
Diagnostic investigation

Electrocardiogram (ECG)

^ää=é~íáÉåíë=~ííÉåÇáåÖ==íÜÉ=Ñáêëí=ëÉáòìêÉ=ÅäáåáÅ=çê=íÜÉ=ÉéáäÉéëó=ÅäáåáÅ=ëÜçìäÇ
Ü~îÉ=~í=äÉ~ëí=çåÉ=b`dK=pçãÉ=ëíìÇáÉë=ïçìäÇ=ëìÖÖÉëí=íÜ~í=OMB=çÑ=é~íáÉåíë
ïáíÜ= êÉÑê~Åíçêó=ÉéáäÉéëó=ã~ó=Ü~îÉ=~=ÅçåíêáÄìíáçå= Ñêçã=Å~êÇá~Å=éêçÄäÉãëK
^äëçI= Å~êÇá~Å= éêçÄäÉãë= ëìÅÜ= ~ë=nq=éêçäçåÖ~íáçå=ã~ó= ÄÉ= ~= ëÉêáçìë= Äìí
íêÉ~í~ÄäÉ=Å~ìëÉ=çÑ=Åçää~éëÉK

EEG - role in classification 

fí= áë=~=ãóíÜ= äçåÖJÜÉäÇ=Äó=ÄçíÜ= íÜÉ=ãÉÇáÅ~ä=éêçÑÉëëáçå=~åÇ=íÜÉ=ÖÉåÉê~ä
éìÄäáÅ=íÜ~í=ÉäÉÅíêçJÉåÅÉéÜ~äçÖê~éÜó=áë=~=ìëÉÑìä=Çá~ÖåçëíáÅ=íÉëí=Ñçê=ÉéáäÉéëóK
få=Ñ~ÅíI=íÜÉêÉ=~êÉ=ÑÉï=íÜáåÖë=ãçêÉ=äáâÉäó=íç=ÅäçìÇ=~å=ìåÅÉêí~áå=Çá~ÖåçëíáÅ
éáÅíìêÉ=íÜ~å=~å=ìåï~êê~åíÉÇ=bbdK=

j~åó= é~íáÉåíë= ïáíÜ= ÉéáäÉéëó= ïáää= Ü~îÉ= ~= ÅçãéäÉíÉäó= åçêã~ä= bbd= áå
ÄÉíïÉÉå= ~íí~Åâë= J= ÉîÉå= íÜçëÉ=ïáíÜ= ~= êÉÅçÖåáëÉÇ= ÖÉåÉê~äáëÉÇ= ëóåÇêçãÉ
ëìÅÜ= ~ë= àìîÉåáäÉ= ãóçÅäçåáÅ= ÉéáäÉéëó= ïáää= çåäó= ÉñÜáÄáí= ÖÉåÉê~äáëÉÇ
ÇáëÅÜ~êÖÉë= áå= ~êçìåÇ= RMB= çÑ= Å~ëÉëK= `çåîÉêëÉäóI= íÜÉ= bbd= ïáää= ÄÉ
~Äåçêã~ä=áå=~=ëáòÉ~ÄäÉ=ãáåçêáíó=çÑ=íÜçëÉ=ïÜç=Çç=åçí=Ü~îÉ=ÉéáäÉéëóI=ëç=Ñ~äëÉ
éçëáíáîÉ= êÉëìäíë=ïáää= ÅçåÑìëÉ= íÜÉ=ã~å~ÖÉãÉåí= çÑ= íÜçëÉ=ïÜç= Ü~îÉ= Ü~Ç= ~
êçìíáåÉ= bbd= Ñçê= Çá~ÖåçëíáÅ= êÉ~ëçåëK= få= íÜáë= ëÉÅíáçå=ïÉ=ïáää= ÇáëÅìëë= íÜÉ
bbdI= áíë= ÄÉåÉÑáíë= ~åÇ= éçíÉåíá~ä= Ñ~áäáåÖëI= ~åÇ= ï~óë= íç= ÉåÜ~åÅÉ= áíë
ìëÉÑìäåÉëëK=

bäÉÅíêçJÉåÅÉéÜ~äçÖê~éÜó= áë= ~= ãÉíÜçÇ= çÑ= ëíìÇóáåÖ= ÅçêíáÅ~ä= ÉäÉÅíêáÅ~ä
~Åíáîáíó=Äó=~ééäáÅ~íáçå=çÑ=~=åìãÄÉê=çÑ=äÉ~Çë=íç=íÜÉ=ëÅ~äéK=qÜÉëÉ=ÉäÉÅíêçÇÉë
~êÉ= ëé~ÅÉÇ= çìí= çîÉê= íÜÉ= ëâìääI= ~ääçïáåÖ= ~å= ~ëëÉëëãÉåí= çÑ=ïÜÉêÉ= áå= íÜÉ
Äê~áå=~åó=~Åíáîáíó=áë=ÖêÉ~íÉëíK=fåáíá~ääóI=íÜÉ=é~íáÉåí=ïáää=Ü~îÉ=êÉÅçêÇáåÖ=ÇçåÉ
ïÜáäÉ=ëáííáåÖ=êÉëíÉÇ=~åÇ=~ääçïÉÇ=íç=ÄÉÅçãÉ=ÇêçïëóK=

pçãÉ= ~Åíáî~íáçå= éêçÅÉÇìêÉë= ~êÉ= Å~êêáÉÇ= çìí= ïÜÉêÉÄó= íÜÉ= é~íáÉåí= áë
~ëâÉÇ=íç=ÜóéÉêîÉåíáä~íÉI=êÉÇìÅáåÖ=`lO äÉîÉäë=~åÇ=ÉåÜ~åÅáåÖ=íÜÉ=íÉåÇÉåÅó
Ñçê=ÄçíÜ=ÑçÅ~ä=~åÇ=ÖÉåÉê~äáëÉÇ=ÇáëÅÜ~êÖÉë=íç=~ééÉ~ê=EcáÖìêÉë=N=~åÇ=OFK=
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mÜçíáÅ=ëíáãìä~íáçå=ïáää=çÑíÉå=ÄÉ=Å~êêáÉÇ=çìíI=ïÜÉêÉ=íÜÉ=é~íáÉåí=áë=~ëâÉÇ
íç=äççâ=~í=~=ëíêçÄçëÅçéáÅ=äáÖÜí=~í=î~êóáåÖ=ÑêÉèìÉåÅáÉë=ïáíÜ=ÉóÉë=çéÉå=~åÇ
ÅäçëÉÇK= qÜáë= ïáää= Ü~îÉ= åç= ÉÑÑÉÅí= çå= ÑçÅ~ä= ÇáëÅÜ~êÖÉëI= Äìí= ïáää= ÉåÜ~åÅÉ
ÖÉåÉê~äáëÉÇ=ÉéáäÉéíáÑçêã=ÇáëÅÜ~êÖÉëK=

^ë=Å~å=ÄÉ=ëÉÉå= áå=q~ÄäÉ=PI= íÜÉ=bbd= áë=åÉáíÜÉê=~=ëÉåëáíáîÉ= íÉëíI=åçê=~
ëéÉÅáÑáÅ= çåÉK= qÜÉ= êçäÉ= çÑ= íÜÉ= êçìíáåÉ= bbd= áë= áå= Åä~ëëáÑóáåÖ= ÉéáäÉéëóI= áKÉK
ÇÉíÉêãáåáåÖ= áÑ= áí= áë= çÑ= ÖÉåÉê~äáëÉÇ= çê= é~êíá~ä= çêáÖáåK= páåÅÉ= ~åóçåÉ= ïáíÜ
ÖÉåÉê~äáëÉÇ=ÉéáäÉéëó=ïáää= éêÉëÉåí=~í= ~= êÉä~íáîÉäó= óçìåÖ=~ÖÉI= êçìíáåÉ=bbd
ëÜçìäÇ=çåäó=ÄÉ=êÉèìÉëíÉÇ= áå=~=é~íáÉåí=ïáíÜ=ÇÉÑáåáíÉ=ëÉáòìêÉë=ÄÉÖáååáåÖ=~í
äÉëë=íÜ~å=PR=óÉ~êë=çÑ=~ÖÉK=

^åóçåÉ= ïÜç= ÇçìÄíë= íÜáë= ëÜçìäÇ= ëÉÉ= íÜÉ= ÅçåÑìëáçå= ~åÇ= ìåÅÉêí~áåíó
Å~ìëÉÇ= ïÜÉå= ~= êçìíáåÉ= bbd= íÜêçïë= ìé= ëçãÉ= åçåJëéÉÅáÑáÅ= ëäçï= ï~îÉ
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Figure 1 bbd=ëÜçïáåÖ=ÖÉåÉê~äáëÉÇ=ÉéáäÉéíáÅ=ÇáëÅÜ~êÖÉëK
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Figure 2 ~F=bbd=ëÜçïáåÖ=êáÖÜíJëáÇÉÇ=ÑçÅ~ä=ÉéáäÉéíáÑçêã=ÇáëÅÜ~êÖÉë=EëÉÉå
çå= ÉîÉå= åìãÄÉêÉÇ= äÉ~ÇëFX= ÄF= qÜÉ= ë~ãÉ= é~íáÉåí= ~ë= áå= íÜÉ= íçé= íê~ÅáåÖW
ëÜçïáåÖ=~=ÄìáäÇ=ìé=çÑ=bbd=ÇáëÅÜ~êÖÉë=ÉîçäîáåÖ=áåíç=~=ëÉáòìêÉK

a

b
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Figure 2 continued ÅF= qÜÉ= é~íáÉåí= ëÜçïáåÖ= ëçãÉ= êáÖÜíJëáÇÉÇ= éÜ~ëÉ
êÉîÉêë~äë=E~=ëáÖå=çÑ=ÑçÅ~ä=ÉéáäÉéíáÑçêã=~ÅíáîáíóFX=ÇF=péáâÉ=~åÇ=ëäçï=ï~îÉë=~êÉ
ëÉÉå=çîÉê=íÜÉ=êáÖÜí=Ñêçåí~ä=êÉÖáçå=EíÜÉ=ë~ãÉ=é~íáÉåí=~ë=áå=íÜÉ=íçé=íê~ÅáåÖFK

c

d



ÅÜ~åÖÉë= Eçê= ÉîÉå= ëçJÅ~ääÉÇ= ÚÉéáäÉéíáÑçêã= ~Äåçêã~äáíáÉëÛ>F= áå= ~= óçìåÖ= Öáêä
ïÜç=Ü~ë=ÅäÉ~êäó=Ñ~áåíÉÇK=qÜÉ=ÅäáåáÅá~å=Ü~ëI=ïáíÜ=ÖççÇ=áåíÉåíáçåëI=êÉèìÉëíÉÇ
~å= bbd= “àìëí= íç= ÄÉ= ëìêÉÒK= qÜÉ= êÉíìêå= îáëáí= íÜÉå= Éåí~áäë= ~= äçí= çÑ= ÜÉ~Ç
ëÅê~íÅÜáåÖ=ÑçääçïÉÇ=áå=íÜÉ=ïçêëí=Å~ëÉ=Äó=ìëÉ=çÑ=~å=~åíáJÉéáäÉéíáÅ=ÇêìÖ=~åÇ
ÉêêçåÉçìë=~ééäáÅ~íáçå=çÑ= äáÑÉëíóäÉ=ÅÜ~åÖÉëK= få=ÅçìåíêáÉë=ïÜÉêÉ=íÜÉ=ÜÉ~äíÜ
Å~êÉ=ëóëíÉã=ãÉ~åë=íÜÉêÉ=ã~ó=ÄÉ=~=Ñáå~åÅá~ä=Ö~áå=Ñçê=íÜÉ=ÇçÅíçê=íç=êÉèìÉëí
~åÇ=êÉéçêí=íÜÉ=bbdI=áí=Å~å=ÄÉ=ëÉÉå=íÜ~í=íÜáë=áåÅÉåíáîÉ=ã~ó=áåÅêÉ~ëÉ=ìëÉ=çÑ
íÜÉ=bbdK=

Increasing the usefulness of the EEG
tÜÉêÉ=Åä~ëëáÑáÅ~íáçå=çê=Çá~Öåçëáë=çÑ=ÉéáäÉéëó=áë=ÇáÑÑáÅìäí=çê=ÉäìëáîÉI=íÜÉ

bbd=Å~å=ÄÉ=ÜÉäéÑìäK=táíÜ=ãçÇáÑáÅ~íáçåI=íÜÉ=bbdÛë=ìíáäáíó=Å~å=ÄÉ=ÉåÜ~åÅÉÇ
Äó=êÉÅçêÇáåÖ=~å=~íí~ÅâK=qÜáë=~ééêç~ÅÜ=Å~å=ÜÉäé=ÇáëíáåÖìáëÜ=ÉéáäÉéëó=Ñêçã
åçåJÉéáäÉéëó=~åÇ=~äëç=ÜÉäé=Åä~êáÑó=íÜÉ=Éñ~Åí=~êÉ~=çÑ=çåëÉíI=ïÜáÅÜ=ã~ó=ÄÉ
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Table 3 qÜÉ=bbd=áå=ÇáÑÑÉêÉåí=ÅäáåáÅ~ä=ëáíì~íáçåëK

oçìíáåÉ=bbd

päÉÉéJÇÉéêáîÉÇ

bbd

OQJÜçìê=bbd

dÉåÉê~äáëÉÇ=ÉéáäÉéëó

dÉåÉê~äáëÉÇ=ÇáëÅÜ~êÖÉë

~í=~ééêçñ=PeòI=çÑíÉå=ïáíÜ

Ñêçåí~ä=éêÉÇçãáå~åÅÉ

lÑíÉå=åçêã~ä=EÅáêÅ~=RMBF

båÜ~åÅÉÇ=óáÉäÇ=çÑ

ÖÉåÉê~äáëÉÇ=ÇáëÅÜ~êÖÉëI

ÉëéÉÅá~ääó=ÇìêáåÖ

ï~âÉåáåÖ

båÜ~åÅÉÇ=óáÉäÇ=çÑ

ÖÉåÉê~äáëÉÇ=ÇáëÅÜ~êÖÉëI

ÉëéÉÅá~ääó=ÇìêáåÖ

ï~âÉåáåÖ

m~êíá~ä=ÉéáäÉéëó

cçÅ~ä=ÅÜ~åÖÉë=ïáíÜ

ëéáâÉë=Ü~îáåÖ=ãçëí

Çá~ÖåçëíáÅ=ìëÉÑìäåÉëë

lÑíÉå=åçêã~ä=EÅáêÅ~=TMBF

båÜ~åÅÉÇ=óáÉäÇ=çÑ=ÑçÅ~ä

ëéáâáåÖ

içåÖÉê=êÉÅçêÇáåÖë

óáÉäÇáåÖ=ãçêÉ

~Äåçêã~äáíáÉë

kçí=ÉéáäÉéëó

rëì~ääó=åçêã~äI=çÅÅ~ëáçå~ä

ëÜçêíJäáîÉÇ=ÑçÅ~ä=ëäçï=ï~îÉ

ÅÜ~åÖÉë=

rëì~ääó=åçêã~ä=EÅáêÅ~=VRBF

rëì~ääó=åçêã~äI=Äìí=ëçãÉ

ÑçÅ~ä=ëäÉÉéJêÉä~íÉÇ

ÅÜ~åÖÉë=ã~ó=~ééÉ~ê

rëì~ääó=åçêã~äI=Äìí=ëíáää

êÉÅçÖåáëÉÇ=áåÅáÇÉåÅÉ=çÑ

~ëóããÉíêó
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îáí~ä= áåÑçêã~íáçå= áÑ= ëìêÖÉêó= áë= íç= ÄÉ= éä~ååÉÇK= qÜÉ= ÑçääçïáåÖ= Ñçìê= bbd
ãÉíÜçÇë=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ=áå=íÜÉëÉ=ÅáêÅìãëí~åÅÉëK

Short video EEG
aáÑÑÉêÉåíá~íáçå=çÑ=éëÉìÇçëÉáòìêÉë=Ñêçã=ÉéáäÉéëó=Å~å=ÄÉ=ã~ÇÉ=É~ëáÉê=áÑ

~=íóéáÅ~ä=~íí~Åâ=Å~å=ÄÉ=êÉÅçêÇÉÇK=pìÖÖÉëíáçå=íÉÅÜåáèìÉë=Å~å=ÄÉ=ìëÉÇ=Äó
íÜÉ=ëìéÉêîáëáåÖ=ÇçÅíçê=çê=íÉÅÜåáÅá~å=íç=ÉäáÅáí=íóéáÅ~ä=ÅäáåáÅ~ä=ÑÉ~íìêÉëK=rëÉ
çÑ=îáÇÉç=êÉÅçêÇáåÖ=ïáää=~ääçï=íÜÉ=é~íáÉåí=~åÇ=ÉóÉ=ïáíåÉëë=ï~óë=íç=íêó=~åÇ
êÉÅçêÇ=~å=~íí~ÅâI= ~åÇ=Å~å=ÄÉ=ÜÉäéÑìä= áå=ÇÉãçåëíê~íáåÖ= íÜ~í= íÜêçìÖÜçìí
íÜáë=éêçîçâÉÇ=ÉîÉåí=íÜÉêÉ=~êÉ=åç=ÉéáäÉéíáÑçêã=ÇáëÅÜ~êÖÉë=åçíÉÇK=

24-hour EEG
^ãÄìä~íçêó=bbd=Å~å=êÉÅçêÇ=Åçåíáåìçìë=bbd=~Åíáîáíó=çîÉê=NJO=Ç~óë=~í

~= íáãÉK= qÜÉ=é~íáÉåí=ã~ó= âÉÉé=Çá~êó= ~ÅÅçìåíë= çÑ= ~åó= ëÉáòìêÉ= ~Åíáîáíó= íç
~ääçï=ÅçêêÉä~íáçå=çÑ=ÅäáåáÅ~ä=~åÇ=ÉäÉÅíêáÅ~ä=ÉîÉåíëK=qÜÉ=éÉêáçÇ=áããÉÇá~íÉäó
çå=~ï~âÉåáåÖ=ïáää=ÄÉ=íÜÉ=ãçëí=äáâÉäó=íç=éêçÇìÅÉ=ÖÉåÉê~äáëÉÇ=ÉéáäÉéíáÑçêã
ÇáëÅÜ~êÖÉëK=

Video telemetry 
cçê=ëçãÉ=é~íáÉåíë=ìåÇÉêÖçáåÖ=ÅçåëáÇÉê~íáçå=çÑ=ëìêÖÉêóI=çê=Ñçê=íÜçëÉ

ïÜÉêÉ= íÜÉó= ã~ó= ÄÉ= ìå~ÄäÉ= íç= âÉÉé= ~= êÉäá~ÄäÉ= Çá~êó= çÑ= íÜÉáê= ÉîÉåíëI
~Çãáëëáçå= Ñçê= îáÇÉç=ãçåáíçêáåÖ= áë= àìëíáÑáÉÇK= qÜÉëÉ= éìêéçëÉJÄìáäí= ëìáíÉë
Ü~îÉ= Å~ãÉê~= Ñ~ÅáäáíáÉë= ~åÇ= íÜÉ= é~íáÉåí= êÉã~áåë= áå= íÜÉ= êççã= Ñçê= íÜÉ
Çìê~íáçå=çÑ=íÜÉáê=ëí~óI=Ü~îáåÖ=íÜÉ=bbd=ÅçêêÉä~íÉÇ=ïáíÜ=íÜÉ=ÅäáåáÅ~ä=ëí~íìëK=

Intracranial monitoring
tÜÉêÉ=íÜÉêÉ=áë=ÇçìÄí=~Äçìí=íÜÉ=çêáÖáå=çÑ=~íí~ÅâëI=~åÇ=ïÜÉêÉ=áã~ÖáåÖ

ëÜçïë=ÉáíÜÉê=åç=äÉëáçå=çê=ãìäíáéäÉ=äÉëáçåëI=íÜÉ=ÅÉêí~áåíó=çÑ=çêáÖáå=Å~å=ÄÉ
ÉåÜ~åÅÉÇ=ïáíÜ= éä~ÅÉãÉåí= çÑ= áåíê~Åê~åá~ä= ÉäÉÅíêçÇÉë= ÉáíÜÉê= áå= ÖêáÇ= Ñçêã
äóáåÖ=~Åêçëë= íÜÉ=ÅçêíáÅ~ä= ëìêÑ~ÅÉI=çê=ÇÉéíÜ=ÉäÉÅíêçÇÉë=ïáíÜ= áåëÉêíáçå=çÑ
äçåÖ=íìÄÉë=áåíç=ÅçêíáÅ~ä=íáëëìÉK=lÄîáçìëäóI=íÜáë=áåîçäîÉë=~å~ÉëíÜÉëá~=~åÇ
~=ëã~ää=çéÉê~íáîÉ=êáëâI=ëç=íÜáë=ïáää=çåäó=ÄÉ=ÅçåëáÇÉêÉÇ=ïÜÉêÉ=ëÉáòìêÉë=~êÉ
ÑêÉèìÉåí=ÉåçìÖÜ=~åÇ=ëÉîÉêÉ=ÉåçìÖÜ= íç= àìëíáÑó=ÉéáäÉéëó=ëìêÖÉêóI=ëÜçìäÇ
íÜÉ=êÉëìäíë=éêçîÉ=ÅçåÅäìëáîÉK=
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Neuro-imaging in epilepsy

kÉìêçJáã~ÖáåÖ=áë=ÅÉåíê~ä=íç=íÜÉ=Éî~äì~íáçå=çÑ=é~íáÉåíë=ïáíÜ=ÉéáäÉéëó=~åÇ
~ë=~Çî~åÅÉë= áå= áã~ÖáåÖ=íÉÅÜåáèìÉë=~êÉ=ã~ÇÉI=ïÉ=Ö~áå=ãçêÉ=âåçïäÉÇÖÉ
~Äçìí=íÜÉ=ìåÇÉêäóáåÖ=é~íÜçäçÖó=~åÇ=éçíÉåíá~ä=çéÉê~íáîÉ=çéíáçåëK=

qÜÉ=ÅäáåáÅ~ä=ìëÉ=çÑ=uJê~ó= íÉÅÜåçäçÖáÉë=ëìÅÜ=~ë=ÅçãéìíÉÇ= íçãçÖê~éÜó
E`qF=Ü~ë=ÇáãáåáëÜÉÇ=ÖêÉ~íäó=ÇìÉ=íç=íÜÉ=áåÅêÉ~ëÉÇ=ëìéÉêáçê=ëÉåëáíáîáíó=~åÇ
ëéÉÅáÑáÅáíó= çÑ= ã~ÖåÉíáÅ= êÉëçå~åÅÉ= áã~ÖáåÖ= EjofFK= qÜÉ= ÇÉíÉÅíáçå= çÑ
éçëëáÄäÉ= ÉéáäÉéíáÅ= äÉëáçåë= çå= åÉìêçJáã~ÖáåÖ= Å~å= ÖêÉ~íäó= áåÑäìÉåÅÉ= ~åÇ
ëÜ~éÉ=íÜÉ=íÜÉê~éÉìíáÅ=ëíê~íÉÖáÉë=ÅÜçëÉå=Äó=ÅäáåáÅá~åëK=líÜÉê=~Çî~åÅÉë=áå
åìÅäÉ~ê= ãÉÇáÅáåÉI= ëìÅÜ= ~ë= éçëáíêçå= Éãáëëáçå= íçãçÖê~éÜó= EmbqFI= jo
ëéÉÅíêçëÅçéóI= ~åÇ= ëáåÖäÉ= éÜçíçå= Éãáëëáçå= íçãçÖê~éÜó= Epmb`qFI= Ü~îÉ
ëçãÉ= ãÉêáí= ~ë= ~ÇàìåÅíáîÉ= áã~ÖáåÖ= ãçÇ~äáíáíÉëI= ~ÇÇáåÖ= ÅäáåáÅ~ääó= ìëÉÑìä
áåÑçêã~íáçåI= ÉëéÉÅá~ääó= áå= íÜçëÉ= ïáíÜ= åç= äÉëáçå= ëÉÉå= áå= jofK= qÜ~åâë= íç
éêçÖêÉëë= áå= åÉìêçJáã~ÖáåÖI= íÜÉ= åìãÄÉê= çÑ= é~íáÉåíë= ÇÉÉãÉÇ= íç= Ü~îÉ= ~
ÅêóéíçÖÉåáÅ= ÉéáäÉéëó= E~ë= ÇÉÑáåÉÇ= É~êäáÉêF= ïáää= ÇïáåÇäÉ= ~åÇ= íÜÉ= íêìÉ
éêÉî~äÉåÅÉ=çÑ=çíÜÉê=é~íÜçäçÖáÉë=ïáää=ÄÉÅçãÉ=ãçêÉ=ÉîáÇÉåíK

Magnetic resonance imaging (MRI)
lÑ=íÜçëÉ=é~íáÉåíë=åÉïäó=Çá~ÖåçëÉÇ=ïáíÜ=ÉéáäÉéëóI=NOJNQB=ïáää=Ü~îÉ=~å

áÇÉåíáÑá~ÄäÉ=Å~ìë~íáîÉ=äÉëáçå=çå=jofK=få=Åçåíê~ëíI=ÜçïÉîÉêI=UMB=çÑ=é~íáÉåíë
ïáíÜ= êÉÅìêêÉåí= ëÉáòìêÉë= Ü~îÉ= ëíêìÅíìê~ä= ~Äåçêã~äáíáÉë= ÉîáÇÉåí= çå= jofK
qÜÉêÉ=~êÉ=ÑáîÉ=êÉ~ëçåë=Ñçê=ÇçáåÖ=jof=áå=é~íáÉåíë=ïáíÜ=ÉéáäÉéëóW

� ÅäáåáÅ~ääó=ÑçÅ~ä=çåëÉí=çÑ=ëÉáòìêÉëX
� çåëÉí=çÑ=ÖÉåÉê~äáòÉÇ=çê=ìåÅä~ëëáÑáÉÇ=ëÉáòìêÉë=áå=íÜÉ=Ñáêëí=óÉ~ê=çÑ=äáÑÉI=çê

áå=~ÇìäíÜççÇX
� ÑçÅ~ä=ÇÉÑáÅáí=çå=åÉìêçäçÖáÅ~ä=çê=åÉìêçéëóÅÜçäçÖáÅ~ä=Éñ~ãáå~íáçåX
� Ñ~áäìêÉ= íç=çÄí~áå=ëÉáòìêÉ=Åçåíêçä=~ÑíÉê=~ÇÉèì~íÉ= íêá~ä=çå= Ñáêëí= äáåÉ=~åíáJ

ÉéáäÉéíáÅ=ÇêìÖëX
� äçëë=çÑ=ëÉáòìêÉ=Åçåíêçä=çê=ÅÜ~åÖÉ=áå=ëÉáòìêÉ=é~ííÉêåK

^å=çéíáã~ä=êçìíáåÉ=jof=éêçíçÅçä=ëÜçìäÇ= áåÅäìÇÉ=qNJ=~åÇ=qOJïÉáÖÜíÉÇI
éêçíçå=ÇÉåëáíó=~åÇ=ÑäìáÇ=~ííÉåì~íÉÇ=áåîÉêëáçå=êÉÅçîÉêó=Eci^foF=ëÉèìÉåÅÉëK
qÜÉëÉ= Åçåíê~ëíë= ëÜçìäÇ= ÄÉ= ~ÅèìáêÉÇ= áå= ~í= äÉ~ëí= íïç= çêíÜçÖçå~ä= éä~åÉëI
ìëáåÖ=íÜÉ=íÜáååÉëí=ëäáÅÉ=íÜáÅâåÉëë=éçëëáÄäÉK=^=Åçêçå~ä=éä~åÉ=ÖáîÉë=íÜÉ=ÄÉëí
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ÇÉÑáåáíáçå=çÑ=íÜÉ=ãÉëá~ä=íÉãéçê~ä=ëíêìÅíìêÉë=~åÇ=~ääçïë=íÜÉ=ÅäÉ~êÉëí=çìíäáåÉ
çÑ=ÜáééçÅ~ãé~ä=ëÅäÉêçëáëK

qNJïÉáÖÜíÉÇ= áã~ÖÉë= EcáÖìêÉ= PF= ëÜçï= íÜÉ= ÖêÉóJïÜáíÉ= ã~ííÉê= àìåÅíáçå
ãçëí=ÅäÉ~êäó=~åÇ=~ääçï=íÜÉ=ÅÉêÉÄê~ä=~å~íçãó=íç=ÄÉ=ÇÉÑáåÉÇ=ãçëí=É~ëáäóK=qOJ
ïÉáÖÜíÉÇ= áã~ÖÉë= ~êÉ= ÜáÖÜäó= ëÉåëáíáîÉ= íç= ëÜçïáåÖ= é~íÜçäçÖáÅ~ä= äÉëáçåë
ïáíÜáå= íÜÉ= ÅçêíÉñK= ci^fo= áã~ÖáåÖ= EcáÖìêÉ= QF= ÉåÜ~åÅÉë= ~å~íçãáÅ~ä= ÇÉí~áä
åÉ~ê=`pcK=

^ééêçñáã~íÉäó= UMB= çÑ= é~íáÉåíë= ïáíÜ= é~êíá~ä= ÉéáäÉéëó= Ü~îÉ= ëÉáòìêÉë
çêáÖáå~íáåÖ= áå= íÜÉ= íÉãéçê~ä= äçÄÉI= íÜÉ= ã~àçêáíó= ~êáëáåÖ= Ñêçã= íÜÉ= ãÉëá~ä
ëíêìÅíìêÉë= çÑ= íÜÉ= íÉãéçê~ä= äçÄÉK= qÜÉ= é~íÜçäçÖáÅ~ä= Ü~ääã~êâ= çÑ= ãÉëá~ä
íÉãéçê~ä= äçÄÉ= ÉéáäÉéëó= EqibF= áë= ÜáééçÅ~ãé~ä= ëÅäÉêçëáë= ïÜáÅÜ= Ü~ë
é~êíáÅìä~ê=ÅÜ~ê~ÅíÉêáëíáÅë=çå=jofK=eáééçÅ~ãé~ä= ~íêçéÜó= áë=ÄÉëí= ëÉÉå=çå
qNJïÉáÖÜíÉÇ=áã~ÖÉëI=ïÜáäÉ=qOJïÉáÖÜíÉÇ=áã~ÖÉë=ïáää=ëÜçï=íÜÉ=ÜáÖÜ=ëáÖå~ä
ÅÜ~åÖÉK=eáééçÅ~ãé~ä=ëÅäÉêçëáë=ïáää=Å~ìëÉ=çíÜÉê=jof=~Äåçêã~äáíáÉë=ëìÅÜ
~ë=~íêçéÜó=çÑ=íÜÉ=ïÜáíÉ=~åÇ=ÖêÉó=ã~ííÉê=çÑ=íÜÉ=íÉãéçê~ä=äçÄÉI=Çáä~í~íáçå=çÑ

Figure 3 kçêã~ä=qN=~ñá~ä=áã~ÖÉK
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Figure 4 ~F=`çêçå~ä=Ñä~áê=jofK=ÄF=`çêçå~ä=qO=jof=ëÜçïáåÖ=~=êáÖÜí=ÜáééçÅ~ãé~ä
ëáÖå~ä=ÅÜ~åÖÉK

a b

Figure 5 oáÖÜí=íÉãéçê~ä=äçÄÉ=äÉëáçå=çå=~=qN
~ñá~ä=jofK
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íÜÉ= íÉãéçê~ä=Üçêå=~åÇ=ÄäìêêáåÖ=çÑ= íÜÉ=ÖêÉóJïÜáíÉ=ÄçêÇÉê= áå= íÜÉ= íÉãéçê~ä
åÉçÅçêíÉñK

m~íáÉåíë= ïáíÜ= äçïJÖê~ÇÉ= éêáã~êó= Äê~áå= åÉçéä~ëãë= çÑíÉå= éêÉëÉåí= ïáíÜ
ÑçÅ~ä= ëÉáòìêÉëK=qÜÉ=ãçëí=Åçããçå=é~íÜçäçÖáÉë= áåÅäìÇÉ=ÇóëÉãÄêóçéä~ëíáÅ
åÉìêçÉéáíÜÉäá~ä= íìãçìêë= EakbqFI= Ö~åÖäáçÖäáçã~I= Ö~åÖäáçÅóíçã~I= ~åÇ
éáäáçÅóíáÅ=~åÇ=ÑáÄêáää~êó=~ëíêçÅóíçã~K=få=ÖÉåÉê~ä=ëìÅÜ=äÉëáçåë=~êÉ=~ëëçÅá~íÉÇ
ïáíÜ=~=äçï=ëáÖå~ä=çå=qNJ=~åÇ=~=ÜáÖÜ=ëáÖå~ä=çå=qOJïÉáÖÜíÉÇ=áã~ÖÉë=ïáíÜ=~å
~ÄëÉåÅÉ=çÑ=î~ëçÖÉåáÅ=çÉÇÉã~=EcáÖìêÉ=RFK

s~ëÅìä~ê=ã~äÑçêã~íáçåë=~êÉ=~åçíÜÉê=ëçìêÅÉ=çÑ=ÑçÅ~ä=ëÉáòìêÉë=íÜ~í=Å~å=ÄÉ
É~ëáäó=áÇÉåíáÑáÉÇ=Äó=jo=áã~ÖáåÖK=^êíÉêáçîÉåçìë=ã~äÑçêã~íáçåë=E^sjëF=Ü~îÉ
ÇÉãçåëíê~íÉÇ= ÜáÖÜ= ÄäççÇ= Ñäçï= ïáíÜ= ~= åáÇìëI= ïáíÜ= ÑÉÉÇáåÖ= ~êíÉêáÉë= ~åÇ
Çê~áåáåÖ=îÉáåë=ÄÉáåÖ=áÇÉåíáÑáÉÇ=EcáÖìêÉ=SFK=`~îÉêåçìë=~åÖáçã~ë=~êÉ=ëã~ää

Figure 6 iÉÑí=éçëíÉêáçê=íÉãéçê~ä=^sjK=qÜÉ
åìãÉêçìë= ëã~ää= Ñäçï= îçáÇë=ÇÉãçåëíê~íÉ= ~
åáÇìë= ~åÇ= íÜÉ= ä~êÖÉê= Ñäçï= îçáÇë= ~êÉ
~Äåçêã~ääó= Çáä~íÉÇ= Çê~áåáåÖ= îÉáåëK= qÜÉ
Äê~áåëíÉã=áë=ÇáëíçêíÉÇK
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Çáä~íÉÇ= îÉáåë= ïÜáÅÜ= Ü~îÉ= ~= ÇáëíáåÅíáîÉ= ~ééÉ~ê~åÅÉ= çå= jofI= ÄÉáåÖ
ÅáêÅìãëÅêáÄÉÇ=Äó=~=êáåÖ=çÑ=Ü~ÉãçëáÇÉêáå=íÜ~í=~ééÉ~êë=Ç~êâ=çå=qOJïÉáÖÜíÉÇ
áã~ÖáåÖK=qÜÉ=ÅÉåíê~ä=é~êí=Åçåí~áåë=~êÉ~ë=çÑ=ÜáÖÜ=ëáÖå~ä=çå=ÄçíÜ=qNJ=~åÇ=qOJ
ïÉáÖÜíÉÇ=ëíìÇáÉë=EcáÖìêÉ=TFK=

j~äÑçêã~íáçåë= çÑ= ÅçêíáÅ~ä= ÇÉîÉäçéãÉåí= éçëÉ= ãçêÉ= ÇáÑÑáÅìäíáÉëK= qÜÉ
áãéçêí~åí= jof= ÑáåÇáåÖë= çÑ= ÑçÅ~ä= ÅçêíáÅ~ä= Çóëéä~ëá~= ~êÉ= ÑçÅ~ä= ÅçêíáÅ~ä
íÜáÅâÉåáåÖI= ëáãéäáÑáÉÇ=Öóê~íáçåI= ÄäìêêáåÖ=çÑ= íÜÉ=ÖêÉóJïÜáíÉ=ã~ííÉê= àìåÅíáçå
~åÇ=qO=éêçäçåÖ~íáçå=áå=íÜÉ=ìåÇÉêäóáåÖ=ïÜáíÉ=ã~ííÉêI=íÜ~í=çÑíÉå=Ñçêãë=~=ÅçåÉ
í~éÉêáåÖ=íçï~êÇë=íÜÉ=ä~íÉê~ä=îÉåíêáÅäÉK

Single photon emission computed tomography
páåÖäÉ= éÜçíçå= Éãáëëáçå= ÅçãéìíÉÇ= íçãçÖê~éÜó= Epmb`qF= áë= ~= ìëÉÑìä

åìÅäÉ~ê=ãÉÇáÅáåÉ=íÉÅÜåáèìÉ=íÜ~í=ãÉ~ëìêÉë=íÜÉ=êÉÖáçå~ä=ÅÉêÉÄê~ä=ÄäççÇ=Ñäçï
ÅÜ~åÖÉë= áå=~êÉ~ë=~ÑÑÉÅíÉÇ=Äó=ÉéáäÉéíáÅ=~ÅíáîáíóK=o~ÇáçäáÖ~åÇë=~êÉ= áåàÉÅíÉÇ
áåíê~îÉåçìëäó=ïÜáÅÜ=ÉåíÉê=åÉìêçåÉë=ïáíÜ=êÉÖáçå~ä=ÇáëíêáÄìíáçå=éêçéçêíáçå~íÉ
íç=íÜÉ=îçäìãÉ=çÑ=ÄäççÇ=ÑäçïK=låÅÉ=ÄÉÅçãáåÖ=áåíê~ÅÉääìä~êI=íÜÉáê=ëí~ÄáäáëÉÇ

Figure 7 ~F=^ñá~ä=qN=~åÇ=ÄF=~ñá~ä=qO=áã~ÖÉë=ëÜçïáåÖ=~=Å~îÉêåçìë=~åÖáçã~K

a b



Ñçêãë= êÉã~áå= ëí~ÄäÉ= áå= îáíêç Ñçê= ëÉîÉê~ä= ÜçìêëI= ÖáîáåÖ= ìé= íç= S= Üçìêë= íç
~ÅèìáêÉ= áã~ÖáåÖK= qÜÉëÉ= ëÅ~åë= Å~å= íÜÉå= ÄÉ= ìëÉÇ= íç= ~ëëÉëë= ÄäççÇ= Ñäçï
ÇìêáåÖ= ~åÇ= ÄÉíïÉÉå= ëÉáòìêÉëK= `çêêÉÅí= äçÅ~äáò~íáçå= çÑ= ÅçãéäÉñ= é~êíá~ä
ëÉáòìêÉë=ã~ó=ÄÉ=~ÅÜáÉîÉÇ=áå=çîÉê=VMB=çÑ=qib=~åÇ=Éñíê~íÉãéçê~ä=ÉéáäÉéëó
é~íáÉåíëK= qÜÉ= ìëÉ= çÑ= ëìÄíê~Åíáçå= áÅí~ä= pmb`q= ÅçêÉÖáëíÉêÉÇ= íç= jof
Epfp`ljF= áãéêçîÉë= íÜÉ= ê~íÉ= çÑ= äçÅ~äáò~íáçåI= áå= é~êíáÅìä~ê= áå= Å~ëÉë= çÑ
ã~äÑçêã~íáçåë= çÑ= ÅçêíáÅ~ä= ÇÉîÉäçéãÉåíK= pmb`q= áë= ìíáäáòÉÇ= ~ë= ~
ÅçãéäáãÉåí~êó= ãÉíÜçÇ= Ñçê= äçÅ~äáò~íáçå= çÑ= íÜÉ= ëÉáòìêÉ= ÑçÅìë= áå= ëìêÖáÅ~ä
Å~åÇáÇ~íÉë=ïáíÜ=áåíê~Åí~ÄäÉ=ÉéáäÉéëóK=fí=áë=çÑíÉå=çÑ=ÖêÉ~íÉëí=ìëÉ=áå=é~íáÉåíë
ïÜç=Ü~îÉ=åç=äÉëáçå=ëÉÉå=çå=jofK

Positron emission tomography 
mçëáíêçå=Éãáëëáçå=íçãçÖê~éÜó=EmbqF=Ü~ë=ãçêÉ=íÉÅÜåáÅ~ä=ÇáÑÑáÅìäíó=íÜ~å

pmb`q= ~åÇ= áë= çåäó= çÑÑÉêÉÇ= Äó= íÉêíá~êó= Å~êÉ= ÅÉåíêÉëK= fí= áë= ~åçíÜÉê
ÅçãéäáãÉåí~êó= ãÉíÜçÇ= íÜ~í= ã~ó= ÄÉ= ìëÉÇ= íç= ÜÉäé= ÅçåÑáêã= çê= ÅêÉ~íÉ= ~
ÜóéçíÜÉëáë=~Äçìí=íÜÉ=êÉÖáçå=çÑ=ëÉáòìêÉ=çåëÉíK=rëáåÖ=áëçíçéÉë=~íí~ÅÜÉÇ=íç
ÖäìÅçëÉ=~åÇ=ï~íÉêI=mbq=çìíäáåÉë=ÖäìÅçëÉ=ãÉí~Äçäáëã=áå=ÅÉêÉÄê~ä=êÉÖáçåëK
`çêíÉñ=êÉëéçåëáÄäÉ=Ñçê=íÜÉ=ëÉáòìêÉ=çåëÉí=ìëì~ääó=ëÜçïë=êÉÇìÅÉÇ=ÖäìÅçëÉ
ãÉí~Äçäáëã=~åÇ=ÄäççÇ=Ñäçï=áåíÉêáÅí~ääó=çå=mbq=ëÅ~åë=ïáíÜ=ëé~íá~ä=êÉëçäìíáçå
çÑ=NUcadJmbq=ëìéÉêáçê=íç=pmb`qK=

^ë=jof=ÉîçäîÉë=ïáíÜ=áãéêçîáåÖ=ëÉåëáíáîáíó=~åÇ=êÉëçäìíáçåI=íÜÉ=åÉÉÇ=Ñçê
NUcadJmbq=ã~ó=ÇÉÅêÉ~ëÉ=áå=íÜÉ=ÅçãáåÖ=óÉ~êëK

Conclusions

eáëíçêó= í~âáåÖ= áë= ~å= áãéçêí~åí= ëâáää= íç= äÉ~êåK= fí= Ñçêãë= íÜÉ= Ä~ëáë= çÑ= íÜÉ
Çá~ÖåçëíáÅ=éêçÅÉëë=~åÇ=áë=äÉëë=ÉñéÉåëáîÉ=íÜ~å=áåîÉëíáÖ~íáçåK=oçìíáåÉ=bbd
ëÜçìäÇ=ÄÉ=ìëÉÇ=ïáíÜ=Å~ìíáçåK= fí=ëÜçìäÇ=çåäó=ÄÉ=ìëÉÇ= Ñçê=Åä~ëëáÑáÅ~íáçå= áå
é~íáÉåíë=ïáíÜ= ÉéáäÉéëóI= çê= Ñçê= éêçÖåçëíáÅ~íáçå= ÑçääçïáåÖ= ~= ëáåÖäÉ= ëÉáòìêÉK
péÉÅá~äáëÉÇ=ãÉíÜçÇë=E~ãÄìä~íçêóI=îáÇÉç=bbdI=çê=bbd=ïáíÜ=éêçîçÅ~íáçåF
Å~å=ÜÉäé=Å~éíìêÉ=~å=~íí~Åâ=~åÇ=ã~ó=ÄÉ=ãçêÉ=ìëÉÑìä=áå=Å~ëÉë=çÑ=Çá~ÖåçëíáÅ
ÇçìÄí=çê=éêÉJëìêÖáÅ~ä=ïçêâJìéK=fã~ÖáåÖ=áë=éêçÖêÉëëáåÖ=Åçåëí~åíäó=~åÇ=áë
ìëì~ääó=ÄÉëí=ïáíÜ=jofK=fí=ÅçåíáåìÉë=íç=ÄÉ=çÑ=ÜÉäé=áå=Åä~ëëáÑóáåÖ=ÉéáäÉéëóI
ÖáîáåÖ=é~íáÉåíë=áåÑçêã~íáçå=~Äçìí=íÜÉ=êççí=Å~ìëÉ=çÑ=íÜÉáê=ÉéáäÉéëóI=~åÇ=áå
éêÉJëìêÖáÅ~ä=ïçêâJìéK
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