȋαȡαțĲȘȡȚıĲȚțȐ 
ǻİȓȖȝαĲȠȢ ǹıșİȞȫȞ 

ȂİĲȡȒıİȚȢ ȈĲαĲȚıĲȚțȐ ȈȘȝαȞĲȚțȐ ǹπȠĲİȜȑıȝαĲα πȠυ 
αφȠȡȠȪȞ ĲȠ P300 

(177) 25 ȊȆ ȈțȆ 
18 ȊȖȚİȓȢ   

14 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 44.12 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 9.05 ȑĲȘ 
ȂȑıȠ EDSS: 2.79  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȩ n-back υπȩįİȚȖȝα  

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠυȢ ȤȡȩȞȠυȢ 
αȞĲȓįȡαıȘȢ țαȚ ȝȚțȡȩĲİȡα ȪȥȘ P300 αȞİȟȐȡĲȘĲα 
απȩ ĲȘ įυıțȠȜȓα ĲȠυ ȑȡȖȠυ. 
ȅȚ υȥȘȜȩĲİȡİȢ İπȚįȩıİȚȢ ıĲȠυȢ αıșİȞİȓȢ 
ıȤİĲȓȗȠȞĲαȚ ȝİ ȝİȖαȜȪĲİȡȠ P300 ȪȥȠȢ ıİ Cz țαȚ 
ȝȚțȡȩĲİȡȠ ıİ Pz. 

(191) 59 ȊȆ, ǻȆ, ȆȆ ȈțȆ 
26 ȊȖȚİȓȢ 

ȂȑıȘ ǾȜȚțȓα: 37.82 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 6.76 ȑĲȘ 
ȂȑıȠ EDSS: 3.77 
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300 
ǹπİȚțȩȞȚıȘ (MRI) 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ P300 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ απȩ υȖȚİȓȢ. 
Ǿ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 ıȤİĲȓıĲȘțİ țυȡȓȦȢ ȝİ 
ĲȠȞ ȩȖțȠ İıĲȚȫȞ ıĲȘȞ ȉ1 țαȚ ĲȘ ȖȞȦıĲȚțȒ İπȓįȠıȘ. 

(181) 50 ȊȆ, ǻȆ, ȆȆ ȈțȆ 
50 ȊȖȚİȓȢ 

35 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 33.6 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 6.0 ȑĲȘ 
ȂȑıȠ EDSS: 4.6  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300 țαȚ įİȓțĲȘȢ   
   țȩπȦıȘȢ 
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ P300 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ απȩ υȖȚİȓȢ. 
ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȖȞȦıĲȚțȐ țαȚ 
ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ İπȚȕİȕαȚȦȝȑȞȘ țȩπȦıȘ απȩ 
ȩĲȚ ȠȚ υȖȚİȓȢ, İȚįȚțȐ ȝİ ĲȘȞ αȪȟȘıȘ ĲȠυ ȞȠȘĲȚțȠȪ 
ȑȡȖȠυ. 
ΘİĲȚțȒ ıυıȤȑĲȚıȘ ĲȘȢ ȖȞȦıĲȚțȐ İπȚȕİȕαȚȦȝȑȞȘȢ 
țȩπȦıȘȢ ȝİ ĲȘȞ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ 
İπȚȕİȕαȚȦȝȑȞȘ țȩπȦıȘ 

(187) 44 ȀȂȈ 
45 ȊȖȚİȓȢ 

27 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 31.4 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 7.3 ȘȝȑȡİȢ 
ȂȑıȠ EDSS: 1.4  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ P300 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ȝȚțȡȩĲİȡα ȪȥȘ ĲȠυ P300 
ıĲα Cz, Pz ȘȜİțĲȡȩįȚα απȩ ȩĲȚ ȠȚ υȖȚİȓȢ. 
 

(182) 86 ȀȂȈ, ȊȆ, ǻȆ ȈțȆ 
40 ȊȖȚİȓȢ 

62 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 39.55 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 8.57 ȑĲȘ 
ȂȑıȠ EDSS: 3.03  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
P300 απȩ ȩĲȚ ȠȚ υȖȚİȓȢ. 
Ǿ įȚαφȠȡȐ ȒĲαȞ ıȘȝαȞĲȚțȒ ȝȩȞȠ ıĲȠυȢ αıșİȞİȓȢ ȝİ 
ȖȞȦıĲȚțȒ țȩπȦıȘ. 
ΘİĲȚțȒ ıυıȤȑĲȚıȘ ȝİĲαȟȪ P300 
ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ țαȚ ȖȞȦıĲȚțȒȢ țȩπȦıȘȢ. 
ǹȡȞȘĲȚțȒ ıυıȤȑĲȚıȘ Pz P300 ȪȥȠυȢ țαȚ ȖȞȦıĲȚțȒȢ 
țȩπȦıȘȢ. 
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(192) 72 ȊȆ ȈțȆ 
89 ȊȖȚİȓȢ 

51 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 37.9 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 9.3 ȑĲȘ 
ȂȑıȠ EDSS: 2.7  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ țαȚ ȠπĲȚțȐ P300  
 

ΘİĲȚțȒ ıυıȤȑĲȚıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ İπȓįȠıȘȢ ȝİ ĲȠ 
ȪȥȠȢ Cz, Pz ĲȦȞ P300 αȡȞȘĲȚțȒ ȝİ ĲȠ ȤȡȩȞȠ 
αȞĲȓįȡαıȘȢ. 

(193) 72 ȊȆ ȈțȆ 
89 ȊȖȚİȓȢ 

51 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 37.9 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 9.3 ȑĲȘ 
ȂȑıȠ EDSS: 2.7  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ țαȚ ȠπĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȪȥȠȢ ĲȠυ ȝİĲȦπȚαȓȠυ 
P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ. 
ΘİĲȚțȒ ıυıȤȑĲȚıȘ ȪȥȠυȢ Pz P300 țαȚ ȖȞȦıĲȚțȫȞ 
İπȚįȩıİȦȞ țαȚ αȡȞȘĲȚțȒ ıυıȤȑĲȚıȘ ȝİ ĲȠȞ ȤȡȩȞȠ 
αȞĲȓįȡαıȘȢ țαȚ ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ P300 
ȝȩȞȠ ȖȚα Ĳα αțȠυıĲȚțȐ P300. 

(194) 26 ȊȆ ȈțȆ 
26 ȊȖȚİȓȢ 

16 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 34.42 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 7.15 ȑĲȘ 
ȂȑıȠ EDSS: 2.4  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȩ P300 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 ıİ ıȪȖțȡȚıȘ 
ȝİ ĲȠυȢ υȖȚİȓȢ. 
ǹȡȞȘĲȚțȒ ıυıȤȑĲȚıȘ ȖȞȦıĲȚțȒȢ İπȓįȠıȘȢ ȝİ ȤȡȩȞȠ 
αȞĲȓįȡαıȘȢ. 

(195) 14 ȊȆ ȈțȆ 
14 ȊȖȚİȓȢ 

12 ΓυȞαȓțİȢ,  
ǻȚȐȝİıȘ ǾȜȚțȓα: 44.5 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 9 ȑĲȘ 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȆİȡȚııȩĲİȡȠȚ αıșİȞİȓȢ İȓȤαȞ ȝİȚȦȝȑȞȠυ ȪȥȠυȢ 
P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ. 

(186) 27 ȊȆ, Ȁ ȈțȆ 
18 ȊȖȚİȓȢ 

18 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 40 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα: ȞȩıȠυ 1-18 ȑĲȘ 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ țαȚ țυȡȓȦȢ αυĲȠȓ ȝİ țαȜȠȒșȘ ȈțȆ 
İȓȤαȞ ȝİȖαȜȪĲİȡȠυȢ ȤȡȩȞȠυȢ αȞĲȓįȡαıȘȢ țαȚ 
ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ απȩ ȩĲȚ ȠȚ υȖȚİȓȢ. 

(178) 27 ȊȆ ȈțȆ 
17 ȊȖȚİȓȢ 

15 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 43.64 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 11.05 ȑĲȘ 
ǻȚȐȝİıȠ EDSS: 2.5  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300 

Ǿ įȚαȤȡȠȞȚțȒ αȜȜαȖȒ ĲȠυ PASAT αțȠȜȠυșȒșȘțİ 
απȩ αȞȐȜȠȖİȢ αȜȜαȖȑȢ ıĲȠ ȪȥȠȢ ĲȠυ P300 

(190) 20 ǻȆ, ȆȆ ȈțȆ 
10 ȊȖȚİȓȢ 

6 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 53 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: πİȡȓπȠυ 13 
ȑĲȘ 
ȂȑıȠ EDSS: 5.8  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300 

ΘİĲȚțȒ ıυıȤȑĲȚıȘ ȪȥȠυȢ P300 ȝİ PǹSAT. 
ȅȚ αıșİȞİȓȢ (țαȚ țυȡȓȦȢ ȝİ ȆȆȈțȆ) İȓȤαȞ 
ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

(196) 25 ȊȆ ȈțȆ 
25 ȊȖȚİȓȢ 

19 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 34.88 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 4.4 ȑĲȘ 
ȂȑıȠ EDSS: 0-3  

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300 

ȀαȞȑȞα 

(197) 40 ȊȆ, ǻȆ ȈțȆ 
34 ȊȖȚİȓȢ 

20 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 44 ȑĲȘ 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝȚțȡȩĲİȡα ȪȥȘ țαȚ ȝİȖαȜȪĲİȡȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ ıĲȠ P300 (İȚįȚțȐ Ĳα ȠπĲȚțȐ) ıİ 
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ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: πİȡȓπȠυ 16 
ȑĲȘ 
ȂȑıȠ EDSS: πİȡȓπȠυ 4 

   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300   
   (P3a) 

ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ȈυıȤȑĲȚıȘ ȝİ ȖȞȦıĲȚțȒ 
İπȓįȠıȘ. 

(198) 33 ȊȆ, ǻȆ ȈțȆ 
21 ȊȖȚİȓȢ 

17 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 44 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: πİȡȓπȠυ 16 
ȑĲȘ 
EDSS: πİȡȓπȠυ 4 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝȚțȡȩĲİȡα ȪȥȘ țαȚ ȝİȖαȜȪĲİȡȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ ıĲȠ P300 (İȚįȚțȐ Ĳα ȠπĲȚțȐ) ıİ 
ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ȈυıȤȑĲȚıȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ P300 ȝİ ȖȞȦıĲȚțȒ İπȓįȠıȘ. 

(199) 21 ȊȆ ȈțȆ 
21 ȊȖȚİȓȢ 

17 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 31.09 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 4.09 ȑĲȘ 
ȂȑıȠ EDSS: 2.8  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   AțȠυıĲȚțȐ P300 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

(183) 20  ȀȂȈ 
21 ȊȖȚİȓȢ 

16 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 27.35 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 4.92 ȑĲȘ 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ P300  

ȂİȓȦıȘ ĲȠυȢ ȪȥȠυȢ P300 ȝİ αȪȟȘıȘ ĲȦȞ 
ıυȝπĲȦȝȐĲȦȞ ĲȘȢ țαĲȐșȜȚȥȘȢ. 

(200) 11  ȊȆ ȈțȆ 
11 ȊȖȚİȓȢ 

7 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 37 ȑĲȘ 
EDSS: <3 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

(201) 16 ȊȆ ȈțȆ 
 

11 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 37.6 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 6.2 ȑĲȘ 
ȂȑıȠ EDSS: 2.9  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

Ǿ șİȡαπİȓα ȝİ IFNb-1b İȓȤİ ȦȢ απȠĲȑȜİıȝα ĲȘ 
ȝİȓȦıȘ ĲȠυ ȪȥȠυȢ țαȚ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ 1 
ȑĲȠȢ ȝİĲȐ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ. 
 

(202) 33  ȊȆ, ǻȆ, ȆȆ ȈțȆ 
 

20 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 43 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 14.7 ȑĲȘ 
ǻȚȐȝİıȠ EDSS: 5  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ țαȚ ȠπĲȚțȐ P300  
 

ȉȠ ȪȥȠȢ țαȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ P300 ȑįİȚȟαȞ 
țαȜȒ İυαȚıșȘıȓα țαȚ İȚįȚțȩĲȘĲα ȖȚα Ȟα πȡȠȕȜȑȥȠυȞ 
ĲȘȞ ȝİȓȦıȘ ĲȘȢ țȩπȦıȘȢ ıİ αıșİȞİȓȢ ȝİ αȖȦȖȒ ȝİ 
modafinil. Ǿ αıșİȞİȓȢ πȠυ ȕİȜĲȚȫșȘțαȞ İȓȤαȞ 
ȝȚțȡȩĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ȝİȖαȜȪĲİȡȠ ȪȥȠȢ 
P300 απȩ αυĲȠȪȢ πȠυ įİȞ αȞĲαπȠțȡȓșȘțαȞ. 
ΌȡȚȠ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ P300 ȖȚα πȡȩȕȜİȥȘ 
αȞĲαπȩțȡȚıȘȢ ĲȠ 350ms. 

(185) 27 ȊȆ, Ȁ ȈțȆ 
18 ȊȖȚİȓȢ 

18 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 40 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα: ȞȩıȠυ 1-18 ȑĲȘ 
 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠυȢ ȤȡȩȞȠυȢ 
αȞĲȓįȡαıȘȢ țαȚ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ απȩ 
ȩĲȚ ȠȚ υȖȚİȓȢ. ȅȚ αıșİȞİȓȢ ȝİ ȊȆ ȈțȆ İȓȤαȞ 
ȝȚțȡȩĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ țαȚ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
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αıșİȞİȓȢ ȝİ ȀȈȀȆ. 
(179) 46  ȊȆ, ǻȆ, ȆȆ ȈțȆ 

46 ȊȖȚİȓȢ 
29 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 43.7 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 10.1 ȑĲȘ 
EDSS: 2-8.5  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȚȦȝȑȞȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
ıĲȚȢ ȝȑıİȢ πİȡȚȠȤȑȢ ĲȠυ P3a ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ. 

(184) 12  ȊȆ ȈțȆ 
15 ȊȖȚİȓȢ 
 

10 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 43.7 ȑĲȘ 
EDSS: ≤4 
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300  
ǹπİȚțȩȞȚıȘ (MRI) 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝȚțȡȩĲİȡα ȪȥȘ țαȚ ȝİȖαȜȪĲİȡȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ, ȝİ Ĳα ȠπĲȚțȐ P300 Ȟα İȝφαȞȓȗȠυȞ 
ȝİȖαȜȪĲİȡİȢ įȚαĲαȡαȤȑȢ απȩ ȩĲȚ Ĳα αțȠυıĲȚțȐ. 
Ǿ İπȚįİȓȞȦıȘ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ P300 ıȤİĲȓȗİĲαȚ 
ȝİ αȡȞȘĲȚțȑȢ αȜȜαȖȑȢ ıĲȘ ȖȞȦıĲȚțȒ İπȓįȠıȘ țαȚ 
ıĲȠ φȠȡĲȓȠ ĲȦȞ İıĲȚȫȞ. 

(188) 179 ȊȆ, ǻȆ, ȆȆ ȈțȆ 97 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 38.3 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 7.8 ȑĲȘ 
ȂȑıȠ EDSS: 3.7  
 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ P300  
 

ȊȥȘȜȩĲİȡȠ ȪȥȠȢ P300 ıİ ȊȆ ıİ ıȤȑıȘ ȝİ ĲȘȞ ȆȆ. 
Ǿ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 țαȚ Ƞ ȤȡȩȞȠȢ 
αȞĲȓįȡαıȘȢ ȒĲαȞ ȝİȖαȜȪĲİȡα ıĲȘȞ ǻȆ ıİ ıȤȑıȘ ȝİ 
ĲȘȞ ȊȆ. ȂİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 ıİ 
ǻȆ ıİ ıȤȑıȘ ȝİ ĲȘȞ ȆȆ. 
ΘİĲȚțȒ ıυıȤȑĲȚıȘ ĲȘȢ ȘȜȚțȓαȢ, ĲȠυ EDSS țαȚ ĲȘȢ 
įȚȐȡțİȚαȢ ĲȘȢ ȞȩıȠυ ȝİ ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
P300. 

(203) 34 ȊȆ, ǻȆ ȈțȆ 
15 ȊȖȚİȓȢ 

97 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 38 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: πİȡȓπȠυ 5 
ȑĲȘ 
EDSS: 2-6  

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300 
ǹπİȚțȩȞȚıȘ (MRI) 
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ ıİ 
ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

(204) 8  ȊȆ, ǻȆ ȈțȆ 
10 ȊȖȚİȓȢ 
 

3 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 42.5 ȑĲȘ 
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝȚțȡȩĲİȡα ȪȥȘ țαȚ ȝİȖαȜȪĲİȡȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ țαȚ ıυıȤȑĲȚıȘ ĲȠυȢ ȝİ ĲȘ ȖȞȦıĲȚțȒ İπȓįȠıȘ. 

(205) 14  ȈțȆ 
14 ȊȖȚİȓȢ 

- ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
ǹțȠυıĲȚțȐ P300  

ȀαȞȑȞα 

(206) 44 ȊȆ, ǻȆ ȈțȆ 
 
 

97 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 33 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: πİȡȓπȠυ 5.2 
ȑĲȘ 
ȂȑıȠ EDSS: πİȡȓπȠυ 4.4  

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ǺİȜĲȓȦıȘ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ P300 2 ȘȝȑȡİȢ 
ȝİĲȐ απȩ İȞįȠφȜȑȕȚα ȝİșυȜ-πȡİįȞȚȗȠȜȩȞȘ 
(1000mg/Șȝȑȡα ȖȚα 5 ȘȝȑȡİȢ) 
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(207) 30  ȈțȆ 
30 ȊȖȚİȓȢ 
 

25 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 45.1 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 11.8 ȑĲȘ 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȀαȞȑȞα 

(189) 101 ȊȆ, πȡȠȠįİυĲȚțȒ 
ȈțȆ 
71 ȊȖȚİȓȢ 
 

72 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 39.9 ȑĲȘ 
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 
ΘİĲȚțȒ ıυıȤȑĲȚıȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ P300 ȝİ ĲȘȞ 
ȘȜȚțȓα, ĲȘȞ įȚȐȡțİȚα ĲȘȢ ȞȩıȠυ țαȚ ĲȘȞ αȞαπȘȡȓα, 
αȡȞȘĲȚțȐ ȝİ ĲȘ ȖȞȦıĲȚțȒ İπȓįȠıȘ, İȞȫ ȒĲαȞ 
ȝİȖαȜȪĲİȡȘ ıĲȚȢ πȡȠȠįİυĲȚțȑȢ ȝȠȡφȑȢ ĲȘȢ ȞȩıȠυ. 

(180) 10  ȈțȆ 
10 ȊȖȚİȓȢ 
 
 

8 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: πİȡȓπȠυ 39.3 ȑĲȘ 
EDSS: 4-7  
 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ ıİ 
ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ țαȚ Ș įȚαφȠȡȐ ȒĲαȞ 
ȝİȖαȜȪĲİȡȘ ıİ țαĲȐıĲαıȘ țȩπȦıȘȢ. ȅȚ αıșİȞİȓȢ 
İȓȤαȞ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ.  

(208) 30  ȈțȆ 
19 ȊȖȚİȓȢ 
 

15 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 48.4 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 17.1 ȑĲȘ 
ȂȑıȠ EDSS: πİȡȓπȠυ 3.9  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ 
απȩ ȩĲȚ ȠȚ υȖȚİȓȢ. 
 

(209) 30  ȊȆ, πȡȠȠįİυĲȚțȒ 
ȈțȆ 
19 ȊȖȚİȓȢ 
 

15 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 48.4 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 17.1 ȑĲȘ 
ȂȑıȠ EDSS: πİȡȓπȠυ 3.9  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 
 

(210) 12 ȈțȆ 
7 ȊȖȚİȓȢ 
 

9 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 34 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 8 ȑĲȘ 
ȂȑıȠ EDSS: πİȡȓπȠυ 3.7  
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ ȝİ ȐȞȠȚα İȓȤαȞ ȝİȖαȜȪĲİȡȘ 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ ıĲȠ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ Ȓ αıșİȞȒȢ ȤȦȡȓȢ ȐȞȠȚα. ΌȜȠȚ ȠȚ αıșİȞİȓȢ 
İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ ıİ ıȤȑıȘ ȝİ 
ĲȠυȢ υȖȚİȓȢ.  

(211) 16 ȈțȆ 
16 ȊȖȚİȓȢ 
 

14 ΓυȞαȓțİȢ,  
ǾȜȚțȓα: 20-45 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 5.4 ȑĲȘ 
 

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
țαȚ ıȤİĲȚțȐ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ. 
 

(212) 31 ȈțȆ 
32 ȊȖȚİȓȢ 
 

20 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 40 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 10.2 ȑĲȘ 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
țαȚ ıȤİĲȚțȐ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ 
υȖȚİȓȢ. 
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ȂȑıȠ EDSS: πİȡȓπȠυ 4.92  
 

ǹπİȚțȠȞȚıĲȚțȑȢ (MRI)  
 

Ǿ αȪȟȘıȘ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ țαȚ Ș ȝİȓȦıȘ 
ĲȠυ ȪȥȠυȢ P300 ıυıȤİĲȓıĲȘțαȞ ȝİ ĲȘȞ ȝİȖαȜȪĲİȡȘ 
ȘȜȚțȓα țαȚ įȚȐȡțİȚα ȞȩıȠυ, ĲȚȢ πİȡȚııȩĲİȡİȢ 
απȠȝυİȜȚȞȦĲȚțȑȢ İıĲȓİȢ țαȚ ĲȘ ıȘȝαȞĲȚțȩĲİȡȘ 
ȖȞȦıĲȚțȒ įυıȜİȚĲȠυȡȖȓα.  

(213) 47 ȊȆ ȈțȆ 
24 ȊȖȚİȓȢ 

15 ΓυȞαȓțİȢ,  
ȂȑıȘ ǾȜȚțȓα: 35.7 ȑĲȘ 
ȂȑıȘ įȚȐȡțİȚα ȞȩıȠυ: 6.9 ȑĲȘ 
ȂȑıȠ EDSS: 2.8  

ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ǹțȠυıĲȚțȐ P300  
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 
țαȚ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 
 

(214) 24 ȈțȆ 
19 ȊȖȚİȓȢ 

ȂȑıȘ ǾȜȚțȓα: 37.5 ȑĲȘ 
 
 
 

ΓȞȦıĲȚțȑȢ 
ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ 
   ȅπĲȚțȐ țαȚ αțȠυıĲȚțȐ P300  
ǹπİȚțȠȞȚıĲȚțȑȢ (MRI) 
 

ȅȚ αıșİȞİȓȢ İȓȤαȞ ȝİȖαȜȪĲİȡȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ, 
ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ȝȚțȡȩĲİȡȠ ȪȥȠȢ P300 ıİ 
ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 
ǹıșİȞİȓȢ ȝİ ȝȘ φυıȚȠȜȠȖȚțȐ P300 İȓȤαȞ 
ȝİȖαȜȪĲİȡȘ įȚȐȡțİȚα ȞȩıȠυ, ȝİȖαȜȪĲİȡȘ αȞαπȘȡȓα, 
ȤİȚȡȩĲİȡİȢ ȖȞȦıĲȚțȑȢ İπȚįȩıİȚȢ țαȚ ȝİȖαȜȪĲİȡȠ 
φȠȡĲȓȠ İıĲȚȫȞ ıİ ıȤȑıȘ ȝİ αıșİȞİȓȢ ȝİ 
φυıȚȠȜȠȖȚțȐ P300. 

 

ǻȆ: ǻİυĲİȡȠπαșȫȢ ȆȡȠȧȠȪıα, Ȁ: ȀαȜȠȒșȘȢ, ȀȂȈ: ȀȜȚȞȚțȐ ȂİȝȠȞȦȝȑȞȠ ȈȪȞįȡȠȝȠ, ȆȆ: ȆȡȦĲȠπαșȫȢ ȆȡȠȧȠȪıα, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ, ȊȆ: ȊπȠĲȡȠπȚȐȗȠυıα. 

EDSS: Expanded Disability Status Scale, PASAT: Paced Auditory Serial Addition Test 
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ǼǿǻǿȀȅ ȂǼȇȅȈ 

 

4 ȈĲȩȤȠȚ ȑȡİυȞαȢ 

 

ǺαıȚțȩȢ ıĲȩȤȠȢ țαȚ țαȚȞȠĲȠȝȓα ĲȘȢ παȡȠȪıαȢ ȝİȜȑĲȘȢ İȓȞαȚ Ș įȚİȡİȪȞȘıȘ ĲȠυ 

ȡȩȜȠυ ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ ĲȘȢ MRI (ȠȖțȠȝİĲȡȚțȠȓ αυĲȠȝαĲȠπȠȚȘȝȑȞȠȚ țαȚ 

ȖȡαȝȝȚțȠȓ ȝȘ αυĲȠȝαĲȠπȠȚȘȝȑȞȠȚ) ıĲȘȞ πȡȩȕȜİȥȘ ĲȦȞ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȫȞ 

ȝİĲȡȒıİȦȞ ĲȠυ țȪȝαĲȠȢ ȇ300. 

ǼπȚπȜȑȠȞ ıĲȩȤȠȢ İȓȞαȚ Ș įȚİȡİȪȞȘıȘ ĲȠυ ȡȩȜȠυ ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ ĲȘȢ 

MRI (ȠȖțȠȝİĲȡȚțȠȓ αυĲȠȝαĲȠπȠȚȘȝȑȞȠȚ țαȚ ȖȡαȝȝȚțȠȓ ȝȘ αυĲȠȝαĲȠπȠȚȘȝȑȞȠȚ) ıĲȘȞ 

πȡȩȕȜİȥȘ ĲȦȞ ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ İȜȑȖȤȦȞ ȖȚα ĲȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα, ȝİ ȚįȚαȓĲİȡȘ 

ȑȝφαıȘ ıĲȘȞ ıȪȖțȡȚıȘ ĲȦȞ ȠȖțȠȝİĲȡȚțȫȞ țαȚ ĲȦȞ ȖȡαȝȝȚțȫȞ απİȚțȠȞȚıĲȚțȫȞ 

įİȚțĲȫȞ. ǼπȓıȘȢ șα İȟİĲαıĲİȓ-İπαȜȘșİυĲİȓ Ƞ ȡȩȜȠȢ ĲȠυ țȪȝαĲȠȢ ȇ300 ıĲȘ ȖȞȦıĲȚțȒ 

ȜİȚĲȠυȡȖȓα ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ. 

ǻİυĲİȡİȪȠȞĲİȢ ıĲȩȤȠȚ İȓȞαȚ İπȓıȘȢ Ș įȚαțȡȓȕȦıȘ ĲȘȢ įȚαȖȞȦıĲȚțȒȢ αțȡȓȕİȚαȢ ĲȠυ 

ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ țαȚ ȞİυȡȠφυıȚȠȜȠȖȚțȠȪ İȜȑȖȤȠυ ıĲȘ ȞȩıȠ țαȚ ıĲȘ Γǻ, Ș 

αȞαȗȒĲȘıȘ ıȘȝαȞĲȚțȫȞ ıυıȤİĲȓıİȦȞ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȘȢ ȈțȆ ȝİ ĲȠυȢ 

απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ țαȚ Ș įȚİȡİȪȞȘıȘ ĲȠυ ȡȩȜȠυ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ 

ıĲȘ Γǻ. 

 

5 ȂİșȠįȠȜȠȖȓα 

 

5.1 ǻȚαįȚțαıȓα ĲȘȢ ȝİȜȑĲȘȢ 

 

Ǿ ȝİȜȑĲȘ ȒĲαȞ ıυȖȤȡȠȞȚțȒ (cross-sectional) țαȚ πȡαȖȝαĲȠπȠȚȒșȘțİ ıĲȘ 

ȃİυȡȠȜȠȖȚțȒ ȀȜȚȞȚțȒ ĲȠυ ȞȠıȠțȠȝİȓȠυ ȃǿȂȉȈ (ȃȠıȘȜİυĲȚțȩ Ǵįȡυȝα ȂİĲȠȤȚțȠȪ 

ȉαȝİȓȠυ ȈĲȡαĲȠȪ) ıİ ıυȞİȡȖαıȓα ȝİ ĲȘ ȃİυȡȠȜȠȖȚțȒ ȀȜȚȞȚțȒ ĲȠυ ǹȚȖȚȞȘĲİȓȠυ 

ȃȠıȠțȠȝİȓȠυ ĲȘȞ πİȡȓȠįȠ ȈİπĲȑȝȕȡȚȠȢ 2013 ȑȦȢ ȈİπĲȑȝȕȡȚȠ 2017. ȉȠ įİȓȖȝα ĲȦȞ 

αıșİȞȫȞ απȠĲİȜȠȪȞĲαȞ απȩ 61 αıșİȞİȓȢ ĲȦȞ İȟȦĲİȡȚțȫȞ ȚαĲȡİȓȦȞ ȝİ 

υπȠĲȡȠπȚȐȗȠυıα ȈțȆ ȝİ įȚȐȖȞȦıȘ ıȪȝφȦȞα ȝİ Ĳα țȡȚĲȒȡȚα McDonald (28). ȉα 

țȡȚĲȒȡȚα İȚıȩįȠυ ıĲȘȞ ȝİȜȑĲȘ ȒĲαȞ Ĳα αțȩȜȠυșα: ȕȑȕαȚȘ įȚȐȖȞȦıȘ ȈțȆ, ȘȜȚțȓα ≥18 

İĲȫȞ, ȐȡȚıĲȘ ȖȞȫıȘ ǼȜȜȘȞȚțȒȢ ȖȜȫııαȢ, ıțȠȡ αȞαπȘȡȓαȢ EDSS ≤6.0 (35) țαȚ ȐĲȠȝα 
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ȚțαȞȐ Ȟα παȡȑȤȠυȞ İȞȘȝİȡȦȝȑȞȘ ıυȖțαĲȐșİıȘ ıυȝȝİĲȠȤȒȢ ıĲȘȞ ȑȡİυȞα. ȉα țȡȚĲȒȡȚα 

απȠțȜİȚıȝȠȪ πİȡȚȜȐȝȕαȞαȞ Ĳα αțȩȜȠυșα: ıυȞȪπαȡȟȘ Ȓ ȚıĲȠȡȚțȩ ȐȜȜȘȢ ȞİυȡȠȜȠȖȚțȒȢ 

ȞȩıȠυ (π.Ȥ. ȘȝȚțȡαȞȓαȢ), ȚıĲȠȡȚțȩ ȥȪȤȦıȘȢ Ȓ ȐȜȜȘȢ ȥυȤȚαĲȡȚțȒȢ ȞȩıȠυ πȠυ 

İȝφαȞȓıĲȘțİ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ȈțȆ (π.Ȥ. ıυȞαȚıșȘȝαĲȚțȑȢ įȚαĲαȡαȤȑȢ, įȚαĲαȡαȤȑȢ 

πȡȠıȦπȚțȩĲȘĲαȢ țαȚ ıυȝπİȡȚφȠȡȐȢ), ıȘȝαȞĲȚțȐ İȜȜİȓȝȝαĲα ȩȡαıȘȢ țαȚ αțȠȒȢ, 

ȚıĲȠȡȚțȩ ȥυȤȠįȚαȞȠȘĲȚțȒȢ țαșυıĲȑȡȘıȘȢ, İȟȐȡĲȘıȘ απȩ ĲȠ αȜțȠȩȜ Ȓ ȐȜȜİȢ ȠυıȓİȢ, 

υπȠĲȡȠπȒ ĲȘȢ ȞȩıȠυ ĲȠȞ ĲİȜİυĲαȓȠ ȑȞα ȝȒȞα πȡȚȞ ĲȘȞ αȟȚȠȜȩȖȘıȘ, ȤȡȒıȘ 

țȠȡĲȚțȠİȚįȫȞ ĲȠȞ ĲİȜİυĲαȓȠ ȝȒȞα πȡȚȞ ĲȘȞ İȟȑĲαıȘ țαȚ ȤȡȒıȘ ȥυȤȠĲȡȩπȦȞ ȠυıȚȫȞ 

(π.Ȥ. αȞĲȚțαĲαșȜȚπĲȚțȐ, ȕİȞȗȠįȚαȗİπȓȞİȢ, ȕαȡȕȚĲȠυȡȚțȐ, ȥυȤȠįȚİȖİȡĲȚțȐ π.Ȥ. 

ȝȠȞĲαφȚȞȓȜȘ). Ǿ ȝİȜȑĲȘ İȖțȡȓșȘțİ απȩ Ĳα İπȚıĲȘȝȠȞȚțȐ ıυȝȕȠȪȜȚα ȘșȚțȒȢ țαȚ 

įİȠȞĲȠȜȠȖȓαȢ ĲȠυ ǹȚȖȚȞȒĲİȚȠυ ȃȠıȠțȠȝİȓȠυ țαȚ ĲȠυ ȃǿȂȉȈ, αφȠȪ ȕȡȑșȘțİ ıȪȝφȦȞȘ 

ȝİ ĲȘ įȚαțȒȡυȟȘ ĲȠυ ǼȜıȓȞțȚ. ȀȐșİ αıșİȞȒȢ πȠυ ıυȝȝİĲİȓȤİ ıĲȘ ȝİȜȑĲȘ ȑįȦıİ ĲȘȞ 

İȞȘȝİȡȦȝȑȞȘ ȖȡαπĲȒ ıυȖțαĲȐșİıȘ ĲȠυ ȖȚα ıυȝȝİĲȠȤȒ ıĲȘȞ ȑȡİυȞα. 

ǹπȩ ĲȠυȢ 61 αıșİȞİȓȢ ĲȘȢ ȝİȜȑĲȘȢ, ȩȜȠȚ İțĲȚȝȒșȘțαȞ ȝİ ĲȠȞ ȞİυȡȠȥυȤȠȜȠȖȚțȩ țαȚ 

ȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ, 58 υπȠȕȜȒșȘțαȞ İπȚĲυȤȫȢ ıİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȩ ȑȜİȖȤȠ (ıİ 3 

ȠȚ țαĲαȖȡαφȑȢ ȒĲαȞ țαțȒȢ πȠȚȩĲȘĲαȢ țαȚ απȠțȜİȓıĲȘțαȞ) țαȚ 48 ȑφİȡαȞ απİȚțȠȞȓıİȚȢ 

MRI ȕȐıİȚ ĲȦȞ țȡȚĲȘȡȓȦȞ πȠυ πİȡȚȖȡȐφȠȞĲαȚ παȡαțȐĲȦ. ΓȚα ĲȠυȢ ıțȠπȠȪȢ ĲȘȢ 

ȝİȜȑĲȘȢ αȟȚȠȜȠȖȒșȘțİ įİȓȖȝα 51 İȟȠȝȠȚȦȝȑȞȦȞ (matched) ȦȢ πȡȠȢ ĲȘȞ ȘȜȚțȓα țαȚ ĲȠ 

φȪȜȠ υȖȚȫȞ İșİȜȠȞĲȫȞ πȠυ υπȠȕȜȒșȘțİ ıĲȚȢ ȓįȚİȢ įȠțȚȝαıȓİȢ İȟȑĲαıȘȢ ȝİ ĲȠυȢ 

αıșİȞİȓȢ, İțĲȩȢ απȩ ĲȘȞ απİȚțȩȞȚıȘ ȝİ MRI ȖȚα ȘșȚțȠȪȢ țαȚ ȠȚțȠȞȠȝȚțȠȪȢ ȜȩȖȠυȢ. 

ǼπȓıȘȢ, ȤȡȘıȚȝȠπȠȚȒșȘțİ įİȓȖȝα 156 υȖȚȫȞ İșİȜȠȞĲȫȞ ĲȘȢ țȠȚȞȩĲȘĲαȢ πȠυ İȓȤαȞ 

αȟȚȠȜȠȖȘșİȓ ȝȩȞȠ ȝİ ĲȚȢ ȞİυȡȠȥυȤȠȜȠȖȚțȑȢ įȠțȚȝαıȓİȢ ĲȘȢ ȝİȜȑĲȘȢ πȡȠțİȚȝȑȞȠυ Ȟα 

αȞαȖȞȦȡȚıĲȠȪȞ ȠȚ αıșİȞİȓȢ ȝİ ȈțȆ ȝİ Γǻ (ıȪȞȠȜȠ υȖȚȫȞ İșİȜȠȞĲȫȞ 207 ȐĲȠȝα). 

 

5.2 ȂİĲȡȒıİȚȢ 

 

ΚȠȚȞωȞȚțȠįȘȝȠȖȡαφȚțȑȢ ȝİĲȡȒıİȚȢ: ȘȜȚțȓα, φȪȜȠ, İπαȖȖİȜȝαĲȚțȒ țαĲȐıĲαıȘ, İπȓπİįȠ 

İțπαȓįİυıȘȢ, įİȟȚȠȤİȚȡȓα Ȓ αȡȚıĲİȡȠȤİȚȡȓα. 

ȂİĲȡȒıİȚȢ ıχİĲȚȗȩȝİȞİȢ ȝİ ĲȘ ȈțȆ țαȚ ĲȠ ȚαĲȡȚțȩ ȚıĲȠȡȚțȩ: ǻȚȐȡțİȚα ȞȩıȠυ, EDSS ĲȘ 

ıĲȚȖȝȒ ĲȘȢ İȟȑĲαıȘȢ, ȚıĲȠȡȚțȩ ȠπĲȚțȒȢ ȞİυȡȓĲȚįαȢ, αȡȚșȝȩȢ υπȠĲȡȠπȫȞ απȩ ĲȘȞ 

ȑȞαȡȟȘ ĲȘȢ ȞȩıȠυ, ĲȡȑȤȠυıα αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ αȖȦȖȒ țαȚ φȐȡȝαțα 

ıυȝπĲȦȝαĲȚțȒȢ αȖȦȖȒȢ. 

ȃİυȡȠȥυȤȠȜȠȖȚțȑȢ ȂİĲȡȒıİȚȢ: 
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Symbol Digit Modalities Test (SDMT): To ĲİıĲ αυĲȩ ȤȡȘıȚȝȠπȠȚİȓĲαȚ țυȡȓȦȢ ȖȚα ĲȘȞ 

İȟȑĲαıȘ ĲȘȢ πȡȠıȠȤȒȢ țαȚ ĲȘȢ ĲαȤȪĲȘĲαȢ İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ απȩ ĲȠȞ 

İȟİĲαȗȩȝİȞȠ ȦȢ ȝȑȡȠȢ ĲȘȢ įȠțȚȝαıȓαȢ Brief International Cognitive Assessment for 

Multiple Sclerosis (BICAMS) πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıĲȘ ȈțȆ (85,86). ȉȠ ĲİıĲ 

πİȡȚȜαȝȕȐȞİȚ İȞȞȑα ıȪȝȕȠȜα πȠυ αȞĲȚıĲȠȚȤȠȪȞ ıİ İȞȞȑα αȡȚșȝȠȪȢ. ȅ αıșİȞȒȢ 

țαȜİȓĲαȚ Ȟα ȠȞȠȝαĲȓıİȚ ĲȠυȢ αȡȚșȝȠȪȢ πȠυ αȞĲȚıĲȠȚȤȠȪȞ ıİ țȐșİ ıȪȝȕȠȜȠ. Ǿ 

ȕαșȝȠȜȠȖȓα υπȠȜȠȖȓȗİĲαȚ απȜȐ απȩ ĲȠȞ αȡȚșȝȩ ĲȦȞ ıȦıĲȫȞ απαȞĲȒıİȦȞ ȝȑıα ıİ 90 

įİυĲİȡȩȜİπĲα. ȉȠ ĲİıĲ įȚαȡțİȓ 5 ȜİπĲȐ ȝαȗȓ ȝİ ĲȚȢ ȠįȘȖȓİȢ, ĲȘȞ İȟȐıțȘıȘ țαȚ ĲȘȞ 

İțĲȑȜİıȒ ĲȠυ. ǲȖțυȡİȢ ȝİĲȡȒıİȚȢ υπȒȡȤαȞ įȚαșȑıȚȝİȢ ȖȚα ĲȠ ıȪȞȠȜȠ ĲȠυ įİȓȖȝαĲȠȢ. 

California Verbal Learning Test -II (CVLT-II):  ȉȠ ĲİıĲ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ 

İȟȑĲαıȘ ĲȘȢ ȜİțĲȚțȒȢ ȝȞȒȝȘȢ ȦȢ ȝȑȡȠȢ ĲȘȢ įȠțȚȝαıȓαȢ Brief BICAMS πȠυ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıĲȘ ȈțȆ (85,86). ǹπȠĲİȜİȓĲαȚ απȩ ȝȚα ȜȓıĲα 16 ȜȑȟİȦȞ, ȝİ ĲȑııİȡȚȢ 

İȞȞȠȚȠȜȠȖȚțȑȢ ȠȝȐįİȢ ĲȦȞ ĲİııȐȡȦȞ ȜȑȟİȦȞ Ș țαșİȝȓα. ȅ İȟİĲαıĲȒȢ įȚαȕȐȗİȚ ĲȘ 

ȜȓıĲα ıĲȠȞ İȟİĲαȗȩȝİȞȠ ȝİ țȐșİ ȜȑȟȘ Ȟα απȑȤİȚ απȩ ĲȘȞ İπȩȝİȞȘ πİȡȓπȠυ ȑȞα 

įİυĲİȡȩȜİπĲȠ. ǹțȠȜȠȪșȦȢ Ƞ İȟİĲαȗȩȝİȞȠȢ țαȜİȓĲαȚ Ȟα șυȝȘșİȓ ȩıİȢ πİȡȚııȩĲİȡİȢ 

ȜȑȟİȚȢ ȝπȠȡİȓ. Ǿ įȚαįȚțαıȓα İπαȞαȜαȝȕȐȞİĲαȚ πȑȞĲİ φȠȡȑȢ. Ǿ ȕαșȝȠȜȠȖȓα πȡȠțȪπĲİȚ 

απȩ ĲȠ ıȪȞȠȜȠ ĲȠυ αȡȚșȝȠȪ ĲȦȞ ıȦıĲȫȞ ȜȑȟİȦȞ ıİ ȩȜİȢ ĲȚȢ įȠțȚȝαıȓİȢ (ȝȑȖȚıĲȘ ĲȚȝȒ 

80). ǲȖțυȡİȢ ȝİĲȡȒıİȚȢ υπȒȡȤαȞ įȚαșȑıȚȝİȢ ȖȚα ĲȠ ıȪȞȠȜȠ ĲȠυ įİȓȖȝαĲȠȢ. 

Brief Visuospatial Memory Test-Revised (BVMT-R): To ĲİıĲ αυĲȩ İȟİĲȐȗİȚ ĲȘȞ 

ȠπĲȚțȠȤȦȡȚțȒ ȝȐșȘıȘ țαȚ ȝȞȒȝȘ ȦȢ ȝȑȡȠȢ ĲȘȢ įȠțȚȝαıȓαȢ Brief BICAMS πȠυ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıĲȘ ȈțȆ (85,86). ȅ İȟİĲαȗȩȝİȞȠȢ țȠȚĲȐȗİȚ αφȘȡȘȝȑȞα ıȤȑįȚα ıİ 

ıİȚȡȑȢ țαȚ ıĲȒȜİȢ (2ȋ3) ȖȚα 10 įİυĲİȡȩȜİπĲα țαȚ ȝİĲȐ πȡȠıπαșİȓ Ȟα Ĳα αȞĲȚȖȡȐȥİȚ 

ıİ ȑȞα ȐįİȚȠ ȤαȡĲȓ ȝİ ĲȘȞ ȓįȚα įȚȐĲαȟȘ. ȀȐșİ ıȤȒȝα πȠυ İȓȞαȚ ıȦıĲȩ țαȚ ıĲȘ ıȦıĲȒ 

șȑıȘ παȓȡȞİȚ įȪȠ πȩȞĲȠυȢ. ǹȞ İȓȞαȚ ȝȩȞȠ ıȦıĲȩ ĲȠ ıȤȒȝα Ȓ ȝȩȞȠ ıȦıĲȒ Ș șȑıȘ ĲȠυ 

ıĲȠ ȤαȡĲȓ ĲȩĲİ απȠȞȑȝİĲαȚ ȑȞαȢ πȩȞĲȠȢ. ȅȚ țİȞȑȢ șȑıİȚȢ ȕαșȝȠȜȠȖȠȪȞĲαȚ ȝİ ȝȘįȑȞ 

πȩȞĲȠυȢ. Ǿ įȚαįȚțαıȓα İπαȞαȜαȝȕȐȞİĲαȚ ĲȡİȚȢ φȠȡȑȢ (ȝȑȖȚıĲȘ ȕαșȝȠȜȠȖȓα 12 αȞȐ 

įȠțȚȝαıȓα, 36 ıĲȠ ıȪȞȠȜȠ ȖȚα ĲȚȢ ĲȡİȚȢ πȡȠıπȐșİȚİȢ). ǲȖțυȡİȢ ȝİĲȡȒıİȚȢ υπȒȡȤαȞ 

įȚαșȑıȚȝİȢ ȖȚα ĲȠ ıȪȞȠȜȠ ĲȠυ įİȓȖȝαĲȠȢ. 

ȌυȤȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ: 

Depression Anxiety Stress Scale-21 (DASS-21): Ǿ țȜȓȝαțα DASS-21 İȓȞαȚ ȑȞα 

İȡȦĲȘȝαĲȠȜȩȖȚȠ ĲȠ ȠπȠȓȠ ȑȤİȚ ĲȡİȚȢ υπȠțȜȓȝαțİȢ: țαĲȐșȜȚȥȘ, ȐȖȤȠȢ țαȚ ıĲȡİȢ (215). 

ȈĲȘȞ țȐșİ υπȠțȜȓȝαțα ıυȝπİȡȚȜαȝȕȐȞȠȞĲαȚ İπĲȐ İȡȦĲȒıİȚȢ ĲȚȢ ȠπȠȓİȢ țαȜİȓĲαȚ ĲȠ 

ȐĲȠȝȠ Ȟα απαȞĲȒıİȚ ȝȑıȦ ȝȓαȢ 4ȕȐșȝȚαȢ țȜȓȝαțαȢ ĲȪπȠυ Likert (απȩ 0=įİȞ ȓıȤυıİ 

țαșȩȜȠυ ȖȚα ȝȑȞα, ȦȢ 3=ȓıȤυİ ȖȚα ȝȑȞα πȐȡα πȠȜȪ Ȓ ĲȚȢ πİȡȚııȩĲİȡİȢ φȠȡȑȢ) țαȚ 
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αȞαφȑȡȠȞĲαȚ ıĲȘȞ įȚȐȡțİȚα ĲȘȢ πȡȠȘȖȠȪȝİȞȘȢ İȕįȠȝȐįαȢ. ȉȠ țȐșİ ıțȠȡ 

πȠȜȜαπȜαıȚȐȗİĲαȚ İπȓ 2, ȩπȦȢ ȑȤİȚ πȡȠĲαșİȓ απȩ ĲȘȞ ȠȜȠțȜȒȡȦȝȑȞȘ ȝȠȡφȒ ĲȘȢ 

DASS-42, ȠȪĲȦȢ ȫıĲİ Ȟα πȡȠıįȚȠȡȚıĲİȓ Ș ȒπȚα, ȝȑĲȡȚα, ıȠȕαȡȒ țαȚ πȠȜȜȒ ıȠȕαȡȒ 

țαĲȐıĲαıȘ απȩ ĲȘȞ țȐșİ υπȠțȜȓȝαțα. ΌıȠ αυȟȐȞİȚ ĲȠ ıțȠȡ ĲȩıȠ ȝİȖαȜȪĲİȡα 

İπȓπİįα țαĲȐșȜȚȥȘȢ, ȐȖȤȠυȢ țαȚ ıĲȡİȢ ȕȚȫȞİȚ ĲȠ ȐĲȠȝȠ. ȅȚ įİȓțĲİȢ αȟȚȠπȚıĲȓαȢ 

Cronbach's alpha ȖȚα ĲȠ įİȓȖȝα ĲȘȢ ȝİȜȑĲȘȢ ȒĲαȞ πȠȜȪ ȚțαȞȠπȠȚȘĲȚțȠȓ (ıĲȡİȢ: 0.84, 

ȐȖȤȠȢ: 0.794 țαȚ țαĲȐșȜȚȥȘ: 0.836) 

ȂȑĲȡȘıȘ ĲȘȢ țȩπωıȘȢ: ȋȡȘıȚȝȠπȠȚȒșȘțαȞ ĲȡİȚȢ ȠπĲȚțȑȢ αȞαȜȠȖȚțȑȢ țȜȓȝαțİȢ 

(ıȦȝαĲȚțȒ, πȞİυȝαĲȚțȒ, ȥυȤȠȜȠȖȚțȒ) ȝȑĲȡȘıȘȢ ĲȘȢ țȩπȦıȘȢ, ȩπȠυ ĲȠ ȐĲȠȝȠ 

ıȘȝİȚȫȞİȚ ĲȠ ȕαșȝȩ ĲȘȢ țȩπȦıȒȢ ĲȠυ ȝİ ȑȞα ıȘȝİȓȠ πȐȞȦ ıİ ȝȓα ȖȡαȝȝȒ ĲȦȞ 10cm. 

Ǿ ȝȑĲȡȘıȘ șα ȖȓȞİȚ ȝİ ĲȘ ȕȠȒșİȚα ȤȐȡαțα (İȜȐȤȚıĲȠ 0mm, ȝȑȖȚıĲȠ 100mm). 

ȆαȡȩȝȠȚİȢ ĲİȤȞȚțȑȢ (visual analogue scales) ȑȤȠυȞ ȤȡȘıȚȝȠπȠȚȘșİȓ țαȚ ıİ ȐȜȜİȢ 

ȝİȜȑĲİȢ (216–218). 

ΗȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ (απȩțȡȚıȘ P300): ΓȚα ĲȘȞ παȡαȖȦȖȒ ĲȠυ P300 

πȡȠțȜȘĲȠȪ įυȞαȝȚțȠȪ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȠπĲȚțȐ İȡİșȓıȝαĲα ıȪȝφȦȞα ȝİ ĲȠ 

υπȩįİȚȖȝα ĲȘȢ ĲυȤαȓαȢ παȡİȝȕȠȜȒȢ. ȉȠ "ıυȤȞȩ" țαȚ "ıπȐȞȚȠ" İȡȑșȚıȝα ȒĲαȞ ĲȘȢ ȓįȚαȢ 

țαĲȘȖȠȡȓαȢ ȝİ įȚαφȠȡİĲȚțȒ ĲȘȞ ȚįȚȩĲȘĲα ĲȠυ ȤȡȫȝαĲȠȢ (įȘȜ. ȝαȪȡȘ-ȐıπȡȘ țαȚ 

ȝαȪȡȘ-țȩțțȚȞȘ ıțαțȚȑȡα 8×8, ȝİ įȚαıĲȐıİȚȢ 16×24mm Ș țαșİȝȓα, αȞĲȚıĲȠȓȤȦȢ). Ǿ 

įȚȐȡțİȚα țȐșİ İȡİșȓıȝαĲȠȢ ȒĲαȞ 100ms, ĲȠ ȤȡȠȞȚțȩ ȝİıȠįȚȐıĲȘȝα ȝİĲαȟȪ ĲȦȞ 

İȡİșȚıȝȐĲȦȞ 2000ms, Ș αȞαȜȠȖȓα ĲȠυ "ıπȐȞȚȠυ"/"ıυȤȞȩ" 50/250 (1:5) țαȚ Ș 

παȡαȖȦȖȒ ĲȠυ "ıπȐȞȚȠυ" İȡİșȓıȝαĲȠȢ ȑȖȚȞİ ĲυȤαȓα. ȅ İȟİĲαȗȩȝİȞȠȢ țαșȩĲαȞ 70cm 

απȩ ĲȘȞ ȠșȩȞȘ ıİ αȞαπαυĲȚțȒ țαȡȑțȜα țαȚ ĲȠυ įȩșȘțİ Ș İȞĲȠȜȒ Ȟα παĲȐİȚ ĲȠ țȠυȝπȓ 

ıİ ȑȞα joystick ȩĲαȞ ȑȕȜİπİ ıĲȘȞ ȠșȩȞȘ ĲȠ "ıπȐȞȚȠ" İȡȑșȚıȝα. Ǿ İȟȑĲαıȘ ȖȚȞȩĲαȞ ĲȚȢ 

ȫȡİȢ 9:00-13:00. ȅȚ țαĲαȖȡαφȑȢ ȑȖȚȞαȞ ȝİ ȘȜİțĲȡȩįȚα αȡȖȪȡȠυ țȡαĲȫȞĲαȢ ĲȘȞ 

αȞĲȓıĲαıȘ <5țȍhm, ȤȡȘıȚȝȠπȠȚȫȞĲαȢ İȚįȚțȒ πȐıĲα. ȋȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα 

παȡαțȐĲȦ ȘȜİțĲȡȩįȚα: Fz, Cz, Pz, A1, A2 țαȚ ȝȚα ȖİȓȦıȘ (Fpz), İȞȫ Ș ĲȠπȠșȑĲȘıȘ 

ȑȖȚȞİ ȝİ ȕȐıȘ ĲȠυ ıυıĲȒȝαĲȠȢ 10-20. Ǿ ȥȘφȚȠπȠȓȘıȘ ȑȖȚȞİ ȝİ ıυȤȞȩĲȘĲα 285Hz țαȚ 

İȞȓıȤυıȘ 1:20,000. ȉα φȓȜĲȡα ȠȡȓıĲȘțαȞ ıĲȠ İȪȡȠȢ 0.01-35Hz, İȞȫ ȖȚα ĲȘȞ 

απȩȡȡȚȥȘ țαĲαȖȡαφȫȞ ıĲα "ıπȐȞȚα" İȡİșȓıȝαĲα ȝİ παȡȐıȚĲα ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ 

ȩȡȚȠ ±50ȝV. ǹπȩȡȡȚȥȘ İπȓıȘȢ ȑȖȚȞİ αȞ Ș απȐȞĲȘıȘ παĲȒȝαĲȠȢ ĲȠυ țȠυȝπȚȠȪ 

țαșυıĲȑȡȘıİ  πȐȞȦ απȩ 700ms απȩ ĲȘȞ İȝφȐȞȚıȘ ĲȠυ "ıπȐȞȚȠυ" İȡİșȓıȝαĲȠȢ. ȀαĲȐ 

ĲȘ įȚȐȡțİȚα ĲȘȢ țαĲαȖȡαφȒȢ ȦȢ αȞαφȠȡȐ ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ ȘȜİțĲȡȩįȚȠ ǹ1 

(αȡȚıĲİȡȒ ȝαıĲȠİȚįȒȢ), İȞȫ ȖȚα ĲȘȞ ȝİĲȑπİȚĲα αȞȐȜυıȘ ĲȠ ǹ1/ǹ2. ǲȖțυȡȘ ȝȑĲȡȘıȘ 

ȖȚα țȐșİ ȝȓα απȩ ĲȚȢ įȪȠ įȠțȚȝαıȓİȢ șİȦȡȒșȘțİ Ș αȞȐȜυıȘ ȝȑıȠυ ȩȡȠυ ȖȚα 
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ĲȠυȜȐȤȚıĲȠȞ 36 ȑȖțυȡİȢ țαĲαȖȡαφȑȢ. Ǿ αȞȐȜυıȘ ĲȠυ ȝȑıȠυ ȩȡȠυ ȑȖȚȞİ ȖȚα ĲȚȢ 

țαĲαȖȡαφȑȢ απȩ 150ms πȡȚȞ țαȚ 1000ms ȝİĲȐ απȩ țȐșİ "ıπȐȞȚȠ" ȠπĲȚțȩ İȡȑșȚıȝα. Ǿ 

αȞαȖȞȫȡȚıȘ ĲȠυ P300 ȑȖȚȞİ ȝİ įȪȠ ĲȡȩπȠυȢ: α. ĲȠ πȡȫĲȠ șİĲȚțȩ țȪȝα ıĲȠ įȚȐıĲȘȝα 

280-420ms ȝİĲȐ ĲȠ ıπȐȞȚȠ İȡȑșȚıȝα țαȚ ȕ. Ș αȞαȖȞȫȡȚıȘ ĲȘȢ ĲȡȚπȜȑĲαȢ N100, P200, 

N200 πȡȚȞ ĲȘȞ İȝφȐȞȚıȘ ĲȠυ țȪȝαĲȠȢ. Ǿ απİȚțȩȞȚıȘ ĲȠυ țȪȝαĲȠȢ ȑȖȚȞİ ȝİ ȤαȝȘȜȩ 

φȓȜĲȡȠ 12HZ. ȉȠ ȪȥȠȢ ĲȠυ ȇ300 țȪȝαĲȠȢ (ȝV) ȝİĲȡȒșȘțİ ıİ ıȤȑıȘ ȝİ ĲȘ įȚαφȠȡȐ 

ȃ200-ȇ300 (peak to peak). ȅ ȤȡȩȞȠȢ İȝφȐȞȚıȘȢ Ȓ ȤȡȠȞȠțαșυıĲȑȡȘıȘ (ms) 

ȝİĲȡȒșȘțİ απȩ ĲȠ ȤȡȠȞȚțȩ ıȘȝİȓȠ İȝφȐȞȚıȘȢ ĲȠυ "ıπȐȞȚȠυ" İȡİșȓıȝαĲȠȢ. Ȉİ 

πİȡȓπĲȦıȘ įȚțȩȡυφȠυ Ȓ πȠȜυțȩȡυφȠυ șİĲȚțȠȪ țȪȝαĲȠȢ ȖȚα ĲȘ ȝȑĲȡȘıȘ ĲȠυ ȪȥȠυȢ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ Ș ȝİȖαȜȪĲİȡȘ ıİ ȪȥȠȢ țȠȡυφȒ, İȞȫ ȖȚα ĲȠȞ ȤȡȩȞȠ İȝφȐȞȚıȘȢ 

(ȤȡȠȞȠțαșυıĲȑȡȘıȘ) ȝȓα ȞȠȘĲȒ ȖȡαȝȝȒ πȠυ ȑȞȦȞİ ĲȚȢ țȠȡυφȑȢ. Ȉİ ȩȜȠυȢ ĲȠυȢ 

αıșİȞİȓȢ įȚİȡİυȞȒșȘțİ ĲȠ ȚıĲȠȡȚțȩ ȠπĲȚțȒȢ ȞİυȡȓĲȚįαȢ țαȚ Ș ȪπαȡȟȘ İıĲȚȫȞ ıĲα 

ȠπĲȚțȐ ȞİȪȡα. ǼπȓıȘȢ țαĲαȖȡȐφȘțαȞ ȠȚ ȤȡȩȞȠȚ αȞĲȓįȡαıȘȢ ıĲȠ joystick. ΓȚα ĲȘȞ 

αȞȐȜυıȘ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȠȚ ȝȑıȠȚ ȩȡȠȚ ĲȠυ ȪȥȠυȢ țαȚ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ 

P300 țαȚ Ƞ ȤȡȩȞȠȢ αȞĲȓįȡαıȘȢ ȖȚα țȐșİ țαȞȐȜȚ ıĲȚȢ įȪȠ įȠțȚȝαıȓİȢ, țαșȫȢ țαȚ ȖȚα 

ȩȜα Ĳα țαȞȐȜȚα ıĲȚȢ įȪȠ įȠțȚȝαıȓİȢ, ȖȚα țȐșİ ıυȝȝİĲȑȤȠȞĲα. ȂİĲȡȒıİȚȢ ȑȖțυȡİȢ 

ȒĲαȞ įȚαșȑıȚȝİȢ ȖȚα 58 απȩ ĲȠυȢ 61 αıșİȞİȓȢ țαȚ ȖȚα 51 υȖȚİȓȢ. Ǿ παȡαȖȦȖȒ ĲȠυ P300 

ȑȖȚȞİ ȝİ ĲȘ ȕȠȒșİȚα ȘȜİțĲȡȠİȖțİφαȜȠȖȡȐφȠυ ĲȘȢ İĲαȚȡİȓαȢ Micromed® țαȚ ĲȠυ 

ȜȠȖȚıȝȚțȠȪ ĲȘȢ BQ-Evoke®. 

ǹπİȚțȠȞȚıĲȚțȑȢ αȟȚȠȜȠȖȒıİȚȢ (Magnetic Resonance Imaging, MRI): ǹπİȚțȠȞȓıİȚȢ 

ȝαȖȞȘĲȚțȠȪ ıυȞĲȠȞȚıȝȠȪ MRI ĲȦȞ ĲİȜİυĲαȓȦȞ 6 ȝȘȞȫȞ țαȚ ȠπȦıįȒπȠĲİ 

ȝİĲαȖİȞȑıĲİȡȘ țαĲȐ 1 ȝȒȞα ĲȘȢ ĲİȜİυĲαȓαȢ υπȠĲȡȠπȒȢ αȟȚȠȜȠȖȒșȘțαȞ ȖȚα ĲȠυȢ 

ıțȠπȠȪȢ ĲȘȢ ȝİȜȑĲȘȢ. ΌȜİȢ ȠȚ MRI πȡαȖȝαĲȠπȠȚȒșȘțαȞ ıİ ȝȘȤαȞȒȝαĲα ĲȦȞ 3.0 

Tesla ıİ πȠȜȜαπȜȐ įȚαȖȞȦıĲȚțȐ țȑȞĲȡα ȝİ ĲȘ ȤȡȒıȘ ĲȦȞ παȡαțȐĲȦ αțȠȜȠυșȚȫȞ: T1-

weighted 3D high resolution magnetization-prepared rapid acquisition with gradient 

echo (3D MP-RAGE) αțȠȜȠυșȓα, İȖțȐȡıȚα T2-weighted fluid attenuated inversion 

recovery (FLAIR) αțȠȜȠυșȓα țαȚ İȖțȐȡıȚα proton density-weighted images (PD-WI) 

αțȠȜȠυșȓα. ȈĲȚȢ αțȠȜȠυșȓİȢ FLAIR, ȠȚ İıĲȓİȢ αȞαȖȞȦȡȓıĲȘțαȞ țαȚ 

πȠıȠĲȚțȠπȠȚȒșȘțαȞ (ıİ mm3) ȝİ ȘȝȚ-αυĲȠȝαĲȠπȠȚȘȝȑȞȘ ȝȑșȠįȠ ȝİ ĲȘ ȤȡȒıȘ ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ Medical Images Processing Analysis and Visualization (MIPAV) 

software ıȪȝφȦȞα ȝİ ĲȠ πȡȦĲȩțȠȜȜȠ ĲȠυ NIH ĲȘȢ ǹȝİȡȚțȒȢ 

(https://mipav.cit.nih.gov/). Ǿ ȠȖțȠȝİĲȡȚțȒ αȞȐȜυıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ĲȚȢ İȚțȩȞİȢ 3D 

MP-RAGE images ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȠ πȡȩȖȡαȝȝα FMRI Software Library (FSL) 

(219). ȅ ȩȖțȠȢ ĲȠυ İȖțİφαȜȚțȠȪ ȚıĲȠȪ, ıĲαșıȝȚȝȑȞȠȢ ȝİ ȕȐıȘ ĲȠ ȝȑȖİșȠȢ ĲȠυ 
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țȡαȞȓȠυ ȑȖȚȞİ ȝİ ĲȘ ȕȠȒșİȚα ĲȘȢ ȝİșȩįȠυ Structural Image Evaluation using 

Normalization of Atrophy Cross-sectional (SIENAX) (220). Ǿ ȝȑșȠįȠȢ αυĲȒ αȡȤȚțȐ 

İȖȖȡȐφİȚ ĲȚȢ İȚțȩȞİȢ MRI ıĲȠ ȤȫȡȠ MNI152 (or Talairach) space (221). ȈĲȘ ıυȞȑȤİȚα 

ȑȖȚȞİ įȚαȤȦȡȚıȝȩȢ țαȚ υπȠȜȠȖȚıȝȩȢ (ıİ ml) ĲȠυ ȩȖțȠυ İπȚȜİȖȝȑȞȦȞ πİȡȚȠȤȫȞ: 

ıυȞȠȜȚțȠȪ İȖțİφȐȜȠυ (normalized brain tissue, NBV), ĲȘȢ ıυȞȠȜȚțȒȢ φαȚȐȢ ȠυıȓαȢ 

(grey matter volume, GMV), ĲȘȢ πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ (peripheral grey matter 

volume, PGMV) țαȚ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ (white matter volume, WMV) (222). ΓȚα ĲȠȞ 

υπȠȜȠȖȚıȝȩ ĲȠυ ȩȖțȠυ İπȚȜİȖȝȑȞȦȞ υπȠφȜȠȚȦįȫȞ įȠȝȫȞ ĲȠυ İȖțİφȐȜȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ Ș ȝȑșȠįȠȢ FMRIB's FIRST software (223). ȈĲαșȝȚıȝȑȞȠȚ ȩȖțȠȚ (ıİ 

ml) ȖȚα ĲȠȞ țİȡțȠφȩȡȠ πυȡȒȞα, ĲȠ țȑȜυφȠȢ ĲȘȢ ȦȤȡȐȢ ıφαȓȡαȢ, ĲȘȢ ȦȤȡȐȢ ıφαȓȡαȢ, 

ĲȠυ șαȜȐȝȠυ, ĲȠυ İπȚțȜȚȞȒ πυȡȒȞα, ĲȘȢ αȝυȖįαȜȒȢ țαȚ ĲȠυ ȚππȠțȐȝπȠυ ıİ țȐșİ 

ȘȝȚıφαȓȡȚȠ υπȠȜȠȖȓıĲȘțİ ȝİ ĲȠȞ πȠȜȜαπȜαıȚαıȝȩ ĲȦȞ ȩȖțȦȞ πȠυ ȕȡȑșȘțαȞ ȝİ ĲȠȞ 

παȡȐȖȠȞĲα įȚȩȡșȦıȘȢ (scaling factor, SF) πȠυ ȕȡȑșȘțİ ıĲȘ ĲİȤȞȚțȒ SIENAX. ȉo 

İȖțİφαȜȚțȩ απȩșİȝα αȟȚȠȜȠȖȒșȘțİ ȝİ ȕȐıȘ ĲȘȞ απȩȜυĲȘ ĲȚȝȒ ĲȠυ παȡȐȖȠȞĲα 

įȚȩȡșȦıȘȢ SF πȠυ απȠĲİȜİȓ ȑȝȝİıȠ įİȓțĲȘ ĲȠυ İȞįȠțȡȐȞȚȠυ ȩȖțȠυ (įȘȜ. υȥȘȜȩȢ SF 

υπȠįȘȜȫȞİȚ ȝİȚȦȝȑȞȠ İȞįȠțȡȐȞȚȠ ȩȖțȠ țαȚ İȖțİφαȜȚțȩ απȩșİȝα) (165,166). ȉȠ 

İȖțİφαȜȚțȩ απȩșİȝα αȞαφȑȡİĲαȚ ıĲȠȞ ȩȖțȠ ĲȠυ İȖțİφȐȜȠυ țαȚ Ȑȡα ȑȝȝİıα ıĲȠȞ 

αȡȚșȝȩ ĲȦȞ ȞİυȡȫȞȦȞ. ȈĲȘ ȈțȆ ĲȠ αυȟȘȝȑȞȠ İȖțİφαȜȚțȩ απȩșİȝα ȑȤİȚ ȕȡİșİȓ ȩĲȚ 

πȡȠıĲαĲİȪİȚ απȩ ĲȘ ȖȞȦıĲȚțȒ įυıȜİȚĲȠυȡȖȓα (167). 

Ȃȓα ıİȚȡȐ απȩ įȪȠ įȚαıĲȐıİȦȞ ȖȡαȝȝȚțȠȪȢ MRI įİȓțĲİȢ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

İπȓıȘȢ:  Ƞ ȩȖțȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ (third ventricle volume-TVV) țαȚ ĲȠ πȜȐĲȠȢ ĲȘȢ 

(third ventricle width-TVW), Ƞ ȜȩȖȠȢ ĲȦȞ țİȡțȠφȩȡȦȞ πυȡȒȞȦȞ (bicaudate ratio-

BCR), Ƞ įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ (corpus callosum index-CCI), ĲȠ πȜȐĲȠȢ ĲȦȞ 

ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ (frontal horn width-FHW) țαȚ Ș İȖțȐȡıȚα įȚȐȝİĲȡȠȢ ĲȠυ 

țȡαȞȓȠυ (transverse skull diameter-TSD) (224–227). ȅ TVW (ıİ mm3) υπȠȜȠȖȓıĲȘțİ 

απȩ ĲȠȞ πȠȜȜαπȜαıȚαıȝȩ ĲȡȚȫȞ įȚαıĲȐıİȦȞ ıĲȘȞ ȉ1-αțȠȜȠυșȓα: ĲİȜȚțȩ πȑĲαȜȠ-

ȠπȓıșȚȠȢ ıȪȞįİıȝȠȢ, țαĲȫĲİȡȠ ȩȡȚȠ ȥαȜȓįαȢ ıĲȠ ıȘȝİȓȠ ȝȑȖȚıĲȘȢ țαȝπȒȢ-ȐȞȦ ȩȡȚȠ 

ȝαıĲȓȠυ, πȜȐĲȠȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ ıĲȠ ȝȑıȠ ĲȘȢ įȚ-ȘȝȚıφαȚȡȚțȒȢ ȖȡαȝȝȒȢ (TVW). 

ȈĲαșȝȚıȝȑȞİȢ ĲȚȝȑȢ υπȠȜȠȖȓıĲȘțαȞ ȝİ įȚαȓȡİıȘ ȦȢ πȡȠȢ ĲȠ TSD (NTVV=TVV÷TSD, 

NTVW=TVW÷TSD). ȅ ȜȩȖȠȢ ĲȦȞ țİȡțȠφȩȡȦȞ πυȡȒȞȦȞ υπȠȜȠȖȓıĲȘțİ απȩ ĲȠ ȜȩȖȠ 

ĲȘȢ İȜȐȤȚıĲȘȢ απȩıĲαıȘȢ ĲȦȞ ȑıȦ ȠȡȓȦȞ ĲȦȞ țİȡțȠφȩȡȦȞ πυȡȒȞȦȞ ȦȢ πȡȠȢ ĲȠ 

İȪȡȠȢ ĲȠυ İȖțİφȐȜȠυ ıĲȘȞ ȓįȚα ȖȡαȝȝȒ.  ȅ įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ υπȠȜȠȖȓıĲȘțİ 

απȩ ĲȠ ȜȩȖȠ ĲȠυ αșȡȠȓıȝαĲȠȢ ĲȘȢ πȡȩıșȚαȢ, ȠπȓıșȚαȢ țαȚ țȐșİĲȘȢ įȚαȝȑĲȡȠυ ĲȠυ 

ȝİıȠȜȠȕȓȠυ ȦȢ πȡȠȢ ĲȘȞ ȝȑȖȚıĲȘ πȡȠıșȚȠπȠπȓıșȚα įȚȐȝİĲȡȠ ĲȠυ ȝİıȠȜȠȕȓȠυ. ȉȠ 



48 
 

πȜȐĲȠȢ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ υπȠȜȠȖȓıĲȘțİ απȩ ĲȘȞ ȝȑȖȚıĲȘ απȩıĲαıȘ ĲȦȞ 

πȜȐȖȚȦȞ ȠȡȓȦȞ ĲȦȞ țİȡȐĲȦȞ țαȚ ȑȖȚȞİ ıĲȐșȝȚıȘ ȕȐıİȚ ĲȠυ TSD 

(NFHW=FHW÷TSD). Ǿ İȚțȩȞα 7 απİȚțȠȞȓȗİȚ ĲȠȞ ĲȡȩπȠ ĲȦȞ παȡαπȐȞȦ ȝİĲȡȒıİȦȞ. 

ȈυȞȠȜȚțȐ ȑȖțυȡİȢ ȝİĲȡȒıİȚȢ ȒĲαȞ įȚαșȑıȚȝİȢ ȖȚα 48 αıșİȞİȓȢ ȝİ ȈțȆ. 

 

ȂİĲȡȒıİȚȢ 

TVV (3rd ventricle volume) (ǹ,Ǻ) 

TVW (3rd ventricle width) (Ǻ) 

NTTV (normalized TVV) (A,B,E) 

TVV÷TSD 

NTVW (normalized TVW) (B,E) 

TVV÷TSD 

BCR (bicaudate ratio) (Γ) 

CCI (corpus callosum index) (ǻ) 

FHW (frontal horn width) (ǻ) 

NFHW (normalized FHW) (ǻ,E)  

 

ǼȚțȩȞα 7 ȅȚ ȖȡαȝȝȚțȑȢ (įȪȠ įȚαıĲȐıİȦȞ) ȝİĲȡȒıİȚȢ ıĲȘȞ MRI 
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5.3 ȈĲαĲȚıĲȚțȒ αȞȐȜυıȘ 

 

ȉα πİȡȚȖȡαφȚțȐ ȝȑĲȡα ĲȦȞ įİįȠȝȑȞȦȞ ĲȠυ įİȓȖȝαĲȠȢ πİȡȚİȜȐȝȕαȞαȞ ĲȘ ȝȑıȘ ĲȚȝȒ, 

ĲȘ įȚȐȝİıȠ, ĲȘȞ ĲυπȚțȒ απȩțȜȚıȘ, ĲȠ İȪȡȠȢ ĲȚȝȫȞ (İȜȐȤȚıĲȠ-ȝȑȖȚıĲȠ), ĲȠȞ απȩȜυĲȠ 

αȡȚșȝȩ ĲȦȞ αĲȩȝȦȞ țαȚ Ĳα πȠıȠıĲȐ ıυȤȞȩĲȘĲαȢ (%). ȅȚ ȝȠȞȠπαȡαȖȠȞĲȚțȑȢ αȞαȜȪıİȚȢ 

ȑȖȚȞαȞ ȝİ ĲȘ ȕȠȒșİȚα ĲȠυ παȡαȝİĲȡȚțȠȪ Student's t-test Ȓ ANOVA (analysis of 

variance) ȖȚα ĲȚȢ πȠıȠĲȚțȑȢ ȝİĲαȕȜȘĲȑȢ țαȚ Chi-square test ȖȚα ĲȚȢ țαĲȘȖȠȡȚțȑȢ (ȝİ 

Yates įȚȩȡșȦıȘ ıİ 2ȋ2 πȓȞαțİȢ țαȚ Fisher exact test ıİ παȡαȕȓαıȘ ĲȦȞ 

πȡȠȨπȠșȑıİȦȞ). Ȉİ πİȡȓπĲȦıȘ παȡαȕȓαıȘȢ ĲȘȢ țαȞȠȞȚțȩĲȘĲαȢ (ȩπȦȢ αυĲȒ 

İȟİĲȐıĲȘțİ ȝİ ĲȘ ȕȠȒșİȚα Q-Q plots țαȚ ĲȠυ Kolmogorov-Smirnov test) Ȓ ȝȚțȡȠȪ 

įİȓȖȝαĲȠȢ (ȃ<30), αȞĲȓ ȖȚα Student's t-test ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ ȝȘ παȡαȝİĲȡȚțȩ 

Mann-Whitney U test ȖȚα įȪȠ ȠȝȐįİȢ. ȅȚ ıυıȤİĲȓıİȚȢ ȝİĲαȟȪ πȠıȠĲȚțȫȞ ȝİĲαȕȜȘĲȫȞ 

ȑȖȚȞİ ȝİ ĲȘ ȕȠȒșİȚα ĲȠυ ıυȞĲİȜİıĲȒ Pearson's rho. 

Ǿ İȟαțȡȓȕȦıȘ ĲȘȢ Γǻ ȝİ ĲȘ ȕȠȒșİȚα ĲȠυ İȡȦĲȘȝαĲȠȜȠȖȓȠυ BICAMS ȑȖȚȞİ ȝİ ĲȘ 

ȕȠȒșİȚα ĲȦȞ 207 υȖȚȫȞ ȝαȡĲȪȡȦȞ ȝİ įȪȠ ȝİșȩįȠυȢ. ȀαȚ ıĲȚȢ įȪȠ ȝİșȩįȠυȢ ȦȢ Γǻ 

ȠȡȓıĲȘțİ Ș απȠĲυȤȓα ıİ ȑȞα ĲȠυȜȐȤȚıĲȠȞ απȩ Ĳα Ĳȡȓα ĲȠυ ĲİıĲ ĲȠυ BICAMS ȝİ ȕȐıȘ 

Ĳα țαĲȫĲİȡα ȩȡȚα ıĲȠ 5% İțαĲȠıĲȘȝȩȡȚȠ ĲȦȞ υȖȚȫȞ ȝαȡĲȪȡȦȞ (72). ȀαĲȐ ĲȘȞ πȡȫĲȘ 

ȝȑșȠįȠ (ȂȑșȠįȠȢ 1) Ĳα ȩȡȚα 5% ȖȚα țȐșİ İȡȦĲȘȝαĲȠȜȩȖȚȠ υπȠȜȠȖȓıĲȘțαȞ απİυșİȓαȢ 

απȩ ĲȠ įİȓȖȝα ĲȦȞ υȖȚȫȞ ȝαȡĲȪȡȦȞ. ȈĲȘ įİȪĲİȡȘ ȝȑșȠįȠ (ȂȑșȠįȠȢ 2) 

πȡαȖȝαĲȠπȠȚȒșȘțİ ȑȞα υπȩįİȚȖȝα ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ ȝİ İȟαȡĲȘȝȑȞȘ 

ȝİĲαȕȜȘĲȒ ĲȠ ıțȠȡ ĲȠυ İȡȦĲȘȝαĲȠȜȠȖȓȠυ țαȚ αȞİȟȐȡĲȘĲİȢ ĲȘȞ ȘȜȚțȓα (≤32, 33-41, 

≥42 İĲȫȞ), ĲȠ φȪȜȠ (ȐȞĲȡα, ȖυȞαȓțα) țαȚ ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ (įİυĲİȡȠȕȐșȝȚα, 

ĲȡȚĲȠȕȐșȝȚα). ȉα φυıȚȠȜȠȖȚțȐ ȖȞȦıĲȚțȐ ȩȡȚα ȖȚα țȐșİ ıυȞįυαıȝȩ ĲȦȞ țαĲȘȖȠȡȚȫȞ 

(π.Ȥ. ȐȞĲȡİȢ, 33-41 İĲȫȞ, ĲȡȚĲȠȕȐșȝȚαȢ İțπαȓįİυıȘȢ) υπȠȜȠȖȓıĲȘțαȞ ȝİ ȕȐıȘ ĲȘ ȝȑıȘ 

πȡȠȕȜİπȩȝİȞȘ ĲȚȝȒ ıțȠȡ ĲȠυ İȡȦĲȘȝαĲȠȜȠȖȓȠυ απȩ ĲȠ ȝȠȞĲȑȜȠ ȝİ ȕȐıȘ ĲȘȞ 

İȟȓıȦıȘ: Predicted Mean-1.65*SD (residual), ȩπȠυ Predicted Mean Ș ȝȑıȘ 

πȡȠȕȜİπȩȝİȞȘ απȩ ĲȠ ȝȠȞĲȑȜȠ ĲȚȝȒ țαȚ ȩπȠυ SD (residual) Ș ĲυπȚțȒ απȩțȜȚıȘ ĲȦȞ 

υπȠȜİȚȝȝȐĲȦȞ ĲȠυ ȖȡαȝȝȚțȠȪ ȝȠȞĲȑȜȠυ. ǹπȩ ĲȚȢ įȪȠ ȝİșȩįȠυȢ İπȚȜȑȤșȘțİ İțİȓȞȘ ȝİ 

ĲȘȞ țαȜȪĲİȡȘ įȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα. 

Ǿ αȞαȖȞȫȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ (ǾΦΓǻ) 

ȑȖȚȞİ ȝİ ĲȚȢ ȓįȚİȢ ȝİșȩįȠυȢ (1 țαȚ 2) ȝİ ĲȘ įȚαφȠȡȐ ȩĲȚ ıĲȠ ȝȠȞĲȑȜȠ ȖȡαȝȝȚțȒȢ 

παȜȚȞįȡȩȝȘıȘȢ, ȜȩȖȦ ĲȠυ ȝȚțȡȠȪ įİȓȖȝαĲȠȢ ĲȦȞ υȖȚȫȞ (ȃ=51), ȑȖȚȞİ ȑȜİȖȤȠȢ ȝȩȞȠ 

ȦȢ πȡȠȢ ĲȘȞ İțπαȓįİυıȘ πȠυ ȕȡȑșȘțİ Ȟα įȚαφȑȡİȚ ȝİĲαȟȪ αıșİȞȫȞ țαȚ υȖȚȫȞ 

ȝαȡĲȪȡȦȞ πȠυ υπİȕȜȒșȘıαȞ ıİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȩ ȑȜİȖȤȠ. Ǿ İπȚȜȠȖȒ ĲȦȞ įİȚțĲȫȞ 
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ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȠȪ İȜȑȖȤȠυ ȑȖȚȞİ ȕȐıİȚ ĲȦȞ įȚαφȠȡȫȞ ĲȦȞ υȖȚȫȞ țαȚ ĲȦȞ 

αıșİȞȫȞ. 

ȅ υπȠȜȠȖȚıȝȩȢ ĲȠυ ıυȞȠȜȚțȠȪ ıțȠȡ ĲȦȞ ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ ȑȖȚȞİ ȝİ ĲȠ ȝȑıȠ 

ȩȡȠ ĲȦȞ ıĲαșȝȚıȝȑȞȦȞ ǽ ıțȠȡ ĲȦȞ İȡȦĲȘȝαĲȠȜȠȖȓȦȞ SDMT, CVLT-II țαȚ BVMT-

R. ȉα ǽ ıțȠȡ υπȠȜȠȖȓıĲȘțαȞ απȩ ĲȠ ıυȞȠȜȚțȩ įİȓȖȝα αıșİȞȫȞ țαȚ υȖȚȫȞ (ȃ=268) ȝİ 

ȕȐıȘ ĲȘȢ İȟȓıȦıȘ ǽ= (ȂİĲȡȠȪȝİȞȘ ĲȚȝȒ-ȂȑıȠȢ ΌȡȠȢ įİȓȖȝαĲȠȢ)/ȉυπȚțȒ ǹπȩțȜȚıȘ 

įİȓȖȝαĲȠȢ. ǹȡȞȘĲȚțȑȢ ĲȚȝȑȢ υπȠįȘȜȫȞȠυȞ ȝȚțȡȩĲİȡα ĲȠυ ȝȑıȠυ ȩȡȠυ ıțȠȡ, İȞȫ ȠȚ 

ȝİȖαȜȪĲİȡİȢ ĲȚȝȑȢ υπȠįȘȜȫȞȠυȞ țαȜȪĲİȡȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα. 

ȅ ȑȜİȖȤȠȢ ĲȘȢ įȚαȖȞȦıĲȚțȒȢ αțȡȓȕİȚαȢ ĲȦȞ ȖȞȦıĲȚțȫȞ İțĲȚȝȒıİȦȞ 

(ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȫȞ) ȖȚα ĲȘ įȚȐțȡȚıȘ ĲȦȞ φυıȚȠȜȠȖȚțȫȞ 

αĲȩȝȦȞ țαȚ ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ ȑȖȚȞİ ȝİ ȕȐıȘ ĲȘȞ αȞȐȜυıȘ receiver operating 

characteristic curve (ROC curve) ȝİ ĲȘ ȝȘįİȞȚțȒ υπȩșİıȘ ȩĲȚ Ș πİȡȚȠȤȒ țȐĲȦ απȩ ĲȘȞ 

țαȝπȪȜȘ (Area Under the Curve, AUC) İȓȞαȚ ȓıȘ ȝİ 0.5. ȉα ȩȡȚα ȝİ ĲȘ ȝȑȖȚıĲȘ 

İυαȚıșȘıȓα țαȚ İȚįȚțȩĲȘĲα υπȠȜȠȖȓıĲȘțαȞ ȝİ ȕȐıȘ ĲȘ ȝȑȖȚıĲȘ απȩıĲαıȘ į ıȪȝφȦȞα 

ȝİ ĲȠȞ ĲȪπȠ: į= (1-İȚįȚțȩĲȘĲα-İυαȚıșȘıȓα)/20.5. 

ȅȚ ıȪȖțȡȚıȘ ĲȦȞ ıțȠȡ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ İȜȑȖȤȠυ țαȚ ĲȦȞ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȫȞ παȡαȝȑĲȡȦȞ αȞȐȝİıα ıĲȚȢ ȠȝȐįİȢ ȝİ Ȓ ȤȦȡȓȢ Γǻ ȑȖȚȞİ ȝİ ĲȘ 

ȕȠȒșİȚα ĲȠυ ĲİıĲ ANCOVA (Analysis of Covariance) ȝİ ȑȜİȖȤȠ ȦȢ πȡȠȢ ĲȠȞ 

παȡȐȖȠȞĲα αȜȜȘȜİπȓįȡαıȘȢ ȠȝȐįα*İțπαȓįİυıȘ (ȠȚ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ ȒĲαȞ 

ȠȝȐįα, İțπαȓįİυıȘ țαȚ ȠȝȐįα*İțπαȓįİυıȘ) ȝİ ĲȘȞ İțπαȓįİυıȘ țȦįȚțȠπȠȚȘȝȑȞȘ ȦȢ 

įȓĲȚȝȘ ȝİĲαȕȜȘĲȒ (0=įİυĲİȡȠȕȐșȝȚα, 1=ĲȡȚĲȠȕȐșȝȚα). Ǿ ANCOVA İȓȞαȚ αȞșİțĲȚțȒ 

įȠțȚȝαıȓα ıĲȘ ȝȘ țαȞȠȞȚțȩĲȘĲα, ȠπȩĲİ İφαȡȝȩıĲȘțİ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ πȠυ Ĳα 

ȐĲȠȝα ıĲȚȢ ȠȝȐįİȢ ȒĲαȞ ȜȚȖȩĲİȡα απȩ 30. ȋȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ Sidak post-hoc test 

ȖȚα ĲȘȞ πİȡȓπĲȦıȘ πȠυ υπȒȡȤαȞ πȐȞȦ απȩ 2 ȠȝȐįİȢ. 

ȅ ȑȜİȖȤȠȢ ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ πȡȠıįȚȠȡȚıĲȚțȫȞ παȡαȖȩȞĲȦȞ ĲȦȞ 

ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȫȞ ȝİĲȡȒıİȦȞ ȑȖȚȞİ αȡȤȚțȐ ȝİ ĲȘ ȕȠȒșİȚα 

ĲȠυ ȝȠȞȠπαȡαȖȠȞĲȚțȠȪ įİȓțĲȘ Pearson's rho (ȝİ țαȚ ȤȦȡȓȢ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα) țαȚ ıĲȘ 

ıυȞȑȤİȚα ȝİ ĲȘ ȕȠȒșİȚα ȝȠȞĲȑȜȦȞ ıĲαįȚαțȒȢ ȚİȡαȡȤȚțȒȢ ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ 

ȝİ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ ĲȠυȢ įİȓțĲİȢ απȩ αυĲȑȢ ĲȚȢ ȝİĲȡȒıİȚȢ. ȍȢ ȕαıȚțȠȓ 

αȞİȟȐȡĲȘĲȠȚ παȡȐȖȠȞĲİȢ ıĲȠ πȡȫĲȠ ıĲȐįȚȠ șİȦȡȒșȘțαȞ Ș ȘȜȚțȓα țαȚ Ș İțπαȓįİυıȘ. 

ȈĲȠ įİȪĲİȡȠ ıĲȐįȚȠ ȑȖȚȞİ İȚıαȖȦȖȒ ĲȠυ απİȚțȠȞȚıĲȚțȠȪ įİȓțĲȘ (ȑȞαȢ țȐșİ φȠȡȐ) țαȚ 

υπȠȜȠȖȚȗȩĲαȞ Ș ĲυȤȩȞ ıȘȝαȞĲȚțȒ ıυȞİȚıφȠȡȐ ĲȠυ ıĲȠ ȝȠȞĲȑȜȠ. ȈĲȠ țİȓȝİȞȠ șα 

παȡȠυıȚαıĲȠȪȞ ȝȩȞȠ ȠȚ ıĲαĲȚıĲȚțȠȓ ıȘȝαȞĲȚțȠȓ απİȚțȠȞȚıĲȚțȠȓ įİȓțĲİȢ ȖȚα ȤȐȡȚȞ 

ıυȞĲȠȝȓαȢ. ȉα ȝȑĲȡα πȠυ șα παȡȠυıȚαıĲȠȪȞ șα İȓȞαȚ ĲȠ R2 πȠυ αȟȚȠȜȠȖİȓ ĲȠ πȠıȠıĲȩ 
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İȡȝȘȞİȓαȢ ĲȘȢ αȞİȟȐȡĲȘĲȘȢ ȝİĲαȕȜȘĲȒȢ, ĲȘ ȝİĲαȕȠȜȒ R2 ıĲȠ įİȪĲİȡȠ ıĲȐįȚȠ țαȚ ĲȠ 

țαȞȠȞȚțȠπȠȚȘȝȑȞȠ ıυȞĲİȜİıĲȒ beta (sbeta: standardized beta) πȠυ İȓȞαȚ ȝȑĲȡȠ ĲȘȢ 

ıυȞİȚıφȠȡȐȢ țȐșİ αȞİȟȐȡĲȘĲȘȢ ȝİĲαȕȠȜȒȢ ıĲȘȞ İȟαȡĲȘȝȑȞȘ. ȂȑĲȡα αțȡȓȕİȚαȢ (π.Ȥ. 

Cook's απȩıĲαıȘ, țαȞȠȞȚțȠπȠȚȘȝȑȞȘ Dfbeta) țαȚ ȖİȞȓțİυıȘȢ (ȑȜİȖȤȠȢ ıυȞ-

ȖȡαȝȝȚțȩĲȘĲαȢ ȝİ ĲȠ įİȓțĲȘ VIF țαȚ αȞȠȤȒȢ, ȠȝȠıțİįαıĲȚțȩĲȘĲα, ĲȠ ĲİıĲ Durbin-

Watson) ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ ȝȠȞĲȑȜȦȞ. 

ȅ ȑȜİȖȤȠȢ ıυȖȤυĲȚțȫȞ İπȚįȡȐıİȦȞ ȑȖȚȞİ ȝİ ĲȘȞ İȚıαȖȦȖȒ ıĲα țȪȡȚα ȖȡαȝȝȚțȐ 

ȝȠȞĲȑȜα παȜȚȞįȡȩȝȘıȘȢ ĲȠυ παȡȐȖȠȞĲα πȡȠȢ įȚİȡİȪȞȘıȘ. Ǿ απȫȜİȚα ĲȘȢ ıĲαĲȚıĲȚțȒȢ 

ıȘȝαȞĲȚțȩĲȘĲαȢ ıĲȠ įİȓțĲȘ ıĲȩȤȠ (ıĲȘȞ πȡȠțİȚȝȑȞȘ ĲȠυ απİȚțȠȞȚıĲȚțȠȪ) ȑȤİȚ 3 

πȚșαȞȑȢ İȟȘȖȒıİȚȢ: įȚαȝİıȠȜαȕȘĲȚțȩȢ ȡȩȜȠȢ ıυȖȤυĲȚțȠȪ παȡȐȖȠȞĲα (ıυȖȤυĲȚțȩȢ 

ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȩȢ țαȚ απİȚțȠȞȚıĲȚțȩȢ įİȓțĲȘȢ ȝȘ ıȘȝαȞĲȚțȩȢ), ĲȡȠπȠπȠȚȘĲȚțȩȢ 

ȡȩȜȠȢ (ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ ȝȩȞȠ Ș αȜȜȘȜİπȓįȡαıȘ απİȚțȠȞȚıĲȚțȠȪ 

įİȓțĲȘ*ıυȖȤυĲȚțȠȪ παȡȐȖȠȞĲα) Ȓ ıȘȝαȞĲȚțȒ ıυȞ-ȖȡαȝȝȚțȩĲȘĲα (țαȞȑȞα παȡȐȖȠȞĲαȢ 

įİȞ İȓȞαȚ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȩȢ).  

ȅ ȑȜİȖȤȠȢ ĲȠυ ĲȡȠπȠπȠȚȘĲȚțȠȪ ȩȜȠυ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ȑȖȚȞİ ȝİ ĲȘ 

ȕȠȒșİȚα ȚİȡαȡȤȚțȫȞ ȝȠȞĲȑȜȦȞ ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ İȜȑȖȤȠȞĲαȢ ıĲαįȚαțȐ ĲȠ 

ȡȩȜȠ ĲȠυ παȡȐȖȠȞĲα αȜȜȘȜİπȓįȡαıȘȢ ĲȠυ παȡȐȖȠȞĲα įȚȩȡșȦıȘȢ (scaling factor, SF) 

ȩπȦȢ ȝİĲȡȒșȘțİ ȝİ ĲȘ ȝȑșȠįȠ SIENAX ȝİ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ πȠυ 

ȕȡȑșȘțαȞ ıȘȝαȞĲȚțȠȓ ȖȚα ĲȘ ıυȞȠȜȚțȒ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα. 

ȉȠ İπȓπİįȠ ıȘȝαȞĲȚțȩĲȘĲαȢ ȒĲαȞ ĲȠ p=0.05. ΌȜİȢ ȠȚ αȞαȜȪıİȚȢ ȑȖȚȞαȞ ȝİ ĲȘ 

ȕȠȒșİȚα ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ SPSS v22.0 ȖȚα Windows (Chicago IL). 

 

6 ǹπȠĲİȜȑıȝαĲα 

 

6.1 ȆİȡȚȖȡαφȚțȐ ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ 

 

ΌπȦȢ φαȓȞİĲαȚ απȩ ĲȠȞ ȆȓȞαțα 4, Ș ȠȝȐįα ĲȦȞ αıșİȞȫȞ țαȚ ȠȝȐįα ĲȦȞ υȖİȚȫȞ İȓȤαȞ 

παȡȩȝȠȚα ȘȜȚțȓα (ȝȑıȠȢ ȩȡȠȢ ȖȪȡȦ ıĲα 40 ȑĲȘ ȗȦȒȢ, ȝİ ȝİȖȐȜȠ İȪȡȠȢ απȩ 20 ȑȦȢ țαȚ 

67 İĲȫȞ) țαȚ φȪȜȠ (țυȡȓȦȢ ȖυȞαȓțİȢ). ΌπȦȢ φαȓȞİĲαȚ, Ș ȠȝȐįα ĲȦȞ υȖİȚȫȞ 

απȠĲİȜȠȪĲαȞ απȩ πİȡȚııȩĲİȡα ȐĲȠȝα ĲȡȚĲȠȕȐșȝȚαȢ İțπαȓįİυıȘȢ απȩ ȩĲȚ Ș ȠȝȐįα ĲȦȞ 

αıșİȞȫȞ (p=0.036). ΓȚα ĲȘȞ įȚαțȡȓȕȦıȘ ĲȘȢ Γǻ ıĲȠυȢ αıșİȞİȓȢ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

İπȚπȜȑȠȞ 156 υȖȚİȓȢ ĲȘȢ țȠȚȞȩĲȘĲαȢ ȝİ ȝȑıȘ ȘȜȚțȓα 36.2 ± 8.8 ȑĲȘ, țυȡȓȦȢ ȐȞĲȡİȢ 
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(ȃ=95, 60.9%), ĲȡȚĲȠȕȐșȝȚαȢ İțπαȓįİυıȘȢ (ȃ=133, 85.3%) țαȚ țυȡȓȦȢ İȡȖαȗȩȝİȞȠυȢ 

(ȃ=150, 96.2%) (ȕȜ. αȞαȜȪıİȚȢ παȡαțȐĲȦ). 

 

ȆȓȞαțαȢ 4 ȆİȡȚȖȡαφȚțȐ ıĲȠȚȤİȓα İȟȠȝȠȓȦıȘȢ ĲȠυ įİȓȖȝαĲȠȢ 

 

 ǹıșİȞİȓȢ 

(ȃ=61) 
ȊȖȚİȓȢ ȝİ ǾΦ 

(ȃ=51) 

ȈȘȝαȞĲȚțȩĲȘĲα 

 (p value) 

ȂȑıȘ ǾȜȚțȓα (ȑĲȘ) ± ȉǹ 
(İȪȡȠȢ) 

41.8 ± 10.6 
(21-67) 

38.7 ± 9.2 
(20-57) 

0.111 

ΓυȞαȓțİȢ, ȃ (%) 44 (72.1) 41 (80.4) 0.432 

ȉȡȚĲȠȕȐșȝȚα İțπαȓįİυıȘ, 
ȃ (%) 46 (75.4) 47 (92.2) 0.0362 

 

ǾΦ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȒ ȝȑĲȡȘıȘ (įȘȜ. P300 țȪȝα), ȉǹ: ȉυπȚțȒ απȩțȜȚıȘ 
1Student's t-test, 2Chi-square test (Yates įȚȩȡșȦıȘ) 

 

6.2 ȆİȡȚȖȡαφȚțȐ ıĲȠȚȤİȓα ıȤİĲȚȗȩȝİȞα ȝİ ĲȘ ȈțȆ ıĲȠυȢ αıșİȞİȓȢ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 5, ȠȚ αıșİȞİȓȢ İȓȤαȞ ĲȘ įȚȐȖȞȦıȘ ĲȘȢ ȈțȆ țαĲȐ ȝȑıȠ ȩȡȠ 

πİȡȓπȠυ 10 ȑĲȘ, İȓȤαȞ İȝφαȞȓıİȚ ȑȞα ȝȑıȠ ȩȡȠ 7 πİȡȓπȠυ υπȠĲȡȠπȫȞ ȝȑȤȡȚ ĲȘ ıĲȚȖȝȒ 

ĲȘȢ αȟȚȠȜȩȖȘıȘȢ țαȚ İȓȤαȞ ıȤİĲȚțȐ ȝȚțȡȩ ȕαșȝȩ αȞαπȘȡȓαȢ (ȝȑıȠȢ ȩȡȠȢ EDSS = 2.2 

İȪȡȠȢ: 0-6.0). 

 

ȆȓȞαțαȢ 5 ȆİȡȚȖȡαφȚțȐ ıĲȠȚχİȓα ıχİĲȚȗȩȝİȞα ȝİ ĲȘ ȞȩıȠ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ 

 

 ȂȑıȠȢ ΌȡȠȢ ǻȚȐȝİıȠȢ ȉυπȚțȒ 
ǹπȩțȜȚıȘ 

ǼȪȡȠȢ 

ǻȚȐȡțİȚα ȃȩıȠυ 
(ȝȒȞİȢ) 137.9 120 83.9 16-324 

ǹȡȚșȝȩȢ 
υπȠĲȡȠπȫȞ απȩ 

ȑȞαȡȟȘ 
7.2 4 8.3 1-44 

EDSS 2.2 1.5 1.9 0-6.0 
 

EDSS: Expanded Disability Status Scale 

 

ȅ ȆȓȞαțαȢ 6 İȝφαȞȓȗİȚ ĲȠ ȚıĲȠȡȚțȩ ĲȘȢ φαȡȝαțİυĲȚțȒȢ αȖȦȖȒȢ ĲȦȞ αıșİȞȫȞ. Ǿ 

πȜİȚȠȥȘφȓα ĲȦȞ αıșİȞȫȞ İȜȐȝȕαȞαȞ αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ αȖȦȖȒ ĲȘ ıĲȚȖȝȒ ĲȘȢ 

αȟȚȠȜȩȖȘıȘȢ (82%), ȝİ ȝİȖαȜȪĲİȡȘ αȞĲȚπȡȠıȫπİυıȘ ĲȠυ φαȡȝȐțȠυ fingolimod 

(27.9%). Ǿ ȝȑıȘ įȚȐȡțİȚα ȜȒȥȘȢ ĲȘȢ ĲİȜİυĲαȓαȢ αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒȢ αȖȦȖȒȢ ȒĲαȞ 
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54.3 ± 56.7 ȝȒȞİȢ (İȪȡȠȢ 1-270 ȝȒȞİȢ). ǲȞαȢ ȚțαȞȩȢ αȡȚșȝȩȢ αıșİȞȫȞ ȑπαȚȡȞαȞ 

φȐȡȝαțα ȦȢ ıυȝπĲȦȝαĲȚțȒ αȖȦȖȒ (π.Ȥ. ȝπαțȜȠφαȓȞȘ, αȞĲȚțαĲαșȜȚπĲȚțȐ, 

ȕİȞȗȠįȚαȗİπȓȞİȢ ț.α.). 

 

ȆȓȞαțαȢ 6 ΦαȡȝαțİυĲȚțȩ ȚıĲȠȡȚțȩ ĲȦȞ ȈțȆ αıșİȞȫȞ ĲȠυ įİȓȖȝαĲȠȢ 

 

 ǹȡȚșȝȩȢ ǹıșİȞȫȞ ȆȠıȠıĲȩ ǹıșİȞȫȞ (%) 

ȁȒȥȘ ǹȉǹ 50 82 
ȉȪπȠȢ ǹȉǹ 

Fingolimod 
IFNb-1a, υπȠįȠȡȓȦȢ 
IFNb-1a, İȞįȠȝυȧțȫȢ 
IFNb-1b, υπȠįȠȡȓȦȢ 
Glatiramer acetate 

Natalizumab 
Dimethyl fumarate 

Azathioprine 

 
17 
12 
5 
8 
4 
2 
1 
1 

 
27.9 
19.7 
8.2 
13.1 
6.6 
3.3 
1.6 
1.6 

ȈυȝπĲȦȝαĲȚțȒ αȖȦȖȒ 24 39.4 
 

ǹȉǹ: ǹȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ αȖȦȖȒ 

 

6.3 Ǿ αȞαȖȞȫȡȚıȘ ĲȦȞ ȈțȆ αıșİȞȫȞ ȝİ Γǻ ȝİ ȕȐıȘ ĲȠ İȡȖαȜİȓȠ BICAMS 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠ ȆȓȞαțα 7, ȠȚ αıșİȞİȓȢ İȓȤαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȤαȝȘȜȩĲİȡα 

ıțȠȡ ıİ ȩȜİȢ ĲȚȢ ȖȞȦıĲȚțȑȢ İțĲȚȝȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

 

ȆȓȞαțαȢ 7 ȅȚ ȖȞȦıĲȚțȑȢ ȝİĲȡȒıİȚȢ ıİ αıșİȞİȓȢ ȝİ ȈțȆ țαȚ ıĲȠυȢ υȖȚİȓȢ 

 

 ǹıșİȞİȓȢ (ȃ=61) 
 

ȊȖȚİȓȢ (ȃ=207) 
 

ȈȘȝαȞĲȚțȩĲȘĲα 

(p value)
1 

ȈυȞȠȜȚțȩ ıĲαșȝȚıȝȑȞȠ 
ıțȠȡ ȖȞȦıĲȚțȫȞ 

ȜİȚĲȠυȡȖȚȫȞ 
-0.45 ± 0.99 0.13 ± 0.68 <0.0001* 

SDMT 46.56 ± 15.27 52.95 ± 14.20 0.004* 
ȈĲαșȝȚıȝȑȞȠ SDMT -0.34 ± 1.04 0.10 ± 0.97 0.002* 

CVLT-II 57.62 ± 12.81 63.10 ± 9.23 0.003* 
ȈĲαșȝȚıȝȑȞȠ CVLT-II -0.41 ± 1.23 0.12 ± 0.89 0.003* 

BVMT-R 23.69 ± 8.41 28.94 ± 5.76 <0.0001* 
ȈĲαșȝȚıȝȑȞȠ BVMT-R -0.60 ± 1.24 0.17 ± 0.85 <0.0001* 
 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

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

Test, BVMT-R: Brief Visuospatial Memory Test-Revised 1Student's t test  *p≤0.05 
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Ǿ αȞαȖȞȫȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ Γǻ ȑȖȚȞİ ȝİ įȪȠ ȝİșȩįȠυȢ υπȠȜȠȖȚıȝȠȪ ĲȦȞ 

țαĲȫĲİȡȦȞ 5% İțαĲȠıĲȘȝȠȡȓȦȞ, ȩπȦȢ αυĲȑȢ πİȡȚȖȡȐφȠȞĲαȚ ıĲȠ ĲȝȒȝα ĲȘȢ 

ıĲαĲȚıĲȚțȒȢ αȞȐȜυıȘȢ. ΌπȦȢ φαȓȞİĲαȚ απȩ ĲȠȞ ȆȓȞαțα 8, Ș ȝȑșȠįȠȢ ȝİ ĲȘ ȕȠȒșİȚα 

ĲȠυ ȝȠȞĲȑȜȠυ ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ πȠυ ȕαıȓıĲȘțİ ıĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ 

İțπαȓįİυıȘ (ȂȑșȠįȠȢ 2) αȞαȖȞȫȡȚıİ πİȡȚııȩĲİȡȠυȢ αıșİȞİȓȢ ȝİ Γǻ απȩ ȩĲȚ Ș 

ȝȑșȠįȠȢ (ȂȑșȠįȠȢ 1) ȝİ απİυșİȓαȢ υπȠȜȠȖȚıȝȩ ĲȦȞ 5% İțαĲȠıĲȘȝȠȡȓȦȞ απȩ ĲȠ 

įİȓȖȝα ĲȦȞ υȖȚȫȞ ȝαȡĲȪȡȦȞ (N=207). ǲĲıȚ ȝİ ȕȐıȘ ĲȘ ȂȑșȠįȠ 2 27 (44.3%) 

αıșİȞİȓȢ αȞαȖȞȦȡȓıĲȘțαȞ ȝİ Γǻ ıĲȠ ıυȞȠȜȚțȩ įİȓȖȝα ĲȦȞ αıșİȞȫȞ, ȑȞαȞĲȚ 25 (41%) 

ĲȘȢ ȂİșȩįȠυ 1. ΓȚα ĲȚȢ İπȩȝİȞİȢ αȞαȜȪıİȚȢ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȠȚ αıșİȞİȓȢ ȝİ Γǻ 

ȕȐıİȚ ĲȘȢ ȂİșȩįȠυ 2. 

 

ȆȓȞαțαȢ 8 ǹȞαȖȞȫȡȚıȘ ĲȦȞ ȈțȆ αıșİȞȫȞ ȝİ Γǻ ȕȐıİȚ įȪȠ ȝİșȩįȦȞ1 

 
 ȂȑșȠįȠȢ 2 

ȃǹǿ Γǻ ȅȋǿ Γǻ 

 

ȂȑșȠįȠȢ 1 

ȃǹǿ Γǻ 24 1 

ȅȋǿ Γǻ 3 33 

 

Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ 
1ΓȚα ĲȘȞ πİȡȚȖȡαφȒ ĲȦȞ ȂİșȩįȦȞ 1 țαȚ 2, ȕȜ. ĲȝȒȝα ıĲαĲȚıĲȚțȒȢ αȞȐȜυıȘȢ. 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠ ȆȓȞαțα 9 ȠȚ αıșİȞİȓȢ ȝİ Γǻ ıȘȝİȓȦıαȞ ȤİȚȡȩĲİȡα ıțȠȡ ıİ ȩȜȠυȢ 

ĲȠυȢ ȖȞȦıĲȚțȠȪȢ ĲȠȝİȓȢ πȠυ αȟȚȠȜȠȖİȓ ĲȠ İȡȦĲȘȝαĲȠȜȩȖȚȠ BICAMS. ǹπȩ ĲȠȞ αȡȚșȝȩ 

ĲȦȞ αıșİȞȫȞ ȝİ παșȠȜȠȖȚțȐ ıțȠȡ ȕȐıİȚ ĲȦȞ ıĲαșȝȚıȝȑȞȦȞ πȡȠȢ ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ 

țαȚ ĲȘȞ İțπαȓįİυıȘ 5% ȠȡȓȦȞ, πȡȠțȪπĲİȚ ȩĲȚ ȠȚ πİȡȚııȩĲİȡȠȚ αıșİȞİȓȢ ȕȡȑșȘțαȞ ȝİ 

παșȠȜȠȖȚțȑȢ ĲȚȝȑȢ ıĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ (ȃ=19, 31.2%), ȜȚȖȩĲİȡȠȚ ıĲȘȞ ȜİțĲȚțȒ 

ȝȞȒȝȘ (ȃ=15, 24.6%) țαȚ αțȩȝα ȜȚȖȩĲİȡȠȚ ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ (ȃ=6, 9.8%). 

 

ȆȓȞαțαȢ 9 ȅȚ ȖȞȦıĲȚțȑȢ ȝİĲȡȒıİȚȢ ıĲȠυȢ ȈțȆ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ 

 

 Ȃİ Γǻ (ȃ=27) 
 

ȋȦȡȓȢ Γǻ (ȃ=34) 
 

ȈȘȝαȞĲȚțȩĲȘĲα 

(p value)
2 

ȈυȞȠȜȚțȩ ıĲαșȝȚıȝȑȞȠ 
ıțȠȡ ȖȞȦıĲȚțȫȞ 

ȜİȚĲȠυȡȖȚȫȞ 
-1.22 ± 0.85 0.16 ± 0.59 <0.0001* 

SDMT 38.11 ± 14.30 53.26 ± 12.60 <0.0001* 
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ȈĲαșȝȚıȝȑȞȠ SDMT -0.92 ± 0.97 0.12 ± 0.86 <0.0001* 
ȆαșȠȜȠȖȚțȩ SDMT1 

(αȡȚșȝȩȢ αıșİȞȫȞ) 6 0 0.005* 

CVLT-II 49 ± 12.47 64.47 ± 8.17 <0.0001* 
ȈĲαșȝȚıȝȑȞȠ CVLT-II -1.24 ± 1.20 0.25 ± 0.79 <0.0001* 
ȆαșȠȜȠȖȚțȩ CVLT-II1 

(αȡȚșȝȩȢ αıșİȞȫȞ) 15 0 <0.0001* 

BVMT-R 17.52 ± 7.66 28.59 ± 5.14 <0.0001* 
ȈĲαșȝȚıȝȑȞȠ BVMT-R -1.50 ± 1.13 0.12 ± 0.76 <0.0001* 
ȆαșȠȜȠȖȚțȩ BVMT-R1 

(αȡȚșȝȩȢ αıșİȞȫȞ) 19 0 <0.0001* 

 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

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

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

 1ǺȐıİȚ ĲȦȞ ıĲαșȝȚıȝȑȞȦȞ ȦȢ πȡȠȢ ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ İțπαȓįİυıȘ țαĲȫĲİȡȦȞ 5% ȠȡȓȦȞ ıİ 

įİȓȖȝα υȖȚȫȞ ȝαȡĲȪȡȦȞ (ȃ=207) 
2Mann-Whitney U test ȖȚα ĲȚȢ πȠıȠĲȚțȑȢ ȝİĲαȕȜȘĲȑȢ, Fisher exact test ȖȚα ĲȚȢ țαĲȘȖȠȡȚțȑȢ *p≤0.05 

 

6.4 ǹȞαȖȞȫȡȚıȘ ĲȦȞ ȈțȆ αıșİȞȫȞ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 10 ȠȚ αıșİȞİȓȢ İȓȤαȞ ıȘȝαȞĲȚțȐ ȝİȚȦȝȑȞα P300 ȪȥȘ, 

αυȟȘȝȑȞȘ P300 ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ απȩ ȩĲȚ ȠȚ υȖȚİȓȢ. 

ȆȓȞαțαȢ 10 ȅȚ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȠȓ įİȓțĲİȢ ĲȠυ țȪȝαĲȠȢ P300 ıİ αıșİȞİȓȢ țαȚ 

υȖȚİȓȢ 

 ǹıșİȞİȓȢ (ȃ=58) 
 

ȊȖȚİȓȢ (ȃ=51) 
 

ȈȘȝαȞĲȚțȩĲȘĲα 

(p value)
 

P300 ȪȥȠȢ (ȝV) 6.75 ± 4.44 9.4 ± 3.11 0.001* 
P300 ȤȡȠȞȠ/ıȘ (ms) 345.31 ± 39.42 310.87 ± 16.6 <0.0001* 
Fz P300 ȪȥȠȢ (ȝV) 7.45 ± 4.49 9.95 ± 3.52 0.002* 

Fz P300 ȤȡȠȞȠ/ıȘ (ms) 347.08 ± 40.75 311.24 ± 16.36 <0.0001* 
Cz P300 ȪȥȠȢ (ȝV) 7.33 ± 4.79 9.91 ± 3.5 0.002* 

Cz P300 ȤȡȠȞȠ/ıȘ (ms) 345.19 ± 39.45 310.94 ± 16.66 <0.0001* 
Pz P300 ȪȥȠȢ (ȝV) 5.45 ± 4.57 8.33 ± 3.4 <0.0001* 

Pz P300 ȤȡȠȞȠ/ıȘ (ms) 343.67 ± 38.91 310.43 ± 17.15 <0.0001* 
ȋȡȩȞȠȢ ǹ/ıȘȢ (ms) 395.24 ± 54.89 355.52 ± 28.65 <0.0001* 

 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. 
1Student's t-test, *p≤0.05 

 

ȈĲȘ ıυȞȑȤİȚα υπȠȜȠȖȓıĲȘțαȞ Ĳα 5% ȩȡȚα (țαĲȫĲİȡα ȖȚα ĲȠ ȪȥȠȢ țαȚ αȞȫĲİȡα ȖȚα ĲȘȞ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ) ȕȐıİȚ ĲȦȞ įİȚȖȝαĲȚțȫȞ įİįȠȝȑȞȦȞ ĲȦȞ υȖȚȫȞ (ȕȜ. ıĲαĲȚıĲȚțȒ 

αȞȐȜυıȘ ȖȚα ȂȑșȠįȠ 1) țαȚ αȞαȖȞȦȡȓıĲȘțαȞ ȠȚ αıșİȞİȓȢ ȝİ φυıȚȠȜȠȖȚțȠȪȢ Ȓ 
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παșȠȜȠȖȚțȠȪȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȠȪȢ įİȓțĲİȢ (π.Ȥ. παșȠȜȠȖȚțȩ Ȓ φυıȚȠȜȠȖȚțȩ Fz 

ȪȥȠȢ, παșȠȜȠȖȚțȒ Ȓ φυıȚȠȜȠȖȚțȒ Cz ȤȡȠȞȠțαșυıĲȑȡȘıȘ țĲȜ). ȉȠ ȓįȚȠ ȑȖȚȞİ ȝİ ĲȘ 

ȂȑșȠįȠ 2 ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ȑȞα ȝȠȞĲȑȜȠ ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ ȝİ ȑȜİȖȤȠ ȦȢ 

πȡȠȢ ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. ȁȩȖȦ ȩĲȚ ȠȚ αıșİȞİȓȢ įȚȑφİȡαȞ ıȘȝαȞĲȚțȐ απȩ ĲȠυȢ 

υȖȚİȓȢ ıİ ȩȜȠυȢ ĲȠυȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȠȪȢ įİȓțĲİȢ, ȦȢ ǾΦΓǻ ȠȡȓıĲȘțİ Ș αȞȓȤȞİυıȘ 

παșȠȜȠȖȚțȫȞ ĲȚȝȫȞ ıĲȠ ȝȑıȠ ȪȥȠȢ Ȓ/țαȚ ıĲȘ ȝȑıȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ. Ȃİ ȕȐıȘ ĲȠȞ 

ȆȓȞαțα 11, Ș ȂȑșȠįȠȢ 2 țαĲȐφİȡİ Ȟα αȞȚȤȞİȪıİȚ πİȡȚııȩĲİȡȠυȢ αıșİȞİȓȢ ȝİ ǾΦΓǻ 

(39 ȑȞαȞĲȚ 37 ĲȘȢ ȂİșȩįȠυ 1) țαȚ İȓȞαȚ αυĲȒ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșİȓ ȖȚα ĲȚȢ 

πİȡαȚĲȑȡȦ αȞαȜȪıİȚȢ. 

 

ȆȓȞαțαȢ 11 ǹȞαȖȞȫȡȚıȘ ĲȦȞ ȈțȆ αıșİȞȫȞ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ 

(ǾΦ-Γǻ) ȕȐıİȚ įȪȠ ȝİșȩįȦȞ1
 

 ȂȑșȠįȠȢ 2 

ȃǹǿ ǾΦ-Γǻ ȅȋǿ ǾΦ-Γǻ 

 

ȂȑșȠįȠȢ 1 

ȃǹǿ ǾΦ-Γǻ 37 0 

ȅȋǿ ǾΦ-Γǻ 2 19 

 

1ΓȚα ĲȘȞ πİȡȚȖȡαφȒ ĲȦȞ ȂİșȩįȦȞ 1 țαȚ 2, ȕȜ. ĲȝȒȝα ıĲαĲȚıĲȚțȒȢ αȞȐȜυıȘȢ. 

 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 12, ıİ ȩȜİȢ ĲȚȢ ȝİĲȡȒıİȚȢ πȑȡα απȩ ĲȠ ȪȥȠȢ ĲȠυ P300 

ıĲȠ Pz, ıȘȝİȚȫșȘțαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȝİĲαȟȪ ĲȦȞ αıșİȞȫȞ ȝİ 

ǾΦΓǻ ıİ ıȪȖțȡȚıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ. ǼπȓıȘȢ įȚαφαȓȞİĲαȚ ȩĲȚ Ș 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 ȒĲαȞ πȚȠ ıυȤȞȐ παșȠȜȠȖȚțȒ ȑȞαȞĲȚ ĲȠυ P300 ȪȥȠυȢ (31 vs. 

18 Ȓ 53.4% vs. 31%). ȈυȞȠȜȚțȐ 10 (17.2%) αıșİȞİȓȢ İȓȤαȞ παșȠȜȠȖȚțȩ ȪȥȠȢ țαȚ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ, 21 (36.2%) αıșİȞİȓȢ İȓȤαȞ ȝȩȞȠ παșȠȜȠȖȚțȒ ȤȡȠȞȠțαșυıĲȑȡȘıȘ 

țαȚ ȝȩȜȚȢ 8 (13.8%) ȝȩȞȠ παșȠȜȠȖȚțȩ ȪȥȠȢ. 

 

ȆȓȞαțαȢ 12 ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ ıİ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ (ǾΦΓǻ) 

 

 Ȃİ ǾΦΓǻ (ȃ=39) 
 

ȋȦȡȓȢ ǾΦΓǻ  
(ȃ=19) 

 

ȈȘȝαȞĲȚțȩĲȘĲα 

(p value)
1,2 

P300 ȪȥȠȢ (ȝV) 6.11 ± 4.66 8.04 ± 3.72 0.031* 
P300 ȤȡȠȞȠ/ıȘ (ms) 359.71 ± 39.15 315.76 ± 17.71 <0.0001* 
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Fz P300 ȪȥȠȢ (ȝV) 6.74 ± 4.65 8.9 ± 3.85 0.016* 
Fz P300 ȤȡȠȞȠ/ıȘ (ms) 362.02 ± 40.37 316.41 ± 18.42 <0.0001* 

Cz P300 ȪȥȠȢ (ȝV) 6.51 ± 4.92 9.02 ± 4.13 0.019* 
Cz P300 ȤȡȠȞȠ/ıȘ (ms) 359.66 ± 39.08 315.48 ± 17.9 <0.0001* 

Pz P300 ȪȥȠȢ (ȝV) 5.08 ± 4.85 6.21 ± 3.93 0.205 
Pz P300 ȤȡȠȞȠ/ıȘ (ms) 357.45 ± 39.16 315.38 ± 17.31 <0.0001* 

ȋȡȩȞȠȢ ǹ/ıȘȢ (ms) 407.38  ± 53.04 370.33 ± 51.25 <0.0001* 
ȆαșȠȜȠȖȚțȩ P300 ȪȥȠȢ 18 0 <0.0001* 

ȆαșȠȜȠȖȚțȒ P300 
ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ 

31 0 <0.0001* 

 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. 
1Mann-Whitney U test, 2Fisher exact test, *p≤0.05 

 

6.5 ǻȚİȡİȪȞȘıȘ ĲȘȢ ıυȞİȚıφȠȡȐȢ ĲȠυ ȪȥȠυȢ țαȚ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ĲȠυ 

țȪȝαĲȠȢ ȇ300 ıĲȚȢ ȖȞȦıĲȚțȑȢ ȜİȚĲȠυȡȖȓİȢ 

Ȃİ ȕȐıȘ ĲȠȞ ȆȓȞαțα 13, ȠȚ αıșİȞİȓȢ ȝİ παșȠȜȠȖȚțȒ ȤȡȠȞȠțαșυıĲȑȡȘıȘ įİȞ įȚȑφİȡαȞ 

ıȘȝαȞĲȚțȐ ȦȢ πȡȠȢ ĲȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ. ǹȞĲȓșİĲα ȠȚ αıșİȞİȓȢ ȝİ παșȠȜȠȖȚțȩ 

ȪȥȠȢ İȓȤαȞ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȘ ȕαșȝȠȜȠȖȓα ıĲȘ ȜİțĲȚțȒ țαȚ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ 

țαȚ ıĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ.  

 

ȆȓȞαțαȢ 13 ȉȠ ȪȥȠȢ țαȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 ıİ ıȤȑıȘ ȝİ ĲȠ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ 

 SDMT CVLT-II BVMT-R 
ȈυȞȠȜȚțȩ 

ΓȞȦıĲȚțȩ ȈțȠȡ 

ȆαșȠȜȠȖȚțȩ ȤȡȠ/ıȘ 
ȇ300 (N=31) 

46.2 ± 15.8 57.5 ± 13.5 22.03 ± 8.6 -0.54 ± 1.06 

ΦυıȚȠȜȠȖȚțȩ ȤȡȠ/ıȘ 
ȇ300 (N=27) 

46.4 ± 14.2 57.3 ± 12.6 25.7 ± 7.8 -0.36 ± 0.91 

ȈȘȝ. (ĲȚȝȒ p) 0.925 0.944 0.103 0.498 
ȆαșȠȜȠȖȚțȩ ȪȥȠȢ 

ȇ300 (N=18) 
42.6 ± 16.5 50.3 ± 15 18.6 ± 9 -1.02 ± 1.17 

ΦυıȚȠȜȠȖȚțȩ ȪȥȠȢ 
ȇ300 (N=40) 

48 ± 14.1 60.6 ± 10.7 26.1 ± 7 -0.21 ± 0.79 

ȈȘȝ. (ĲȚȝȒ p) 0.434 0.008* 0.003* 0.011* 
 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. 

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

Visuospatial Memory Test-Revised  

1Mann-Whitney U test, *p≤0.005 
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6.6 ȈȪȖțȡȚıȘ ĲȦȞ ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ ĲȦȞ ȞİυȡȠφυıȚȠȜȠȖȚțȫȞ ȝİĲȡȒıİȦȞ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 14, ĲȠ 34.5% ĲȠυ įİȓȖȝαĲȠȢ ĲȦȞ αıșİȞȫȞ 

İπȚȕİȕαȚȫșȘțαȞ ȝİ Γǻ țαȚ ȝİ ĲȚȢ įȪȠ ȝİșȩįȠυȢ, 32.8% ȝȩȞȠ ȝİ ĲȘȞ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒ İțĲȓȝȘıȘ țαȚ 10.3% ȝȩȞȠ ȝİ ĲȘ ȞİυȡȠȥυȤȠȜȠȖȚțȒ İțĲȓȝȘıȘ. ȅ 

ȕαșȝȩȢ ıυȝφȦȞȓαȢ ĲȘȢ ȞİυȡȠȥυȤȠȜȠȖȚțȒȢ țαȚ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒȢ İțĲȓȝȘıȘȢ ĲȘȢ 

ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ ȒĲαȞ 56.9% (33 ıĲȠυȢ 58 αıșİȞİȓȢ). 

 ǹȞ țαȚ Ș įȚαφȠȡȐ ĲȦȞ įȪȠ ȝİșȩįȦȞ įİȞ ȒĲαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ (p=0.26) țαȚ Ƞ 

ȕαșȝȩȢ ıυȝφȦȞȓαȢ ȒĲαȞ ȝȚțȡȩȢ (ĲȚȝȒ kappa=0.168, p=0.157), įȚαφαȓȞİĲαȚ ȩĲȚ Ƞ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȩȢ ȑȜİȖȤȠȢ İȓȞαȚ πȚȠ İυαȓıșȘĲȠȢ ıĲȘȞ αȞαȖȞȫȡȚıȘ παșȠȜȠȖȚțȒȢ 

ȖȞȦıĲȚțȒȢ ȚțαȞȩĲȘĲαȢ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ, ȑȞαȞĲȚ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ. 

 

ȆȓȞαțαȢ 14 ȈȪȖțȡȚıȘ ĲȘȢ ıυȤȞȩĲȘĲαȢ ĲȘȢ Γǻ αȞȐȜȠȖα ȝİ ĲȘ ȝȑșȠįȠ İțĲȓȝȘıȘȢ 

 ȃİυȡȠφυıȚȠȜȠȖȚțȒ ǼțĲȓȝȘıȘ 

ȃǹǿ ǾΦΓǻ ȅȋǿ ǾΦΓǻ 

 

ȃİυȡȠȥυȤȠȜȠȖȚțȒ 

ǼțĲȓȝȘıȘ 

ȃǹǿ Γǻ 20 (34.5%) 6 (10.3%) 

ȅȋǿ Γǻ 19 (32.8%) 13 (22.4%) 

 

Γǻ: ΓȞȦıĲȚțȒ įȚαĲαȡαȤȒ, ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 15 țαȚ ĲȘȞ ǼȚțȩȞα 8, ȩȜİȢ ȠȚ ȞİυȡȠȥυȤȠȜȠȖȚțȑȢ țαȚ 

ȞİυȡȠφυıȚȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ įȚȑțȡȚȞαȞ ȝİ ıȘȝαȞĲȚțȒ αțȡȓȕİȚα ĲȠυȢ αıșİȞİȓȢ απȩ 

ĲȠυȢ υȖȚİȓȢ. ȉȘ ȝİȖαȜȪĲİȡȘ įȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα ıȘȝİȓȦıİ Ș ȇ300 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ, αțȠȜȠυșȠȪȝİȞȘ απȩ ĲȠ ȇ300 ȪȥȠȢ. ȉȘ ȝİȖαȜȪĲİȡȘ İυαȚıșȘıȓα 

İȓȤİ ĲȠ ȪȥȠȢ P300 țαȚ ĲȘ ȝİȖαȜȪĲİȡȘ İȚįȚțȩĲȘĲα Ș ȇ300 ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ȅ 

ıυȞįυαıȝȩȢ ȪȥȠυȢ țαȚ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ȇ300 (įȘȜ. ȪȥȠȢ ≤8.92ȝV Ȓ/țαȚ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ ≥329.42ms) ȑȤİȚ İυαȚıșȘıȓα, İȚįȚțȩĲȘĲα țαȚ įȚαȖȞȦıĲȚțȒ 

αțȡȓȕİȚα 93.1%, 56.7% țαȚ 76.1%, αȞĲȚıĲȠȓȤȦȢ. ȈυȝπİȡαȓȞİĲαȚ ȩĲȚ Ƞ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȩȢ ȑȜİȖȤȠȢ İȓȞαȚ πȚȠ İυαȓıșȘĲȠȢ țαȚ İȚįȚțȩȢ απȩ ĲȠȞ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ ȖȚα ĲȘ įȚȐțȡȚıȘ υȖİȚȫȞ țαȚ αıșİȞȫȞ.  
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ȆȓȞαțαȢ 15 ǻȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ ȞİυȡȠφυıȚȠȜȠȖȚțȫȞ 

ȝİĲȡȒıİȦȞ ȖȚα ĲȘ įȚȐțȡȚıȘ υȖİȚȫȞ-αıșİȞȫȞ 

 

 AUC1 ȉυπȚțȩ 
ȈφȐȜȝα1 

ȈȘȝαȞĲȚțȩĲȘĲα 
(p ĲȚȝȒ1) 

ǼυαȚıșȘıȓα 
(%) 

ǼȚįȚțȩĲȘĲα 

(%) 

ǻȚαȖȞȦıĲȚțȒ 
ǹțȡȓȕİȚα (%) 

ȆαșȠȜȠȖȚțȩ 
ΌȡȚȠ 

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 
ΓȞȦıĲȚțȩ 

ȈțȠȡ 
0.786 0.043 <0.0001* 70.7 76 71.4 ≤0.075 

ȇ300 
ȪȥȠȢ 

0.764 0.046 <0.0001* 84.5 60 72.4 ≤8.92(ȝV) 

ȇ300 
ȤȡȠȞȠ/ıȘ 

0.799 0.044 <0.0001* 67.2 90.2 78 ≥329.42(ms) 

 
1ǹȞȐȜυıȘ ȝİ țαȝπȪȜİȢ ROC (ȝȘįİȞȚțȒ υπȩșİıȘ AUC=0.5), *p≤0.05 

 

 

 

ǼȚțȩȞα 8 ȀαȝπȪȜİȢ ROC ȖȚα ĲȘ įȚȐțȡȚıȘ ȝİĲαȟȪ αıșİȞȫȞ țαȚ υȖİȚȫȞ ȝαȡĲȪȡȦȞ 

 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 16, υπȐȡȤİȚ ıȘȝαȞĲȚțȒ șİĲȚțȒ ıυıȤȑĲȚıȘ ȝİĲαȟȪ ĲȠυ 

ȪȥȠυȢ ĲȠυ ȇ300 țαȚ ĲȦȞ ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ İπȚįȩıİȦȞ țαȚ αȡȞȘĲȚțȒ ıυıȤȑĲȚıȘ ȝİ 
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ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ, ȝİĲȐ ĲȠȞ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ İțπαȓįİυıȘ 

ıĲȠ ıȪȞȠȜȠ ĲȦȞ αĲȩȝȦȞ (υȖİȚȫȞ țαȚ αıșİȞȫȞ) ĲȘȢ ȝİȜȑĲȘȢ. ȂȠȞαįȚțȒ İȟαȓȡİıȘ İȓȞαȚ 

ȠȚ ȝȘ ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİĲαȟȪ ĲȘȢ Pz P300 ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ țαȚ ĲȠυ ĲİıĲ 

CVLT-II ȖȚα ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ.  

 

ȆȓȞαțαȢ 16 ȈυıȤİĲȓıİȚȢ ȝİĲαȟȪ ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ ȞİυȡȠφυıȚȠȜȠȖȚțȫȞ įİȚțĲȫȞ 

ıĲȠ ıȪȞȠȜȠ ĲȦȞ αıșİȞȫȞ țαȚ ȝαȡĲȪȡȦȞ1 

 

 
SDMT CVLT-II BVMT-R 

ȈυȞȠȜȚțȩ 
ΓȞȦıĲȚțȩ ȈțȠȡ 

Fz ȪȥȠȢ 0.259* (0.008) 0.345* (<0.0001) 0.288* (0.003) 0.361* (<0.0001) 
Fz ȤȡȠȞȠ/ıȘ -0.246* (0.012) -0.134 (0.172) -0.307* (0.001) -0.278* (0.004) 

Cz ȪȥȠȢ 0.311* (0.001) 0.371* (<0.0001) 0.376* (<0.0001) 0.429* (<0.0001) 
Cz ȤȡȠȞȠ/ıȘ -0.231* (0.018) -0.132 (0.179) -0.313* (0.001) -0.275* (0.005) 

Pz ȪȥȠȢ 0.292* (0.003) 0.312* (0.0001) 0.350* (<0.0001) 0.387* (<0.0001) 
Pz ȤȡȠȞȠ/ıȘ -0.203* (0.038) -0.111 (0.258) -0.271* (0.005) -0.238* (0.015) 
P300 ȪȥȠȢ 0.304* (0.002) 0.362* (<0.0001) 0.358* (<0.0001) 0.415* (<0.0001) 

P300 ȤȡȠȞȠ/ıȘ -0.228* (0.019) -0.127 (0.197) -0.299* (0.002) -0.265* (0.006) 
ȋȡȩȞȠȢ ǹ/ıȘȢ -0.305* (0.002) -0.402* (<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 
1Pearson's rho ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ İțπαȓįİυıȘ. ȅȚ ĲȚȝȑȢ ıĲȘȞ παȡȑȞșİıȘ 

αȞĲȚπȡȠıȦπİȪȠυȞ ĲȠ İπȓπİįȠ ıȘȝαȞĲȚțȩĲȘĲαȢ p. 

*p≤0.05 

 

6.7 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ ĲȦȞ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ Γǻ țαȚ ĲȦȞ υȖİȚȫȞ ȖȚα ĲȚȢ 

ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 

ȈĲȠυȢ παȡαțȐĲȦ ȆȓȞαțİȢ φαȓȞȠȞĲαȚ ȠȚ įȚαφȠȡȑȢ ȝİĲαȟȪ αıșİȞȫȞ ȝİ Ȓ ȤȦȡȓȢ Γǻ țαȚ 

ȝİ Ȓ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ (ǾΦΓǻ) ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ 

ȝȐȡĲυȡİȢ.  

ΌıȠ αφȠȡȐ ĲȚȢ ıυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ țαȚ ȝαȡĲȪȡȦȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ 

įȚαφȠȡȑȢ ȕȡȑșȘțαȞ ȖȚα ĲȘȞ İțπαȓįİυıȘ (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ ȝİ ĲȡȚĲȠȕȐșȝȚα 

İțπαȓįİυıȘ) țαȚ ĲȘȞ İȡȖαıȓα (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ ȒĲαȞ İȡȖαȗȩȝİȞȠȚ). 

 ΌıȠ αφȠȡȐ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ ȝαȡĲȪȡȦȞ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ ıĲαĲȚıĲȚțȐ 

ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȕȡȑșȘțαȞ ȝȩȞȠ ȖȚα ĲȘȞ İȡȖαıȓα (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ ȒĲαȞ 

İȡȖαȗȩȝİȞȠȚ).  ΌıȠ αφȠȡȐ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ ȝαȡĲȪȡȦȞ ȝİ ĲȠυȢ αıșİȞİȓȢ ȝİ Γǻ 

ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȕȡȑșȘțαȞ ȖȚα ĲȘȞ İțπαȓįİυıȘ (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ 

ȝİ ĲȡȚĲȠȕȐșȝȚα İțπαȓįİυıȘ), ĲȘȞ İȡȖαıȓα (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ ȒĲαȞ İȡȖαȗȩȝİȞȠȚ), ĲȠ 
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ıĲȡİȢ, ĲȠ ȐȖȤȠȢ țαȚ ĲȘȞ țαĲȐșȜȚȥȘ (ȝİȖαȜȪĲİȡα ıțȠȡ ıİ αıșİȞİȓȢ ȝİ Γǻ). ΌıȠ 

αφȠȡȐ ĲȘ ıȪȖțȡȚıȘ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ Γǻ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ 

ȕȡȑșȘțαȞ ȖȚα ĲȠȞ αȡȚșȝȩ ĲȦȞ υπȠĲȡȠπȫȞ (ȝİȖαȜȪĲİȡȠȢ ıİ αıșİȞİȓȢ ȝİ Γǻ), ĲȘȞ 

αȞαπȘȡȓα (ȝİȖαȜȪĲİȡȘ ıİ αıșİȞİȓȢ ȝİ Γǻ), ĲȘ ȜȒȥȘ ıυȝπĲȦȝαĲȚțȒȢ αȖȦȖȒȢ (πȚȠ 

ıυȤȞȒ ıĲȠυȢ αıșİȞİȓȢ ȝİ Γǻ), ĲȘ ıȦȝαĲȚțȒ țȩπȦıȘ, ĲȠ ıĲȡİȢ, ĲȠ ȐȖȤȠȢ țαȚ ĲȘȞ 

țαĲȐșȜȚȥȘ (ȝİȖαȜȪĲİȡα ıİ αıșİȞİȓȢ ȝİ Γǻ). 

ΌıȠ αφȠȡȐ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ ȝαȡĲȪȡȦȞ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ ıĲαĲȚıĲȚțȐ 

ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȕȡȑșȘțαȞ ȝȩȞȠ ȖȚα ĲȘȞ πȞİυȝαĲȚțȒ țȩπȦıȘ (ȠȚ αıșİȞİȓȢ 

αȞȑφİȡαȞ ȝȚțȡȩĲİȡȘ πȞİυȝαĲȚțȒ țȩπȦıȘ απȩ ȩĲȚ ȠȚ υȖȚİȓȢ).  ΌıȠ αφȠȡȐ ĲȘ ıȪȖțȡȚıȘ 

ĲȦȞ ȝαȡĲȪȡȦȞ ȝİ ĲȠυȢ αıșİȞİȓȢ ȝİ ǾΦΓǻ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȕȡȑșȘțαȞ 

ȝȩȞȠ ȖȚα ĲȘȞ İȡȖαıȓα (πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ ȒĲαȞ İȡȖαȗȩȝİȞȠȚ). ȉȑȜȠȢ, ȩıȠ αφȠȡȐ ĲȘ 

ıȪȖțȡȚıȘ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ ǾΦΓǻ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȕȡȑșȘțαȞ 

ȖȚα ĲȘȞ αȞαπȘȡȓα țαȚ ĲȘ ıȦȝαĲȚțȒ țȩπȦıȘ (ȝİȖαȜȪĲİȡα ıİ αıșİȞİȓȢ ȝİ ǾΦΓǻ). 

 

ȆȓȞαțαȢ 17 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ Γǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ 

ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=61) 

ȈțȆ ȤȦȡȓȢ Γǻ 
(ȃ=34) 

ȈțȆ ȝİ Γǻ 
(ȃ=27) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1 

ǾȜȚțȓα (ȑĲȘ) 38.7 ± 9.2 41.8 ± 10.6 39.8 ± 10.4 44.3 ± 10.6 

α. 0.106 § 
ȕ. 0.611 § 
Ȗ. 0.034*# 

į. 0.098 # 

ΓυȞαȓțİȢ 41, (80.4) 44, (72.1) 23, (67.6) 21, (77.8) 

α. 0.426 ¥ 
ȕ. 0.281 ¥ 
Ȗ. 1.0 ¥ 
į. 0.556 ¥ 

ȉȡȚĲȠȕȐșȝȚα 
ǼțπαȓįİυıȘ 

47, (92.2) 46, (75.4) 28, (82.4) 18, (66.7) 

α. 0.036*¥ 
ȕ. 0.303 ¥ 
Ȗ. 0.011**¥ 
į. 0.265 ¥ 

ǼȡȖαȗȩȝİȞȠȚ 44, (86.3) 33, (54.1) 20, (58.8) 13, (48.1) 

α. 0.001**¥ 

ȕ. 0.009**¥ 

Ȗ. 0.001**¥ 
į. 0.567 ¥ 

ǻȚȐȡțİȚα ȞȩıȠυ 
(ȝȒȞİȢ) - 137.9 ± 83.9 122.9 ± 80.8 156.8 ± 85.4 į. 0.096 # 

ȊπȠĲȡȠπȑȢ - 7.2 ± 8.3 4.4 ± 4.5 10.7 ± 10.4 į. 0.002**# 

EDSS - 2.2 ± 1.9 1.6 ± 1.6 3 ± 2 į. 0.006**# 

ǹȉǹ - 50, (82) 28, (82.4) 22, (81.5) į. 1.0 ¥ 

Ȉǹ - 24, (39.3) 5, (14.7) 19, (70.4) į. <0.0001**¥ 

ȈȦȝαĲȚțȒ țȩπȦıȘ 
(mm) 

50.6 ± 26.3 50.7 ± 26.3 41.3 ± 24.4 62.5 ± 24.2 

α. 0.984 § 
ȕ. 0.105 § 
Ȗ. 0.033*# 
į. 0.003**# 

ȆȞİυȝαĲȚțȒ 
țȩπȦıȘ (mm) 

40.5 ± 25.9 33.4 ± 25.3 30.2 ± 24.7 37.4 ± 26 

α. 0.143 § 
ȕ. 0.07 § 
Ȗ. 0.475 # 
į. 0.213 # 

ȌυȤȚțȒ țȩπȦıȘ 46.6 ± 25.3 44.3 ± 31.5 37.4 ± 32.3 53 ± 28.9 α. 0.674 § 
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(mm) ȕ. 0.166 § 
Ȗ. 0.436 # 
į. 0.044*# 

ȈĲȡİȢ 10.8 ± 7.7 13.1 ± 8.7 10.4 ± 6.6 16.7 ± 9.9 

α. 0.144 § 
ȕ. 0.789 § 
Ȗ. 0.01**# 

į. 0.012**# 

ΆȖȤȠȢ 4.4 ± 5.7 6.5 ± 7.2 4.5 ± 5.4 9.2 ± 8.5 

α. 0.087 § 
ȕ. 0.929 § 
Ȗ. 0.002**# 

į. 0.01**# 

ȀαĲȐșȜȚȥȘ 5.9 ± 6.6 8.9 ± 9 6 ± 7.1 12.6 ± 10 

α. 0.051 § 
ȕ. 0.959 § 
Ȗ. 0.001**# 

į. 0.003**# 
ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ ȖȚα ĲȚȢ πȠıȠĲȚțȑȢ ȝİĲαȕȜȘĲȑȢ țαȚ απȩȜυĲȠȢ αȡȚșȝȩȢ țαȚ 

ıυȤȞȩĲȘĲα ȃ, (%) ȖȚα ĲȚȢ țαĲȘȖȠȡȚțȑȢ. ǹȉǹ: ǹȞȠıȠĲȡȠπȠȚȘĲȚțȒ αȖȦȖȒ, Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, Ȉǹ: ȈυȝπĲȦȝαĲȚțȒ αȖȦȖȒ, 

ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ, EDSS: Expanded Disability Status Scale  
1ȉȚȝȑȢ p ȖȚα ıυȖțȡȓıİȚȢ:  

α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ Γǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ Γǻ, į. ȈțȆ ȝİ Γǻ vs. ȈțȆ ȤȦȡȓȢ Γǻ 
¥Chi-square test (įȚȩȡșȦıȘ Yates), §Student's t-test, # Mann-Whitney U test 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05 **p≤0.017 (įȚȩȡșȦıȘ Bonferroni ȖȚα ĲȚȢ 3 ıυȖțȡȓıİȚȢ: ȕ, Ȗ țαȚ į) 

 

ȆȓȞαțαȢ 18 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ 

ȕİȕαȚȦȝȑȞȘ Γǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=58) 

ȈțȆ ȤȦȡȓȢ 
ǾΦΓǻ (ȃ=19) 

ȈțȆ ȝİ ǾΦΓǻ 
(ȃ=39) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1 

ǾȜȚțȓα (ȑĲȘ) 38.7 ± 9.2 41.5 ± 10.5 40.2 ± 11.2 42.1 ± 10.2 

α. 0.147 § 
ȕ. 0.812 # 
Ȗ. 0.103 § 
į. 0.507 # 

ΓυȞαȓțİȢ 41, (80.4) 41, (70.7) 14, (73.7) 27, (69.2) 

α. 0.343 ¥ 
ȕ. 0.531 ¥ 
Ȗ. 0.330 ¥ 
į. 0.966 ¥ 

ȉȡȚĲȠȕȐșȝȚα 
ǼțπαȓįİυıȘ 

47, (92.2) 44, (75.9) 14, (73.7) 30, (76.9) 

α. 0.043*¥ 
ȕ. 0.054 ¥ 
Ȗ. 0.083 ¥ 
į. 1.0 ¥ 

ǼȡȖαȗȩȝİȞȠȚ 44, (86.3) 32, (55.2) 12, (63.2) 20, (51.3) 

α. 0.001**¥ 
ȕ. 0.045*¥ 
Ȗ. 0.001**¥ 

į. 0.567 ¥ 
ǻȚȐȡțİȚα ȞȩıȠυ 

(ȝȒȞİȢ) - 139.7 ± 84.9 133.2 ± 83.6 142.9 ± 86.4 
į. 0.759 # 

ȊπȠĲȡȠπȑȢ - 7 ± 8 6 ± 9.6 7.5 ± 7.1 į. 0.300 # 

EDSS - 2.2 ± 1.8 1.4 ± 1.6 2.6 ± 1.8 į. 0.005**# 

ǹȉǹ - 48, (82.8) 15, (78.9) 33, (84.6) į. 0.714 ¥ 

Ȉǹ - 23, (39.7) 4, (21.1) 19, (48.7) į. 0.083 ¥ 

ȈȦȝαĲȚțȒ țȩπȦıȘ 
(mm) 

50.6 ± 26.3 49.9 ± 25.4 34.6 ± 25.6 57.4 ± 21.9 

α. 0.897 § 
ȕ. 0.056 # 
Ȗ. 0.192 § 
į. 0.003**# 

ȆȞİυȝαĲȚțȒ 
țȩπȦıȘ (mm) 

40.5 ± 25.9 33.1 ± 25.6 23.3 ± 22.5 37.9 ± 26 

α. 0.138 § 
ȕ. 0.015**# 
Ȗ. 0.638 § 
į. 0.048* # 
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ȌυȤȚțȒ țȩπȦıȘ 
(mm) 

46.6 ± 25.3 44 ± 31 36.1 ± 30 47.8 ± 31.1 

α. 0.634 § 
ȕ. 0.108 # 
Ȗ. 0.836 § 
į. 0.127 # 

ȈĲȡİȢ 10.8 ± 7.7 13.1 ± 8.4 12.6 ± 9.8 13.4 ± 7.7 

α. 0.135 § 
ȕ. 0.470 # 
Ȗ. 0.120 § 
į. 0.622 # 

ΆȖȤȠȢ 4.4 ± 5.7 6.2 ± 6.7 4.8 ± 6.2 6.9 ± 6.9 

α. 0.128 § 
ȕ. 0.707 # 
Ȗ. 0.062 § 
į. 0.119 # 

ȀαĲȐșȜȚȥȘ 5.9 ± 6.6 8.7 ± 8.7 7.5 ± 10.5 9.4 ± 7.8 

α. 0.064 § 
ȕ. 0.968 # 
Ȗ. 0.027*§ 
į. 0.127 # 

 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ ȖȚα ĲȚȢ πȠıȠĲȚțȑȢ ȝİĲαȕȜȘĲȑȢ țαȚ απȩȜυĲȠȢ αȡȚșȝȩȢ țαȚ 

ıυȤȞȩĲȘĲα ȃ, (%) ȖȚα ĲȚȢ țαĲȘȖȠȡȚțȑȢ. ǹȉǹ: ǹȞȠıȠĲȡȠπȠȚȘĲȚțȒ αȖȦȖȒ, ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ȖȞȦıĲȚțȒ 

įȚαĲαȡαȤȒ, Ȉǹ: ȈυȝπĲȦȝαĲȚțȒ αȖȦȖȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ, EDSS: Expanded Disability Status Scale  
1ȉȚȝȑȢ p ȖȚα ıυȖțȡȓıİȚȢ:  

α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ ǾΦΓǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ ǾΦΓǻ, į. ȈțȆ ȝİ ǾΦΓǻ vs. ȈțȆ ȤȦȡȓȢ ǾΦΓǻ 
¥Chi-square test (įȚȩȡșȦıȘ Yates) Ȓ Fisher exact test , §Student's t-test, # Mann-Whitney U test 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05 **p≤0.017 (įȚȩȡșȦıȘ Bonferroni ȖȚα ĲȚȢ 3 ıυȖțȡȓıİȚȢ: ȕ, Ȗ țαȚ į) 

 

6.8 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ ĲȦȞ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ Γǻ țαȚ ĲȦȞ υȖİȚȫȞ ȖȚα ĲȚȢ 

ȕαıȚțȑȢ ȝİĲȡȒıİȚȢ (ȖȞȦıĲȚțȐ, απİȚțȠȞȚıĲȚțȐ) ĲȘȢ ȝİȜȑĲȘȢ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 19, ȠȚ αıșİȞİȓȢ ȝİ Γǻ İȓȤαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ 

ȤİȚȡȩĲİȡα ȞİυȡȠȥυȤȠȜȠȖȚțȐ ıțȠȡ απȩ ȩĲȚ ȠȚ υȖȚİȓȢ țαȚ ȠȚ αıșİȞİȓȢ ȝİ Γǻ, ȝİĲȐ απȩ 

ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. ȅȚ υȖȚİȓȢ İȓȤαȞ ıȘȝαȞĲȚțȐ țαȜȪĲİȡα ȖȞȦıĲȚțȐ 

ıțȠȡ ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ țυȡȓȦȢ ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ (αțȩȝα țαȚ ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ ȖİȖȠȞȩȢ πȠυ ĲȘȞ 

țαșȚıĲȐ πȚȠ İυαȓıșȘĲȠ įİȓțĲȘ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ĲȘȢ țαĲȐıĲαıȘȢ ĲȘȢ ȞȩıȠυ) țαȚ ıĲȘȞ 

ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ. ȅȚ αıșİȞİȓȢ ȝİ Γǻ įȚȑφİȡαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝİ ĲȠυȢ 

υȖȚİȓȢ ıİ ȩȜİȢ ĲȚȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ παȡαȝȑĲȡȠυȢ ĲȠυ P300 (ȆȓȞαțαȢ 20), αȜȜȐ 

ȝȩȞȠ ıİ ıȤȑıȘ ȝİ ĲȠ ȪȥȠȢ P300 (İȚįȚțȐ ıĲȠ Cz țαȚ Pz) ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ, 

ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. Ǿ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 įȚȑφİȡİ 

ıȘȝαȞĲȚțȐ İπȓıȘȢ ȝİĲαȟȪ υȖİȚȫȞ țαȚ αıșİȞȫȞ ȤȦȡȓȢ Γǻ, ȖİȖȠȞȩȢ πȠυ ĲȠ țαșȚıĲȐ 

İυαȓıșȘĲȠ įİȓțĲȘ ȖȚα ĲȘȞ țαĲȐıĲαıȘ ȞȩıȠυ. ΌıȠ αφȠȡȐ ĲȚȢ απİȚțȠȞȚıĲȚțȑȢ ȝİĲȡȒıİȚȢ 

ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ παȡαĲȘȡȒșȘțαȞ ȖȚα ĲȠ ıĲαșȝȚıȝȑȞȠ πȜȐĲȠȢ țαȚ ȩȖțȠ ĲȘȢ ĲȡȓĲȘȢ 

țȠȚȜȓαȢ, ĲȠ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ ĲȠȞ ȩȖțȠ ĲȦȞ İıĲȚȫȞ (ȆȓȞαțİȢ 21 țαȚ 22). 
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ȆȓȞαțαȢ 19 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ Γǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ 

ȞİυȡȠȥυȤȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=61) 

ȈțȆ ȤȦȡȓȢ Γǻ 
(ȃ=34) 

ȈțȆ ȝİ Γǻ 
(ȃ=27) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1,2 

SDMT 60 ± 10.1 46.6 ± 15.3 53.3 ± 12.6 38.1 ± 14.3 

α. 0.003*  

ȕ. 0.05*  

Ȗ. <0.0001* 

į. <0.0001*  

CVLT-II 65.5 ± 7.3 57.6 ± 12.8 64.5 ± 8.2 49 ± 12.5 

α. 0.134  
ȕ. 0.997  
Ȗ. <0.0001*  

į. <0.0001*  

BVMT-R 30.6 ± 5.2 23.7 ± 8.34 28.6 ± 5.1 17.5 ± 7.7 

α. 0.025* 
ȕ. 0.498  
Ȗ. <0.0001* 

į. <0.0001*  

ȈυȞȠȜȚțȩ ȖȞȦıĲȚțȩ 
ıțȠȡ 

0.44 ± 0.58 -0.45 ± 0.99 -0.16 ± 0.59 -1.22 ± 0.85 

α. 0.008* 
ȕ. 0.277 
Ȗ. <0.0001* 

į. <0.0001*  

 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ 

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

Test-Revised 

1α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ Γǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ Γǻ, į. ȈțȆ ȝİ Γǻ vs. ȈțȆ ȤȦȡȓȢ Γǻ 
2ANCOVA ȝİ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ, ĲȘȞ ȠȝȐįα, ĲȘȞ İțπαȓįİυıȘ țαȚ ĲȘȞ ȠȝȐįα*İțπαȓįİυıȘ. ȋȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ Sidak 

post-hoc test ȖȚα ĲȘ įȚαțȡȓȕȦıȘ ĲȦȞ ıυȖțȡȓıİȦȞ ȕ, Ȗ țαȚ į. ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ 

ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05  

 

ȆȓȞαțαȢ 20 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ Γǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=58) 

ȈțȆ ȤȦȡȓȢ Γǻ 
(ȃ=32) 

ȈțȆ ȝİ Γǻ 
(ȃ=26) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1,2 

Fz ȪȥȠȢ (ȝV) 9.95 ± 3.52 7.45 ± 4.49 8.67 ± 4.97 5.95 ± 3.33 

α. 0.116  
ȕ. 0.428  
Ȗ. 0.001* 
į. 0.051  

Cz ȪȥȠȢ (ȝV) 9.91 ± 3.50 7.33 ± 4.79 8.90 ± 5.48 5.40 ± 2.82 
α. 0.042*  
ȕ. 0.587  
Ȗ. <0.0001*  
į. 0.005*  

Pz ȪȥȠȢ (ȝV) 8.33 ± 3.40 5.45 ± 4.57 6.54 ± 5.43 4.12 ± 2.77 
α. 0.262 
ȕ. 0.162  
Ȗ. <0.0001* 

į. 0.035*  

Fz ȤȡȠ/ıȘ (ms) 
311.24 ± 

16.36 
347.08 ± 

40.75 350.03 ± 47.53 343.44 ± 30.96 
α. 0.141 
ȕ. <0.0001* 

Ȗ. <0.0001* 
į. 0.934  

Cz ȤȡȠ/ıȘ (ms) 
310.94 ± 

16.66 
345.19 ± 

39.45 347.90 ± 45.92 341.85 ± 30.22 
α. 0.140 
ȕ. <0.0001* 

Ȗ. <0.0001* 
į. 0.94 

Pz ȤȡȠ/ıȘ (ms) 310.43 ± 343.67 ± 348.26 ± 45.50 338.02 ± 28.71 α. 0.126 
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17.15 38.91 ȕ. <0.0001* 

Ȗ. 0.001* 
į. 0.591 

P300 ȪȥȠȢ (ȝV) 9.40 ± 3.11 6.75 ± 4.44 8.03 ± 5.13 5.16 ± 2.74 
α. 0.093 
ȕ. 0.314 
Ȗ. <0.0001* 

į. 0.013* 

P300 ȤȡȠ/ıȘ (ms) 
310.87 ± 

16.60 
345.31 ± 

39.42 348.73 ± 46.15 341.11 ± 29.45 
α. 0.133 
ȕ. <0.0001* 

Ȗ. <0.0001* 
į. 0.849 

ȋȡȩȞȠȢ αȞĲȓįȡαıȘȢ 
(ms) 

355.51 ± 
28.65 

395.24 ± 
54.89 383.20 ± 52.93 410.07 ± 54.60 

α. 0.344 
ȕ. 0.033* 

Ȗ. <0.0001* 
į. 0.130 

      

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ 

ȆȜȐțαȢ 

1α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ Γǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ Γǻ, į. ȈțȆ ȝİ Γǻ vs. ȈțȆ ȤȦȡȓȢ Γǻ 
2ANCOVA ȝİ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ, ĲȘȞ ȠȝȐįα, ĲȘȞ İțπαȓįİυıȘ țαȚ ĲȘȞ ȠȝȐįα*İțπαȓįİυıȘ. ȋȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ Sidak 

post-hoc test ȖȚα ĲȘ įȚαțȡȓȕȦıȘ ĲȦȞ ıυȖțȡȓıİȦȞ ȕ, Ȗ țαȚ į. ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ 

ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05  

 
ȆȓȞαțαȢ 21 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ Γǻ ȖȚα ĲȚȢ απİȚțȠȞȚıĲȚțȑȢ 

ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

ΓȡαȝȝȚțȠȓ 
ǻİȓțĲİȢ 

ȈțȆ 

ȤȦȡȓȢ Γǻ 
ȈțȆ ȝİ Γǻ  ȈȘȝ. 

(ĲȚȝȒ p)1 

ȅȖțȠ/țȠȓ 
įİȓțĲİȢ 

(ml) 

ȈțȆ ȤȦȡȓȢ Γǻ  ȈțȆ ȝİ 
Γǻ  

ȈȘȝ. 

(ĲȚȝȒ p)1 

TVW 
(mm) 

4.33 ± 2 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) 2.91 ± 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     

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ,  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 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 
1Mann-Whitney U test, *p≤0.05 
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ȆȓȞαțαȢ 22 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ Γǻ ȖȚα ĲȚȢ υπȠφȜȠȚȫįİȚȢ 

İȖțİφαȜȚțȑȢ įȠȝȑȢ ĲȘȢ ȝİȜȑĲȘȢ 

ȅȖțȠȝİĲȡȚțȠȓ įİȓțĲİȢ 
(ml) 

ȈțȆ ȤȦȡȓȢ Γǻ ȈțȆ ȝİ Γǻ 
ȈȘȝ. 

(ĲȚȝȒ p)1 

ȀİȡțȠφȩȡȠȢ ǻ 7.77 ± 1.63 7.57 ± 1.54 0.706 

ȀİȡțȠφȩȡȠȢ ǹ 7.38 ± 1.39 7.13 ± 1.53 0.599 
ȀİȡțȠφȩȡȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 7.59 ± 1.48 7.35 ± 1.5 0.610 

ȀȑȜυφȠȢ ǻ 7.61 ± 1.66 7.55 ± 1.52 0.819 

ȀȑȜυφȠȢ ǹ 7.55 ± 1.51 7.43 ± 1.60 0.615 

ȀȑȜυφȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 7.58 ± 1.54 7.49 ± 1.53 0.631 

ȍȤȡȐ ıφαȓȡα ǻ 3.12 ± 0.71 3.09 ± 0.71 0.845 

ȍȤȡȐ ıφαȓȡα ǹ 3.23 ± 0.69 3.34 ± 0.77 0.286 

ȍȤȡȐ ıφαȓȡα  
(ȝȑıȠȢ ȩȖțȠȢ) 3.18 ± 0.68 3.21 ± 0.72 0.540 

ΘȐȜαȝȠȢ ǻ 12.17 ± 2.37 11.99 ± 2.33 0.837 

ΘȐȜαȝȠȢ ǹ 12.38 ± 2.29 12.25 ± 2.45 0.873 

ΘȐȜαȝȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 12.27 ± 2.29 12.12 ± 2.36 0.855 

ǿππȩțαȝπȠȢ ǻ 8.9 ± 2.13 8.93 ± 1.95 0.837 

ǿππȩțαȝπȠȢ ǹ 8.73 ± 2.23 8.57 ± 2.1 0.681 

ǿππȩțαȝπȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 8.82 ± 2.14 8.75 ± 2 0.945 

ǹȝυȖįαȜȒ ǻ 3.33 ± 0.97 3.39 ± 0.95 0.631 

ǹȝυȖįαȜȒ ǹ 3.67 ± 1.0 3.67 ± 0.97 0.927 

ǹȝυȖįαȜȒ  
(ȝȑıȠȢ ȩȖțȠȢ) 3.50 ± 0.96 3.53 ± 0.95 0.802 

ǼπȚțȜȚȞȒȢ ǻ 1.08 ± 0.30 1.14 ± 0.36 0.704 

ǼπȚțȜȚȞȒȢ ǹ 1.25 ± 0.36 1.24 ± 0.43 0.987 

ǼπȚțȜȚȞȒȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 1.16 ± 0.29 1.19 ± 0.35 0.605 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

ǹ: ǹȡȚıĲİȡȐ, Γǻ: ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ǻ: ǻİȟȚȐ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 
1Mann-Whitney U test 
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6.9 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ ĲȦȞ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ 

Γǻ țαȚ ĲȦȞ υȖİȚȫȞ ȖȚα ĲȚȢ ȕαıȚțȑȢ ȝİĲȡȒıİȚȢ (ȖȞȦıĲȚțȐ, απİȚțȠȞȚıĲȚțȐ) ĲȘȢ 

ȝİȜȑĲȘȢ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 23, ȠȚ αıșİȞİȓȢ ȝİ ǾΦΓǻ İȓȤαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ 

ȤİȚȡȩĲİȡα ȞİυȡȠȥυȤȠȜȠȖȚțȐ ıțȠȡ απȩ ȩĲȚ ȠȚ υȖȚİȓȢ, İȞȫ įȚȑφİȡαȞ ıȘȝαȞĲȚțȐ ȝȩȞȠ 

ıĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ απȩ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ, ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȠ 

İπȓπİįȠ İțπαȓįİυıȘȢ. ȅȚ υȖȚİȓȢ İȓȤαȞ ıȘȝαȞĲȚțȐ țαȜȪĲİȡα ȖȞȦıĲȚțȐ ıțȠȡ ıİ ıȤȑıȘ 

ȝİ ĲȠυȢ αıșİȞİȓȢ țυȡȓȦȢ ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ (αțȩȝα țαȚ 

ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ ȖİȖȠȞȩȢ πȠυ ĲȘȞ țαșȚıĲȐ πȚȠ İυαȓıșȘĲȠ 

įİȓțĲȘ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ĲȘȢ țαĲȐıĲαıȘȢ ĲȘȢ ȞȩıȠυ) țαȚ ıĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ.  

ȅȚ αıșİȞİȓȢ ȝİ ǾΦΓǻ įȚȑφİȡαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝİ ĲȠυȢ υȖȚİȓȢ ıİ ȩȜİȢ ĲȚȢ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ παȡαȝȑĲȡȠυȢ ĲȠυ P300 (ȆȓȞαțαȢ 24), αȜȜȐ ȝȩȞȠ ıİ ıȤȑıȘ ȝİ 

ĲȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 țαȚ ĲȠ ȤȡȩȞȠ αȞĲȓįȡαıȘȢ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ, 

ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. ȉȠ ȪȥȠȢ Cz-P300 įȚȑφİȡİ ıȘȝαȞĲȚțȐ 

İπȓıȘȢ ȝİĲαȟȪ υȖȚȫȞ țαȚ αıșİȞȫȞ. ΌıȠ αφȠȡȐ ĲȚȢ απİȚțȠȞȚıĲȚțȑȢ ȝİĲȡȒıİȚȢ įİȞ 

παȡαĲȘȡȒșȘțαȞ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ αȞȐȝİıα ıĲȠυȢ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ 

(ȆȓȞαțİȢ 25 țαȚ 26). 

 

ȆȓȞαțαȢ 23 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ 

ȕİȕαȚȦȝȑȞȘ Γǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ ȞİυȡȠȥυȤȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=58) 

ȈțȆ ȤȦȡȓȢ 
ǾΦΓǻ (ȃ=19) 

ȈțȆ ȝİ ǾΦΓǻ 
(ȃ=39) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1,2 

SDMT 60 ± 10.1 46.3 ± 15 47.16 ± 15.4 45.9 ± 14.9 

α. 0.004*  

ȕ. 0.007* 

Ȗ. <0.0001* 
į. 0.896  

CVLT-II 65.5 ± 7.3 57.4 ± 13 60.8 ± 10.7 55.7 ± 13.8 

α. 0.136  
ȕ. 0.601  
Ȗ. 0.001*  

į. 0.193  

BVMT-R 30.6 ± 5.2 23.7 ± 8.4 28.7 ± 5.6 21.3 ± 8.5 

α. 0.035* 
ȕ. 0.808  
Ȗ. <0.0001* 

į. 0.001*  

ȈυȞȠȜȚțȩ ȖȞȦıĲȚțȩ 
ıțȠȡ 

0.44 ± 0.58 -0.46 ± 0.99 -0.08 ± 0.76 -0.64 ± 1.04 

α. 0.01* 
ȕ. 0.151 
Ȗ. <0.0001* 

į. 0.029*  
ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ΓȞȦıĲȚțȒ 

ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ, SDMT: Symbol Digit Modality Test, CVLT-II: California Verbal Learning Test, 

BVMT-R: Brief Visuospatial Memory Test-Revised 

1α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ Γǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ Γǻ, į. ȈțȆ ȝİ Γǻ vs. ȈțȆ ȤȦȡȓȢ Γǻ 
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2ANCOVA ȝİ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ, ĲȘȞ ȠȝȐįα, ĲȘȞ İțπαȓįİυıȘ țαȚ ĲȘȞ ȠȝȐįα*İțπαȓįİυıȘ. ȋȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ Sidak 

post-hoc test ȖȚα ĲȘ įȚαțȡȓȕȦıȘ ĲȦȞ ıυȖțȡȓıİȦȞ ȕ, Ȗ țαȚ į. ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ 

ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05  

 

ȆȓȞαțαȢ 24 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ (ȝİ Ȓ ȤȦȡȓȢ ǾΦΓǻ) țαȚ ȝαȡĲȪȡȦȞ ȖȚα ĲȚȢ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȑȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

 

 ȊȖȚİȓȢ 
(ȃ=51) 

ȈțȆ  
(ȃ=58) 

ȈțȆ ȤȦȡȓȢ 
ǾΦΓǻ (ȃ=19) 

ȈțȆ ȝİ ǾΦΓǻ 
(ȃ=39) 

ȈȘȝαȞĲȚțȩĲȘĲα  
(ĲȚȝȒ p)1,2 

Fz ȪȥȠȢ (ȝV) 9.95 ± 3.52 7.45 ± 4.49 8.9 ± 3.85 6.74 ± 4.65 

α. 0.116  
ȕ. 0.865  
Ȗ. 0.001* 
į. 0.114  

Cz ȪȥȠȢ (ȝV) 9.91 ± 3.5 7.33 ± 4.79 9.02 ± 4.13 6.51 ± 4.92 

α. 0.042*  
ȕ. 0.886  
Ȗ. 0.001*  
į. 0.077  

Pz ȪȥȠȢ (ȝV) 8.33 ± 3.4 5.45 ± 4.57 6.21 ± 3.93 5.08 ± 4.85 

α. 0.262 
ȕ. 0.194  
Ȗ. 0.001* 
į. 0.678  

Fz ȤȡȠ/ıȘ (ms) 
311.24 ± 

16.36 
347.08 ± 

40.75 
316.41 ± 18.42 362.02 ± 40.37 

α. 0.141 
ȕ. 0.861 
Ȗ. <0.0001* 

į. <0.0001*  

Cz ȤȡȠ/ıȘ (ms) 
310.94 ± 

16.66 
345.19 ± 

39.45 
315.48 ± 17.9 359.66 ± 39.08 

α. 0.140 
ȕ. 0.902 
Ȗ. <0.0001* 

į. <0.0001* 

Pz ȤȡȠ/ıȘ (ms) 
310.43 ± 

17.15 
343.67 ± 

38.91 
315.38 ± 17.31 357.45 ± 39.16 

α. 0.126 
ȕ. 0.895 
Ȗ. <0.0001* 

į. <0.0001* 

P300 ȪȥȠȢ (ȝV) 9.4 ± 3.11 6.75 ± 4.44 8.04 ± 3.72 6.11 ± 4.66 

α. 0.093 
ȕ. 0.598 
Ȗ. 0.001* 
į. 0.172 

P300 ȤȡȠ/ıȘ (ms) 
310.87 ± 

16.6 
345.31 ± 

39.42 
315.76 ± 17.71 359.71 ± 39.15 

α. 0.133 
ȕ. 0.884 
Ȗ. <0.0001* 

į. <0.0001* 

ȋȡȩȞȠȢ αȞĲȓįȡαıȘȢ 
(ms) 

355.52 ± 
28.65 

395.24 ± 
54.89 

370.33 ± 51.25 407.38  ± 53.04 

α. 0.344 
ȕ. 0.853 
Ȗ. <0.0001* 

į. 0.002* 

      

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ. ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ΓȞȦıĲȚțȒ 

ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

1α. ȊȖȚİȓȢ vs. ȈțȆ, ȕ. ȊȖȚİȓȢ vs. ȈțȆ ȤȦȡȓȢ Γǻ, Ȗ. ȊȖȚİȓȢ vs. ȈțȆ ȝİ Γǻ, į. ȈțȆ ȝİ Γǻ vs. ȈțȆ ȤȦȡȓȢ Γǻ 
2ANCOVA ȝİ αȞİȟȐȡĲȘĲİȢ ȝİĲαȕȜȘĲȑȢ, ĲȘȞ ȠȝȐįα, ĲȘȞ İțπαȓįİυıȘ țαȚ ĲȘȞ ȠȝȐįα*İțπαȓįİυıȘ. ȋȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ Sidak 

post-hoc test ȖȚα ĲȘ įȚαțȡȓȕȦıȘ ĲȦȞ ıυȖțȡȓıİȦȞ ȕ, Ȗ țαȚ į. ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ 

ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 

*p≤0.05  
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ȆȓȞαțαȢ 25 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ 

ȕİȕαȚȦȝȑȞȘ Γǻ ȖȚα ĲȚȢ απİȚțȠȞȚıĲȚțȑȢ ȝİĲȡȒıİȚȢ ĲȘȢ ȝİȜȑĲȘȢ 

ΓȡαȝȝȚțȠȓ 
ǻİȓțĲİȢ 

ȈțȆ 

ȤȦȡȓȢ 
ǾΦΓǻ 

ȈțȆ ȝİ 
ǾΦΓǻ  

ȈȘȝ. 

(ĲȚȝȒ p)1 

ȅȖțȠ/țȠȓ 
įİȓțĲİȢ 

(ml) 

ȈțȆ ȤȦȡȓȢ 
ǾΦΓǻ  

ȈțȆ ȝİ 
ǾΦΓǻ  

ȈȘȝ. 

(ĲȚȝȒ p)1 

TVW 
(mm) 

4.29 ± 1.91 5.11 ± 1.99 0.270 LV 21.36 ± 22.77  
23.67 ± 
23.61  

0.597 

NTVW 
0.037 ± 
0.016 

0.045 ± 
0.017 

0.170 NBV 
1479.19 ± 

139.97 
1438.26 ± 

160.75 
0.355 

TVV (ml) 3.01 ± 1.12 3.38 ± 1.57 0.508 NGMV 640.29 ± 147.27 
637.52 ± 

111.3 
0.561 

NTVV 
26.36 ± 

9.12 
29.76 ± 
13.45 

0.524 NPGMV 494.74 ± 120.11 
500.96 ± 

95.81 
0.731 

BCR 
0.117 ± 
0.028 

0.130 ± 
0.062 

0.787 NWMV 838.9 ± 99.15 
803.10 ± 
107.42 

0.383 

CCI 
0.343 ± 
0.054 

0.361 ± 
0.072 

0.398     

FHW 
(mm) 

33.89 ± 
4.05 

34.61 ± 3.55 0.516     

NFHW 
0.298 ± 
0.031 

0.305 ± 
0.030 

0.418     

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ,  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 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 
1Mann-Whitney U test 

 

ȆȓȞαțαȢ 26 ȈυȖțȡȓıİȚȢ ȝİĲαȟȪ αıșİȞȫȞ ȝİ țαȚ ȤȦȡȓȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ 

ȕİȕαȚȦȝȑȞȘ Γǻ ȖȚα ĲȚȢ υπȠφȜȠȚȫįİȚȢ İȖțİφαȜȚțȑȢ įȠȝȑȢ ĲȘȢ ȝİȜȑĲȘȢ  

ȅȖțȠȝİĲȡȚțȠȓ įİȓțĲİȢ 
(ml) 

ȈțȆ ȤȦȡȓȢ ǾΦΓǻ ȈțȆ ȝİ ǾΦΓǻ 
ȈȘȝ. 

(ĲȚȝȒ p)1 

ȀİȡțȠφȩȡȠȢ ǻ 7.42 ± 2.17 7.78 ± 1.36 0.597 

ȀİȡțȠφȩȡȠȢ ǹ 7.1 ± 1.7 7.31 ± 1.41 0.693 
ȀİȡțȠφȩȡȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 7.26 ± 1.91 7.57 ± 1.35 0.615 

ȀȑȜυφȠȢ ǻ 7.29 ± 1.83 7.72 ± 1.56 0.653 

ȀȑȜυφȠȢ ǹ 7.37 ± 1.78 7.49 ± 1.48 0.838 

ȀȑȜυφȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 7.33 ± 1.79 7.6 ± 1.48 0.989 

ȍȤȡȐ ıφαȓȡα ǻ 3 ± 0.92 3.16 ± 0.64 0.443 

ȍȤȡȐ ıφαȓȡα ǹ 3.12 ± 0.82 3.33 ± 0.71 0.235 

ȍȤȡȐ ıφαȓȡα  
(ȝȑıȠȢ ȩȖțȠȢ) 3.06 ± 0.86 3.24 ± 0.66 0.374 

ΘȐȜαȝȠȢ ǻ 11.62 ± 2.68 12.27 ± 2.3 0.577 

ΘȐȜαȝȠȢ ǹ 12.25 ± 2.81 12.3 ± 2.27 0.838 

ΘȐȜαȝȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 11.94 ± 2.74 12.28 ± 2.23 0.713 
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ǿππȩțαȝπȠȢ ǻ 8.84 ± 2.32 8.89 ± 1.99 0.817 

ǿππȩțαȝπȠȢ ǹ 8.39 ± 2.33 8.63 ± 2.15 0.577 

ǿππȩțαȝπȠȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 8.61 ± 2.30 8.76 ± 2.04 0.577 

ǹȝυȖįαȜȒ ǻ 3.41 ± 1.06 3.32 ± 0.96 0.673 

ǹȝυȖįαȜȒ ǹ 3.58 ± 1.06 3.66 ± 0.99 0.860 

ǹȝυȖįαȜȒ  
(ȝȑıȠȢ ȩȖțȠȢ) 3.49 ± 1.04 3.49 ± 0.96 0.946 

ǼπȚțȜȚȞȒȢ ǻ 1.07 ± 0.23 1.12 ± 0.37 0.599 

ǼπȚțȜȚȞȒȢ ǹ 1.26 ± 0.4 1.24 ± 0.41 0.784 

ǼπȚțȜȚȞȒȢ  
(ȝȑıȠȢ ȩȖțȠȢ) 1.16 ± 0.3 1.18 ± 0.34 0.623 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

ǹ: ǹȡȚıĲİȡȐ, ǾΦΓǻ: ǾȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ ΓȞȦıĲȚțȒ ǻȚαĲαȡαȤȒ, ǻ: ǻİȟȚȐ, ȈțȆ: ȈțȜȒȡυȞıȘ țαĲȐ ȆȜȐțαȢ 

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 
1Mann-Whitney U test 

 

ǲȖȚȞİ İπαȞȐȜȘȥȘ ĲȦȞ αȞαȜȪıİȦȞ ȖȚα ĲȚȢ απİȚțȠȞȚıĲȚțȑȢ ȝİĲȡȒıİȚȢ ȝİ ȟİȤȦȡȚıĲȐ ȖȚα 

ĲȚȢ țαĲȘȖȠȡȓİȢ παșȠȜȠȖȚțȠȪ P300 ȪȥȠȢ țαȚ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ πȠυ ıȤȘȝαĲȓıĲȘțαȞ 

ȝİ ĲȚȢ ȝİșȩįȠυȢ 1 țαȚ 2 (ȕȜ. İȞȩĲȘĲα 6.4). ȈĲȠȞ παȡαțȐĲȦ πȓȞαțα φαȓȞȠȞĲαȚ ȝȩȞȠ ȠȚ 

ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ ȤȐȡȚȞ ıυȞĲȠȝȓαȢ. ȈυȖțİțȡȚȝȑȞα ĲȠ ȪȥȠȢ ĲȠυ ȇ300 

țȪȝαĲȠȢ ıȤİĲȓıĲȘțİ țυȡȓȦȢ ȝİ ĲȠȞ ȩȖțȠ ĲȘȢ ıυȞȠȜȚțȒȢ φαȚȐȢ țαȚ πİȡȚφİȡȚțȒȢ φαȚȐȢ 

ȠυıȓαȢ. 

 

ȆȓȞαțαȢ 27 ȈȪȖțȡȚıȘ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ ıİ İπȚȝȑȡȠυȢ țαĲȘȖȠȡȓİȢ 

φυıȚȠȜȠȖȚțȒȢ țαȚ παșȠȜȠȖȚțȒȢ P300 απȩțȡȚıȘȢ 

 

 ΦυıȚȠȜȠȖȚțȩ ȇ300 
ȪȥȠȢ (ȂȑșȠįȠȢ 1) 

ȆαșȠȜȠȖȚțȩ ȇ300 
ȪȥȠȢ (ȂȑșȠįȠȢ 1) 

ȈȘȝ. 
(ĲȚȝȒ p)

1 
NGMV 657.35 ± 124.99 589.28 ± 100.39 0.048* 

NPGMV 514.71 ± 101.98 458.68 ± 95.58 0.042* 

 ΦυıȚȠȜȠȖȚțȩ ȇ300 
ȪȥȠȢ (ȂȑșȠįȠȢ 2) 

ȆαșȠȜȠȖȚțȩ ȇ300 

ȪȥȠȢ (ȂȑșȠįȠȢ 2)  

NGMV 660.95 ± 125.48 586.21 ± 96.75 0.021* 

NPGMV 516.75 ± 103.08 458.28 ± 91.52 0.021* 
 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ.  

ȂȑșȠįȠȢ 1: ǺαıȚıȝȑȞȘ ıĲα ǽ ıțȠȡ ĲȦȞ υȖİȚȫȞ ȝαȡĲȪȡȦȞ 

ȂȑșȠįȠȢ 2. ǺαıȚıȝȑȞȘ ıĲȠ ȖȡαȝȝȚțȩ ȝȠȞĲȑȜȠ παȜȚȞįȡȩȝȘıȘȢ ȝİ ȑȜİȖȤȠ ȦȢ πȡȠȢ ĲȘȞ İțπαȓįİυıȘ 

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

ȉα ȑȞĲȠȞα ȖȡȐȝȝαĲα υπȠįȘȜȫȞȠυȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȕȐıİȚ ĲȦȞ ıĲαĲȚıĲȚțȫȞ țȡȚĲȘȡȓȦȞ. 
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1Mann-Whitney U test, p≤0.05 

 

6.10 ȆȡȠıįȚȠȡȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ĲȦȞ ȞİυȡȠȥυȤȠȜȠȖȚțȫȞ țαȚ 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȫȞ ȝİĲȡȒıİȦȞ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ 

 

ΌπȦȢ φαȓȞİĲαȚ απȩ ĲȠ ıυȞįυαıȝȩ ĲȦȞ ȆȚȞȐțȦȞ 28 țαȚ 29, ȠȚ țυȡȚȩĲİȡȠȚ 

πȡȠıįȚȠȡȚıĲȚțȠȓ απİȚțȠȞȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ İȓȞαȚ Ƞ 

įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ (CCI) țαȚ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ (Ƞ ȆȓȞαțαȢ 29 παȡȠυıȚȐȗİȚ 

ȝȩȞȠ Ĳα ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝȠȞĲȑȜα, ıĲȠ ıȪȞȠȜȠ ĲȦȞ 442 πȠυ ȑȖȚȞαȞ). ǼπȚπȜȑȠȞ 

απİȚțȠȞȚıĲȚțȠȓ įİȓțĲİȢ İȚįȚțȩĲİȡα ȖȚα ĲȘȞ ȜİțĲȚțȒ țαȚ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ țαȚ 

ȝȐșȘıȘ ȒĲαȞ Ș ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ (NFHW) țαȚ ĲȠ 

ıĲαșȝȚıȝȑȞȠ πȜȐĲȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ (NTVW), αȞĲȚıĲȠȓȤȦȢ. ΌıȠ αφȠȡȐ ĲȠ țȪȝα 

P300, įİȞ ȕȡȑșȘțİ țαȞȑȞαȢ ıȘȝαȞĲȚțȩȢ απİȚțȠȞȚıĲȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ ȇ300 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ǹȞĲȓșİĲα ıȘȝαȞĲȚțȠȓ πȡȠıįȚȠȡȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ȇ300 

ȪȥȠȢ ȒĲαȞ Ș ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ (NFHW) țαȚ Ƞ 

ıυȞȠȜȚțȩȢ ıĲαșȝȚıȝȑȞȠȢ ȩȖțȠȢ ĲȠυ İȖțİφȐȜȠυ (NBV). 

 

 

ȆȓȞαțαȢ 28 ȈυıȤİĲȓıİȚȢ ȝİĲαȟȪ ȖȞȦıĲȚțȫȞ țαȚ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ 

 

ΓȞȦıĲȚțȩȢ ǻİȓțĲȘȢ 
ǹπİȚțȠȞȚıĲȚțȩȢ 

įİȓțĲȘȢ 
Pearson's rho 

ȈȘȝαȞĲȚțȩĲȘĲα 

(ĲȚȝȒ p)
1 

SDMT LV -0.341 0.05** 
CVLT TVW -0.292 0.044* 

 NTVW -0.329 0.022* 
 CCI 0.323 0.025*** 

 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* 
ȈυȞȠȜȚțȩ ΓȞȦıĲȚțȩ 

ȈțȠȡ 
NTVW -0.322 0.025* 

 CCI 0.289 0.046*** 

 NFHW -0.307 0.034* 
 LV -0.323 0.028*** 

Fz ȪȥȠȢ NFHW -0.313 0.037*** 

 NBV 0.334 0.029* 
 CCI 0.390 0.033** 

Cz ȪȥȠȢ NBV 0.335 0.028* 
P300 ȪȥȠȢ NFHW -0.299 0.046* 

 NBV 0.317 0.039* 
ȋȡȩȞȠȢ αȞĲȓįȡαıȘȢ 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 
1ȆαȡȠυıȚȐȗȠȞĲαȚ ȠȚ ĲȚȝȑȢ ıȘȝαȞĲȚțȩĲȘĲαȢ p ȖȚα ĲȘȢ ıυıȤİĲȓıİȚȢ (Pearson's rho) ȤȦȡȓȢ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα 

(İțĲȩȢ αȞ ȚıȤȪİȚ ıȘȝαȞĲȚțȩĲȘĲα ȝȩȞȠ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα**) 

*p≤0.05 ȤȦȡȓȢ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

** p≤0.05 ȝȩȞȠ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

*** p≤0.05 ȤȦȡȓȢ țαȚ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

 

ȆȓȞαțαȢ 29 ΓȡαȝȝȚțȐ ȝȠȞĲȑȜα ȖȚα ĲȠυȢ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȠȪȢ πȡȠıįȚȠȡȚıĲȚțȠȪȢ 

απİȚțȠȞȚıĲȚțȠȪȢ παȡȐȖȠȞĲİȢ ĲȦȞ ȖȞȦıĲȚțȫȞ įİȚțĲȫȞ 

 
ȈĲȐįȚȠ 1 

(ȘȜȚțȓα, İțπαȓįİυıȘ) 
(R2 %) 

ȈĲȐįȚȠ 2 

(sbeta; R2 αȜȜαȖȒ %) 
ȈυȞȠȜȚțȩ R2 % 

ȈȘȝαȞĲȚțȩĲȘĲα  
(p ĲȚȝȒ) 

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 (-0.343;7.5%) 14.6% 0.031* 
BVMT-R 12.1% NTVW (-0.302;5.9%) 18% 0.046* 
ȈυȞȠȜȚțȩ 

ΓȞȦıĲȚțȩ ȈțȠȡ 
21.7% LV (-0.3;7.1%) 28.8% 0.026* 

ȈυȞȠȜȚțȩ 
ΓȞȦıĲȚțȩ ȈțȠȡ 

21.7% CCI (0.299;7.9%) 29.5% 0.021* 

Fz ȪȥȠȢ 2.7% NFHW (-0.362;9.8%) 12.5% 0.038* 
Fz ȪȥȠȢ 2.9% NBV (0.355;11.1%) 14% 0.031* 
Cz ȪȥȠȢ 3.7% NBV (0.345;10.4%) 14.1% 0.036* 

P300 ȪȥȠȢ 2% NFHW (-0.342;8.8%) 10.8% 0.05* 
P300 ȪȥȠȢ 2.4% NBV (0.330;9,5%) 11.9% 0.047* 

 

CCI: 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 

 

ΌπȦȢ φȐȞȘțİ ıİ πȡȠȘȖȠȪȝİȞȘ İȞȩĲȘĲα ȠȚ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ įȚȑφİȡαȞ 

ıȘȝαȞĲȚțȐ ȝİĲαȟȪ ĲȠυȢ țαȚ ȝİ ĲȠυȢ υȖȚİȓȢ ȦȢ πȡȠȢ ĲȠȞ αȡȚșȝȩ ĲȦȞ υπȠĲȡȠπȫȞ, ĲȠ 

EDSS, ĲȘ ıȦȝαĲȚțȒ țȩπȦıȘ, ĲȠ ıĲȡİȢ, ĲȠ ȐȖȤȠȢ țαȚ ĲȘȞ țαĲȐșȜȚȥȘ. ȆȡȠțİȚȝȑȞȠυ Ȟα 

İȜİȖȤșİȓ Ƞ ȡȩȜȠȢ αυĲȫȞ ĲȦȞ παȡαȖȩȞĲȦȞ ıĲȘ ıυȞİȚıφȠȡȐ ĲȦȞ įİȚțĲȫȞ CCI țαȚ LV 

ıĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ, ȑȖȚȞİ İπαȜȒșİυıȘ ĲȦȞ ȝȠȞĲȑȜȦȞ ȝİ ȑȜİȖȤȠ ȖȚα țȐșİ 

ȑȞα απȩ αυĲȠȪȢ ĲȠυȢ παȡȐȖȠȞĲİȢ ȟİȤȦȡȚıĲȐ. Ȉİ ȩȜα αυĲȐ Ĳα ȝȠȞĲȑȜα įȚαĲȘȡȒșȘțİ Ș 

ıȘȝαȞĲȚțȩĲȘĲα αυĲȫȞ ĲȦȞ įİȚțĲȫȞ ȖȚα ĲȘȞ πȡȩȕȜİȥȘ ĲȠυ ȖȞȦıĲȚțȠȪ ıțȠȡ. ǼȟαȓȡİıȘ 

απȠĲȑȜİıİ Ƞ παȡȐȖȠȞĲαȢ υπȠĲȡȠπȫȞ ȝİ ĲȠ LV, αȜȜȐ İπİȚįȒ πȡαțĲȚțȐ Ƞ αȡȚșȝȩȢ ĲȦȞ 

υπȠĲȡȠπȫȞ αȞĲαȞαțȜȐ ĲȠ φȠȡĲȓȠ ĲȦȞ İıĲȚȫȞ įİȞ įȚİȡİυȞȒșȘțİ παȡαπȐȞȦ Ƞ ȡȩȜȠȢ 

ĲȠυ. 

ΌıȠ αφȠȡȐ ĲȠυȢ αıșİȞİȓȢ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ αυĲȠȓ įȚȑφİȡαȞ 

ıȘȝαȞĲȚțȐ ȦȢ πȡȠȢ ĲȘ ıȦȝαĲȚțȒ țȩπȦıȘ țαȚ ĲȠ EDSS. ȈĲȠȞ αȞĲȓıĲȠȚȤȠ ȑȜİȖȤȠ 
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İπȚȕİȕαȚȫșȘțİ Ƞ ȡȩȜȠȢ ĲȠυ NBV ıĲȠ ȪȥȠȢ P300 ȝȩȞȠ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȠ EDSS. 

ΓȚα ĲȠυȢ ȜȠȚπȠȪȢ įİȓțĲİȢ πȡȠțİȚȝȑȞȠυ Ȟα İȜİȖȤșİȓ Ƞ ȡȩȜȠȢ ĲȠυȢ țαĲαıțİυȐıĲȘțαȞ Ĳα 

παȡαțȐĲȦ ȝȠȞĲȑȜα (ȆȓȞαțαȢ 30, ȕȜ. ıĲαĲȚıĲȚțȒ αȞȐȜυıȘ). ΌıȠ αφȠȡȐ ĲȠ ȡȩȜȠ ĲȠυ 

EDSS ıĲȘȞ İπȓįȡαıȘ ĲȠυ NFHW ıĲȠ ȪȥȠȢ P300, ıĲȠ αȞĲȓıĲȠȚȤȠ ȝȠȞĲȑȜȠ, țαȝȓα 

ȝİĲαȕȜȘĲȒ įİȞ İȓȞαȚ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ. ǹυĲȩ İȡȝȘȞİȪİĲαȚ πȚșαȞȩĲİȡα ȦȢ υȥȘȜȒ 

ıυȞ-ȖȡαȝȝȚțȩĲȘĲα ȝİĲαȟȪ EDSS țαȚ NFWHW. ȆȡȐȖȝαĲȚ Ƞ įİȓțĲȘȢ αȞȠȤȒȢ ĲȠυ 

ȝȠȞĲȑȜȠυ ĲȦȞ παȡαȖȩȞĲȦȞ EDSS țαȚ ĲȠυ παȡȐȖȠȞĲα αȜȜȘȜİπȓįȡαıȘȢ ȒĲαȞ <0.2 

(įȘȜ. 0.009 țαȚ 0.008, αȞĲȚıĲȠȓȤȦȢ), İȞȫ Ƞ παȡȐȖȠȞĲαȢ ıυıȤȑĲȚıȘȢ ȝİĲαȟȪ EDSS țαȚ 

NFHW İȓȞαȚ Pearson's rho 0.286 (p=0.04). ǹȞĲȓıĲȠȚȤȘ İȡȝȘȞİȓα ȚıȤȪİȚ țαȚ ȖȚα ĲȘ 

ıȦȝαĲȚțȒ țȩπȦıȘ ȝİ ĲȠυȢ įİȓțĲİȢ NFHW țαȚ NBV. 

 

ȆȓȞαțαȢ 30 ǲȜİȖȤȠȢ ıυȖȤυĲȚțȫȞ İπȚįȡȐıİȦȞ ıĲȘȞ İπȓįȡαıȘ ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ 

įİȚțĲȫȞ (NFHW, NBV) ıĲȠ ȪȥȠȢ ĲȠυ P300 

 

ȈĲȐįȚȠ 1 SBeta (p ĲȚȝȒ) ȈĲȐįȚȠ 1 SBeta (p ĲȚȝȒ) ȈĲȐįȚȠ 1 SBeta (p ĲȚȝȒ) 

ǾȜȚțȓα, 
ǼțπαȓįİυıȘ 

- 
ǾȜȚțȓα, 

ǼțπαȓįİυıȘ 
- 

ǾȜȚțȓα, 
ǼțπαȓįİυıȘ 

- 

NFHW -0.331 (0.062) NFHW -0.335 (0.058) NBV 0.319 (0.063) 

EDSS -0.109 (0.519) 
ȈȦȝαĲȚțȒ 
ȀȩπȦıȘ 

-0.092 (0.544) 
ȈȦȝαĲȚțȒ 
ȀȩπȦıȘ 

-0.043 (0.063) 

ȈĲȐįȚȠ 2 ȈĲȐįȚȠ 2 ȈĲȐįȚȠ 2 

NFHW*EDSS 2.352 (0.155) 
NFHW*ȈȦȝα/țȒ 

țȩπȦıȘ 
0.379 (0.842) 

NBV*ȈȦȝα/țȒ 
țȩπȦıȘ 

-0.013 (0.991) 

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

Frontal Horn Width 

sBeta: Standardized Beta 

*p≤0.05 

 

6.11 ǼπȚπȜȑȠȞ ıυıȤİĲȓıİȚȢ ȝİ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ ĲȘȢ ȝİȜȑĲȘȢ 

 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 31, ȠȚ ȝȠȞαįȚțȑȢ ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİĲȐ απȩ 

ȑȜİȖȤȠ ȦȢ πȡȠȢ ĲȘȞ ȘȜȚțȓα ȒĲαȞ ȝİĲαȟȪ ĲȠυ αȡȚșȝȠȪ ĲȦȞ υπȠĲȡȠπȫȞ țαȚ ĲȠυ įİȓțĲȘ 

ĲȠυ ȩȖțȠυ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ (NWMV) țαȚ ĲȠυ İπȚπȑįȠυ ĲȠυ ȐȖȤȠυȢ ȝİ ĲȠȞ ȩȖțȠ ĲȠυ 

αȡȚıĲİȡȠȪ İπȚțȜȚȞȒ πυȡȒȞα. ΌπȦȢ φαȓȞİĲαȚ (ȆȓȞαțαȢ 32) απȩ ĲȚȢ țαĲȘȖȠȡȚțȑȢ 

ȝİĲαȕȜȘĲȑȢ πȠυ İȟİĲȐıĲȘțαȞ ıȘȝαȞĲȚțȐ ȝİȖαȜȪĲİȡȠ ȩȖțȠ ıυȞȠȜȚțȒȢ φαȚȐȢ țαȚ 

πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ İȓȤαȞ ȠȚ αıșİȞİȓȢ πȠυ İȜȐȝȕαȞαȞ φȚȞȖțȠȜȚȝȩįȘ, ȑȞαȞĲȚ 

αıșİȞȫȞ ȝİ ȐȜȜȘ αȖȦȖȒ, αȜȜȐ ȩȤȚ ȑȞαȞĲȚ ĲȦȞ αıșİȞȫȞ πȠυ įİȞ İȜȐȝȕαȞαȞ 

αȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ αȖȦȖȒ. 
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ȆȓȞαțαȢ 31 ȈȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ĲȦȞ ȝİĲαȕȜȘĲȫȞ ĲȘȢ ȝİȜȑĲȘȢ ȝİ απİȚțȠȞȚıĲȚțȠȪȢ 

įİȓțĲİȢ 

ȂȑĲȡȘıȘ 
ǹπİȚțȠȞȚıĲȚțȩȢ 

įİȓțĲȘȢ 
Pearson's rho 

ȈȘȝαȞĲȚțȩĲȘĲα 

(ĲȚȝȒ p)
1 

ǻȚȐȡțİȚα ȃȩıȠυ 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* 

ǹȡȚșȝȩȢ ȊπȠĲȡȠπȫȞ NWMV -0.316 0.032*** 

EDSS NFHW 0.286 0.049* 
 NWMV -0.359 0.014* 

ȌυȤȚțȒ țȩπȦıȘ NWMV -0.314 0.034* 
ȈĲȡİȢ TVW 0.286 0.049* 

 FHW 0.427 0.002* 
 NFHW 0.386 0.002* 

ΆȖȤȠȢ 
ǹȡȚıĲİȡȩȢ İπȚțȜȚȞȒȢ 

πυȡȒȞαȢ   0.490 0.013** 

1ȆαȡȠυıȚȐȗȠȞĲαȚ ȠȚ ĲȚȝȑȢ ıȘȝαȞĲȚțȩĲȘĲαȢ p ȖȚα ĲȘȢ ıυıȤİĲȓıİȚȢ (Pearson's rho) ȤȦȡȓȢ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα 

*p≤0.05 ȤȦȡȓȢ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

** p≤0.05 ȝȩȞȠ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

*** p≤0.05 ȤȦȡȓȢ țαȚ ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ȘȜȚțȓα 

 

ȆȓȞαțαȢ 32 ȀαĲȘȖȠȡȚțȑȢ ȝİĲαȕȜȘĲȑȢ ȝİ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİ ĲȠυȢ 

απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ ĲȘȢ ȝİȜȑĲȘȢ 

 ȁȒȥȘ Fingolimod ȁȒȥȘ ȐȜȜȘȢ ǹȉǹ ȈȘȝαȞĲȚțȩĲȘĲα 

(ĲȚȝȒ p)
1 

NGMV 707.21 ± 68.85 608.44 ± 121.41 0.009* 
NPGMV 551.67 ± 51.80 478.31 ± 103.78 0.01* 

ȅȚ ĲȚȝȑȢ ĲȠυ πȓȞαțα αȞĲȚπȡȠıȦπİȪȠυȞ ĲȚȢ ȝȑıİȢ ĲȚȝȑȢ ± ĲυπȚțȑȢ απȠțȜȓıİȚȢ 

ǹȉǹ: ǹȞȠıȠĲȡȠπȠπȠȚȘĲȚțȒ αȖȦȖȒ, NGMV: Normalized Grey Matter Volume, NPGMV: Normalized Peripheral 

Grey Matter Volume 
1Mann-Whitney U, *p≤0.017 (įȚȩȡșȦıȘ Bonferroni ȖȚα 3 ıυȖțȡȓıİȚȢ) 

 

6.12 ȅ ȑȜİȖȤȠȢ ĲȠυ ĲȡȠπȠπȠȚȘĲȚțȠȪ ȡȩȜȠυ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ıĲȘ 

ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα 

 

ΌπȦȢ πİȡȚȖȡȐφȘțİ ĲȘȞ İȚıαȖȦȖȒ ȑȞα țαȜȩȢ įİȓțĲȘȢ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ 

İȓȞαȚ Ƞ παȡȐȖȠȞĲαȢ įȚȩȡșȦıȘȢ (scaling factor, SF) πȠυ παȡȐȖİĲαȚ απȩ ĲȘȞ ȝȑșȠįȠ 

SIENAX. ȅ ȑȜİȖȤȠȢ ȖȚα ĲȠȞ ĲȡȠπȠπȠȚȘĲȚțȩ ȡȩȜȠ αυĲȩ ĲȠυ παȡȐȖȠȞĲα ıİ ıȤȑıȘ ȝİ ĲȘ 

ıυȞȠȜȚțȒ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα ȑȖȚȞİ ȝİ ȝȠȞĲȑȜȠ ȖȡαȝȝȚțȒȢ παȜȚȞįȡȩȝȘıȘȢ, 

İȜȑȖȤȠȞĲαȢ ȦȢ πȡȠȢ ĲȘ ıȘȝαȞĲȚțȩĲȘĲα ĲȠυ παȡȐȖȠȞĲα αȜȜȘȜİπȓįȡαıȘȢ ĲȠυ SF ȝİ 
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ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ πȠυ ȕȡȑșȘțαȞ ıȘȝαȞĲȚțȠȓ ıĲȘȞ πȡȠȘȖȠȪȝİȞȘ İȞȩĲȘĲα. 

ȈĲα ȝȠȞĲȑȜα αφαȚȡȑșȘțİ Ƞ παȡȐȖȠȞĲαȢ İțπαȓįİυıȘȢ πȠυ αȞĲαȞαțȜȐ țυȡȓȦȢ ĲȠ 

ȞȠȘĲȚțȩ απȩșİȝα, ȖȚα Ȟα απȠφİυȤșİȓ ĲȠ φαȚȞȩȝİȞȠ ĲȘȢ ıυȞ-ȖȡαȝȝȚțȩĲȘĲαȢ 

(colinearity). ǼπȓıȘȢ πȡȠıĲȑșȘțİ Ƞ παȡȐȖȠȞĲαȢ ĲȠυ φȪȜȠυ, įİįȠȝȑȞȠυ ȩĲȚ ȕȡȑșȘțİ 

įȚαφȠȡİĲȚțȩȢ SF ıĲα įȪȠ φȪȜα (ȐȞĲȡİȢ: 1.22 ± 0.13, ȖυȞαȓțİȢ: 1.36 ± 0.24, p=0.005). 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 33 įİȞ İπȚȕİȕαȚȫșȘțİ Ƞ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ 

İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ıĲȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα. ǹȞĲȓșİĲα ıȘȝαȞĲȚțȩȢ ȒĲαȞ Ƞ 

ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ παȡȐȖȠȞĲα įȚȩȡșȦıȘȢ ıĲȠ ȪȥȠȢ ĲȠυ P300 (standardized 

beta ȖȚα ĲȠȞ παȡȐȖȠȞĲα αȜȜȘȜİπȓįȡαıȘȢ ȒĲαȞ -4.4, p=0.038). ȈυȖțİțȡȚȝȑȞα ıİ 

αıșİȞİȓȢ ȝİ υȥȘȜȩĲİȡȠ παȡȐȖȠȞĲα įȚȩȡșȦıȘȢ (įȘȜ. ȝȚțȡȩĲİȡȠ İȞįȠțȡαȞȚαțȩ ȩȖțȠ Ȓ 

İȖțİφαȜȚțȩ απȩșİȝα), ȝİȖαȜȪĲİȡȘ įȚİȪȡυȞıȘ ĲȠυ ȝİĲȦπȚαȓȠυ țȠȚȜȚαțȠȪ ıυıĲȒȝαĲȠȢ 

ıȘȝαȓȞİȚ ȤαȝȘȜȩĲİȡȠ ȪȥȠȢ P300.  

 

ȆȓȞαțαȢ 33 ȅ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ıĲȠ ȖȞȦıĲȚțȩ 

ıțȠȡ 

 ȈυȞȠȜȚțȩ ΓȞȦıĲȚțȩ ȈțȠȡ  ȈυȞȠȜȚțȩ ΓȞȦıĲȚțȩ ȈțȠȡ 

 ǻR2 ȈȘȝ. 
(p ĲȚȝȒ) 

 ǻR2 ȈȘȝ. 
(p ĲȚȝȒ) 

ǾȜȚțȓα, 
ΦȪȜȠ 0.242 0.003* 

ǾȜȚțȓα, 
ΦȪȜȠ 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 (παȡȐȖȠȞĲαȢ įȚȩȡșȦıȘȢ απȩ 

ȝȑșȠįȠ SIENAX) 

*p≤0.05 

 

ȆȓȞαțαȢ 34 ȅ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ıĲȠ P300 ȪȥȠȢ 

 

 ΎȥȠȢ ȇ300  ΎȥȠȢ ȇ300 

 
ǻR2 

(sbeta) 
ȈȘȝ. 

(p ĲȚȝȒ) 
 ǻR2 

ȈȘȝ. 
(p ĲȚȝȒ) 

ǾȜȚțȓα, 
ΦȪȜȠ 0.047 0.384 

ǾȜȚțȓα, 
ΦȪȜȠ 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 

(παȡȐȖȠȞĲαȢ įȚȩȡșȦıȘȢ απȩ ȝȑșȠįȠ SIENAX) 

sbeta: standardized beta 

*p≤0.05 

 

ǹπȩ ĲȠȞ ȑȜİȖȤȠ ĲȦȞ İπȚȝȑȡȠυȢ παȡαȝȑĲȡȦȞ ĲȦȞ ȖȞȦıĲȚțȫȞ ȜİȚĲȠυȡȖȚȫȞ țαȚ ĲȠυ 

P300 ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȩȢ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ ȖȞȦıĲȚțȠȪ απȠșȑȝαĲȠȢ 

παȡαĲȘȡȒșȘțİ ȖȚα ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ (standardized beta CCI*SF = 2.18, p=0.049) țαȚ 

ĲȠ ȪȥȠȢ ĲȠυ P300 ıĲȠ Fz (standardized beta NFHW*SF=-4.7, p=.024). ΌıȠ αφȠȡȐ ĲȠ 

πȡȫĲȠ πȡȠțȪπĲİȚ ȩĲȚ ȩıȠ ȝİȖαȜȪĲİȡȠȢ İȓȞαȚ Ƞ įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ Ș ȜİțĲȚțȒ 

ȝȞȒȝȘ ȕİȜĲȚȫȞİĲαȚ αȜȜȐ ȜȚȖȩĲİȡȠ ıİ αıșİȞİȓȢ ȝİ ȝȚțȡȩĲİȡȠ SF (įȘȜαįȒ ȝİȖαȜȪĲİȡȠ 

İȖțİφαȜȚțȩ απȩșİȝα), Ȓ αȜȜȚȫȢ Ș İπȓįȠıȘ ıĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ İȓȞαȚ πİȡȚııȩĲİȡȠ 

ıυȞȐȡĲȘıȘ ĲȠυ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ ıİ αıșİȞİȓȢ ȝİ ȝȚțȡȩ İȖțİφαȜȚțȩ απȩșİȝα. 

ΌıȠ αφȠȡȐ ĲȘȞ İȡȝȘȞİȓα ĲȠυ Fz ȪȥȠυȢ, αυĲȒ İȓȞαȚ αȞȐȜȠȖȘ ȝİ ĲȘȞ İȡȝȘȞİȓα ĲȠυ 

P300 ȪȥȠυȢ (ȕȜ. παȡαπȐȞȦ). 

 

ȆȓȞαțαȢ 35 ȅ ĲȡȠπȠπȠȚȘĲȚțȩȢ ȡȩȜȠȢ ĲȠυ İȖțİφαȜȚțȠȪ απȠșȑȝαĲȠȢ ıĲȠ CVLT-II țαȚ 

ĲȠ Fz P300 ȪȥȠȢ 

 

 CVLT-II  Fz P300 ȪȥȠȢ 

 
ǻR2 

(sbeta) 
ȈȘȝ. 

(p ĲȚȝȒ) 
 ǻR2 

(sbeta) 
ȈȘȝ. 

(p ĲȚȝȒ) 
ǾȜȚțȓα, 
ΦȪȜȠ 

0.125 0.021* ǾȜȚțȓα, 
ΦȪȜȠ 

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 (παȡȐȖȠȞĲαȢ įȚȩȡșȦıȘȢ απȩ ȝȑșȠįȠ SIENAX) 

sbeta: standardized beta 

*p≤0.05 

 

7 ȈυȗȒĲȘıȘ 

 

ȉα ȕαıȚțȐ ıυȝπİȡȐıȝαĲα ĲȘȢ ȝİȜȑĲȘȢ ıυȞȠπĲȚțȐ İȓȞαȚ Ĳα αțȩȜȠυșα: 

  ȅȚ αıșİȞİȓȢ ȝİ ȈțȆ ıȘȝİȓȦıαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȤİȚȡȩĲİȡȘ ȕαșȝȠȜȠȖȓα ıĲȠ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ ȝȐȡĲυȡİȢ. 
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  ȉȠ 44.3% ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ ȕȡȑșȘțİ ȝİ Γǻ ȕȐıİȚ ĲȦȞ ıĲαșȝȚıȝȑȞȦȞ ȦȢ πȡȠȢ 

ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ İțπαȓįİυıȘ țαĲȫĲİȡȦȞ 5% ȠȡȓȦȞ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ 

İȜȑȖȤȠυ. 

  ȅȚ αıșİȞİȓȢ ȝİ ȈțȆ ȕȡȑșȘțαȞ ȝİ Γǻ ıĲȠυȢ παȡαțȐĲȦ ȖȞȦıĲȚțȠȪȢ ĲȠȝİȓȢ țαĲȐ 

φșȓȞȠυıα ıυȤȞȩĲȘĲα: ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ (31.2%), ȜİțĲȚțȒ ȝȞȒȝȘ (24.6%) țαȚ 

ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ (9.8%). 

  ȅȚ αıșİȞİȓȢ ȝİ ȈțȆ İȓȤαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȠ ȪȥȠȢ ȇ300 țȪȝαĲȠȢ țαȚ 

ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 țȪȝαĲȠȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ ȝȐȡĲυȡİȢ. 

  ȉȠ 67.2% ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ ȕȡȑșȘțİ ȝİ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ 

(ǾΦΓǻ) ȕȐıİȚ ĲȦȞ ıĲαșȝȚıȝȑȞȦȞ ȦȢ πȡȠȢ ĲȘȞ İțπαȓįİυıȘ țαĲȫĲİȡȦȞ 5% ȠȡȓȦȞ ȖȚα 

ĲȠ ȪȥȠȢ țαȚ ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ țȪȝαĲȠȢ ȇ300. 

  ȅȚ αıșİȞİȓȢ ȝİ ȈțȆ İȓȤαȞ ıυȤȞȩĲİȡα ǾΦΓǻ ȝİ ȕȐıȘ ĲȘȞ παșȠȜȠȖȚțȐ παȡαĲİĲαȝȑȞȘ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 (31%), παȡȐ ȝİ ȕȐıȘ ĲȠ παșȠȜȠȖȚțȐ ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 

(29.5%), ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

  ȅȚ αıșİȞİȓȢ ȝİ παșȠȜȠȖȚțȒ ȤȡȠȞȠțαșυıĲȑȡȘıȘ įİȞ įȚȑφİȡαȞ ıȘȝαȞĲȚțȐ ȦȢ πȡȠȢ ĲȠ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ. ǹȞĲȓșİĲα ȠȚ αıșİȞİȓȢ ȝİ παșȠȜȠȖȚțȩ ȪȥȠȢ İȓȤαȞ ıȘȝαȞĲȚțȐ 

ȝȚțȡȩĲİȡȘ ȕαșȝȠȜȠȖȓα ıĲȘ ȜİțĲȚțȒ țαȚ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ țαȚ ıĲȠ ıυȞȠȜȚțȩ 

ȖȞȦıĲȚțȩ ıțȠȡ.  

  ȅ ȕαșȝȩȢ ıυȝφȦȞȓαȢ ȝİĲαȟȪ ĲȘȢ ȞİυȡȠȥυȤȠȜȠȖȚțȒȢ țαȚ ĲȘȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒȢ 

İțĲȓȝȘıȘȢ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ ȒĲαȞ 56.9%. 

  Ǿ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒ αȟȚȠȜȩȖȘıȘ ȝİ ȕȐıȘ ĲȠ țȪȝα ȇ300 İȓȤİ İȜαφȡȐ ȝİȖαȜȪĲİȡȘ 

įȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα απȩ ȩĲȚ Ș ȞİυȡȠȥυȤȠȜȠȖȚțȒ (76.1% vs. 71.4%) ȖȚα ĲȘ įȚȐțȡȚıȘ 

ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ απȩ ĲȠυȢ υȖȚİȓȢ. 

  ȉȠ ȪȥȠȢ ĲȠυ ȇ300 țȪȝαĲȠȢ țαȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ ȇ300 țȪȝαĲȠȢ ıȤİĲȓıĲȘțαȞ 

șİĲȚțȐ țαȚ αȡȞȘĲȚțȐ, αȞĲȚıĲȠȓȤȦȢ, ȝİ ĲȘȞ ȕαșȝȠȜȠȖȓα ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ İȜȑȖȤȠυ, 

ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȘȞ ȘȜȚțȓα, ĲȠ φȪȜȠ țαȚ ĲȘȞ İțπαȓįİυıȘ, İπȚȕİȕαȚȫȞȠȞĲαȢ ȩĲȚ ĲȠ 

țȪȝα ȇ300 İȓȞαȚ įİȓțĲȘȢ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ĲȠυ αĲȩȝȠυ. 

  ȈυȞȠȜȚțȐ, ıȘȝαȞĲȚțȐ πİȡȚııȩĲİȡȠȚ υȖȚİȓȢ İȡȖȐȗȠȞĲαȞ ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ 

(86.3% vs. 54.1%), αȜȜȐ Ș παȡȠυıȓα ĲȘȢ Γǻ įİȞ İπȘȡȑαıİ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ĲȘȞ 

țαĲȐıĲαıȘ ĲȘȢ İȡȖαıȓαȢ (58.8% ıİ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ vs. 48.1% ıİ αıșİȞİȓȢ ȝİ Γǻ, 

63.2% ıİ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ vs. 51.3% ıİ αıșİȞİȓȢ ȝİ ǾΦΓǻ). 

  ȅȚ αıșİȞİȓȢ ȝİ Γǻ İȓȤαȞ πİȡȚııȩĲİȡİȢ υπȠĲȡȠπȑȢ, αȞαπȘȡȓα, ıȦȝαĲȚțȒ țȩπȦıȘ țαȚ 

ıυȝπĲȫȝαĲα ıĲȡİȢ, ȐȖȤȠυȢ țαȚ țαĲȐșȜȚȥȘȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ. 
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ǼπȓıȘȢ İȓȤαȞ ıȘȝαȞĲȚțȐ πİȡȚııȩĲİȡα ıυȝπĲȫȝαĲα ıĲȡİȢ, ȐȖȤȠυȢ țαȚ țαĲȐșȜȚȥȘȢ ıİ 

ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. 

  ȅȚ αıșİȞİȓȢ ȝİ ǾΦΓǻ İȓȤαȞ ȝİȖαȜȪĲİȡȘ αȞαπȘȡȓα țαȚ ıȦȝαĲȚțȒ țȩπȦıȘ ıİ ıȤȑıȘ 

ȝİ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ. 

  ȅȚ αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ İȓȤαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ ȝİȖαȜȪĲİȡȘ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ, αȜȜȐ ȝȩȞȠ ĲȠ ȪȥȠȢ ĲȠυ ȇ300 ȒĲαȞ 

ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȠ ıĲȠυȢ αıșİȞİȓȢ ȝİ Γǻ ıİ ıȤȑıȘ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ țαȚ 

ĲȠυȢ υȖȚİȓȢ, ȝİĲȐ απȩ ȑȜİȖȤȠ ȦȢ πȡȠȢ ĲȘȞ İțπαȓįİυıȘ. Ȃİ ȐȜȜα ȜȩȖȚα Ș 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ P300 įȚȑțȡȚȞİ țαȜȪĲİȡα αıșİȞİȓȢ ȝİ υȖȚİȓȢ αȞİȟȐȡĲȘĲα ĲȘȢ 

παȡȠυıȓαȢ Γǻ, İȞȫ ĲȠ ȪȥȠȢ P300 ȒĲαȞ πȚȠ İȚįȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ Γǻ ıĲȠυȢ αıșİȞİȓȢ 

įȚαțȡȓȞȠȞĲαȢ ĲȠυȢ απȩ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ țαȚ ĲȠυȢ υȖȚİȓȢ. 

  ǹπȩ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ αȞȐȝİıα ıĲȠυȢ 

αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ ȕȡȑșȘțαȞ ȖȚα ĲȠ πȜȐĲȠȢ (ıĲαșȝȚıȝȑȞȠ) ĲȘȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ, 

ȖȚα ĲȠȞ ıĲαșȝȚıȝȑȞȠ ȩȖțȠ ĲȘȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ, ȖȚα ĲȠȞ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ ĲȠȞ 

ȩȖțȠ ĲȦȞ İıĲȚȫȞ. 

  ȅȚ αıșİȞİȓȢ ȝİ ǾΦΓǻ įȚȑφİȡαȞ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȐ απȩ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ 

ǾΦΓǻ, ȝȩȞȠ ıĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ țαȚ ĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ, ȝİĲȐ απȩ 

ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. ǹȞĲȓșİĲα įȚȑφİȡαȞ ıİ ıȘȝαȞĲȚțȩ ȕαșȝȩ ıİ ȩȜα Ĳα 

ȞİυȡȠȥυȤȠȜȠȖȚțȐ ĲİıĲ țαȚ ıĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ, ȝİĲȐ 

απȩ ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. ȅȚ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ İȓȤαȞ ıȘȝαȞĲȚțȐ 

ȝȚțȡȩĲİȡȘ ȕαșȝȠȜȠȖȓα ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ ıİ ıȤȑıȘ ȝİ ĲȠυȢ 

υȖȚİȓȢ, ȝİĲȐ απȩ ȑȜİȖȤȠ ȖȚα ĲȠ İπȓπİįȠ İțπαȓįİυıȘȢ. Ȃİ ȐȜȜα ȜȩȖȚα Ș ȠπĲȚțȠȤȦȡȚțȒ 

ȝȞȒȝȘ ȒĲαȞ πȚȠ İȚįȚțȒ ıĲȘ įȚȐțȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ ǾΦΓǻ απȩ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ 

ǾΦΓǻ țαȚ ĲȠυȢ υȖȚİȓȢ, İȞȫ Ș ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ ȒĲαȞ πȚȠ İȚįȚțȒ ȖȚα 

ĲȘ įȚȐțȡȚıȘ υȖİȚȫȞ țαȚ αıșİȞȫȞ. 

  ǻİȞ ȕȡȑșȘțİ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ȝİĲαȟȪ ĲȘȢ țαĲȐıĲαıȘȢ ĲȘȢ ǾΦΓǻ țαȚ 

ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ. 

  ΌĲαȞ ȑȖȚȞİ İπȚȝȑȡȠυȢ İȟȑĲαıȘ ĲȠυ ȪȥȠυȢ țαȚ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ P300 ıİ 

ıȤȑıȘ ȝİ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ, ĲȠ παșȠȜȠȖȚțȐ ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 

ıȤİĲȓıĲȘțİ ȝİ ȝȚțȡȩĲİȡȠ ıĲαșȝȚıȝȑȞȠ ȩȖțȠ ĲȘȢ ıυȞȠȜȚțȒȢ φαȚȐȢ țαȚ ĲȘȢ πİȡȚφİȡȚțȒȢ 

φαȚȐȢ ȠυıȓαȢ ĲȠυ İȖțİφȐȜȠυ. 

  ȅȚ țυȡȚȩĲİȡȠȚ πȡȠıįȚȠȡȚıĲȚțȠȓ απİȚțȠȞȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ 

ıțȠȡ, ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ țαȚ ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ ȒĲαȞ Ƞ 
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įİȓțĲȘȢ ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ İπȚπȜȑȠȞ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ ȖȚα ĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ 

ıțȠȡ țαȚ ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ. ȈȘȝαȞĲȚțȠȓ απİȚțȠȞȚıĲȚțȠȓ įİȓțĲİȢ İȚįȚțȩĲİȡα ȖȚα ĲȘȞ 

ȜİțĲȚțȒ țαȚ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ ȒĲαȞ Ș ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ 

țİȡȐĲȦȞ țαȚ ĲȠ ıĲαșȝȚıȝȑȞȠ πȜȐĲȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ, αȞĲȚıĲȠȓȤȦȢ. ΌıȠ αφȠȡȐ ĲȠ țȪȝα 

P300, įİȞ ȕȡȑșȘțİ țαȞȑȞαȢ ıȘȝαȞĲȚțȩȢ απİȚțȠȞȚıĲȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ ȇ300 

ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ǹȞĲȓșİĲα ıȘȝαȞĲȚțȠȓ πȡȠıįȚȠȡȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ȇ300 

ȪȥȠȢ ȒĲαȞ Ș ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ țαȚ Ƞ ıυȞȠȜȚțȩȢ 

ıĲαșȝȚıȝȑȞȠȢ ȩȖțȠȢ ĲȠυ İȖțİφȐȜȠυ. 

  ȉȠ İȖțİφαȜȚțȩ απȩșİȝα ȕȡȑșȘțİ Ȟα İȓȞαȚ ĲȡȠπȠπȠȚȘĲȚțȩȢ παȡȐȖȠȞĲαȢ ĲȘȢ ıȤȑıȘȢ 

ĲȠυ ȪȥȠυȢ ĲȠυ țȪȝαĲȠȢ ȇ300 (țαȚ İȚįȚțȩĲİȡα ıĲȠ Fz ȘȜİțĲȡȩįȚȠ) ȝİ ĲȘ ıĲαșȝȚıȝȑȞȘ 

απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ țαȚ ĲȘȢ ıȤȑıȘȢ ĲȘȢ ȜİțĲȚțȒȢ ȝȞȒȝȘȢ ȝİ ĲȠ įİȓțĲȘ 

ĲȠυ ȝİıȠȜȠȕȓȠυ. 

 

ȈĲȘȞ παȡȠȪıα ȝİȜȑĲȘ ȕȡȑșȘțİ ȩĲȚ ȠȚ αıșİȞİȓȢ ıȘȝİȓȦıαȞ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȘ 

ȕαșȝȠȜȠȖȓα ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ ıĲȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ, ȝİ ĲȚȢ 

πİȡȚııȩĲİȡİȢ παȡİțțȜȓıİȚȢ Ȟα ıȘȝİȚȫȞȠȞĲαȚ ıĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ țαȚ ȜİțĲȚțȒ ȝȞȒȝȘ 

țαȚ ȜȚȖȩĲİȡİȢ ıĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ πȜȘȡȠφȠȡȚȫȞ. ȈυȞȠȜȚțȐ, ĲȠ 44.3% ĲȦȞ 

αıșİȞȫȞ αȞαȖȞȦȡȓıĲȘțαȞ ȝİ Γǻ ȕȐıİȚ ĲȦȞ πȡȠĲİȚȞȩȝİȞȦȞ țȡȚĲȘȡȓȦȞ, ĲȠ ȠπȠȓȠ İȓȞαȚ 

İȞĲȩȢ ĲȠυ İȪȡȠυȢ ĲȦȞ ȠȡȓȦȞ ĲȘȢ įȚİșȞȠȪȢ ȕȚȕȜȚȠȖȡαφȓαȢ (įȘȜ. 41 ± 15%) (71). 

ǼπȓıȘȢ, Ș ıυȤȞȩĲİȡȘ πȡȠıȕȠȜȒ ĲȘȢ ȠπĲȚțȠȤȦȡȚțȒȢ țαȚ ȜİțĲȚțȒȢ ȝȞȒȝȘȢ İȓȞαȚ ȑȞα 

İȪȡȘȝα πȠυ İπȚȕİȕαȚȫȞİĲαȚ απȩ ĲȘȞ πȜİȚȠȥȘφȓα ĲȦȞ πȡȠȘȖȠȪȝİȞȦȞ ȝİȜİĲȫȞ (228). 

Ǿ ȜȚȖȩĲİȡȠ ıυȤȞȒ πȡȠıȕȠȜȒ ĲȘȢ ĲαȤȪĲȘĲαȢ İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ ȑȤİȚ 

ȕȡİșİȓ ıİ αȞĲȓıĲȠȚȤİȢ πȡȠȘȖȠȪȝİȞİȢ ȝİȜȑĲİȢ (40), αȜȜȐ ıİ ȐȜȜİȢ αȞαφȠȡȑȢ Ș 

ıυȤȞȩĲȘĲα įȘȜȫȞİĲαȚ πȠȜȪ ȝİȖαȜȪĲİȡȘ (228). Ǿ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ ȑȤİȚ ȕȡİșİȓ ȩĲȚ İπȚįİȚȞȫȞİĲαȚ ȝİ Ĳα ȤȡȩȞȚα ıĲȠυ αıșİȞİȓȢ țαȚ 

παȡȐȖȠȞĲİȢ ĲȘȢ ȝİȜȑĲȘȢ ȩπȦȢ ȩĲȚ ıυȝπİȡȚȜȒφșȘıαȞ αıșİȞİȓȢ ȝȩȞȠ ȝİ 

υπȠĲȡȠπȚȐȗȠυıα ȈțȆ, ȝİ ıȤİĲȚțȐ ȝȚțȡȒ įȚȐȡțİȚα ĲȘȢ ȞȩıȠυ (ȝȑıȠȢ ȩȡȠȢ πİȡȓπȠυ 11 

ȤȡȩȞȚα) țαȚ ıȤİĲȚțȐ ȝȚțȡȒ ȘȜȚțȓα (ȝȑıȘ ȘȜȚțȓα 42 ȑĲȘ), țαșȫȢ țαȚ Ș İĲİȡȠȖȑȞİȚα ĲȦȞ 

įİȚȖȝȐĲȦȞ αıșİȞȫȞ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ ȝİȜȑĲİȢ ĲȩıȠ ȦȢ πȡȠȢ ĲȠȞ ĲȪπȠ ĲȘȢ ȈțȆ ȩıȠ 

țαȚ ȦȢ πȡȠȢ ĲȠυȢ φαȞİȡȠȪȢ Ȓ țȡυφȠȪȢ ıυȖȤυĲȚțȠȪȢ παȡȐȖȠȞĲİȢ (π.Ȥ. ȘȜȚțȓα, 

İțπαȓįİυıȘ ț.α.) șα ȝπȠȡȠȪıİ Ȟα İȟȘȖȒıİȚ αυĲȒȞ ĲȘ įȚαφȠȡȐ (229).  

ȅȚ αıșİȞİȓȢ ȝİ ȈțȆ İȓȤαȞ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȠ ȪȥȠȢ ĲȠυ țȪȝαĲȠȢ ȇ300 țαȚ 

ȝİȖαȜȪĲİȡȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ ȇ300 țȪȝαĲȠȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ, ȝİ ĲȠ 

67.2% ĲȦȞ αıșİȞȫȞ ȝİ ȈțȆ Ȟα ȑȤİȚ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȐ ȕİȕαȚȦȝȑȞȘ Γǻ (ǾΦΓǻ), 
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İȪȡȘȝα πȠυ İπȚȕİȕαȚȫȞİĲαȚ απȩ ĲȘȞ įȘȝȠıȚİυȝȑȞȘ ȕȚȕȜȚȠȖȡαφȓα ȝİ Ĳα αȞĲȓıĲȠȚȤα 

πȠıȠıĲȐ Ȟα İȓȞαȚ ȝİĲαȟȪ 50-75% (184,188,230). ȆαȡȩȜα αυĲȐ, șα πȡȑπİȚ Ȟα 

ıȘȝİȚȦșİȓ ȩĲȚ ȜȓȖİȢ ȝİȜȑĲİȢ πȡȠȕαȓȞȠυȞ ıĲȠ įȚαȤȦȡȚıȝȩ ĲȦȞ αıșİȞȫȞ ıİ αυĲȠȪȢ ȝİ 

țαȚ ȤȦȡȓȢ ǾΦΓǻ, İȞȫ υπȐȡȤİȚ ıȘȝαȞĲȚțȒ İĲİȡȠȖȑȞİȚα ıĲȠȞ ĲȡȩπȠ ȠȡȚıȝȠȪ ĲȘȢ ǾΦΓǻ 

(188,214). ȈĲȘȞ παȡȠȪıα ȝİȜȑĲȘ İπȚȤİȚȡȒıαȝİ Ȟα İφαȡȝȩıȠυȝİ Ĳα ȩȡȚα ĲȠυ 5% 

αφȠȪ İȜȑȖȤșȘțİ Ș İπȓįȡαıȘ ĲȘȢ İțπαȓįİυıȘȢ, πȡȠțİȚȝȑȞȠυ Ȟα υπȐȡȤİȚ ȠȝȠȚȠȖȑȞİȚα 

ȝİ ĲȠȞ αȞĲȓıĲȠȚȤȠ ȠȡȚıȝȩ ĲȠυ ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ İȜȑȖȤȠυ. ȅ ȕαșȝȩȢ ıυȝφȦȞȓαȢ 

ȝİĲαȟȪ ĲȘȢ ȞİυȡȠȥυȤȠȜȠȖȚțȒȢ țαȚ ĲȘȢ ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒȢ İțĲȓȝȘıȘȢ ĲȘȢ 

ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ ȒĲαȞ 56.9%, İȞȫ Ș 

ȘȜİțĲȡȠφυıȚȠȜȠȖȚțȒ αȟȚȠȜȩȖȘıȘ ȝİ ȕȐıȘ ĲȠ țȪȝα ȇ300 İȓȤİ ȝİȖαȜȪĲİȡȘ 

įȚαȖȞȦıĲȚțȒ αțȡȓȕİȚα απȩ ȩĲȚ Ș ȞİυȡȠȥυȤȠȜȠȖȚțȒ ȖȚα ĲȘ įȚȐțȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ 

ȈțȆ απȩ ĲȠυȢ υȖȚİȓȢ. ǹυĲȩ șα ȝπȠȡȠȪıİ Ȟα απȠįȠșİȓ ıĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ĳα πȡȠțȜȘĲȐ 

įυȞαȝȚțȐ İȖȖİȞȫȢ αȞĲαȞαțȜȠȪȞ țαȜȪĲİȡα ĲȘȞ ȜİȚĲȠυȡȖȚțȒ țαĲȐıĲαıȘ ĲȠυ İȖțİφȐȜȠυ 

απȩ ĲȘ φαȚȞȠĲυπȚțȒ İțįȒȜȦıȘ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ȝİ ĲȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ 

ȑȜİȖȤȠ. 

ȈυȞȠȜȚțȐ, ȠȚ αıșİȞİȓȢ ȝİ ȈțȆ İȓȤαȞ ıυȤȞȩĲİȡα ǾΦΓǻ ȝİ ȕȐıȘ ĲȘȞ παșȠȜȠȖȚțȐ 

παȡαĲİĲαȝȑȞȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 (50.8%), παȡȐ ȝİ ȕȐıȘ ĲȠ παșȠȜȠȖȚțȐ 

ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 (29.5%), ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ǹυĲȩ ıυȞȐįİȚ ȝİ ĲȘ 

įȘȝȠıȚİυȝȑȞȘ ȕȚȕȜȚȠȖȡαφȓα ȖȚα ĲȠ șȑȝα, ȩπȠυ 19 ȒĲαȞ υπȑȡ ĲȘȢ παȡαĲİĲαȝȑȞȘȢ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ țαȚ 14 υπȑȡ ĲȠυ ȝİȚȦȝȑȞȠυ ȪȥȠυȢ 

(177,184,187,197,198,204,211–214). ǲȞα İȞįȚαφȑȡȠȞ İȪȡȘȝα ĲȘȢ παȡȠȪıαȢ ȝİȜȑĲȘȢ 

ȒĲαȞ ȩĲȚ Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 ȝπȠȡȠȪıİ Ȟα įȚαȤȦȡȓıİȚ ĲȠυȢ αıșİȞİȓȢ ȝİ ĲȠυȢ 

υȖȚİȓȢ țαȚ ȩȤȚ ĲȠυȢ αıșİȞİȓȢ ȝİ Γǻ ȝİ İțİȓȞȠυȢ ȤȦȡȓȢ Γǻ ȕȐıİȚ ĲȠυ 

ȞİυȡȠȥυȤȠȜȠȖȚțȠȪ İȜȑȖȤȠυ. ǹȞĲȓșİĲα ĲȠ ȤαȝȘȜȩ ȪȥȠȢ ȇ300 įȚȑțȡȚȞİ ĲȠυȢ αıșİȞİȓȢ 

ȝİ Γǻ ȝİ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ Γǻ țαȚ ĲȠυȢ υȖȚİȓȢ. ȆȡȐȖȝαĲȚ, ıİ πȡȠȘȖȠȪȝİȞİȢ 

ȝİȜȑĲİȢ ȠȚ ıυȖțȡȓıİȚȢ ȖȓȞȠȞĲαȞ țυȡȓȦȢ ȝİĲαȟȪ αıșİȞȫȞ țαȚ υȖȚȫȞ ȝαȡĲȪȡȦȞ, ȖİȖȠȞȩȢ 

πȠυ İȟȘȖİȓ ĲȘ υȥȘȜȩĲİȡȘ ıυȤȞȩĲȘĲα αȞİȪȡİıȘȢ παȡαĲİĲαȝȑȞȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ 

ıĲȠυȢ αıșİȞİȓȢ. ȆαȡȩȜα αυĲȐ, ıĲȠ ıȪȞȠȜȠ ĲȦȞ αıșİȞȫȞ țαȚ υȖȚȫȞ ȕȡȒțαȝİ 

ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİĲαȟȪ ĲȘȢ ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ țαȚ ĲȠυ ȪȥȠυȢ ĲȠυ P300 ȝİ 

ĲȚȢ ȖȞȦıĲȚțȑȢ įȠțȚȝαıȓİȢ πȠυ İȓȞαȚ ıυȝȕαĲȩ ȝİ ĲȘȞ ȕȚȕȜȚȠȖȡαφȓα, αȜȜȐ ıİ țαȝȓα απȩ 

αυĲȑȢ ĲȚȢ ȝİȜȑĲİȢ įİȞ ȑȖȚȞİ įȚαȤȦȡȚıȝȩȢ ĲȦȞ αıșİȞȫȞ ıİ αυĲȠȪȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ 

(184,192,193,204,212). Ȃȓα πȚșαȞȒ İȟȒȖȘıȘ ĲȘȢ απȠυıȓαȢ ĲȘȢ ıυıȤȑĲȚıȘȢ ĲȘȢ 

ȤȡȠȞȠțαșυıĲȑȡȘıȘȢ ĲȠυ ȇ300 ȝİ ĲȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ ȝȩȞȠ ıĲȠυȢ αıșİȞİȓȢ 

șα ȝπȠȡȠȪıİ Ȟα İȓȞαȚ ȩĲȚ αυĲȒ αȞĲαȞαțȜȐ πİȡȚııȩĲİȡȠ ĲȘ įȚȐȤυĲȘ απȠȝυİȜȓȞȦıȘ ĲȠυ 
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ȀȃȈ ȜȩȖȦ ĲȘȢ ȞȩıȠυ, παȡȐ ĲȘȞ ȑțπĲȦıȘ ıİ ıυȖțİțȡȚȝȑȞȠ ȞİυȡȠȥυȤȠȜȠȖȚțȩ ȑȜİȖȤȠ. 

Ǿ ĲȠπȠȖȡαφȓα ĲȦȞ απȠȝυİȜȚȞȦĲȚțȫȞ İıĲȚȫȞ ıĲȠ įİȓȖȝα ȝαȢ șα ȝπȠȡȠȪıİ İπȓıȘȢ Ȟα 

İπȘȡİȐıİȚ αυĲȒ ĲȘ ıȤȑıȘ ȩπȦȢ ȑȤİȚ φαȞİȓ ıİ πȡȠȘȖȠȪȝİȞȘ ȝİȜȑĲȘ (184).  

ȉȑȜȠȢ, ȠȚ αıșİȞİȓȢ ȝİ παșȠȜȠȖȚțȩ ȇ300 ȪȥȠȢ İȓȤαȞ ıȘȝαȞĲȚțȐ ȝȚțȡȩĲİȡȘ 

ȕαșȝȠȜȠȖȓα ıĲȘ ȜİțĲȚțȒ țαȚ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ țαȚ ıĲȠ ıυȞȠȜȚțȩ ȖȞȦıĲȚțȩ ıțȠȡ. 

ȂȐȜȚıĲα, Ș ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ ȒĲαȞ πȚȠ İȚįȚțȒ ıĲȘ įȚȐțȡȚıȘ ĲȦȞ αıșİȞȫȞ ȝİ 

ǾΦΓǻ απȩ ĲȠυȢ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ țαȚ ĲȠυȢ υȖȚİȓȢ, İȞȫ Ș ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ 

πȜȘȡȠφȠȡȚȫȞ ȒĲαȞ πȚȠ İȚįȚțȒ ȖȚα ĲȘ įȚȐțȡȚıȘ υȖİȚȫȞ țαȚ αıșİȞȫȞ πȠυ ȩπȦȢ İȓįαȝİ 

İȓȤαȞ țυȡȓȦȢ ıȘȝαȞĲȚțȐ įȚαφȠȡİĲȚțȒ ȇ300 ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ǹυĲȩ șα ȝπȠȡȠȪıİ 

Ȟα İȟȘȖȘșİȓ απȩ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ıĲȘȞ παȡαȖȦȖȒ ĲȠυ ȪȥȠυȢ ĲȠυ țȪȝαĲȠȢ ȇ300, ĲȠ 

ȠπȠȓȠ αȞĲαȞαțȜȐ πİȡȚııȩĲİȡȠ ĲȠ απȩșİȝα ĲȘȢ πȡȠıȠȤȒȢ, ıυȝȝİĲȑȤȠυȞ țυȡȓȦȢ Ș 

țȡȠĲαφȠȕȡİȖȝαĲȚțȑȢ țαȚ ȕȡİȖȝαĲȚțȑȢ İȖțİφαȜȚțȑȢ πİȡȚȠȤȑȢ πȠυ İȟυπȘȡİĲȠȪȞ 

πİȡȚııȩĲİȡȠ ĲȘ ȝȐșȘıȘ țαȚ ĲȘ ȝȞȒȝȘ țαȚ ȜȚȖȩĲİȡȠ ȠȚ πȜȐȖȚİȢ ȝİĲȦπȚαȓİȢ țαȚ ȠȚ 

υπȠφȜȠȚȫįİȚȢ ıυȞįİĲȚțȑȢ ȓȞİȢ πȠυ ıυȝȕȐȜȜȠυȞ ȜȚȖȩĲİȡȠ ıĲȠ ȪȥȠȢ ĲȠυ ȇ300 țαȚ İȓȞαȚ 

υπİȪșυȞİȢ ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ȇ300 țαȚ ĲȘȞ ĲαȤȪĲȘĲα İπİȟİȡȖαıȓα ĲȦȞ 

πȜȘȡȠφȠȡȚȫȞ (169,171). 

ȅȚ αıșİȞİȓȢ ȝİ Γǻ İȓȤαȞ ȝİȖαȜȪĲİȡȘ αȞİȡȖȓα, πİȡȚııȩĲİȡİȢ υπȠĲȡȠπȑȢ, αȞαπȘȡȓα, 

ıȦȝαĲȚțȒ țȩπȦıȘ țαȚ ıυȝπĲȫȝαĲα ıĲȡİȢ, ȐȖȤȠυȢ țαȚ țαĲȐșȜȚȥȘȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ 

αıșİȞİȓȢ ȤȦȡȓȢ Γǻ. ǼπȓıȘȢ İȓȤαȞ ıȘȝαȞĲȚțȐ πİȡȚııȩĲİȡα ıυȝπĲȫȝαĲα ıĲȡİȢ, ȐȖȤȠυȢ 

țαȚ țαĲȐșȜȚȥȘȢ ıİ ıȤȑıȘ ȝİ ĲȠυȢ υȖȚİȓȢ. ȉα İυȡȒȝαĲα αυĲȐ İȓȞαȚ ıυȝȕαĲȐ ȝİ ĲȚȢ 

İπȚπĲȫıİȚȢ ĲȘȢ Γǻ ıĲȠυȢ αıșİȞİȓȢ ȝİ ȈțȆ (228). ǼπȓıȘȢ, ȠȚ αıșİȞİȓȢ ȝİ ǾΦΓǻ İȓȤαȞ 

ȝİȖαȜȪĲİȡȘ αȞαπȘȡȓα țαȚ ıȦȝαĲȚțȒ țȩπȦıȘ ıİ ıȤȑıȘ ȝİ αıșİȞİȓȢ ȤȦȡȓȢ ǾΦΓǻ 

İȪȡȘȝα πȠυ İȓȞαȚ ıȪȝφȦȞȠ ȝİ πȡȠȘȖȠȪȝİȞİȢ įȘȝȠıȚİȪıİȚȢ (181,187–189,202). ȅȚ 

παȡȐȖȠȞĲİȢ αυĲȠȓ șα ȝπȠȡȠȪıαȞ Ȟα șİȦȡȘșȠȪȞ ȦȢ ıυȖȤυĲȚțȠȓ ĲȘȢ αȜȜȘȜİπȓįȡαıȘȢ 

ĲȦȞ απİȚțȠȞȚıĲȚțȫȞ įİȚțĲȫȞ πȠυ ȒĲαȞ țαȚ Ƞ țȪȡȚȠȢ ıĲȩȤȠȢ ĲȘȢ ȝİȜȑĲȘȢ ȝİ ĲȘ 

ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα. ΓȚα αυĲȩȞ ĲȠȞ ȜȩȖȠ πȡαȖȝαĲȠπȠȚȒıαȝİ İπȚπȜȑȠȞ İȜȑȖȤȠυȢ 

İυαȚıșȘıȓαȢ (sensitivity analysis), Ƞ ȠπȠȓȠȢ įİȞ αȞȑįİȚȟİ ıȘȝαȞĲȚțȩ ĲȡȠπȠπȠȚȘĲȚțȩ Ȓ 

įȚαȝİıȠȜαȕȘĲȚțȩ ȡȩȜȠ αυĲȫȞ ĲȦȞ παȡαȝȑĲȡȦȞ. ǹȞĲȓșİĲα, ıĲα ȖȡαȝȝȚțȐ ȝȠȞĲȑȜα 

παȜȚȞįȡȩȝȘıȘȢ İȚįȚțȩĲİȡα ȖȚα ĲȠ P300 ȪȥȠȢ αȞȚȤȞİȪșȘțİ ıȘȝαȞĲȚțȒ ıυȞ-

ȖȡαȝȝȚțȩĲȘĲα ĲȘȢ αȞαπȘȡȓαȢ țαȚ ĲȘȢ ıȦȝαĲȚțȒȢ țȩπȦıȘȢ ȝİ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ 

įİȓțĲİȢ ȖİȖȠȞȩȢ πȠυ υπȠįȘȜȫȞİȚ πȚșαȞȫȢ ȩĲȚ αυĲȑȢ İȓȞαȚ απȠĲȑȜİıȝα ĲȦȞ 

İȖțİφαȜȚțȫȞ αȜȜαȖȫȞ ȜȩȖȦ ĲȘȢ ȞȩıȠυ. ǹȟȓȗİȚ ȕȑȕαȚα Ȟα ıȘȝİȚȦșİȓ ȩĲȚ ıĲȠ įİȓȖȝα 

ĲȦȞ αıșİȞȫȞ Ĳα İπȓπİįα ĲȘȢ țȩπȦıȘȢ țαȚ ĲȘȢ ȥυȤȠȜȠȖȚțȒȢ İπȚȕȐȡυȞıȘȢ ȒĲαȞ 

ıȤİĲȚțȐ ȤαȝȘȜȐ ȖȚα ĲȠ șİȦȡȘĲȚțȩ İȪȡȠȢ ĲȦȞ İȡȖαȜİȓȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ. 
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ǹπȩ ĲȠυȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ ıĲαĲȚıĲȚțȐ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ αȞȐȝİıα ıĲȠυȢ 

αıșİȞİȓȢ ȝİ țαȚ ȤȦȡȓȢ Γǻ ȕȡȑșȘțαȞ ȖȚα ĲȠ πȜȐĲȠȢ (ıĲαșȝȚıȝȑȞȠ) ĲȘȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ, 

ȖȚα ĲȠȞ ıĲαșȝȚıȝȑȞȠ ȩȖțȠ ĲȘȢ ĲȡȓĲȘȢ țȠȚȜȓαȢ, ȖȚα ĲȠȞ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ țαȚ ĲȠȞ 

ȩȖțȠ ĲȦȞ İıĲȚȫȞ. ȆȡȠȘȖȠȪȝİȞİȢ ȝİȜȑĲİȢ ȑȤȠυȞ İπȚȕİȕαȚȫıİȚ ȩĲȚ ĲȠ ȝȑȖİșȠȢ ĲȘȢ 3ȘȢ 

țȠȚȜȓαȢ țαȚ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ İȓȞαȚ ȠȚ πȚȠ ıȘȝαȞĲȚțȠȓ πȡȠȕȜİπĲȚțȠȓ παȡȐȖȠȞĲİȢ ĲȘȢ 

ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ ıĲȘ ȈțȆ (128,130,133,157,158,160,161). ȁȚȖȩĲİȡİȢ İȓȞαȚ ȠȚ 

ȝİȜȑĲİȢ ȖȚα ĲȠ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ (162–164)  πȠυ ȑȤİȚ ıυıȤİĲȚıĲİȓ țυȡȓȦȢ ȝİ ĲȘȞ 

ĲαȤȪĲȘĲα İπİȟİȡȖαıȓαȢ ĲȦȞ πȜȘȡȠφȠȡȚȫȞ țαȚ ȝİ ĲȘȞ ȝȞȒȝȘ ȩπȦȢ ȕȡȑșȘțİ țαȚ ıĲȘȞ 

παȡȠȪıα ȝİȜȑĲȘ. ΓȚα ĲȘ ȜİțĲȚțȒ ȝȞȒȝȘ İțĲȩȢ απȩ ĲȠȞ ıυȞȠȜȚțȩ ȩȖțȠ ĲȦȞ İıĲȚȫȞ 

απȠȝυİȜȓȞȦıȘȢ, ȕȡȑșȘțİ ıȘȝαȞĲȚțȒ Ș ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ 

țİȡȐĲȦȞ ĲȦȞ țȠȚȜȚȫȞ, İȞȫ ȖȚα ĲȘȞ ȠπĲȚțȠȤȦȡȚțȒ ȝȞȒȝȘ ıȘȝαȞĲȚțȩ ȡȩȜȠ ȑπαȚȟİ ȝȩȞȠ 

ĲȠ ȝȑȖİșȠȢ ĲȘȢ 3ȘȢ țȠȚȜȓαȢ, πȠυ απȩ ȩıȠ ȖȞȦȡȓȗȠυȝİ įİȞ ȑȤȠυȞ İȟİĲαıĲİȓ ıİ ȐȜȜȘ 

ȝİȜȑĲȘ. ȉα αȡȞȘĲȚțȐ απȠĲİȜȑıȝαĲα ȖȚα ĲȠ ıȪȞȠȜȠ ıȤİįȩȞ ĲȠȞ ȠȖțȠȝİĲȡȚțȫȞ įİȚțĲȫȞ 

πȠυ ȑȡȤȠȞĲαȚ ıİ αȞĲȓșİıȘ ȝİ ȐȜȜİȢ ȝİȜȑĲİȢ, șα ȝπȠȡȠȪıαȞ Ȟα απȠįȠșȠȪȞ ıĲȘȞ 

İĲİȡȠȖȑȞİȚα ĲȦȞ įİȚȖȝȐĲȦȞ (π.Ȥ. πȠȜȜȑȢ ȝİȜȑĲİȢ ıυȝπİȡȚȜαȝȕȐȞȠυȞ αıșİȞİȓȢ ȝİ 

πȡȠȠįİυĲȚțȒ ȈțȆ αțȩȝα țαȚ ȝİ ȀȂȈ), ĲȘ ȝİșȠįȠȜȠȖȓα (π.Ȥ. Ș Γǻ ȠȡȓȗİĲαȚ ȝİ 

įȚαφȠȡİĲȚțȩ ĲȡȩπȠ) țαȚ țυȡȓȦȢ ȩĲȚ ȠȚ πİȡȚııȩĲİȡİȢ ȝİȜȑĲİȢ ıυȖțȡȓȞȠυȞ υȖȚİȓȢ țαȚ 

αıșİȞİȓȢ, ȝİ İȜȐȤȚıĲİȢ İȟαȚȡȑıİȚȢ (134,139,143,148). 

ȈυȞȠȜȚțȐ, ȠȚ įȚıįȚȐıĲαĲȠȚ ȖȡαȝȝȚțȠȓ įİȓțĲİȢ ȑįİȚȟαȞ ȝİȖαȜȪĲİȡȘ ȚțαȞȩĲȘĲα 

πȡȩȕȜİȥȘȢ ĲȘȢ ȖȞȦıĲȚțȒȢ ȜİȚĲȠυȡȖȓαȢ απȩ ȩĲȚ ȠȚ ȠȖțȠȝİĲȡȚțȠȓ, ȝİ İȟαȓȡİıȘ ĲȠȞ ȩȖțȠ 

ĲȦȞ İıĲȚȫȞ. ǹȞĲȓșİĲα ȠȖțȠȝİĲȡȚțȠȓ įİȓțĲİȢ ȩπȦȢ π.Ȥ. ĲȘȢ φαȚȐȢ țαȚ ȜİυțȒȢ ȠυıȓαȢ 

țαȚ ĲȦȞ υπȠφȜȠȚȦįȫȞ įȠȝȫȞ įİȞ αȞαįİȓȤșȘțαȞ ȦȢ ıȘȝαȞĲȚțȠȓ ȖȚα ĲȘȞ ȖȞȦıĲȚțȒ 

ȜİȚĲȠυȡȖȓα ıĲȠυȢ αıșİȞİȓȢ ĲȘȢ ȝİȜȑĲȘȢ. Ȉİ ȐȜȜİȢ ȝİȜȑĲİȢ ȑȤİȚ ȕȡİșİȓ ȩĲȚ Ƞ ȩȖțȠȢ ĲȘȢ 

φαȚȐȢ țαȚ ĲȘȢ ȜİυțȒȢ ȠυıȓαȢ (124,135) Ƞ ȩȖțȠȢ ĲȠυ șαȜȐȝȠυ (137–139,143,144)  țαȚ 

ȐȜȜİȢ įȠȝȑȢ π.Ȥ. ȚππȩțαȝπȠȢ țαȚ ȕαıȚțȐ ȖȐȖȖȜȚα (139,141,143,144,147) İȓȞαȚ 

ıȘȝαȞĲȚțȠȓ πȡȠȕȜİπĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȘ ȖȞȦıĲȚțȒ ȜİȚĲȠυȡȖȓα. ȉα αȡȞȘĲȚțȐ 

απȠĲİȜȑıȝαĲα ıĲȘ įȚțȒ ȝαȢ ȝİȜȑĲȘȢ șα ȝπȠȡȠȪıαȞ Ȟα απȠįȠșȠȪȞ ıİ įȚαφȠȡȑȢ πȠυ 

αφȠȡȠȪȞ ĲȘȞ ȑȜȜİȚȥȘ ıυȖțȡȓıİȦȞ ȝİ υȖȚİȓȢ, ĲȘ ȝȘ įȚαȤȡȠȞȚțȩĲȘĲα ĲȦȞ απİȚțȠȞȓıİȦȞ 

ıĲȘȞ παȡȠȪıα ȝİȜȑĲȘ, ĲȘ ȝİȜȑĲȘ αıșİȞȫȞ ȝȩȞȠ ȝİ υπȠĲȡȠπȚȐȗȠυıα ȈțȆ, ĲȘȞ 

αȞȐȜυıȘ ȤȦȡȓȢ ĲȘ ȤȡȒıȘ İȞĲȠπȚıȝȑȞȦȞ MRI ıĲȠȚȤİȓȦȞ ȩȖțȠυ (voxel) țαȚ Ĳα 

įȚαφȠȡİĲȚțȐ ȝİȖȑșȘ ĲȦȞ įİȚȖȝȐĲȦȞ αȞȐȝİıα ıĲȚȢ ȝİȜȑĲİȢ. 

ȉȠ παșȠȜȠȖȚțȐ ȝİȚȦȝȑȞȠ ȪȥȠȢ P300 ıȤİĲȓıĲȘțİ ȝİ ȝȚțȡȩĲİȡȠ ıĲαșȝȚıȝȑȞȠ ȩȖțȠ 

ĲȘȢ ıυȞȠȜȚțȒȢ φαȚȐȢ țαȚ ĲȘȢ πİȡȚφİȡȚțȒȢ φαȚȐȢ ȠυıȓαȢ ĲȠυ İȖțİφȐȜȠυ İȞȫ 

ıȘȝαȞĲȚțȠȓ πȡȠıįȚȠȡȚıĲȚțȠȓ παȡȐȖȠȞĲİȢ ȖȚα ĲȠ ȇ300 ȪȥȠȢ ȒĲαȞ Ș ıĲαșȝȚıȝȑȞȘ 



83 
 

απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ țαȚ Ƞ ıυȞȠȜȚțȩȢ ıĲαșȝȚıȝȑȞȠȢ ȩȖțȠȢ ĲȠυ 

İȖțİφȐȜȠυ. ǼπȓıȘȢ, ĲȠ İȖțİφαȜȚțȩ απȩșİȝα (ȝİĲȡȠȪȝİȞȠ ȝİ ȕȐıȘ ĲȠȞ παȡȐȖȠȞĲα 

įȚȩȡșȦıȘȢ απȩ ĲȘ ȝȑșȠįȠ SIENAX) ȕȡȑșȘțİ Ȟα İȓȞαȚ ĲȡȠπȠπȠȚȘĲȚțȩȢ παȡȐȖȠȞĲαȢ 

ĲȘȢ ıȤȑıȘȢ ĲȠυ ȪȥȠυȢ ĲȠυ țȪȝαĲȠȢ ȇ300 (țαȚ İȚįȚțȩĲİȡα ıĲȠ Fz ȘȜİțĲȡȩįȚȠ) ȝİ ĲȘ 

ıĲαșȝȚıȝȑȞȘ απȩıĲαıȘ ĲȦȞ ȝİĲȦπȚαȓȦȞ țİȡȐĲȦȞ țαȚ ĲȘȢ ıȤȑıȘȢ ĲȘȢ ȜİțĲȚțȒȢ 

ȝȞȒȝȘȢ ȝİ ĲȠ įİȓțĲȘ ĲȠυ ȝİıȠȜȠȕȓȠυ. ΌıȠ αφȠȡȐ ĲȠ țȪȝα P300, įİȞ ȕȡȑșȘțİ 

țαȞȑȞαȢ ıȘȝαȞĲȚțȩȢ απİȚțȠȞȚıĲȚțȩȢ įİȓțĲȘȢ ȖȚα ĲȘ ȇ300 ȤȡȠȞȠțαșυıĲȑȡȘıȘ. ǹπȩ 

ȩıȠ ȖȞȦȡȓȗȠυȝİ İȓȞαȚ Ș πȡȫĲȘ φȠȡȐ πȠυ İȜȑȖȤİĲαȚ ĲȠ țȪȝα ȇ300 ȝİ ĲȠυȢ ȞİȩĲİȡȠυȢ 

ȖȡαȝȝȚțȠȪȢ țαȚ ȠȖțȠȝİĲȡȚțȠȪȢ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ. Ȃȓα πȚșαȞȒ İȟȒȖȘıȘ ĲȦȞ 

İυȡȘȝȐĲȦȞ șα ȝπȠȡȠȪıİ Ȟα İȓȞαȚ ȩĲȚ ıĲȘȞ παȡαȖȦȖȒ ĲȠυ țȪȝαĲȠȢ ȇ300 ıυȝȝİĲȑȤȠυȞ 

İυȡȑȦȢ țαĲαȞİȝȘȝȑȞİȢ φȜȠȚȧțȑȢ πİȡȚȠȤȑȢ țαȚ Ȑȡα ĲȠ ȪȥȠȢ ĲȠυ πȡȠțȜȘĲȠȪ įυȞαȝȚțȠȪ 

șα ıυȞαȡĲȐĲαȚ πİȡȚııȩĲİȡȠ ȝİ ĲȠȞ ȩȖțȠ ĲȘȢ φȜȠȚȧțȒȢ πİȡȚȠȤȒȢ, αȜȜȐ țαȚ ĲȠυ 

ıυȞȠȜȚțȠȪ ȩȖțȠυ ĲȠυ İȖțİφȐȜȠυ (169,171). ǹȞĲȓșİĲα, Ș ȤȡȠȞȠțαșυıĲȑȡȘıȘ πȚșαȞȫȢ 

αȞĲαȞαțȜȐ πİȡȚııȩĲİȡȠ ĲȚȢ ıυȞįİĲȚțȑȢ ȠįȠȪȢ ĲȠυ țυțȜȫȝαĲȠȢ πȠυ İȓȞαȚ υπİȪșυȞȠ 

ȖȚα ĲȘȞ παȡαȖȦȖȒ ĲȠυ ȇ300 țȪȝαĲȠȢ. ȂİȖαȜȪĲİȡȘ İυαȚıșȘıȓα ĲȘȢ ȝİȜȑĲȘȢ Ȟα 

αȞȚȤȞİȪıİȚ απİȚțȠȞȚıĲȚțȠȪȢ įİȓțĲİȢ πȠυ ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȘ ȜİυțȒ Ƞυıȓα ĲȠυ 

İȖțİφȐȜȠυ ȦȢ ıȘȝαȞĲȚțȠȪȢ ȖȚα ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ, șα İπȚĲυȖȤαȞȩĲαȞ πȚșαȞȫȢ ȝİ 

ĲȘȞ įȚαșİıȚȝȩĲȘĲα απİȚțȠȞȚıĲȚțȫȞ įİįȠȝȑȞȦȞ απȩ ĲȠυȢ υȖȚİȓȢ İșİȜȠȞĲȑȢ. 

Ȉİ ȝȓα πȡȩıφαĲȘ įȘȝȠıȓİυıȘ, Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ ıĲȘȞ ȉ1 MRI ȒĲαȞ Ƞ 

ıȘȝαȞĲȚțȩĲİȡȠȢ πȡȠȕȜİπĲȚțȩȢ παȡȐȖȠȞĲαȢ ȖȚα ĲȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ αțȠυıĲȚțȫȞ 

P300 țυȝȐĲȦȞ (191). ȅȚ İıĲȓİȢ ıĲȘȞ ȉ1 MRI αțȠȜȠυșȓα ȖȞȦıĲȑȢ țαȚ ȦȢ "ȝαȪȡİȢ 

ĲȡȪπİȢ" ıȘȝαĲȠįȠĲȠȪȞ ĲȘȞ ȖȜȠȓȦıȘ ȜȩȖȦ αȟȠȞȚțȒȢ ȕȜȐȕȘȢ țαȚ įİȞ İțĲȚȝȒșȘțαȞ ıĲȚȢ 

įȚțȒ ȝαȢ ȝİȜȑĲȘ. ǹȞĲȓșİĲα Ƞ ȩȖțȠȢ ĲȦȞ ȉ2 İıĲȚȫȞ įİȞ ȕȡȑșȘțİ ıȘȝαȞĲȚțȩȢ ȖȚα ĲȠ 

ȇ300 țȪȝα, ĲȠ ȠπȠȓȠ ıυȝφȦȞİȓ ȝİ Ĳα İυȡȒȝαĲα ĲȘȢ ȑȡİυȞαȢ (191). ȈȘȝİȚȫȞİĲαȚ ȩĲȚ 

ıĲȘȞ İȞ ȜȩȖȦ ȝİȜȑĲȘ Ƞ αȡȚșȝȩȢ ĲȦȞ αıșİȞȫȞ ȝİ πȡȠȠįİυĲȚțȒ ȈțȆ ȒĲαȞ ȝİȖȐȜȠȢ 

(įȘȜ. 30 απȩ ĲȠυȢ 59), ȠπȩĲİ Ș αȞαȖȞȫȡȚıȘ İıĲȚȫȞ ıĲȘȞ ȉ1 αțȠȜȠυșȓα 

įȚİυțȠȜȪȞșȘțİ απȩ ĲȘ ȕαȡȪĲȘĲα ĲȘȢ ȞȩıȠυ. ǼπȓıȘȢ ȠȚ αıșİȞİȓȢ (αȞİȟȐȡĲȘĲα Γǻ) 

įȚȑφİȡαȞ ȝİ ĲȠυȢ υȖȚİȓȢ ıĲȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ țαȚ ȩȤȚ ıĲȠ ȪȥȠȢ ĲȠυ P300, πȠυ 

ıυȞȐįİȚ ȝİ Ĳα İυȡȒȝαĲα ĲȘȢ įȚțȒȢ ȝαȢ ȝİȜȑĲȘȢ. 

Ȉİ ȝȓα ȐȜȜȘ ȝİȜȑĲȘ Ƞ ȩȖțȠȢ ĲȦȞ İıĲȚȫȞ ȝİĲȡȒșȘțİ ȝİ ȝȓα ȘȝȚ-αυĲȠȝαĲȠπȠȚȘȝȑȞȘ 

ȝȑșȠįȠ țαȚ ȕȡȑșȘțİ παȡαįȩȟȦȢ ȩĲȚ ȠȚ İıĲȓİȢ ıĲȠ ȝİĲȦπȚαȓȠ țȑȡαȢ ĲȦȞ țȠȚȜȚȫȞ țαȚ 

ıĲȠ ıĲȑȜİȤȠȢ ıȤİĲȓıĲȘțαȞ αȡȞȘĲȚțȐ ȝİ ĲȘȞ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ αțȠυıĲȚțȠȪ ȇ300 

țȪȝαĲȠȢ, įȘȜαįȒ ȝİȖαȜȪĲİȡİȢ İıĲȓİȢ πȡȠȑȕȜİπαȞ ȝİȚȦȝȑȞȘ ȤȡȠȞȠțαșυıĲȑȡȘıȘ ĲȠυ 

ȇ300 țȪȝαĲȠȢ (184). Ȉİ įȪȠ παȜαȚȩĲİȡİȢ ȝİȜȑĲİȢ ȝİ ıȤİĲȚțȐ ȝȚțȡȐ įİȓȖȝαĲα αıșİȞȫȞ 
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πȠυ İțĲȓȝȘıαȞ ĲȠȞ ȩȖțȠ ĲȦȞ İıĲȚȫȞ ȝİ ȝȘ αυĲȠȝαĲȠπȠȚȘȝȑȞİȢ αįȡȑȢ ȝİșȩįȠυȢ 

ȕαȡȪĲȘĲαȢ ȕȡȑșȘțαȞ ıȘȝαȞĲȚțȑȢ ıυıȤİĲȓıİȚȢ ȝİ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ ȇ300 

(212,214). ǻİįȠȝȑȞȠυ ĲȦȞ įȚαφȠȡİĲȚțȫȞ απİȚțȠȞȚıĲȚțȫȞ ȝİĲȡȒıİȦȞ, ȐȝİıȘ 

ıȪȖțȡȚıȘ ȝİ ĲȘ įȚțȒ ȝαȢ ȝİȜȑĲȘ įİȞ ȝπȠȡİȓ Ȟα ȖȓȞİȚ. ȉȑȜȠȢ, ıİ ȝȓα ȐȜȜȘ ȝİȜȑĲȘ ȩπȠυ 

34 αıșİȞİȓȢ ȤȦȡȓıĲȘțαȞ ıİ İțİȓȞȠυȢ ȝİ ȝȚțȡȩ țαȚ ȝİȖȐȜȠ ȩȖțȠ İıĲȚȫȞ, įİȞ ȕȡȑșȘțαȞ 

ıȘȝαȞĲȚțȑȢ įȚαφȠȡȠπȠȚȒıİȚȢ ȦȢ πȡȠȢ ĲȚȢ παȡαȝȑĲȡȠυȢ  ĲȠυ αțȠυıĲȚțȠȪ țαȚ ȠπĲȚțȠȪ 

ȇ300 πȡȠțȜȘĲȠȪ įυȞαȝȚțȠȪ (203). 

 Ǿ παȡȠȪıα ȝİȜȑĲȘ ȑȤİȚ ȝİȡȚțȠȪȢ πİȡȚȠȡȚıȝȠȪȢ. ȀαĲαȡȤȐȢ, Ƞ ıυȖȤȡȠȞȚțȩȢ ĲȘȢ 

ĲȪπȠȢ įİȞ İπȚĲȡȑπİȚ αıφαȜȒ αȚĲȚȠȜȠȖȚțȐ ıυȝπİȡȐıȝαĲα. ǼπȚπȜȑȠȞ, ȖȚα πȡαțĲȚțȠȪȢ 

ȜȩȖȠυȢ įİȞ υπȒȡȤαȞ įȚαșȑıȚȝα απİȚțȠȞȚıĲȚțȐ įİįȠȝȑȞα ȖȚα ĲȠυȢ υȖȚİȓȢ ȝȐȡĲυȡİȢ, 

ȖİȖȠȞȩȢ πȠυ ȝİȚȫȞİȚ ĲȘȞ İυαȚıșȘıȓα ĲȘȢ ȝİȜȑĲȘȢ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ıȘȝαȞĲȚțȫȞ 

įȚαφȠȡȫȞ. ȆαȡȩȜα αυĲȐ, įİįȠȝȑȞȠυ ȩĲȚ Ș İπȚțȑȞĲȡȦıȘ ȒĲαȞ ıĲȘȞ παȡȠυıȓα Ȓ ȝȘ ĲȘȢ 

Γǻ ıĲȠυȢ αıșİȞİȓȢ, Ș ȑȜȜİȚȥȘ αυĲȫȞ ĲȦȞ įİįȠȝȑȞȦȞ įİȞ İπȘȡȑαıİ ıȘȝαȞĲȚțȐ Ĳα 

ıυȝπİȡȐıȝαĲα. ȉȡȓĲȠȞ, ȖȚα αȡțİĲȠȪȢ αıșİȞİȓȢ (13 απȩ ĲȠυȢ 61) įİȞ υπȒȡȤαȞ 

įȚαșȑıȚȝα απİȚțȠȞȚıĲȚțȐ įİįȠȝȑȞα, ĲȠ ȠπȠȓȠ İπȘȡȑαıİ ĲȘȞ ȚıȤȪ ĲȘȢ ȝİȜȑĲȘȢ. ǼπȓıȘȢ, 

ȠȚ απİȚțȠȞȓıİȚȢ, αȞ țαȚ ĲȘȡȠȪıαȞ ĲȚȢ αυıĲȘȡȑȢ πȡȠįȚαȖȡαφȑȢ πȠȚȩĲȘĲαȢ țαȚ 

πȡȦĲȠțȩȜȜȠυ, πȡαȖȝαĲȠπȠȚȒșȘțαȞ ıİ įȚαφȠȡİĲȚțȐ įȚαȖȞȦıĲȚțȐ țȑȞĲȡα, ȖİȖȠȞȩȢ πȠυ 

ȝπȠȡİȓ Ȟα İπȘȡȑαıİ ĲȘȞ ȝİĲαȕȜȘĲȩĲȘĲα ĲȦȞ πȠıȠĲȚțȫȞ įİįȠȝȑȞȦȞ țαȚ ĲȘȞ ȚıȤȪ ĲȘȢ 

ȝİȜȑĲȘȢ. ȉȑȜȠȢ, ȩıȠ αφȠȡȐ ĲȠ ȞİυȡȠφυıȚȠȜȠȖȚțȩ ȑȜİȖȤȠ, αȞ țαȚ πȡαȖȝαĲȠπȠȚȒșȘțİ 

ĲȘȞ ȓįȚα ȫȡα țαȚ ıĲȠȞ ȓįȚȠ ȤȫȡȠ ıİ ȩȜȠυȢ ĲȠυȢ ıυȝȝİĲȑȤȠȞĲİȢ, πȐȞĲα șα ȝπȠȡȠȪıαȞ 

Ȟα υπȐȡȤȠυȞ țȡυφȠȓ ıυȖȤυĲȚțȠȓ παȡȐȖȠȞĲİȢ πȠυ İπȘȡȑαȗαȞ ĲȚȢ ȝİĲȡȒıİȚȢ. ΓȚα ĲȠȞ 

ȑȜİȖȤȠ πȚșαȞȫȞ ıυȖȤυĲȚțȫȞ İπȚįȡȐıİȦȞ ȑȖȚȞİ İțĲȓȝȘıȘ ĲȘȢ țȩπȦıȘȢ țαȚ ĲȘȢ 

ȥυȤȠȜȠȖȚțȒȢ țαĲȐıĲαıȘȢ ȩȜȦȞ ĲȦȞ İȟİĲαıșȑȞĲȦȞ. ȈȘȝİȚȫȞİĲαȚ İπȓıȘȢ, ȩĲȚ υπȒȡȤαȞ 

ȚıȐȡȚșȝȠȚ αȡȚıĲİȡȩȤİȚȡİȢ ıĲȘȞ ȠȝȐįα ĲȦȞ αıșİȞȫȞ (ȃ=3) țαȚ ıĲȘȞ ȠȝȐįα ĲȦȞ 

υȖİȚȫȞ (ȃ=2). ǼπȓıȘȢ, 34 αıșİȞİȓȢ İȓȤαȞ ȚıĲȠȡȚțȩ ȠπĲȚțȒȢ ȞİυȡȓĲȚįα, αȜȜȐ ȝȩȜȚȢ 13 

İȓȤαȞ υπȠȜİȚπȩȝİȞȘ ȝİȓȦıȘ ĲȘȢ ȠπĲȚțȒȢ ȠȟȪĲȘĲαȢ ıİ ȩȡȚα πȠυ ĲȠυȢ İπȑĲȡİπαȞ Ȟα 

İȟİĲαıĲȠȪȞ, αȞ țαȚ Ș ȠπĲȚțȒ ȠȟȪĲȘĲα įİȞ φαȓȞİĲαȚ Ȟα İπȘȡİȐȗİȚ ĲȘȞ παȡαȖȦȖȒ ĲȦȞ 

ȠπĲȚțȫȞ πȡȠțȜȘĲȫȞ įυȞαȝȚțȫȞ ȇ300 (184).  

ȈυȝπİȡαıȝαĲȚțȐ, Ș παȡȠȪıα ȝİȜȑĲȘ ȑįİȚȟİ ȩĲȚ Ș ȖȞȦıĲȚțȒ ȞİυȡȠφυıȚȠȜȠȖȚțȒ 

İȟȑĲαıȘ ȝπȠȡİȓ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ απȠĲİȜİıȝαĲȚțȐ, ȩπȦȢ țαȚ Ƞ țȜȚȞȚțȩȢ 

ȞİυȡȠȥυȤȠȜȠȖȚțȩȢ ȑȜİȖȤȠȢ, ȖȚα ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ Γǻ ıĲȘ ȈțȆ. ǼπȚπȜȑȠȞ, Ș 

αȟȚȠȜȩȖȘıȘ ȞȑȦȞ İȚįȚțȫȞ αȞαĲȠȝȚțȫȞ MRI įİȚțĲȫȞ ıυȞįυαȗȩȝİȞȘ ȝİ ĲȚȢ 

ȜİȚĲȠυȡȖȚțȑȢ İȖțİφαȜȚțȑȢ įȠțȚȝαıȓİȢ ĲȦȞ πȡȠțȜȘĲȫȞ įυȞαȝȚțȫȞ İπȚĲȡȑπİȚ ĲȘȞ 

πȜȘȡȑıĲİȡȘ țȜȚȞȚțȒ ȖȞȦıĲȚțȒ İțĲȓȝȘıȘ ĲȠυ αıșİȞȠȪȢ. ȈĲȠ ȝȑȜȜȠȞ, Ƞ ıυȞįυαıȝȩȢ 
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αυĲȫȞ ĲȦȞ İȟİĲȐıİȦȞ αȞαȝȑȞİĲαȚ Ȟα įȚαįȡαȝαĲȓıİȚ ıȘȝαȞĲȚțȩ ȡȩȜȠ ıĲȘȞ țȜȚȞȚțȒ 

ȑȡİυȞα ĲȘȢ ȞȩıȠυ țαȚ ıĲȘȞ παȡαțȠȜȠȪșȘıȘ ĲȦȞ αıșİȞȫȞ απȩ ĲȠȞ țȜȚȞȚțȩ ȞİυȡȠȜȩȖȠ.    
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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 6 10.5

years old, 41 women, disease duration 139.7 6 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

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)

Cognitive impairment (CI) in multiple sclerosis (MS) is

reported in 26% to 56% of patients.1 Cognitive impairment

is apparent in the early stages of MS and worsens with disease

progression.2 The cognitive components mostly affected are

information processing speed, working memory, complex

attention, executive functions, verbal fluency and verbal and

visuospatial learning, and memory.2 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.2

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.1 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,

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 CI.3–8 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.9 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.9,10 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.10 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.10,11 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.11

The role of the cholinergic system in the frontal focal goal-

directed attention/working memory has also been highlighted12

and strongly advocated by studies showing abnormal P300

responses in patients with Alzheimer disease.13

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.14–21 Importantly, these

P300 changes are independent of isolated physical disabilities, such

as optic neuritis, indicating the ability of ERP to reflect “covert”

cognitive processing.14 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),15,20,22

although they can be detected even in patients with benign MS23,24

or clinically isolated syndrome.25 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.26–28

Few studies have explored the association between P300

response and MRI findings in MS. In the most recent one,

Kimiskidis et al.17 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.,14 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.21,29 However, in a study by Sailer et al.,30 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

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.32

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 II

(CVLT-II), and the Brief Visuospatial Memory TestdRevised

(BVMT-R).33 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.33 The tool has been also

validated in Greece.34 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 ¼

did not apply to me at all to 3 ¼ 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 ¼ 0 and

maximum score ¼ 42). Higher scores indicate higher level of

depression, anxiety, or stress. The scale has been adapted in the

Greek population.35 In our study, internal consistency was

acceptable (Cronbach a: stress ¼ 0.84, anxiety ¼ 0.79, and

depression ¼ 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 ¼ no fatigue to 10 ¼ very

much fatigue). Scores were derived by measuring the distance

(in mm) from 0 to the point indicated. Visual analogue scales for

fatigue have been previously found reliable in MS patients.36

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.9 Frequent

visual stimuli were white–black 8 · F8 checkerboards (16 ·

24 mm), and rare stimuli were red–black 8 · 8 checkerboards

(16 · 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, A1,

A2) affixed with paste were placed on the scalp using the

international 10/20 system. Impedance was kept less than 5 KU.

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 650 mV. 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 mV). 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

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.37–40 Third ventricle volume

(in mm3) 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 6 10.5 (21–67) 38.7 6 9.2 (20–57) 0.12*

Women 41 (70.7) 41 (80.4) 0.34†

Tertiary education 44 (75.9) 47 (92.2) 0.04†

Disease durations

(months)

139.7 6 84.9 (16–324) – –

Number of relapses

from onset

7 6 8 (1–44) – –

EDSS 2.2 6 1.8 (0–6) – –

Immunomodulatory

treatment

48 (82.8) – –

Symptomatic drugs 23 (39.7) – –

Values in the table represent mean values 6 SDs (minimum–maximum) and

absolute and relative frequencies (%) within each study group.

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

*Student t-test.

†Chi-square test (Yates correction).

EDSS, Expanded Disability Status Scale; HCs, healthy controls; RRMS, relapsing–

remitting multiple sclerosis.

P300 and MRI Markers in Multiple Sclerosis A. K. Artemiadis, et al.

Copyright � by the American Clinical Neurophysiology Society. Unauthorized reproduction of this article is prohibited.

clinicalneurophys.com Journal of Clinical Neurophysiology Volume 0, Number 0, Month 2018 3

https://mipav.cit.nih.gov/
https://mipav.cit.nih.gov/


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 ¼ third ventricle volume/TSD and NTVW ¼ 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 ¼ 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 ¼ 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 .41 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.42 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.43

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.44 For

regional brain volume calculations, we used FMRIB’s FIRST

software, a model-based segmentation/registration tool.45 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 T1-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.lww.com/JCNP/A28) present the main demo-

graphic and clinical data of our sample along with group

comparisons. Group comparisons were made using Student t-test

for numerical data and x2 test (with Yates correction for 2 · 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 ¼ 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 · 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.

lww.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 (mV) 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 6 4.44 9.4 6 3.11 0.01

P300 latency 345.31 6 39.42 310.87 6 16.6 0.001

Fz P300 amplitude 7.45 6 4.49 9.95 6 3.52 0.02

Fz P300 latency 347.08 6 40.75 311.24 6 16.36 0.001

Cz P300 amplitude 7.33 6 4.79 9.91 6 3.5 0.007

Cz P300 latency 345.19 6 39.45 310.94 6 16.66 0.001

Pz P300 amplitude 5.45 6 4.57 8.33 6 3.4 0.026

Pz P300 latency 343.67 6 38.91 310.43 6 17.15 0.001

Reaction time (ms) 395.24 6 54.89 355.52 6 28.65 0.02

Values in the table represent observed mean vlaues 6 SDs.

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

*Analysis of covariance with group, education and group · education interaction as

independent covariates.

HCs, healthy controls; RRMS, relapsing–remitting multiple sclerosis.
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(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 R2 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 · MRI parameter (see Table S5, Supplemental

Digital Content 5, http://links.lww.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 ¼ 0.04) (Table 1). With

regards to clinical characteristics, RRMS patients suffered from

the disease approximately 11 years (mean ¼ 139.7 months) and

had mild-to-moderate disability (median Expanded Disability

Status Scale ¼ 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 ¼ 40) Abnormal P300 Amplitude (N ¼ 18) P*

NGMV 660.95 6 125.48 586.21 6 96.75 0.021

NPGMV 516.75 6 103.08 458.28 6 91.52 0.021

Values in the table represent mean values 6 SDs.

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

*Mann–Whitney U test.

NGMV, normalized gray matter volume; NPGMV, normalized peripheral gray matter volume.

TABLE 3. Cognitive Score Differences Between 58 Relapsing–Remitting Multiple Sclerosis Patients (19 With and 39 Without Abnormal

P300) and 51 Healthy Controls

HCs RRMS RRMS, Normal P300 RRMS, Abnormal P300 P*,†

SDMT 60 6 10.1 46.3 6 15 47.16 6 15.4 45.9 6 14.9 a. 0.004

b. 0.007

c. ,0.0001

d. 0.896

CVLT-II 65.5 6 7.3 57.4 6 13 60.8 6 10.7 55.7 6 13.8 a. 0.136

b. 0.601

c. 0.001

d. 0.193

BVMT-R 30.6 6 5.2 23.7 6 8.4 28.7 6 5.6 21.3 6 8.5 a. 0.035

b. 0.808

c. ,0.0001

d. 0.001

Total cognitive score 0.44 6 0.58 20.46 6 0.99 20.08 6 0.76 20.64 6 1.04 a. 0.01

b. 0.151

c. ,0.0001

d. 0.029

Values in the table represent means 6 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.

†Analysis of covariance with group, education and group · education interaction as independent covariates. Sidak post-hoc test was used for b, c, and d comparisons.

BVMT-R, Brief Visuospatial Memory TestdRevised; CVLT-II, California Verbal Learning Test II; HCs, healthy controls; RRMS, relapsing–remitting multiple sclerosis; SDMT,

symbol digit modality test.
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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

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 6 0.13,

women: 1.36 6 0.24, P ¼ 0.005). Results showed a significant

scaling factor · NFHW interaction (DR2 ¼ 0.229, standardized

beta ¼ 24.4, P ¼ 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.14–21 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.14,15,29,46 In 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.10,11

We also found that there were significantly more RRMS

patients with abnormal P300 unemployed compared with HCs,

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) (R2 %) Stage 2 (sbeta; R2 Change %) Total R2 % P

Fz amplitude 2.7 NFHW (20.362; 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 (20.342; 8.8) 10.8 0.05

P300 amplitude 2.4 NBV (0.330; 9.5) 11.9 0.047

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

NBV, normalized brain volume; NFHW, normalized frontal horn width; sbeta, standardized beta.
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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.2 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.20,25,27,47 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.48

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.10,11,49 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.50

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.51 However, because MS is mainly a white

matter disease, SDMT is particularly potent at distinguishing MS

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.17 In

another longitudinal study by Piras et al.,14 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

crude MRI assessments (e.g., Vanderbilt grading system and

Ormerod method), thus no direct comparison can be made.21,29

It should be noted that in this study, P300 amplitude was

calculated by the N200–P300 peak-to-peak distance in mV 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.10,11 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.10,11 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.14

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.52,53

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.54

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.9,55

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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A B S T R A C T

Background: Cognitive impairment (CI) has been associated with numerous magnetic resonance imaging (MRI)
indices in multiple sclerosis (MS) patients. In this study we investigated the association of a large set of 2D and
3D MRI markers with cognitive function in MS.
Methods: A sample of 61 RRMS patients (mean age 41.8±10.6 years old, 44 women, mean disease duration
137.9±83.9 months) along with 51 age and gender matched healthy controls was used in this cross-sectional
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;
Sánchez 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 90 s. 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 10 s 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)

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 0 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 mm3) 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 2×2 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×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-1a (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
HCs, irrespective of CI (Table 3). Also CI patients were significantly

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 (R2 change = 5.1%, p = .042), CVLT-II score was
significantly predicted by LV (R2 change = 6.1%, p = .05), CCI (R2

change = 8.6%, p = .022) and NFHW (R2 change = 7.5%, p = .031),
BVMT-R score was significantly predicted by NTVW (R2 change =
5.9%, p = .046) and the total cognitive score was significantly pre-
dicted by LV (R2 change = 7.1%, p = .026) and CCI (R2 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-
II 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;

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 0.11a

(21–67) (20–57)
Women 44 (72.1) 41 (80.4) 0.43b

Tertiary education 46 (75.4) 47 (92.2) 0.036b

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.
a Student's t-test.
b Chi-square test (Yates correction).
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Sánchez 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
25.5 ml, p = .01). In our study, the mean difference between CI and
non-CI patients was larger (mean difference 35.52ml) 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 44ml in this study, mean difference for
GMV 45ml against 12ml 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

Table 2

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 valuea,b

SDMT 60±10.1 46.6± 15.3 53.3±12.6 38.1±14.3 a. 0.003*
b. 0.05*
c. <0.0001*
d. <0.0001*

CVLT-II 65.5± 7.3 57.6± 12.8 64.5±8.2 49±12.5 a. 0.134
b. 0.997
c. <0.0001*
d. <0.0001*

BVMT-R 30.6± 5.2 23.7± 8.34 28.6±5.1 17.5±7.7 a. 0.025*
b. 0.498
c. <0.0001*
d. <0.0001*

Total Cognitive Score 0.44± 0.58 −0.45± 0.99 −0.16± 0.59 −1.22± 0.85 a. 0.008*
b. 0.277
c. <0.0001*
d. <0.0001*

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.
a 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×education interaction as independent covariates. Sidak's post-hoc test was used for b, c, d comparisons.
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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.

Table 3

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 valuea

Age (years) 38.7± 9.2 41.8±10.6 39.8±10.4 44.3± 10.6 a. 0.106c

b. 0.611c

c. 0.034*,d

d. 0.098d

Women 41, (80.4) 44, (72.1) 23, (67.6) 21, (77.8) a. 0.426b

b. 0.281b

c. 1.0b

d. 0.556b

Tertiary Education 47, (92.2) 46, (75.4) 28, (82.4) 18, (66.7) a. 0.036*,b

b. 0.303b

c. 0.011**,b

d. 0.265b

Employed 44, (86.3) 33, (54.1) 20, (58.8) 13, (48.1) a. 0.001**,b

b. 0.009**,b

c. 0.001**,b

d. 0.567b

Disease duration (months) – 137.9± 83.9 122.9± 80.8 156.8± 85.4 d. 0.096d

Relapses from disease onset – 7.2± 8.3 4.4± 4.5 10.7± 10.4 d. 0.002**,d

EDSS – 2.2± 1.9 1.6± 1.6 3± 2 d. 0.006**,d

Immunomodulatory treatment – 50, (82) 28, (82.4) 22, (81.5) d. 1.0b

Symptomatic treatment – 24, (39.3) 5, (14.7) 19, (70.4) d.<0.0001**,b

Physical fatigue (mm) 50.6± 26.3 50.7±26.3 41.3±24.4 62.5± 24.2 a. 0.984c

b. 0.105c

c. 0.033*d

d. 0.003**d

Cognitive fatigue (mm) 40.5± 25.9 33.4±25.3 30.2±24.7 37.4± 26 a. 0.143c

b. 0.07c

c. 0.475d

d. 0.213d

Mental Fatigue (mm) 46.6± 25.3 44.3±31.5 37.4±32.3 53± 28.9 a. 0.674c

b. 0.166c

c. 0.436d

d. 0.044*,d

Stress 10.8± 7.7 13.1±8.7 10.4±6.6 16.7± 9.9 a. 0.144c

b. 0.789c

c. 0.01**,d

d. 0.012**d

Anxiety 4.4± 5.7 6.5± 7.2 4.5± 5.4 9.2±8.5 a. 0.087c

b. 0.929c

c. 0.002**,d

d. 0.01**,d

Depression 5.9± 6.6 8.9± 9 6±7.1 12.6± 10 a. 0.051c

b. 0.959c

c. 0.001**,d

d. 0.003**,d

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.
a 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.
c Student's t-test.
d Mann-Whitney U test.

* p≤.05.

** p≤.017 (Bonferroni correction for 3 comparisons: b, c and d).
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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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