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.+-%8,.2&,%8",9%"0,.).,3"/;"]=&$'"VZ]U":$/88=8%:,./+&)"8/;,",.880%".'&2%8".+"1%,%:,.+2",9%"

<$/:%10$&)"-%88%)"$0<,0$%"&+1"%-&)0&,.+2",9%"-%+,$.:0)&$"8.J%B""

U9%" 8%:/+1" <&$," /;" ,9%8.8" :/+:%$+.+2" %&$)3" :).+.:&)" %N<%$.%+:%" G.,9" ,9%" ;)/G"

1.-%$8./+",$%&,'%+,"/;".+,$&:$&+.&)"&+%0$38'8"(%2.+8"G.,9"&+".+,$/10:,./+",/",9%";)/G"

1.-%$8./+"<$.+:.<)%"4:9&<,%$"E7B"*+",9%"+%N,":9&<,%$?"%&$)3":).+.:&)"%N<%$.%+:%"G.,9"&+"VZ"

1%-.:%" .8" 1.8:088%1" _" &," ,9%" ,.'%"/;" .,8" <0().:&,./+?" ,9.8"G/$@" $%<$%8%+,%1" ,9%" )&$2%8,"

'0),.:%+,$%" %N<%$.%+:%" G.,9" &+" VZ" 1%-.:%" &+1" .+;/$'%1" ,9%" +%0$/.+,%$-%+,./+&)"

:/''0+.,3"/+",9%"8&;%,3"&+1"%;;.:&:3"/;" ;)/G"1.-%$8./+",$%&,'%+,"_",9%"1.8:088./+";/$"

,9.8":9&<,%$".8"@%<,"$%)%-&+,",/",9%",.'%".,"&<<%&$%1".+"<0().:"1/'&.+?"9/G%-%$?"&"'/$%"

0<1&,%1" 1.8:088./+" /+" ,9%" :0$$%+," 8,&,08" /;" ,9%" VZ8" 08%1" ;/$" .+,$&:$&+.&)" &+%0$38'"

,$%&,'%+," .8" .+:)01%1" .+" :9&<,%$"DE" 4:9&<,%$"KD7B"F"+/-%)"2$&1.+2" 8:9%'&" ,/"'/+.,/$"

,9%"&+2./2$&<9.:"/0,:/'%8"/;";)/G"1.-%$8./+",$%&,'%+,".8"1.8:088%1".+":9&<,%$"KK"_",9.8"

2$&1.+2" 8:9%'&" G&8" <0().89%1" .+" CDKK" &+1" .+" ,9%" 80(8%>0%+," 3%&$8" 9&8" ;/0+1"

&<<).:&,./+" .+" (/,9" $%8%&$:9" &+1" :).+.:&)" <$&:,.:%B" U9%" ;.+&)" :9&<,%$" <$/-.1%8" &" ($.%;"

80''&$3"/;":/+:)08./+8"/;",9.8"G/$@"4:9&<,%$"KC7B"
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C-arm FDCT: The Technique  

and its Applications in 

Interventional Neuroradiology 
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!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +,(

)-+ #./01230((

423561789:(29:(;81;7/<*!"#$%&!>7$3!2,3,-38%!-8&613,2!38&8<%$6+=!?"#$%&!'(")!8%!

'(")@! /4! $.! /&$</.<! 3887! $:$/7$A7,! /.! 3+,! /.3,%:,.3/8.$7! 41/3,! 3+$3! 6%8:/2,4! 3+%,,#

2/&,.4/8.$7! ?B#(@! :871&,3%/-! /&$</.<! 2$3$! 3+%81<+! $667/-$3/8.! 8>! ")#7/C,!

%,-8.43%1-3/8.! $7<8%/3+&4! 38! $! 4,%/,4! 8>! 3D8#2/&,.4/8.$7! ?E(@! 6%8F,-3/8.4! 8A3$/.,2!

21%/.<! "#$%&! %83$3/8.G! )+,! 3,-+./01,! /4! %,7$3/:,7=! .,D! $.2! $3! /34! -1%%,.3! 7,:,7! 8>!

6,%>8%&$.-,H! 7$<4! A,+/.2! -8.:,.3/8.$7! ")! /.! 3,%&4! 8>! /&$<,! 01$7/3=G! I8D,:,%H! 3+,!

$2:$.3$<,!8>!/34!$:$/7$A/7/3=!/.!3+,!/.3,%:,.3/8.$7!%88&!+$4!6%8&63,2!.,1%8%$2/878</434!

38! /2,.3/>=! -7/./-$7! 4,33/.<4! D+,%,! /34! %87,! /4! 1./01,7=! A,.,>/-/$7G! )+/4! -+$63,%! A%/,>7=!

%,:/,D4! 3+,!6+=4/-4! $.2! 3+,! $667/-$3/8.4! 8>! "#$%&!'(")! 48>3! 3/441,! $.2! $.</8<%$6+/-!

/&$</.<!?>%8&!3+,!43$.268/.3!8>!-8&&,.-,&,.3!8>! 3+,!D8%C!2/4-144,2! /.!41A4,01,.3!

-+$63,%4!JB!K!JL@G!!

!793=8/>79/*!'(")! /&$<,4!$778D!2,3,-3/8.!8>!6%8-,21%$7!-8&67/-$3/8.4H!,:$71$3/8.!8>!

78D! %$2/86$-/3=! 43,.34H! $.2! $44,44&,.3! 8>! ,.284$--17$%! -8/7! 6$-C/.<! /.! /.3%$-%$./$7!

$.,1%=4&4G!522/3/8.$7!%87,4!$%,!B(!$.</8<%$6+=!3+$3!6%8:/2,4!$.!$--1%$3,!2,6/-3/8.!8>!

:,44,7!&8%6+878<=!D/3+!/.3%$:,.814!$2&/./43%$3/8.!8>!78D#-8.-,.3%$3/8.!%$2/8<%$6+/-!

-8.3%$43! &,2/$! $.2! $! 683,.3/$7! >8%! 6,%>14/8.! /&$</.<! 21,! 38! /34! 2=.$&/-! 4-$../.<!

-$6$A/7/3=G!5!4/.<7,!4-$.!-8&A/./.<!48>3!3/441,!$.2!$.</8<%$6+/-!,M$&/.$3/8.4!%,21-,4!

3+,! %$2/$3/8.! 284,! $.2! ,M$&/.$3/8.! 3/&,G! N.<8/.<! 2,:,786&,.34! /.! >7$3! 2,3,-38%!

3,-+.878<=! $.2! %,-8.43%1-3/8.! $7<8%/3+&4! $%,! ,M6,-3,2! 38! >1%3+,%! ,.+$.-,! /34!

6,%>8%&$.-,!$.2!/.-%,$4,!3+,!%$.<,!8>!/34!$667/-$3/8.4G!9>!-1%%,.3!%,4,$%-+!-8.>/%&4!/34!

683,.3/$7! >8%! $44,44/.<! -,%,A%$7! +$,&82=.$&/-4! A=! 6,%>14/8.! 4-$../.<H! 3+,!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +?(

-8&A/.$3/8.!D8172!%,2,>/.,! /3!$4!$.! /.:$71$A7,! 3887! >8%! /.3,%:,.3/8.$7!.,1%8%$2/878<=!

6%8-,21%,4G! )+,! 6,%>14/8.! /&$</.<! $.2! /34! ,M/43/.<! -$6$A/7/3/,4! 8>! 6$%,.-+=&$7! $.2!

$.</8<%$6+/-!/&$</.<!D8172!$748!,M3,.2!/34!14,!38!3+,!3%/$<,!8>!$-13,!43%8C,!6$3/,.34G!(

!

!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +@(

)-) A9017:830>79((

9.3,%:,.3/8.$7! .,1%8%$2/878<=! $.2! ,.28:$4-17$%! &/./&$77=! /.:$4/:,! 3%,$3&,.34! +$:,!

4+8D.! <%8D3+! /.! 3+,! 7$43! 2,-$2,! 8D/.<H! /.! 6$%3H! 38! 3+,! /&6%8:,&,.34! /.! 3+,%$6,13/-!

2,:/-,4!?O3%83+,%H!EJJJ@G!)+/4!/.-%,$4,!/.!3+,!.1&A,%!$.2!%$.<,!8>!-8.2/3/8.4!$&,.$A7,!

38! .,1%8#,.28:$4-17$%! 3%,$3&,.34! 43/&17$3,2! 6$%$77,7! 2,:,786&,.34! /.! %$2/8<%$6+/-!

/&$</.<G! )+,! $A/7/3=! 8>! 3D8#2/&,.4/8.$7! /&$</.<! ?/G,G! 2/</3$7! 41A3%$-3/8.! $.</8<%$6+=!

?(O5@! $.2! 43$.2$%2! >718%84-86=@! 38! -+$%$-3,%/P,! 3+%,,#2/&,.4/8.$7! $.$38&=! /4!

/.+,%,.37=!/.$2,01$3,!$.2!3+,%,!+$2!A,,.!$!.,,2!38!2,:,786!%8A143!4=43,&4!-$6$A7,!8>!

3+%,,#2/&,.4/8.$7! :$4-17$%! $.2! 48>3! 3/441,! /&$</.<! /.! 3+,! /.3,%:,.3/8.$7! 41/3,G! )+,!

/.3%821-3/8.! 8>! 3+%,,#2/&,.4/8.$7! (O5! 6$%37=! $22%,44,2! 3+,! 6%8A7,&! A13! 3+,! 78D#

-8.3%$43! %,48713/8.!8>!&843!$.</8<%$6+/-! 4=43,&4!%,&$/.,2! /.$2,01$3,! >8%! 48>3! 3/441,!

/&$</.<G!N.,!6%8684,2!48713/8.!D$4!38!/.3,<%$3,!$!")!8%!QR!4-$..,%!/.!3+,!3%,$3&,.3!

%88&!A13!3+/4!/2,$!+$2!7/&/3,2!$667/-$A/7/3=!21,!38!+/<+!-843!8>!41-+!-8&684/3,!4=43,&4!

$.2!46$-,!-8.43%$/.34!?N%3+!,3!$7GH!EJJL@G!!

(,:,786&,.3! 8>! +=A%/2! "#$%&! 4=43,&4! -$6$A7,! 8>! -%844#4,-3/8.$7! 48>3! 3/441,!

/&$</.<! 43$%3,2! D/3+! 3+,! $667/-$3/8.! 8>! ")#7/C,! %,-8.43%1-3/8.! $7<8%/3+&4! 38!

-8.:,.3/8.$7!$.</8<%$6+/-!2$3$!?S%$44!,3!$7GH!TUUU@G!9./3/$7!%,41734H!8A3$/.,2!14/.<!/&$<,!

/.3,.4/>/,%! A$4,2! $.</8<%$6+/-! 4=43,&4H! 2,&8.43%$3,2! 3+,! >,$4/A/7/3=! 8>! 3+/4! 6%/.-/67,!

?V/.4,.&$/,%! ,3! $7GH! EJJE@G! I8D,:,%H! 6,%>8%&$.-,! 6$%$&,3,%4! 8>! 3+,4,! 4=43,&4!D,%,!

/.$2,01$3,! 38! %,487:,! 48>3! 3/441,! 2,3$/74! 1.3/7! 3+,! /.3%821-3/8.! 8>! 2/</3$7! >7$3! 6$.,7!

2,3,-38%4G! )+,! >7$3! 2,3,-38%4! ?'(@! 8:,%-$&,! &843! 7/&/3$3/8.4! 8>! 2$3$! -877,-3/8.! D/3+!

-8.:,.3/8.$7! /&$<,! /.3,.4/>/,%4! $.2H! 38<,3+,%! D/3+! %,>/.,&,.34! 8>! -8.,#A,$&!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +B(

%,-8.43%1-3/8.!$7<8%/3+&4H!+$:,!6%8:,2!6/:83$7!/.!A%/.</.<!48>3!3/441,!/&$</.<!/.38!3+,!

.,1%8/.3,%:,.3/8.$7!41/3,!?W$7,.2,%!$.2!W=%/$C81H!EJJXY!;,/3P,7H!EJJZ@G!!

"#$%&! $.</8<%$6+/-! 4=43,&4! ,01/66,2! D/3+! >7$3! 6$.,7! 2,3,-38%4! $.2! -$6$A7,! 8>!

:871&,3%/-!/&$</.<![!%,>,%%,2!+,%,/.!$4!"#$%&!>7$3!2,3,-38%!-8&613,2!38&8<%$6+=!?"#

$%&! '(")@! [! D,%,! /.3%821-,2! >8%! -7/./-$7! 14,! /.! EJJ\! $.2! +$:,! >81.2! $667/-$3/8.4!

$-%844! 46,-/$7/3/,4! >8%! A83+! :$4-17$%! $.2! .8.#:$4-17$%! /.3,%:,.3/8.4! ?]$77$-,! ,3! $7GH!

EJJL@G!R,68%34!8.! 3+,! -7/./-$7!14,!8>!"#$%&!'(")! >/%43! $66,$%,2! /.! 3+,! /.3,%:,.3/8.$7!

.,1%8%$2/878<=!7/3,%$31%,H!D+/-+!D,%,!3+,.-,!>8778D,2!A=!%,68%34!8>! /34!14,!/.!<,.,%$7!

%$2/878<=G! )+/4! -+$63,%! $/&4! 38! 2/4-144! 3+,! A$4/-! 6+=4/-$7! 6%/.-/67,4! 8>! "#$%&! '(")!

3,-+./01,! $.2! %,:/,D4! 3+,! 7/3,%$31%,! /.! %,<$%2! 38! /34! 14,! /.! /.3,%:,.3/8.$7!

.,1%8%$2/878<=G!

)-, $CD/>3/(7E(!F21G(HI!%(

"#$%&!'(")!$.2!-8.,#A,$&!")!,&678=!2/>>,%,.3!<$.3%/,4!A13!4+$%,!$!4/&/7$%! /&$</.<!

6%/.-/67,! $.2H! 3+,%,>8%,H! 3+,! 3D8! 3,%&4! +$:,! 8>3,.! A,,.! 14,2! /.3,%-+$.<,$A7=! /.! 3+,!

7/3,%$31%,G!9.!"#$%&!'(")H!3+,!$%,$!8>!/.3,%,43!/4!4-$..,2!8:,%!$.!$.<17$%!%$.<,!8>!!"#$%

&'()%*+,%-./0./1',G!5!4,%/,4!8>!3D8#2/&,.4/8.$7!6%8F,-3/8.!/&$<,4!$%,!8A3$/.,2!8:,%!3+/4!

4,&/#-/%-17$%! 4-$.! 3%$F,-38%=! >8778D,2! A=! $667/-$3/8.! 8>! ")#7/C,! %,-8.43%1-3/8.!

$7<8%/3+&4! ?&82/>/,2! ',72C$&6! $7<8%/3+&@! 38! <,.,%$3,! 3+%,,#2/&,.4/8.$7! :871&,3%/-!

%,-8.43%1-3/8.4! D+/-+! -$.! A,! :/,D,2! /.! 8%3+8<8.$7! 67$.,4! ?W$7,.2,%! $.2! W=%/$C81H!

EJJX@G!)+,!3,-+./01,!14,4!3+,!"#$%&!&,-+$./-$7!4,3#16!,01/66,2!D/3+!'(4!$.2!%,7/,4!

8.!3+,!4$&,!M#%$=!481%-,!14,2!>8%!"#$%&!>718%84-86=!$.2!2/</3$7!$.</8<%$6+=G!I8D,:,%H!

3+,! M#%$=! 31A,! 86,%$3/8.! &8%,! -784,7=! %,4,&A7,4! -8.:,.3/8.$7! ")! ?-")@! /.! 3+$3! 3+,!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +J(

$138&$3/-!,M6841%,!-8.3%87! ?5^"@!&$/.3$/.4!$! >/M,2! 31A,!:873$<,!8:,%! 3+,!4-$.!%$.<,H!

&8217$3/.<! 3+,! 31A,! -1%%,.3! 8.7=G! 5.! 1.$73,%,2! 31A,! :873$<,! /4! &,$.3! 38! $:8/2! $.=!

>71-31$3/8.4! /.! 3+,! A,$&! ,.,%<=! 3+$3! &$=! %,4173! /.! /.-8.4/43,.3! $33,.1$3/8.!

&,$41%,&,.34! $.2! /&$<,! $%3,>$-34G! "8.,! A,$&! M#%$=! <,8&,3%=! $.2! 3+,! 3D8#

2/&,.4/8.$7!.$31%,!8>!3+,!2,3,-38%4!$778D!:871&,3%/-!/&$</.<!/.!$!4/.<7,!%83$3/8.!8>!3+,!

481%-,! $.2! 2,3,-38%H! $! C,=! >,$31%,! 2/43/.<1/4+/.<! '(")! >%8&! -")! ?W$7,.2,%! $.2!

W=%/$C81H!EJJX@G!!!

! )+,! /2,$! 8>! $667=/.<! ")#7/C,! $7<8%/3+&4! 38! $.</8<%$6+/-! $-01/4/3/8.4!D$4! >/%43!

,M678%,2! /.! "#$%&! 4=43,&4! ,01/66,2! D/3+! /&$<,! /.3,.4/>/,%4! ?'$+%/<! ,3! $7GH! TUUXY!

V/.4,.&$/,%! ,3! $7GH! EJJE@G! I8D,:,%H! 3+,! 7/&/3,2! 2=.$&/-! %$.<,! $.2! 78D#-8.3%$43!

2,3,-3$A/7/3=!8>! /&$<,!/.3,.4/>/,%4!%,43%/-3,2!3+,/%!14,!>8%!+/<+#-8.3%$43!:,44,7! /&$</.<!

8.7=! ?5C6,C! ,3! $7GH! EJJZAY! W$7,.2,%! $.2! W=%/$C81H! EJJX@G! (,:,786&,.3! 8>! >7$3! 6$.,7!

2,3,-38%4! D/3+! /&6%8:,2! 6,%>8%&$.-,! 6$%$&,3,%4! $.2! 3+,/%! /.-8%68%$3/8.! /.!

$.</8<%$6+/-!4=43,&4!%,.,D,2!/.3,%,43!/.!78D#-8.3%$43!?48>3!3/441,@!/&$</.<G!"8&6$%,2!

D/3+!3+,!/&$<,!/.3,.4/>/,%4H!'(4!8>>,%!A,33,%!/&$<,!01$7/3=!D/3+!4/<./>/-$.37=!/&6%8:,2!

2,3,-3/:,#01$.31&#,>>/-/,.-=! ?(_^@H! &8217$3/8.#3%$.4>,%#>1.-3/8.! ?Q)'@H! 2=.$&/-!

%$.<,H!$.2!284,!,>>/-/,.-=!?"8D,.!,3!$7GH!EJJL@G!

! )+,! '(4! /.3,<%$3,2! /.! -1%%,.37=! $:$/7$A7,! $.</8<%$6+/-! 4=43,&4! -8.4/43! 8>! 3D8!

/.2,6,.2,.3! 7$=,%4! /.! 863/-$7! -8.3$-3*! ?$@! $! >718%,4-,.-,! 4-/.3/77$38%! 4-%,,.! ?.,,27,!

4+$6,2!-%=43$74!8>!"$,4/1&!982/2,!?"49@@!D+/-+!$A48%A4!$.2!-8.:,%34!3+,!/&6/.</.<!M#

%$=4! /.38! 7/<+3! 6+838.4! $.2! ?A@! $! 7$=,%! 8>! 6+8382/82,4! ?+=2%8<,.$3,2! $&8%6+814!

O/7/-8.H! $O/#I@! D+/-+! >1.-3/8.4! 38! -8.:,%3! 7/<+3! 6+838.4! /.38! $! 2/</3$7! /&$<,! 4/<.$7!

?>/<1%,!EGT@!?;,/3P,7H!EJJZ@G!)+,!2,3,-38%4!+$:,!A,,.!2,4/<.,2!38!-8.:,%3! 3+,! /.-/2,.3!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +K(

6+838.4!/.38!$!<,8&,3%=!-8.4,%:/.<!,7,-3%/-$7!4/<.$7!$4!,>>/-/,.37=!$4!6844/A7,G!

!

(

H>681<()-+*!O-+,&$3/-!/77143%$3/8.!8>!$!>7$3!6$.,7!2,3,-38%!14,2!/.!-1%%,.37=!$:$/7$A7,!A/67$.,!"#

$%&!$.</8<%$6+/-!4=43,&4G!9.-/2,.3!M#%$=!A,$&!/4!$A48%A,2!$.2!-8.:,%3,2!/.38!7/<+3!6+838.4!A=!

3+,!>718%,4-,.-,!4-/.3/77$38%!4-%,,.!?$@Y!$!7$=,%!8>!6+8382/82,4!$A48%A4!3+,!7/<+3!6+838.4!D/3+!

41A4,01,.3!<,.,%$3/8.!8>!,7,-3%8.#+87,!6$/%4!D+/-+!$%,!438%,2!$4!<,8&,3%=!-8.4,%:/.<!-+$%<,!

?A@Y!3+,!%,$2!813!,7,-3%8./-4!$%,!%,468.4/A7,!>8%!-8.:,%3/.<!3+,!<,8&,3%=!-8.4,%:/.<!,7,-3%/-$7!

4/<.$7!/.38!2/</3$7!2$3$!D+/-+!-$.!A,!%,-8.43%1-3,2!/.38!$.!/&$<,!?-@G!

)+,!/.2/%,-3!.$31%,!8>!3+/4!-8.:,%4/8.!6%8-,44!?/G,G! 3+%81<+!$.!/.3,%:,./.<!43,6!

8>! 71&/.,4-,.3! 7/<+3! <,.,%$3/8.@! +$4! /&68%3$.3! /&67/-$3/8.4! 38! 3+,! -+8/-,! 8>! 4-%,,.!

3+/-C.,44G! ]+/7,! $! <%,$3,%! 4-%,,.! 3+/-C.,44! /.-%,$4,4! $A48%63/8.! ,>>/-/,.-=! $.2!

-8.4,01,.37=!3+,!(_^H!/3!$2:,%4,7=!$>>,-34!3+,!Q)'!21,!38!7/<+3!6+838.!4-$33,%!$.2!7,$24!

38!$!7844!8>!46$3/$7!%,48713/8.G!'8%!-1%%,.37=!14,2!'(4H!$!ZJJ!`&!?$66%8MG@!3+/-C!7$=,%!8>!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! +L(

.,,27,!4+$6,2!"49!-%=43$74!$778D4!$.!863/&1&!3%$2,#8>>!A,3D,,.!(_^!$.2!Q)'!?;,/3P,7H!

EJJZ@G!)+,! -+8/-,!8>!"49! $4! 3+,! 4-/.3/77$38%! 41A43$.-,! /&684,4!$! 7/&/3!8.! 3+,! %,$2#813!

46,,2!8>! >7$3!6$.,7!2,3,-38%4G!(1,! 38! 3+,! 478D!4-/.3/77$3/8.! %,468.4,!8>!"49H! '(4! 41>>,%!

>%8&! 3+,! .-*,201'34% &+,/35,/3/! $3! +/<+! /&$<,! $-01/4/3/8.! %$3,4H! /.! D+/-+! ,$-+!

6%8F,-3/8.! -$%%/,4! $! <+843! 8>! 3+,! 6%/8%! /&$<,G! ]/3+! -8%%,-3/8.H! -1%%,.37=! $:$/7$A7,!

4=43,&4! -$.! $-+/,:,! >%$&,! %$3,4! 8>! TZ! 38! BJ! 6,%! 4,-8.2! D/3+813! -$14/.<! /&$<,!

2,<%$2$3/8.G! "8%%,468.2/.<! 4-$.! 3/&,4! >8%! $! 4/.<7,! 4D,,6! 8>! !"#$% &'()% *+,% -./0./1',!

3=6/-$77=!>$77!/.!3+,!%$.<,!8>!a!38!EJ!4,-8.24!$.2!$%,!-8.4/2,%$A7=!78.<,%!3+$.!3+84,!>8%!

-")!?S163$!,3!$7GH!EJJaY!N%3+!,3!$7GH!EJJL@G!

! V$%<,!$%,$!'(4!-$.!A,!-8.43%1-3,2!>%8&!67$4&$!2,684/3/8.!8>!$O/#IG!]/3+!$.!$%,$!

8>!BJb\J!-&cH!-1%%,.37=!$:$/7$A7,!'(4!8>>,%!$!>/,72#8>#:/,D!?'Nd@!$66%8$-+/.<!TL!-&!/.!

3+,! P#2/%,-3/8.! ?S163$!,3! $7GH! EJJa@G!]+/7,! $! -%$./8-$12$7! -8:,%$<,!8>! 3+/4!8%2,%! /4! $.!

$2:$.3$<,! >8%! /&$</.<! $! 7$%<,! $.$38&/-$7! %,</8.! 41-+! $4! 3+,! +,$2! /.! $! 4/.<7,! 4-$.!

?3+,%,A=! 8A:/$3/.<! $.=! .,,2! >8%! 6$3/,.3! 3%$.47$3/8.! 8%! %,6,$3! 4-$../.<@H! 3+,%,! /4! $!

&$%C,2! /.-%,$4,! /.! 3+,! 4-$33,%,2!%$2/$3/8.! ?S163$!,3!$7GH!EJJaY!N%3+!,3!$7GH!EJJL@G!)+,!

%$3/8!8>!4-$33,%,2!%$2/$3/8.!38!6%/&$%=!%$2/$3/8.!$3!2,3,-38%!41%>$-,!&$=!,M-,,2!BGJ!>8%!

'(")! ?-8.,! A,$&! <,8&,3%=@! -8&6$%,2!D/3+!eJGE! >8%! -")! ?>$.#A,$&! <,8&,3%=@H! $.2!

$--81.34! >8%! &1-+! 8>! 3+,! /&$<,! 01$7/3=! 2/>>,%,.-,4! 8A4,%:,2! A,3D,,.! 3+,! 3D8!

3,-+./01,4!?W=%/$C81!$.2!W$7,.2,%H!EJJX@G!;1&,%814!43%$3,</,4!+$:,!A,,.!2,:/4,2!38!

%,21-,!3+,!$&81.3!8>!4-$33,%!?,G<G!A8D#3/,!>/73,%4!$.2!$.3/#4-$33,%!<%/24@!8%!38!-8%%,-3!>8%!

3+,! 4-$33,%#/.21-,2! 2,<%$2$3/8.! 8>! /&$<,! 01$7/3=G! "1%%,.37=! $:$/7$A7,! "#$%&! '(")!

4=43,&4!,&678=/.<!3+,4,!43%$3,</,4!8>>,%!$!-8.3%$43!%,48713/8.!3+$3!/4!-8&6$%$A7,!38!-")!

$.2!/4!41>>/-/,.3!38!%,487:,!2,3$/74!38!$.!$33,.1$3/8.!2/>>,%,.-,!8>!Z#TJ!I81.4>/,72!f./34G!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )M(

!! 573+81<+!46$3/$7!%,48713/8.!8>!'(")!/4!/.>71,.-,2!A=!&173/67,!>$-38%4H!3+,!4/P,!8>!

/.2/:/21$7! 2,3,-38%! ,7,&,.34! %,&$/.4! /34! 6%/&$%=! 2,3,%&/.$.3G! ^$-+! '(! ,7,&,.3!

-8.4/434!8>!$!4,.4/3/:,!$%,$!$.2!$!68%3/8.!-8:,%,2!A=!2,3,-38%!,7,-3%8./-4Y! 3+,!%$3/8!8>!

3+,4,!3D8!6$%$&,3,%4!2,>/./.<!3+,!6-7''%-.8*329G!(,-%,$4/.<!2,3,-38%!,7,&,.3!4/P,!A,78D!$!

-,%3$/.!7/&/3!%,21-,4!3+,!>/77!>$-38%!38!3+,!68/.3!$3!D+/-+!(_^!7844,4!A,-8&,!6%8&/.,.3G!

54!$!%,4173H! 3+,%,! /4!$! 7/&/3!38!3+,!4&$77,43!863/&1&!2,3,-38%!,7,&,.3!4/P,!$.2!3+14!38!

46$3/$7! %,48713/8.! ?;,/3P,7H! EJJZ@G! '8%! -1%%,.37=! $:$/7$A7,! '(")! 4=43,&4H! $.! /483%86/-!

46$3/$7! %,48713/8.! 683,.3/$77=! $66%8$-+/.<! TZJbTZJbTZJ! `&g! /4! 3+,8%,3/-$77=!

$-+/,:$A7,!?S163$!,3!$7GH!EJJa@G!"8&6$%,2!D/3+!-")H!3+/4!%,48713/8.!/4!416,%/8%!/.!3,%&4!

8>!A83+!:8M,7! 4/P,!$.2! 3+,/%! /483%86/-!.$31%,H!D/3+! 3+,! 7$33,%!$778D/.<!&$./617$3/8.!8>!

%,-8.43%1-3,2! /&$<,4!$.2! /.3,%$-3/:,!:/,D/.<!8>!'(")!:871&,4! /.!$!&8%,!>7,M/A7,!$.2!

,>>/-/,.3!&$..,%!?5C6,C!,3!$7GH!EJJZA@G!

! 5!-8&6$%/48.!8>!'(")!38!-")!/4!2,4/%$A7,G!I8D,:,%H!>%8&!$!.,1%8/.3,%:,.3/8.$7!

6,%46,-3/:,H! 41-+! $! -8&6$%/48.! 4+8172!A,!&/.2>17! 8>! 3+,!6%/&$%=! $2:$.3$<,! 8>! '(")!

3,-+./01,!/G,G!/34!$:$/7$A/7/3=!/.!3+,!-$3+,3,%!7$A8%$38%/,4G!9&$<,!01$7/3=H!3+81<+!%,7,:$.3H!

4+8172!.83!A,! 3+,!487,!-%/3,%/8.! >8%!,:$71$3/.<! /34!:$71,!$4!$!-7/./-$7! /&$</.<! 3887G!)+,!

683,.3/$7!$667/-$3/8.4!8>!'(")!$%,!&$.=!$.2!3+,/%!%,$7/4$3/8.!2,6,.24!8.!3+,!6%8:/4/8.!

8>!/&$<,4!D/3+!41>>/-/,.3!01$7/3=!38!$.4D,%!01,%/,4!$%/4/.<!/.!$448-/$3/8.!D/3+!3%,$3&,.3!

6%8-,21%,4!/.!3+,!$.</8<%$6+=!%88&G!)+,!1A/01/3814!%87,!8>!-")!$4!6%/&$%=!2/$<.843/-!

3887!%,&$/.4!1.-+$77,.<,2G!!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )+(

)-? #;;=>320>79/(7E(HI!%(>9(0C<(#96>7612;CD(N8>0<(

)-?-+ &O2=820>79( 7E( A90123129>2=( N0<90/( P/<:( >9( 0C<( %1<20G<90( 7E(

N0<970>3(#10<1>2=(I>/<2/<(

)-?-+-+ $173<:812=(&O2=820>79(

5.</867$43=! $.2! 2,678=&,.3! 8>! ,.28:$4-17$%! 43,.34! $%,! 3%,$3&,.34! >8%! 4=&638&$3/-!

/.3%$-%$./$7! $3+,%84-7,%83/-! 2/4,$4,! /.! 6$3/,.34! D/3+! :,44,7! 43,.84/4! %,>%$-38%=! 38!

&,2/-$7!3%,$3&,.3!?h1+C!,3!$7GH!EJJLY!S%i4-+,7!,3!$7GH!EJJUY!O1+!,3!$7GH!EJJL@G!52F1.-3/:,!

14,! 8>! 43,.34! /.! -8/7! ,&A87/4$3/8.! 3%,$3&,.3! 8>! -,%,A%$7! $.,1%=4&4! 6$%3/-17$%7=! 3+84,!

D/3+! >14/>8%&H! D/2,! .,-CH! 8%! -8&67,M! &8%6+878<=! /4! C.8D.! ?5C6,C! ,3! $7GH! EJJZ$Y!

]$C+788!,3!$7GH!EJJL@H!/.!$22/3/8.!38!3+,/%!14,!>8%!:,44,7!4$7:$<,!?j88!,3!$7GH!EJJU@H!$.2!

>8%! 3+,! 3%,$3&,.3!8>! $-13,!:,44,7! 3+%8&A84/4! ?V,:=!,3! $7GH! EJJX@G!5!.,D!<,.,%$3/8.!8>!

43,.34!D/3+!3/<+3,%!&,4+!$%-+/3,-31%,H!2,4/<.,2!38!6%8&83,!3+%8&A84/4!8>! /.3%$-%$./$7!

$.,1%=4&4! 3+%81<+! >78D!2/:,%4/8.H!+$:,! %,-,.37=!A,-8&,!$:$/7$A7,!$.2!$%,! /.!14,! >8%!

3%,$3&,.3!8>!$.,1%=4&4!D/3+!-8&67,M!&8%6+878<=!?O$2$4/:$.!,3!$7GH!EJJU@G!

! O3,.3/.<H!+8D,:,%H! /4!.83!D/3+813!/34! 7/&/3$3/8.4G!k,%/#6%8-,21%$7!-8&67/-$3/8.4H!

.83$A7=! $-13,! $.2! 41A$-13,! /.#43,.3! 3+%8&A84/4! 8--1%! /.! $66%8MG! TJl!8>! -$4,4!D+/7,!

78.<#3,%&!%,43,.84/4!%$3,4!+$:,!A,,.!%,68%3,2!/.!$!%$.<,!8>!L#BJl!?'/8%,77$!,3!$7GH!EJJXY!

R/,2,7! ,3! $7GH! EJJUY! m$/2$3! ,3! $7GH! EJJL@G! ^:/2,.-,! >%8&! 3+,! -$%2/878<=! 7/3,%$31%,!

+/<+7/<+34!&$.=!6%,2/4684/.<!:$%/$A7,4!>8%!3+,4,!$2:,%4,!,:,.34!?I8.2$!$.2!'/3P<,%$72H!

EJJB@G!5&8.<!3+,&H!6%8-,21%,!%,7$3,2!>$-38%4!?,G<G!43,.3!1.2,%#,M6$.4/8.H!/.-8&67,3,!

:,44,7! D$77! $6684/3/8.@! $%,! -8.4/2,%,2! 3+,!&843! /&68%3$.3! $.2! 3+,/%! 6%,:,.3/8.! $.2!

&$.$<,&,.3!2,6,.24!8.!$!2,3$/7,2!C.8D7,2<,!8>!3+,!684/3/8.!8>!$!2,678=,2!43,.3!$.2!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ))(

/34!-8.>8%&/3=!38!3+,!:,44,7!D$77G!5:$/7$A/7/3=!8>!3+/4!/.>8%&$3/8.!38!3+,!86,%$38%!-$.!+,76!

863/&/P,! 43,.3! 14,! 38! %,21-,! 3+,! -8&67/-$3/8.! %$3,! $.2! /&6%8:,! 3+,! 3%,$3&,.3! 4$>,3=!

$.2! ,>>/-$-=! ?I8.2$! $.2! '/3P<,%$72H! EJJB@G! O3,.34! 2,4/<.,2! >8%! /.3%$-%$./$7! 14,!

/.-8%68%$3,! >,$31%,4! 41-+! $4! 78D! 6%8>/7,! 8137/.,H! >7,M/A7,! 43%1-31%,H! $2,01$3,! %$2/$7!

43%,.<3+H!$.2! 3%$-C$A/7/3=G!)+,4,!2,4/<.! >,$31%,4H! /&684,2!A=! 3+,!$.$38&=!8>! -,%,A%$7!

:$4-17$31%,H! >%,01,.37=! %,4173! /.! 78D! %$2/86$-/3=! $.2! -8.4,01,.3! 688%! %$2/8<%$6+/-!

:/4/A/7/3=! 8>! /.3%$-%$./$7! 43,.34! ?h,..28%>! ,3! $7GH! EJJZ@G! O&$77! 43,.3! 4/P,! $.2!

416,%/&684,2! A8.=! 43%1-31%,4! >1%3+,%! -8&6%8&/4,! 3+,/%! :/4/A/7/3=! 8.! -8.:,.3/8.$7!

2/</3$7!%$2/8<%$6+=!?(R@!$.2! >718%84-86=!?^A%$+/&/!,3!$7GH!EJJX@G!")!$.</8<%$6+=!$.2!

QR! $.</8<%$6+=! 41>>,%! >%8&! -8.4/2,%$A7,! 43,.3! $448-/$3,2! $%3,>$-34! $.2! +$:,!

/.41>>/-/,.3! 46$3/$7! %,48713/8.! 38! $2,01$3,7=! :/41$7/4,! -1%%,.3! .,1%8:$4-17$%! 43,.34!

?h1+C!,3!$7GH!EJJLY!^A%$+/&/!,3!$7GH!EJJX@G!

! 9.!-8.3%$43H!'(")!+$4!,&,%<,2!$4!$!3,-+./01,!D/3+!6,%>8%&$.-,!-+$%$-3,%/43/-4!

41/3$A7,! >8%! /&$</.<! 41-+! 4&$77H! +/<+#-8.3%$43! 43%1-31%,4G! 5! 41A#&/77/&,3,%! /483%86/-!

46$3/$7!%,48713/8.!$778D4!:/41$7/P$3/8.!8>!43,.3!43%134!$4!4&$77!$4!ZJ#XJ!`&!?'/<1%,!EGE@G!

)+%,,#2/&,.4/8.$7! :871&,4! $-01/%,2! D/3+! '(")! -$.! A,! %83$3,2! $.2! %,>8%&$33,2! 38!

=/,72! /&$<,4! /.! $.=! 67$.,H! $778D/.<! 43,.3! :/4/A/7/3=! 1.&$3-+,2! A=! $.=! 83+,%! -1%%,.3!

-7/./-$7! /&$</.<!&82$7/3=G!^A%$+/&/!$.2!-877,$<1,4!14,2!'(")H!(RH!$.2!>718%84-86=!38!

,:$71$3,!2,678=&,.3!6%86,%3/,4!8>! >81%!2/>>,%,.3! 3=6,4!8>! /.3%$-%$./$7! 43,.34! /.! $.! /.#

:/3%8H! -1%:,2!:,44,7!&82,7! ?^A%$+/&/!,3! $7GH! EJJX@G!)+,=! >81.2! 3+$3!'(")!4+8D,2! 3+,!

43,.3! 43%1-31%,! /.! -8.4/2,%$A7=! &8%,! 2,3$/7! -8&6$%,2! 38! (R! $.2! >718%84-86=G!

k%8F,-3/8.4!%,-8.43%1-3,2!>8%!2/>>,%,.3!2,4/%,2!8%/,.3$3/8.4H!/.-712/.<!A13!.83!7/&/3,2!38!

3+,!8%3+8<8.$7!$.2!,.>$-,!:/,D4H!$778D,2!2,3$/74!8>!3+,!2,678=,2!43,.3!$%-+/3,-31%,!38!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ),(

A,! 4312/,2! /.!&173/67,!67$.,4G! '(")!D$4! $A7,! 38! 4+8D! -8&67/-$3/8.4! 41-+! $4! C/.C/.<H!

4/&17$3,2!6%87$64,!8>!3+,!43,.3!43%134!$3!3+,!$.,1%=4&!.,-CH!$.2!$.=!3,.2,.-=!38!>7$33,.!

21%/.<!A,.2/.<G!N.!(R!$.2!>718%84-86=H!8.7=!3+,!3,%&/.$7!&$%C,%4!8>! 3+,!43,.34!D,%,!

-8.4/43,.37=!:/41$7/4,2H!$778D/.<!&,%,7=!$.!/.2/%,-3!$44,44&,.3!8>!2,678=&,.3G!

!

(

H>681<()-)*!"#$%&!'(")!,:$71$3/8.!8>!/.3%$-%$./$7!43,.34G!5!</$.3!>14/>8%&!A$4/7$%!$%3,%=!

$.,1%=4&!3%,$3,2!D/3+!$!-8&A/.$3/8.!8>!V^N!$.2!O9VW!43,.34!?h5V)!9.3,%.$3/8.$7@*!?$H!A@!6%,#

43,.3!")5Y!?-H!2@!$M/$7!$.2!4$</33$7!'(")!Q9k!/&$<,4!4+8D/.<!3+,!43,.3!$%-+/3,-31%,4Y!?,@!6843#

43,.3!7$3,%$7!%$2/8<%$6+Y!?>@!6843#43,.3!")5!/&$<,G!

h,..28%>! ,3! $7G! %,68%3,2! 3+,/%! ,M6,%/,.-,! D/3+! '(")! /&$</.<! 6,%>8%&,2!

/&&,2/$3,7=! >8778D/.<! 43,.3! 67$-,&,.3! /.! 3+%,,! 6$3/,.34! >8%! :,44,7! 43,.84/4! ?3D8!

/.3%$-%$./$7! $.2! 8.,! ,M3%$-%$./$7@! ?h,..28%>! ,3! $7GH! EJJZ@G! '(")! /&$<,4! $778D,2! $!

2,3$/7,2!$44,44&,.3!8>!43,.3!684/3/8.H!2,678=&,.3!-+$%$-3,%/43/-4H!$.2!$2$63$3/8.!38!3+,!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )?(

:,44,7!D$77G!'8%!8.,!6$3/,.3!D/3+!$3+,%84-7,%83/-!43,.84/4!8>!3+,!/.3,%.$7!-$%83/2!$%3,%=H!

3+,! /&$<,4!4+8D,2!$4=&&,3%/-!2,678=&,.3!8>! 3+,! 43,.3!D/3+!$!.$%%8D,2! 71&,.G!O8>3!

3/441,!/&$<,4!>%8&!3+,!4$&,!:871&,!%,:,$7,2!$!-$7-/>/,2!67$01,!6%,:,.3/.<!,M6$.4/8.!

8>! 3+,! 43,.3G! "8&6$%,2!D/3+! '(")H! A83+! :/41$7/P$3/8.! 8>! 3+,! 43,.3! $.2! $44,44&,.3! 8>!

67$01,! &8%6+878<=! D,%,! /.$2,01$3,! D/3+! 41A3%$-3,2! $4! D,77! $4! .8.#41A3%$-3,2! (R!

/&$<,4G! 573+81<+H! $! 6843#6%8-,21%$7! ")5! ,M$&/.$3/8.! -$.! +,76! 38! $44,44! :$4-17$%!

6$3,.-=!/.!41-+!$!4,33/.<H!/3!%,01/%,4!6$3/,.3!3%$.4>,%!38!3+,!")!%88&!$.2!$44,44&,.3!8>!

3+,!43,.3! 71&,.!&$=!A,!/.$--1%$3,!A,-$14,!8>!$!3,.2,.-=!>8%!")5!38!8:,%,43/&$3,!3+,!

2,<%,,!8>!/.#43,.3!43,.84/4!?)%844A$-+!,3!$7GH!EJJ\@G!'(")!8.!3+,!83+,%!+$.2!$778D4!$.!

/&&,2/$3,H!$--1%$3,!6%8-,21%$7!$44,44&,.3!8>! 3+,!2,678=,2!43,.3!D+/7,! 3+,!6$3/,.3! /4!

43/77!8.!3+,!$.</8<%$6+=!3$A7,G!

)-?-+-) H7==7QF8;(AG26>96((

)+,!>8778D#16!,M$&/.$3/8.!38!2,3,-3!/.#43,.3!43,.84/4H!<,.,%$77=!%,01/%,4!/.3%$#$%3,%/$7!

(O5G! I8D,:,%H! (O5! /4! /.:$4/:,! $.2! -$%%/,4! $! TGBl! %/4C! 8>! 6%8-,21%,#%,7$3,2!

.,1%878</-$7!-8&67/-$3/8.4!?]/77/.4C=!,3!$7GH!EJJB@G!")!$.</8<%$6+=H!$.!$73,%.$3/:,H!+$4!

6%8A7,&4!8>!8:,%,43/&$3/.<! /.#43,.3!43,.84/4H!D+/7,! 3+,!:$71,!8>!QR5! /.!$44,44/.<! 3+,!

43,.3! 71&,.! /4! -8&6%8&/4,2! A=! &,3$7#%,7$3,2! 414-,63/A/7/3=! $%3,>$-3! $.2! 4/<.$7! 7844!

?^A%$+/&/!,3!$7GH!EJJXY!)%844A$-+!,3!$7GH!EJJ\@G!)8!/.:,43/<$3,!3+,!:$71,!8>!'(")!>8%!43,.3!

>8778D#16H!h1+C!$.2!-877,$<1,4!8A3$/.,2!'(")!4312/,4!D/3+!/.3%$:,.814!$2&/./43%$3/8.!

8>!-8.3%$43!&$3,%/$7!/.!6$3/,.34!$>3,%!/.3%$-%$./$7!43,.3/.<H!$.2!>81.2!3+,!%,-8.43%1-3,2!

/&$<,4! 38! $778D! $! %,7/$A7,! $44,44&,.3! 8>! 3+,! 43,.3! 71&,.! 3+$3! -8%%,7$3,2! D/3+! >78D!

&,$41%,&,.34! &$2,! 14/.<! 3%$.4-%$./$7! (8667,%! 48.8<%$6+=! ?h1+C! ,3! $7GH! EJJL@G!

9.3%$:,.814!'(")!&$=!3+14!%,6%,4,.3!$!4$>,H!7,44!/.:$4/:,H!$.2!-843!,>>,-3/:,!$73,%.$3/:,!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )@(

38! (O5! >8%! 43,.3! >8778D#16H! D+/-+! -8172! A,! 6,%>8%&,2! 8.! $.! 8136$3/,.3! A$4/4G!

O/&173$.,814! :/41$7/P$3/8.! 8>! $77! /.3%$-%$./$7! :,44,74! $.2! ")#7/C,! /&$<,4! 8>! A%$/.!

6$%,.-+=&$! %,-8.43%1-3,2! >%8&! 3+,! 4$&,! :871&,! 6%8:/2,! $22/3/8.$7! 14,>17!

/.>8%&$3/8.H!%,21-/.<!3+,!8:,%$77!%$2/$3/8.!$.2!-8.3%$43!284,4!>8%!3+,!6$3/,.3G!

)-?-) &O2=820>79( 7E( N0<90/( P/<:( >9( 0C<( %1<20G<90( 7E( A90123129>2=(

#9<81D/G/!

)-?-)-+ $173<:812=(&O2=820>79(

O3,.3#$44/43,2! -8/7! ,&A87/4$3/8.! /4! $! D,77! ,43$A7/4+,2! 3%,$3&,.3! 863/8.! >8%! 3+,!

&$.$<,&,.3!8>!D/2,!.,-C!$.2!>14/>8%&!$.,1%=4&4!?5C6,C!,3!$7GH!EJJZ$Y!]$C+788!,3!$7GH!

EJJL@G!)+,!2,678=,2!43,.3!4,%:,4!$4!$!4-$>>872!+,76/.<!38!-8.3$/.!,.284$--17$%!-8/74G!)8!

,.41%,!4$>,!$.2!,>>,-3/:,!43,.3!67$-,&,.3! 3+,%,! /4!$!.,,2! 38*! ?$@!,:$71$3,! 3+,!684/3/8.!

$.2!2,678=&,.3!8>!43,.3!$3!3+,!2,4/%,2!67$-,!$.2!?A@!2,3,-3!$.=!-8/7!6%87$64,!/.38!3+,!

6$%,.3!$%3,%=!8%!+,%./$3/8.!8>!43,.3!43%134! /.38! 3+,!$.,1%=4&!4$-G!)+,!./3/.87!D/%,4!8>!

3+,! 43,.3! 43%134! +$:,! 688%! %$2/86$-/3=! $.2! (R! /&$<,4! -$.! 8.7=! %,7/$A7=! 2,3,-3! 3+,!

67$3/.1&! &$%C,%4! 67$-,2! $3! /.3,%:$74! ?141$77=! F143! $3! 3+,! ,.24@! 8.! 3+,! -1%%,.37=!

$:$/7$A7,!43,.34!?^A%$+/&/!,3!$7GH!EJJX@G!)+14!8.7=!$!<%844!,43/&$3,!8>!3+,!43,.3!684/3/8.!

/4!6844/A7,!D/3+813!$!%,7/$A7,!$44,44&,.3!8.!D+,3+,%!3+,!43,.3!D$4!$2,01$3,7=!2,678=,2!

/.!3+,!:,44,7!71&,.G!]/3+!(R!/&$<,4!$78.,H!3+,!684/3/8.!8>!3+,!43,.3!$.2!/34!%,7$3/8.4+/6!

D/3+! -8/74!&$=! %,&$/.! 1.-7,$%! $.2! /.-8&67,3,! 2,678=&,.3! 8%! :,44,7!D$77! $6684/3/8.!

&$=!<8!1..83/-,2G!!

! '(")! ,M$&/.$3/8.! 8>>,%4! $! 48713/8.! 38! 3+/4! /&$</.<! 6%8A7,&! D/3+/.! 3+,!

/.3,%:,.3/8.$7! 41/3,G! R/-+3,%! ,3! $7G! 4312/,2! TT! 6$3/,.34!D/3+! '(")! 3,-+./01,!D+8! +$2!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )B(

1.2,%<8.,! 43,.3#$44/43,2! -8/7! ,&A87/4$3/8.! 6%8-,21%,4! ?R/-+3,%! ,3! $7GH! EJJX@G! )+,!

/&$<,4!D,%,!-8&6$%,2!D/3+!(O5!38!2,3,%&/.,!3+,/%!,>>/-$-=!/.!,:$71$3/.<!2,678=&,.3!

-+$%$-3,%/43/-4!8>!3+,!43,.3!$.2!684/3/8.!8>!3+,!-8/74!D/3+/.!$.,1%=4&4G!'8%!$.,1%=4&4!

4&$77,%! 3+$.!TJ!&&! /.! 2/$&,3,%H! >$:81%$A7,! $44,44&,.34!D,%,!6844/A7,H!D/3+! $! 43,.3!

:/4/A/7/3=!41>>/-/,.3!38!,M-712,!$.=!-8/7!6%87$64,!3+%81<+!3+,!43,.3!43%134!8%!+,%./$3/8.!8>!

3+,! 43%134! /.38! 3+,! $.,1%=4&G! '8%! $.,1%=4&4! <%,$3,%! 3+$.! TJ! &&H! A,$&#+$%2,./.<!

$%3,>$-34! >%8&! 3+,! 7$%<,%! ,.28$.,1%=4&$7! -8/7#&$44! /&6$/%,2! 43,.3! :/4/A/7/3=! /.! 48&,!

-$4,4H!6$%3/-17$%7=!$3! 3+,!$.,1%=4&!.,-CG! 9.!$!41A4,3!8>!6$3/,.34!?.!n!B@H!$.!$22/3/8.$7!

'(")!4-$.!D$4!-$%%/,2!813!$>3,%!43,.3!2,678=&,.3!A13!A,>8%,!67$-,&,.3!8>!-8/74G!)+,4,!

/&$<,4!$778D,2!,M-,77,.3!:/41$7/4$3/8.!8>!3+,!43,.3!.,3D8%C!3+%81<+813! /34! 7,.<3+G!)+,!

4$&,!:871&,!2$3$H!%,>8%&$33,2!38!<,.,%$3,!48>3!3/441,!/&$<,4!8>!3+,!A%$/.!6$%,.-+=&$H!

$778D,2! $44,44&,.3! 8>! 3+,! 4/P,! 8>! 3+,! -,%,A%$7! :,.3%/-7,4! $.2! +,76,2! 38! ,M-712,! $.=!

6%8-,21%$7!+$,&8%%+$</-!-8&67/-$3/8.G!!!

)-?-)-) H7==7QF8;(&O2=820>79(

5.,1%=4&4! 3%,$3,2! A=! -8/7! ,&A87/4$3/8.! %,-1%! /.! EJl! 38! BJl! 8>! -$4,4H! D$%%$.3/.<!

%813/.,! >8778D#16! ,M$&/.$3/8.! ?V/! ,3! $7GH! EJJaY! k/83/.! ,3! $7GH! EJJX@G! '8%! 2,3,-3/8.! 8>!

%,-$.$7/P$3/8.H!3+,!/&$</.<!>8778D#16!/4!8A3$/.,2!$3!3+%,,!38!4/M!&8.3+4!$>3,%!3%,$3&,.3!

A=! ,/3+,%! 14/.<! -$3+,3,%! $.</8<%$6+=H! $.! /.:$4/:,! 3,-+./01,H! 8%! 3+,! 3/&,#8>#>7/<+3!QR!

$.</8<%$6+=! ?)N'#QR5@! D/3+! D+/-+! 3+,! ,:$71$3/8.! &$=! A,! 7/&/3,2! 4,-8.2$%=! 38!

&,3$77/-!-8/7#&$44!%,7$3,2!414-,63/A/7/3=!$%3,>$-3G!(8,4!'(")!+$:,!$.=!2/$<.843/-!:$71,!

>8%!>8778D#16!$>3,%!-8/7!,&A87/4$3/8.!8>!/.3%$-%$./$7!$.,1%=4&4o!!

! )+/4!01,43/8.!D$4!4=43,&$3/-$77=!,M678%,2!A=!h1+C!,3!$7G!/.!3D,.3=#3D8!6$3/,.34!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )J(

1.2,%<8/.<! %813/.,! 4/M#&8.3+! >8778D#16!,M$&/.$3/8.!$>3,%! -8/7! ,&A87/4$3/8.! ?h1+C!,3!

$7GH!EJJU@G!5.!'(")!4-$.!D$4!6,%>8%&,2!/.!$22/3/8.!38!3+,!43$.2$%2!>8778D#16!%,</&,.!

/G,G! -$3+,3,%!$.</8<%$6+=!$.2!)N'#QR5G!"$3+,3,%!$.</8<%$6+=H! 3+,!<872!43$.2$%2H!D$4!

-8.4/43,.37=! %$3,2! 416,%/8%! 38! 3+,! 83+,%! 3D8!&82$7/3/,4G!5%3,>$-34! $66,$%,2! 38! /&6$/%!

3+,! /&$<,! 01$7/3=! 8>! '(")! $.2! QR5G! '8%! '(")H! $.,1%=4&! 4/P,! ?$.2! 3+,%,>8%,! 3+,!

.1&A,%!8>!-8/74!14,2!38!6$-C!3+,!4$-@!8%!3+,!6%,4,.-,!8>!$.!/&67$.3,2!43,.3!D,%,!&$F8%!

>$-38%4!2,3,%&/./.<!3+,!$%3,>$-3!78$2H!D+/-+!4/<./>/-$.37=!2,<%$2,2!3+,!/&$<,!01$7/3=!>8%!

$.,1%=4&4!,M-,,2/.<!TJ!&&!/.!2/$&,3,%G!'8%!QR5H!$%3,>$-34!D,%,!&843!6%8&/.,.3!/.!

6$3/,.34! D/3+! /&67$.3,2! 43,.34G! I8D,:,%H! $77! 3+%,,! 3,-+./01,4! D,%,! -8&6$%$A7,! /.!

3,%&4!8>!,:$71$3/.<!3+,!2,<%,,!8>!$.,1%=4&!8--714/8.!$.2!2,3,-3/.<!$.=!%,4/21$7!.,-C!

8%! %,4/21$7! 4$-G! )+,/%! >/.2/.<4! +/<+7/<+3! 683,.3/$7! 13/7/3=! 8>! '(")! >8%! 3+,! >8778D#16! 8>!

-8/7,2! $.,1%=4&4! ,46,-/$77=! /.! 3+,! 6%,4,.-,! 8>! 43,.34! D+,.! 414-,63/A/7/3=! $%3,>$-34!

2,<%$2,! /&$<,!01$7/3=!8>!)N'#QR5G!"8.:,%4,7=H!D/3+! /.-%,$4/.<!4/P,!8>! 3+,!$.,1%=4&H!

A,$&#+$%2,./.<!$%3,>$-34!-$14,2!A=!,&A87/4$3/8.!-8/74!7/&/3!'(")!$44,44&,.3G!!

)-?-, #96>7F177G(#O2>=2.>=>0D(7E(!%F=>5<(N7E0(%>//8<(AG26</(

5:$/7$A/7/3=!8>!")#7/C,!/&$<,4!8>!A%$/.!6$%,.-+=&$!8A3$/.,2!14/.<!3+,!4$&,!$66$%$314!

$4! ,&678=,2! >8%! <1/2/.<! 3+,! /.3,%:,.3/8.$7! 3%,$3&,.3H! -8172! A,! 8>! 6$%3/-17$%! :$71,!

21%/.<!,.28:$4-17$%!6%8-,21%,4H!$.2!&$=!+$:,!$!683,.3/$7!%87,! /.!3+,!&$.$<,&,.3!8>!

$-13,! 43%8C,! 6$3/,.34G! )+,! .,1%8#,.28:$4-17$%! 6%8-,21%,4H! 2,46/3,! $2:$.-,&,.34! /.!

/.3,%:,.3/8.$7!3,-+./01,4H!$%,!$448-/$3,2!D/3+!%/4C4!$.2!-8&67/-$3/8.4!?:$.!R88/F!,3!$7GH!

EJJa@G!N.,!41-+!-8&67/-$3/8.!/4!6,%>8%$3/8.!8>!3+,!$.,1%=4&!4$-!8%!$!:,44,7!21%/.<!-8/7!

,&A87/4$3/8.H! $.! /.>%,01,.3! A13! $! 683,.3/$77=! >$3$7! ,:,.3H! ,$%7=! 2,3,-3/8.! $.2! :/</7$.3!

&$.$<,&,.3!8>!D+/-+!-$.!/&6%8:,!6$3/,.3!813-8&,4!?"78>3!$.2!W$77&,4H!EJJEY!S$77$4!,3!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )K(

$7GH! EJJL@G! k%8-,21%$7! %1631%,! -$.! A,! /.>,%%,2! >%8&! >/.2/.<4! 41-+! $4! ,M3%$:$4$3/8.! 8>!

-8.3%$43!&,2/1&!$.2!,M3%14/8.!8>!-8/74H!8%!>%8&!4,-8.2$%=!4/<.4!,G<G!1.,M6,-3,2!4+/>3!8>!

:$4-17$%!43%1-31%,4!21,!38!$-13,7=!2,:,786/.<!+$,&$38&$H!2,3,%/8%$3/8.!8>!.,1%878</-$7!

43$314H! 8%! $.! $A%163! $73,%$3/8.! 8>! +,$%3! %$3,! $.2! A7882! 6%,441%,! ?Q/.<#I1$! V/! ,3! $7GH!

EJJa@G! I8D,:,%H! $! %,7/$.-,! 8.! 3+,! 4,-8.2$%=! 4/<.4! -$.! 683,.3/$77=! 8:,%788C! &/.8%!

6,%>8%$3/8.4!3+$3!&$=!-$14,!$!7$3,!2,3,%/8%$3/8.!8>!6$3/,.3p4!.,1%878</-$7!43$314!$>3,%!$.!

$66$%,.37=! 1.,:,.3>17! ,&A87/4$3/8.! 6%8-,21%,G! 9.! 41-+! 4/31$3/8.4H! $! -8.:,.3/8.$7! ")!

&$=! 6%8:/2,! 6$%,.-+=&$7! /.>8%&$3/8.! 3+$3! -$.! $44/43! .83! 8.7=! /.! 3+,! 2,3,-3/8.! 8>!

6%8-,21%$7! %1631%,! A13! $748! +,76! /.! 3+,! $44,44&,.3! 8>! 2/43%/A13/8.! $.2! ,M3,.3! 8>!

,M3%$:$4$3/8.G! )+,%,>8%,H!D+,.! $! 6%8-,21%$7! 6,%>8%$3/8.! /4! 4146,-3,2H! 3%$.4>,%! 8>! 3+,!

6$3/,.3! >8%! $! -8.:,.3/8.$7! ")! 4-$.! /4! <,.,%$77=! -8.4/2,%,2! ?^.<,7+8%.! ,3! $7GH! EJJLY!

I,%$.! ,3! $7GH! EJJa@G! )+/4! 43%$3,<=H! +8D,:,%H! 2,7$=4! 2,-/4/8.#&$C/.<! /.! $.! ,&,%<,.3!

6%8-,21%$7! 4,33/.<H! 2/4%1634! 3+,! D8%C>78DH! $.2! 683,.3/$77=! -8&6%8&/4,4! 6$3/,.3!

&8./38%/.<!21%/.<!3%$.4>,%!?I,%$.!,3!$7GH!EJJa@G!!

! 5:$/7$A/7/3=! 8>! ")#7/C,! /&$<,4! 8>! A%$/.! 6$%,.-+=&$! ?'/<1%,! EGB@! /.! 3+,!

/.3,%:,.3/8.$7!41/3,H!-$6$A7,!8>!%,7/$A7,!2,3,-3/8.!8%!,M-714/8.!8>!$!4146,-3,2!6%8-,21%$7!

-8&67/-$3/8.H!-$.!%,$48.$A7=!A,!,M6,-3,2!38!8:,%-8&,!3+,4,!78</43/-!6%8A7,&4!$.2!-$.!

683,.3/$77=! /&6%8:,!6$3/,.3!813-8&,4G!R,68%34!8.!,$%7=!-7/./-$7!,M6,%/,.-,!D/3+!'(")!

/.!3+/4!-8.3,M3!+$:,!A,,.!6%8&/4/.<G!9.!8.,!8>!3+,!,$%7=!%,68%34H!I,%$.!,3!$7G!-8&&,.3,2!

8.! 3+,! 13/7/3=! 8>! /.3%$-%$./$7! 48>3! 3/441,! /.>8%&$3/8.! -8.:,=,2! A=! '(")! >8%! 3+,!

&$.$<,&,.3!8>!4146,-3,2!-8&67/-$3/8.4!$.2!/34!/.>71,.-,!8.!3+,!41A4,01,.3!3%,$3&,.3!

2,-/4/8.4! ?I,%$.!,3! $7GH! EJJa@G!'(")! /&$<,4!D,%,! >81.2! 38!A,!8>! 41>>/-/,.3!01$7/3=! >8%!

2,3,-3/8.!8>!+$,&8%%+$</-!-8&67/-$3/8.4!$.2!>8%!3+,!$44,44&,.3!8>!/.3,%.$7!"O'!46$-,4G!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! )L(

5!-8&6$%/48.!8>!'(")!/&$<,4!D/3+!6%,#6%8-,21%$7!/&$</.<!>8%!8.,!6$3/,.3!%,:,$7,2!$.!

/.-%,$4,! /.! 3+,! ,M3,.3! 8>! O5IH! :,.3%/-17$%! ,.7$%<,&,.3H! $.2! 6%,4,.-,! 8>! .,D!

/.3%$:,.3%/-17$%! A7882! ?D+/-+! 6%8&63,2! $! 2,-/4/8.! 38! 67$-,! $.! ,M3,%.$7! :,.3%/-17$%!

2%$/.!?^d(@G!O1--,44>17!67$-,&,.3!8>!^d(!D$4!-8.>/%&,2!A=!'(")!$.2!3+,!6$3/,.3!D$4!

>81.2!38!A,!.,1%878</-$77=!/.3$-3!168.!%,-8:,%=!>%8&!$.$,43+,4/$G!9.!3D8!83+,%!6$3/,.34H!

'(")! /&$<,4!+,76,2!38!,M-712,!4146,-3,2!6%8-,21%$7!-8&67/-$3/8.4H! 3+,%,A=!$:8/2/.<!

$.=! 1..,-,44$%=! 41%</-$7! /.3,%:,.3/8.! $.2! /.-%,$4/.<! 3+,! -8.>/2,.-,! /.! 41A4,01,.3!

&$.$<,&,.3G! '8778D/.<! 3+/4! %,68%3H! 83+,%4! 4=43,&$3/-$77=! ,M678%,2! D+,3+,%! '(")!

/&$<,4! $%,! 8>! $2,01$3,! 01$7/3=! >8%! $44,44&,.3! 8>! "O'! 46$-,4! $.2! >8%! %,7/$A7,!

2,3,-3/8.q,M-714/8.!8>!/.3%$-%$./$7!+$,&8%%+$<,G!!

)-?-,-+ I<0<30>79(7E(A90123<1<.12=("2<G711C26<(

O3%1>>,%3! ,3! $7G! ,:$71$3,2! 3+,! /&$<,! 01$7/3=! $.2! 3+,! :$71,! 8>! '(")! >8%! 2,3,-3/8.! 8>!

/.3%$-,%,A%$7!+$,&8%%+$<,!?9"I@!A=!-8&6$%/48.!D/3+!-")!/.!$!4,%/,4!8>!aJ!6$3/,.34!?\\!

9"I#684/3/:,Y! Ta! 9"I#.,<$3/:,H! 4,%:/.<! $4! -8.3%874@! ?O3%1>>,%3! ,3! $7GH! EJJU@G! 9.! 3+,/%!

,M6,%/,.-,H!/&$<,!$%3,>$-34!?&83/8.H!A,$&#+$%2,./.<H!$.2!%/.<!$%3,>$-34@!$>>,-3,2!'(")!

&8%,!>%,01,.37=!3+$.!-")G!)+/4!$%3,>$-3! 78$2!-8&A/.,2!D/3+!%,7$3/:,7=!688%!48>3!3/441,!

%,48713/8.H!-8.3%/A13,2!38D$%24!8:,%$77!2,<%$2$3/8.!8>!'(")!/&$<,!01$7/3=H!D+/-+!D$4!

-8.4/43,.37=! %$3,2! /.>,%/8%! 38! -")G! O82,%&$.! $.2! -877,$<1,4! $748! %,68%3,2! 4/&/7$%!

>/.2/.<4!$.2!2,4-%/A,2!'(")!$4!41>>,%/.<!>%8&!/&$<,!$%3,>$-34!&8%,!>%,01,.37=!$.2!38!$!

<%,$3,%!,M3,.3!3+$.!-")!?Oi2,%&$.!,3!$7GH!EJJL@G!;8.,3+,7,44H!A83+!<%8164!-8.4/2,%,2!

3+,!/&$<,!01$7/3=!38!A,!41/3$A7,!>8%!2/$<.843/-!$44,44&,.3!$.2!>8%!%,7/$A7,!2,3,-3/8.!$.2!

2,7/.,$3/8.! 8>! 9"I! /.! &843! -$4,4G! )+,! 3,-+./01,! D$4! 688%! $3! 2,3,-3/.<! 4&$77!

+$,&$38&$4! ?,46,-/$77=! 3+84,! 78-$3,2! -784,! 38! 4C177! A$4,@! /.! 3+,! 6%,4,.-,! 8>!&83/8.!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,M(

$%3,>$-34G! )+/4! 3,.2,.-=! >8%! '(")! 38! 1.2,%,43/&$3,! 3+,! 4/P,! 8>! 4&$77! +$,&8%%+$</-!

7,4/8.4! &$=! 3%$.47$3,! /.38! $! 78D! 4,.4/3/:/3=! 8>! 3+,! 3,-+./01,! >8%! 2,3,-3/.<! 4&$77!

6%8-,21%$7! 6,%>8%$3/8.4Y! $! .83/8.! 38! D+/-+! >1%3+,%! 41668%3! -8&,4! >%8&! 3+,!

8A4,%:$3/8.4!8>!O82,%&$.!,3!$7G!D+8!2,4-%/A,2!3+,!+$,&8%%+$</-!7,4/8.4!$.2!8,2,&$!38!

A,!7,44!2/43/.-3!8.!'(")!/&$<,4G!93!>8778D4!>%8&!3+,!%,7$3/:,7=!688%!-8.3%$43!%,48713/8.!

8>! '(")! 3+$3! 3+,! 3,-+./01,! &$=! $748! .83! A,! $A7,! 38! %,7/$A7=! 2,6/-3! 3+,! ,M3,.3! 8>!

+=68$33,.1$3/.<! 7,4/8.4! 41-+! $4! 8,2,&$! 8>! 3+,! A%$/.! 3/441,! >8778D/.<! $.! /4-+$,&/-!

/.4173G! )+,! /&$<,4! 4+8172H! 3+,%,>8%,! A,! /.3,%6%,3,2! D/3+! -$13/8.! 48! $4! .83! 38!

1.2,%,43/&$3,!3+,!4,:,%/3=!8>!/4-+$,&/-!A%$/.!/.F1%=G!

! )+,!$A/7/3=!8>!'(")!38!2,3,-3!$-13,! /.3%$-%$./$7!+$,&8%%+$<,!D$4!,:$71$3,2!A=!

5%$C$D$!,3!$7G!D+8!4312/,2!3+,!&/./&$7!4/P,!8>!+$,&$38&$4!2,3,-3$A7,!14/.<!$.!$./&$7!

&82,7H!-%,$3,2!A=!/.F,-3/.<!A7882!8%!$!&/M31%,!8>!A7882!$.2!%$2/8<%$6+/-!-8.3%$43!&,2/$!

/.38! 3+,! 4D/.,!A%$/.! ?5%$C$D$!,3! $7GH! EJJL@G!577! ,M6,%/&,.3$7!+$,&$38&$4!&/&/-C/.<!

6%8-,21%$7! +$,&8%%+$<,4! D,%,! 2,3,-3$A7,! D/3+! '(")Y! 3+,! 4&$77,43! A,/.<! JGT\! -&cG!

^M6,%/&,.3$7!7,4/8.4!%,6%,4,.3/.<!.8.#6%8-,21%$7!+$,&8%%+$<,4!D,%,!$748!2,3,-3$A7,!

D+,.! 3+,! +$,&$38-%/3! 8>! /.F,-3,2! A7882! D$4! /.! 3+,! %$.<,! 8>! EU! K! BXlY! 3+,! 4&$77,43!

2,3,-3,2!7,4/8.!/.!3+/4!-$3,<8%=!A,/.<!JGTX!-&cG!)+,!4/P,4!8>!7,4/8.4!&,$41%,2!8.!'(")!

D,%,!T#BZ!l!4&$77,%! 3+$.!$3!.,-%864=!$.2! 3+/4!2/4-%,6$.-=!D$4!&8%,!6%8&/.,.3! >8%!

4&$77! 4/P,2! 7,4/8.4G! )+,! 2/>>,%,.-,!D$4! $33%/A13,2! 38! 3+,! %,7$3/:,7=! 688%! 78D#-8.3%$43!

%,48713/8.!8>!'(")G!5!41A<%816!8>!$./&$74!D$4!$748!/&$<,2!A=!-")!$.2!-8&6$%/48.!8>!

3+,!3D8!/&$</.<!3,-+./01,4!>81.2!3+$3!7,4/8.4!D,%,!&8%,!2/43/.-3!$.2!A,33,%!2,7/.,$3,2!

8.! -")G! '(")! /&$<,! 01$7/3=! D$4! -8.4/2,%,2! 41/3$A7,! >8%! +$,&$38&$! 2,3,-3/8.! $.2!

2,7/.,$3/8.!A13!/3!7$-C,2!3+,!,M01/4/3,!-8.3%$43!%,48713/8.!8>!-")G!!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,+(

!

(

H>681<()-,*!^:$71$3/8.!8>!A%$/.!6$%,.-+=&$!D/3+!"#$%&!'(")G!'(")!/&$<,4!/.!2/>>,%,.3!

6$3/,.34!4+8D/.<*!?$@!.8%&$7!4/P,2!:,.3%/-7,4Y!?A@!,.7$%<,2!:,.3%/-7,4Y!?-@!>%8.3$7!+$,&$38&$Y!

?2@!6%8-,21%$7!%1631%,!21%/.<!-8/7!,&A87/4$3/8.!D/3+!,M3%$:$4$3/8.!8>!%$2/8<%$6+/-!-8.3%$43!

&,2/$!/.!3+,!O=7:$.!>/441%,!$.2!417-/!8:,%!3+,!7,>3!3,&68%$7!78A,Y!?,@!/.3%$:,.3%/-17$%!-8.3%$43!

$.2!+$,&8%%+$<,Y!$.2!?>@!$.3,%/8%!/.3,%+,&/46+,%/-!+,&$38&$G!!

)-?-,-) I<0<30>79(7E(N8.2123C97>:("2<G711C26<(29:(#//<//G<90(7E(R<901>3=</(

9.!$!4/&/7$%!-8&6$%$3/:,!4312=H!(8,7C/.!$.2!-877,$<1,4!,M678%,2!3+,!$A/7/3=!8>!'(")!38!

:/41$7/4,!41A$%$-+.8/2!+$,&8%%+$<,!?O5I@!$.2!38!$44,44!3+,! /.3,%.$7!"O'!46$-,4!?.!n!

BE*! EE! O5I#684/3/:,Y! TJ! O5I#.,<$3/:,! -8.3%874@! ?(8,7C,.! ,3! $7GH! EJJL@G! 9.! 6$3/,.34!

6%,4,.3/.<!D/3+!$-13,!O5IH!3D8!%$2/878</434!,:$71$3,2!3+,!,M3,.3!$.2!2/44,&/.$3/8.!8>!

+$,&8%%+$<,!8.!'(")!$.2!-8&6$%,2!/3!D/3+!>/.2/.<4!8.!-")G!h83+!,:$71$38%4!-8%%,-37=!

/2,.3/>/,2!O5I#.,<$3/:,!6$3/,.34H!D/3+!8.7=!8.,!>$74,!.,<$3/:,!%,$2/.<G!I8D,:,%H!/.!7/.,!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,)(

D/3+!3+,!>/.2/.<4!%,68%3,2!>8%!9"IH!3+,%,!D$4!$!3,.2,.-=!38!1.2,%,43/&$3,!3+,!,M3,.3!8>!

O5I! 8.! '(")! /&$<,4G! 9.! 3+,! '(")! %,$2/.<4H! 3+,! '/4+,%! 4-8%,4! D,%,! 78D,%! $.2!

+$,&8%%+$<,!D$4!/2,.3/>/,2!8.!$!>,D,%!.1&A,%!8>!47/-,4!-8&6$%,2!D/3+!-")G!"8&67,3,!

$<%,,&,.3! A,3D,,.! 3+,! 3D8! 3,-+./01,4! D$4! 8A4,%:,2! >8%! ^:$.4! /.2,M! ?$! %$3/8! 8>!

:,.3%/-17$%!4/P,!38!-,%,A%$7!4/P,@H!14,2!$4!$!&$C,%!>8%!$44,44&,.3!8>!/.3,%.$7!"O'!46$-,4G!

)-?-,-, '7=<(7E(HI!%(>9(I<0<1G>9>96(0C<(AGG<:>20<($7/0F;173<:812=(S2926<G<90(

7E($20><90/(

)+,! /&6$-3! 8>! '(")! 8.! 3+,! &$.$<,&,.3! 8>! 6$3/,.34! 1.2,%<8/.<! .,1%8,.28:$4-17$%!

6%8-,21%,4H!D$4!$22%,44,2! /.!$!6%846,-3/:,!$12/3! 4312=! ?.!n!\\@! ?]+/3,!,3!$7GH!EJJL@G!

]+/3,! ,3! $7G! 14,2! $! >/:,#68/.3! 8%2/.$7! 4-$7,! 38! $44,44! +8D! '(")! /.>71,.-,2! 3+,!

&$.$<,&,.3!8>!6$3/,.34G!)+,!4-$7,!D$4!2,4/<.,2!38!/2,.3/>=!:$%/814!4/31$3/8.4!%$.</.<!

>%8&!3+84,!D+,%,!'(")!%,4173,2!/.!3+,!D%8.<!&$.$<,&,.3!2,-/4/8.!38!/.43$.-,4!D+,%,!

'(")!D$4!3+,!&$F8%!>$-38%!-8.3%/A13/.<!38D$%24!41A4,01,.3!&$.$<,&,.3G!9.!$22/3/8.H!

'(")! /&$<,4! D,%,! %$3,2! >8%! /&$<,! 2,>/./3/8.! $.2! >8%! 3+,! 6%,4,.-,! 8>! $%3,>$-34G! )+,!

3,-+./01,! +,76,2! 38! /2,.3/>=! 6%8-,21%$7! %1631%,H! &$44! ,>>,-3! $448-/$3,2! D/3+!

+$,&$38&$4H!%,A7,,2/.<H!/4-+$,&/$H!$.2!+=2%8-,6+$714G!9.!TL!8>!\\!6$3/,.34H!'(")!D$4!

-8.4/2,%,2! $! 6%/&,! 8%! 41A43$.3/:,! >$-38%! /.! 67$../.<! 41A4,01,.3!&$.$<,&,.3! 8>! 3+,!

6$3/,.34!D+/7,! /.! .8! -$4,! 2/2! /34! /.3,%6%,3$3/8.! %,4173! /.! $!D%8.<! 3%,$3&,.3! 2,-/4/8.G!

9&$<,!01$7/3=H! 2,46/3,! 3+,!6%,4,.-,!8>! $%3,>$-34H!D$4! %,68%3,2! $4! -8.:,=/.<! 41>>/-/,.3!

2/$<.843/-! /.>8%&$3/8.! 38! &$C,! $! 2,-/4/8.! %,<$%2/.<! 3+,! 6%,4,.-,! 8%! $A4,.-,! 8>!

-8&67/-$3/8.4H! $.2! .8! 6$3/,.3! %,01/%,2! $.! $22/3/8.$7! ")! ,M$&/.$3/8.! 38! $.4D,%! 3+/4!

-7/./-$7!01,43/8.G!!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,,(

)-?-? HI!%(#96>7612;CD(

'(")!-$.!2,7/.,$3,!-8.3%$43#,.+$.-,2!:,44,74Y!$.2!21,!38!/34!A,33,%!-8.3%$43!%,48713/8.!

-8&6$%,2!D/3+!B(#(O5H!8>>,%4!$.</8<%$6+=!D/3+!78D,%!-8.-,.3%$3/8.4!8>!%$2/8<%$6+/-!

-8.3%$43! &,2/$G! 5! -784,%! &$3-+! A,3D,,.! 3+,! 2,.4/3/,4! 8>! A7882! $.2! %$2/8<%$6+/-!

-8.3%$43!&$3,%/$7!$778D4!3+,!-8.3%$43!38!>/77!:,44,74!&8%,!1./>8%&7=!$.2!38!</:,!$!A,33,%!

2,6/-3/8.! 8>! :$4-17$%! &8%6+878<=G! )+/4! /4! ,46,-/$77=! %,7,:$.3! D+,.! $.</8<%$6+=! /4!

6,%>8%&,2! 38! 4312=! /.3%$-%$./$7! $.,1%=4&4G! ;8.#1./>8%&! 2/43%/A13/8.! 8>! -8.3%$43! /.!

$.,1%=4&4!D/3+!-,%3$/.!8%/,.3$3/8.4!/4!C.8D.!38!/.>71,.-,!3+,/%!$66,$%$.-,!8.!B(#(O5!

?^%.,&$..! ,3! $7GH! EJJB@G! r81! $.2! -877,$<1,4! %,68%3,2! 4/<./>/-$.3! 2/>>,%,.-,4! A,3D,,.!

3+,!$66,$%$.-,4!8>!3D8!A$4/7$%!$%3,%=!$.,1%=4&4!8.!B(#(O5!$.2!'(")G!'(")H!14/.<!$!

&8%,! 2/713,2! -8.3%$43! &$3,%/$7H! %,:,$7,2! $.3,%/8%! 68%3/8.4! 8>! 3+,! $.,1%=4&4H! D+/-+!

D,%,!-8.4/43,.37=!1.2,%,43/&$3,2!A=!B(#(O5G!)+81<+!1.,M678%,2!4=43,&$3/-$77=H!41-+!

2/4-%,6$.-/,4!/.!,43/&$3/8.!8>!$.,1%=4&!&8%6+878<=!&$=!A,!&8%,!-8&&8.!$.2!'(")!

$.</8<%$6+=! &$=! A,! 7,44! 6%8.,! 38! $%3,>$-34! $.2! </:,! $! A,33,%! 2,6/-3/8.! 8>! :$4-17$%!

&8%6+878<=!?r81!,3!$7GH!EJJX@G!!

5.!/.3%$:,.814!6%838-87!>8%!-8.3%$43!&,2/$!$2&/./43%$3/8.H!$6$%3!>%8&!A,/.<!7,44!

/.:$4/:,H!8>>,%4!3+,!$2:$.3$<,4!8>!4/&173$.,814!:/41$7/P$3/8.!8>!$77! /.3%$-%$./$7!:,44,74!

D/3+!$!4/.<7,!/.F,-3/8.!?'/<1%,!EG\@G!544,44&,.3!8>!$77!/.3%$-%$./$7!:,44,74!D/3+!$!4/.<7,!

-8.3%$43!/.F,-3/8.!/4!8>!6$%3/-17$%!A,.,>/3!/.!6$3/,.34!D/3+!&173/67,!/.3%$-%$./$7!:$4-17$%!

7,4/8.4H! 4312=! 8>!D+/-+!D8172! 83+,%D/4,! %,01/%,!&173/67,! /.3%$#$%3,%/$7! /.F,-3/8.4! >8%!

(O5! ,M$&/.$3/8.G! )+,! /.3%$:,.814! 6%838-87! &$=! 3+14! %,21-,! 3+,! -8.3%$43! $.2! 3+,!

%$2/$3/8.!284,! -8&6$%,2!D/3+!B(#(O5G! 9.!$22/3/8.H! $66%86%/$3,!6%8F,-3/8.!$.<7,4! -$.!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,?(

A,! D8%C,2! 813! >%8&! 3+,! 4$&,! $-01/4/3/8.H! D+/-+! &$=! 41A4,01,.37=! A,! 14,>17! /.!

67$../.<!$.!/.3,%:,.3/8.$7!6%8-,21%,G!

!

!

H>681<()-?*(^:$71$3/8.!8>!/.3%$-%$./$7!:,44,74!D/3+!"#$%&!'(")G!d871&,#%,.2,%,2!'(")!/&$<,4!

4+8D/.<*!?$@!3+,!-/%-7,!8>!]/77/4!>8778D/.<!$.!/.3%$:,.814!$2&/./43%$3/8.!8>!TJJ!&7!8>!ZJl!

;/86$&!BJJ!?h%$--8!46$H!Q/7$.H!93$7=@!/.>14,2!$3!Z!&7q4,-8.2!$.2!?A@!&/227,!-,%,A%$7!$%3,%=!

A/>1%-$3/8.!$%3,%=!$.,1%=4&!$>3,%!$.!/.3%$#$%3,%/$7!/.F,-3/8.!8>!BB!&7!8>!TZl!;/86$&!BJJG!!

)-?-@ HI!%($<1E8/>79(

^M678/3/.<! 3+,! 3,&68%$7! 2/&,.4/8.! >8%! "#$%&! '(")! D/3+! 4,01,.3/$7! $-01/4/3/8.! 8>!

/&$<,4!/G,G!6,%>14/8.!4-$../.<H!/4!8>!683,.3/$7!/.3,%,43!?S163$!,3!$7GH!EJJa@G!I8D,:,%H!3+,!

>7$3! 6$.,7! 2,3,-38%4! -1%%,.37=! 14,2! /.! $.</8<%$6+=! 4=43,&4! $%,! 7/&/3,2! A=! 3+,!

4-/.3/77$3/8.!46,,2!8>!"49!$.2!3+14!3+,!.1&A,%!8>!6%8F,-3/8.4!3+$3!-$.!A,!$-01/%,2!6,%!

4,-8.2!?W$7,.2,%!$.2!W=%/$C81H!EJJXY!N%3+!,3!$7GH!EJJL@G!)+/4!,:,.31$77=!3%$.47$3,4!/.38!

78.<,%!4-$.!21%$3/8.H!3=6/-$77=!/.!3+,!%$.<,!8>!Z#EJ!4,-8.24!>8%!3+,!-1%%,.37=!$:$/7$A7,!

"#$%&! $.</8<%$6+/-! 4=43,&4G! ]/3+! $! 3,&68%$7! %,48713/8.! 8>! 3+/4! 8%2,%H! 2=.$&/-!

6,%>14/8.!/&$</.<!/4!.83!6844/A7,!D/3+!"#$%&!4=43,&4G!I8D,:,%H!.,D,%!2/%,-3!3=6,!>7$3!

2,3,-38%4! $.2! >$43,%! %,-8.43%1-3/8.! $7<8%/3+&4! $%,! A,/.<! %,4,$%-+,2! D+/-+! &/<+3!



!"#$%&'()*!"#$%&!'(")*!)+,!),-+./01,!$.2!/34!5667/-$3/8.4!/.!9.3,%:,.3/8.$7!;,1%8%$2/878<=! ,@(

8:,%-8&,! 3+/4! 7/&/3$3/8.G! ]/3+! 2=.$&/-! 6,%>14/8.! /&$</.<! $22,2! 38! /34! ,M/43/.<!

-$6$A/7/3=! 8>! 48>3! 3/441,! /&$</.<! $.2! $.</8<%$6+/-! /&$</.<H! "#$%&! '(")! +$4! 3+,!

683,.3/$7! 38! A,-8&,!$.!8&./#4-$../.<! 3,-+./01,! $:$/7$A7,! /.! 3+,!.,1%8/.3,%:,.3/8.$7!

41/3,G!O1-+!4=43,&4!D8172!,M3,.2!3+,!%87,!8>!'(")!/&$</.<!38!3+,!3%/$<,!8>!$-13,!43%8C,!

6$3/,.34! $4! D,77! $4! /&6%8:,! 3+,! &$.$<,&,.3! 8>! 6$3/,.34! 1.2,%<8/.<! $77! 3=6,4! 8>!

,.28:$4-17$%!3%,$3&,.3G!!

)-@ !793=8/>79(

"#$%&! '(")! /4! $! 6%8&/4/.<! /&$</.<! 3887! >8%! .,1%8/.3,%:,.3/8.$7! $667/-$3/8.4G! 53! 3+,!

-1%%,.3!7,:,7!8>!6,%>8%&$.-,H!/3!7$<4!A,+/.2!-8.:,.3/8.$7!")!/.!3,%&4!8>!/&$<,!01$7/3=G!

I8D,:,%H! 3+,!$2:$.3$<,!8>! /3! A,/.<!$:$/7$A7,! /.! 3+,! /.3,%:,.3/8.$7! 41/3,!813D,/<+4! /34!

/&$<,!01$7/3=!%,7$3,2!2/4$2:$.3$<,4!/.!46,-/>/-!-7/./-$7!4,33/.<4G!)+,!13/7/3=!8>!'(")!>8%!

2,3,-3/8.! 8>! 6%8-,21%$7! -8&67/-$3/8.4H! ,:$71$3/8.! 8>! 78D! %$2/86$-/3=! 43,.34H! $.2!

$44,44&,.3! 8>! -8/7! 6$-C/.<! /.! 4&$77#4/P,2! $.,1%=4&4! +$4! A,,.! %,:/,D,2G! '1%3+,%!
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C-arm FDCT PBV Imaging in 

Delayed Cerebral Ischaemia 

following  

Aneurysmal Subarachnoid 

Haemorrhage 
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>:$7%.2!6#6./6!:#<$1=.!XPBPS?K!$/! 711=/6%$6.2!75!6-.!;0F#A-7/E.%!:106!>37@=%.![BT?B!,0F.1#

;$/.2!DJ"!8=%<.!$5$19/7/!A$/!:.%30%&.2! 30%!;06-!$;/01=6.!$52!50%&$17/.2!"#$%&!")!

*+,! <01=&.6%78! :$%$&.6%78!&$:/K! $52! 6-.! %./=1675@!DJ"! 8=%<./! $%.! /-0A5! 75! 37@=%./!
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G>681<()-K*!DJ"!8=%<./!30%!$;/01=6.!$52!50%&$17/.2!*+,B!,0F.1#;$/.2!DJ"!8=%<./!30%!$;/01=6.!

*+,!>$?!$52!50%&$17/.2!*+,!>;?K!A76-!5.$%!72.5678$1!80537@=%$6705B!H;/01=6.!$52!50%&$17/.2!

*+,!6-%./-012/!30%!2.&$%8$675@!6-.!$%.$/!03!%./6%786.2!2733=/705!A.%.!8-0/.5!;9!2.37575@!6-.!
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%-./0()1+(( 203456-789:;(-<0=6>?3;(-<@(:/9<9:-/(:8-6-:A069?A9:?(4B(A80(7-A90<A?(-<@(A80(/4:-A94<(4B(2CD(/0?94<?(

$-A90<A(
<=3.06(

#50(
E>0-6?F(

G0<@06(
EHIJF( #<0=6>?3(/4:-A94<( #<0=6>?3(

?9K0(E33F(
CJLM(
56-@0(

J9?:806(
56-@0( 2CD(@0B9:9A?( 2CD(@0B9:9A?(@9?A69.=A94<(

:! ;<! =! >56.%70%!80&&?578$675@!$%6.%9! A!B!;!! :! C! D! E7@-6!3%056$1!0F.%8?1?&G!%7@-6!8.56%?&!/.&70H$1.!
I! JJ! '! K.36!$56.%70%!8.%.L%$1!$%6.%9!! :I!B!:M!! C! ;! N! N!
C! A:! '! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! O!B!J!! I! C! N! N!
;! ;P! '! >56.%70%!80&&?578$675@!$%6.%9! :M!B!<!! :! C! N! N!
J! AO! '! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! :M!B!A!! I! ;! N! N!
A! <:! '! >56.%70%!80&&?578$675@!$%6.%9! A!B!J!! :! ;! D! E7@-6!3%056$1!$52!1.36!F0/6.%70%!3%056$1!10L./!
<! ;A! =! E7@-6!&7221.!8.%.L%$1!$%6.%9! ;!B!C!! C! C! D! +7#3%056$1!$52!F0/6.%70%!1.36!F$%7.6$1!10L./!
O! <<! '! K.36!$56.%70%!8.%.L%$1!$%6.%9! A!B!;!! :! ;! N! N!
P! ;A! =! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! ;!B!;!! :! ;! N! N!
:M! JM! '! E7@-6!756.%5$1!8$%0672!$%6.%9! C!B!C!! :! C! D! E7@-6!3%056$1!10L.!
::! JC! '! +$/71$%!$%6.%9!67F! <!B!A!! I! C! D! K.36!3%056$1!10L.!
:I! JJ! =! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! J!B!C!! I! ;! N! N!
:C! JJ! '! K.36!F0/6.%70%!80&&?578$675@!$%6.%9! ;!B!;!! I! ;! N! N!
:;! AP! '! K.36!$56.%70%!8.%.L%$1!$%6.%9! ::!B!<!! :! ;! D! +7#3%056$1!10L./!
:J! AA! =! >56.%70%!80&&?578$675@!$%6.%9! <!B!J!! :! MQ! N! N!
:A! ;J! =! >56.%70%!80&&?578$675@!$%6.%9! :J!B!O!! I! ;! D! E7@-6!F$%7.6$1!10L.!$52!80%F?/!/6%7$6?&!
:<! AA! =! E7@-6!&7221.!8.%.L%$1!$%6.%9!! O!B!C!! ;! ;! D! E7@-6!F$%7.6$1!10L.!$52!/91H7$5!37//?%.!
:O! CM! =! >56.%70%!80&&?578$675@!$%6.%9! <!B!;!! :! C! D! K.36!3%056$1!10L.!
:P! CP! '! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! J!B!CRJ!! :! ;! D! E7@-6!F$%7.6$1!10L.!
IM! JM! '! >56.%70%!80&&?578$675@!$%6.%9! ;!B!CRJ!! :! ;! N! N!
I:! AP! =! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! <!B!;!! :! ;! N! N!
II! CP! '! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! :M!B!P!! :! ;! D! E7@-6!3%056$1!10L.!
IC! JI! '! E7@-6!F0/6.%70%!80&&?578$675@!$%6.%9! J!B!J!! :! ;! D! N!
I;! J;! '! K.36!F0/6.%70%!80&&?578$675@!$%6.%9! O!B!J!! :! C! D! N!
IJ! JO! '! E7@-6!$56.%70%!8.%.L%$1!$%6.%9! J!B!;!! :! C! D! E7@-6!3%056$1!10L.!

IA! AM! '! K.36!F.%7#8$110/$1!$%6.%9! :I!B!O!! I! ;! N! N!
!! !! !! !! !! !! !! !! !!

Q!!!!S"")!-.$2!T$/!5.@$67H.!30%!U>VW!T-78-!T$/!1$6.%!80537%&.2!05!1?&L$%!F?586?%.!
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(B4! 1./705/! :%.81<2.2! /<8-! 67//<.#/:.87378! $5$19/7/! 60! .S:10%.! 6-.! 2733.%.567$1!

=$%7$;71769! 03! >%.9! $52!A-76.!&$66.%! 60! 7/8-$.&7$?! '<6<%.! /6<27./! 7581<275>! 1$%>.%!

5<&;.%!03!:$67.56/!A76-!8.%.;%$1!7/8-$.&7$!&$9!-.1:!75!$22%.//75>!6-7/!7//<.?!!!!!!

)-> !341?20/34(

45!80581</705@!6-7/!8-$:6.%!%.:0%6/b!E$M!6-.!0:67&$1!$;/01<6.!$52!50%&$17/.2!"#$%&!

")!*+,!6-%./-012!=$1<./!30%!2.&$%8$6705!03!6-.!7%%.=.%/7;19! 753$%86.2!:$%.58-9&$!

75! 6-.! 5.<%0756.%=.56705$1! /<76.@! $52! E;M! 6-.! "#$%&! ")! *+,!&$:/! %.17$;19! 2.6.86!

&02.%$6.#60#/.=.%.!7/8-$.&7$!;<6!8$5!:06.567$119!<52.%./67&$6.!&712#60#&02.%$6.!

7/8-$.&7$! A76-! 756$86! $<60%.><1$60%9! &.8-$57/&/@! 17D.19! %.1$6.2! 60! 76/! 80&;75.2!

;1002#310A! $52! ;1002#=01<&.! A.7>-675>?! N:67&$1! "#$%&! ")! *+,! 6-%./-012/! 30%!

753$%86705! -$=.! 506! ;..5! /6<27.2! :%.=70</19! $52! $%.! 03! =$1<.! 75! :%0=7275>! $5!



!"#$%&'()*!"#$%&!'(")!*+,!)-%./-012/!30%!42.567378$6705!03!453$%86.2!*$%.58-9&$! +5>(

0;P.867=.! 8%76.%705! 30%! 2.&$%8$6705! 03! 7%%.=.%/7;19! 753$%86.2! :$%.58-9&$?! C5!

$88<%$6.! $//.//&.56! 03! 6-.! ;%$75! =7$;71769! 6-</! 0;6$75.2! -$/! 7&:178$6705/! 30%!

&$5$>.&.56!03!$8<6.!;%$75!7/8-$.&7$?!!

!
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Whole Brain C-arm FDCT PBV: 

Reference Measurements 

 



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +,-(

).+ #/012341((

53467289:;( 3:;(<92<80=*&2)(%+7"<.)$&=$##>&?#$:.%& *.)@*+@&:9*+@&,-)(.&/0,1& *+&

;"%& +%:(#*+;%(?%+;*#+)$& 9:*;%& *9& )& +%A& ;%7"+*B:%C& (%6%(%+7%&.%)9:(%.%+;9& 6#(&A"*7"&

")?%& +#;& =%%+& (%D#(;%>& D(%?*#:9$<E& 1"%& D:(D#9%& #6& ;"*9& 7")D;%(& A)9& ;#& 7(%);%& )&

7);)$#@:%& #6& (%6%(%+7%& 2'3& .%)9:(%.%+;9& 6#(& ?)(*#:9& )+);#.*7)$& (%@*#+9&

%+7#.D)99*+@&;"%&A"#$%&=()*+C&:9*+@&)&;"(%%->*.%+9*#+)$&FG0H&?#$:.%&#6&*+;%(%9;&F3IJH&

)+)$<9*9E&&

>31=2?3@0( 3:;(A=1B8;0*&1"*(;<&,-)(.&/0,1&>);)9%;9&#6&KL&D);*%+;9&A*;"&)+%:(<9.)$&

MNOC& )7B:*(%>& :9*+@& )& =*D$)+%& )+@*#@()D"<& 9<9;%.& FNP*#.-N(;*9& >'NQ& M*%.%+9&

O%)$;"7)(%C&R%(.)+<H&)9&D)(;&#6&)&D(#9D%7;*?%&9;:><&7#.D)(*+@&,-)(.&,1&2'3&A*;"&85-

2!JC& A%(%& )+)$<9%>E& 2'3& ?)$:%9& 6#(& ?)(*#:9& =()*+& (%@*#+9& A%(%& 7)$7:$);%>& A*;"& )+&

):;#.);%>&)+)$<9*9&:9*+@&ST&D(%->%6*+%>&);$)9-=)9%>&G0-3IJ9&%+7#.D)99*+@&;"%&A"#$%&

=()*+E&3IJ9&D)(;*)$$<&#(&7#.D$%;%$<&#?%($)DD*+@&(%@*#+9&#6&0!J&)=+#(.)$*;<&#(&85-,'/&

)9<..%;(<&A%(%&%P7$:>%>&6(#.&;"%&)+)$<9*9E&

'=09@10*&I6&;"%&GU&,-)(.&,1&2'3&>);)9%;9C&VW&FSWXQ&VK&D);*%+;9H&")>&)(%)9&#6&(%9;(*7;%>&

>*66:9*#+C& .)Y#(*;<& #6& A"*7"& A%(%& 6#7)$E& 2'3& ?)$:%9& 6#(& 7%(%=()$& 7#(;%P& )+>& 7%(%=()$&

A"*;%&.);;%(&A%(%&WEUV&Z&UEW[&F.%)+&Z&9;)+>)(>&>%?*);*#+H&)+>&GEUV&Z&UEG\&.$]VUU.$E&

^#=)(&2'3&?)$:%9&A%(%4&6(#+;)$&$#=%&WEK&Z&UETC&;%.D#()$&$#=%&WEK&Z&UE\C&D)(*%;)$&$#=%&GE\&Z&

UE[C&)+>&#77*D*;)$&$#=%&WEG&Z&UET&.$]VUU.$E&')9)$&@)+@$*)&)+>&=()*+9;%.&2'3&?)$:%9&A%(%&

GEW&Z&UE[&)+>&WEL&Z&UEL&.$]VUU.$&(%9D%7;*?%$<E((



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +,C(

!8:4@90?8:*&,#.D)(%>&A*;"&;"%&;<D*7)$&(%6%(%+7%&,'3&?)$:%9&(%D#(;%>&*+&$*;%();:(%&6#(&

2#9*;(#+& _.*99*#+& 1#.#@()D"<C& ;"%& @#$>& 9;)+>)(>& 6#(& D%(6:9*#+& *.)@*+@C& ;"%& 2'3&

?)$:%9&A%(%&(%$);*?%$<&"*@"&6#(&;"%&A"*;%&.);;%(&)+>&(%$);*?%$<&$#A&6#(&;"%&7#(;*7)$&@(%<&

.);;%(E& 1"%9%& >*66%(%+7%9& 7#:$>& =%& 9%7#+>)(<& ;#& ;"%& 7#.D#9*;%& +);:(%& #6& 2'3& #(&

)$;%(+);*?%$<&=%&(%$);%>& ;#& ;"%&.%;"#>&#6&>*66%(%+;*);*#+&=%;A%%+& ;"%&@(%<&.);;%(&)+>&

;"%&A"*;%&.);;%(E&1"%&(%D#(;%>&7);)$#@:%&#6&2'3&?)$:%9&6#(&?)(*#:9&=()*+&(%@*#+9&A#:$>&

=%& :9%6:$& ;#& *+6#(.& ;"%& 6:;:(%& 9;:>*%9& )+>& 7#:$>& =%& :9%>& *+& 7$*+*7)$& D()7;*7%& A"%+&

*+;%(D(%;*+@&2'3&.)D9E( 



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +DE(

)., F:128;941?8:((

0%?%$#D.%+;9&*+&6$);&>%;%7;#(&;%7"+#$#@<&)+>&+%A&(%7#+9;(:7;*#+&)$@#(*;".9&)$$#A&;"%&

7:((%+;$<& :9%>& ,-)(.& 9<9;%.9& ;#& @%+%();%& ,1-$*`%& 9#6;& ;*99:%& *.)@%9& #6& =()*+&

D)(%+7"<.)&*+&;"%&+%:(#*+;%(?%+;*#+)$&9:*;%&Fa)$%+>%(&)+>&a<(*)`#:C&KUU[Q&M;(:66%(;&%;&

)$EC&KUU\HE&N>>*;*#+)$$<C&:9*+@&*+;()?%+#:9&*#>*+);%>&7#+;()9;&)+>&)&9D%7*)$$<&>%9*@+%>&,-

)(.& 6$);& >%;%7;#(& 7#.D:;%>& ;#.#@()D"<& F,-)(.& /0,1& #(& ,-)(.& ,1H& D(#;#7#$C& *;& *9&

D#99*=$%& ;#& %9;*.);%& D)(%+7"<.)$& =$##>& ?#$:.%& F2'3HC& )& D%(6:9*#+& D)().%;%(& #6&

")%.#><+).*7& 9*@+*6*7)+7%& Fb%$$%("#66& %;& )$EC& KUU\HE& !*;"& *;9& )?)*$)=*$*;<& ;#& D(#?*>%&

(%$*)=$%& )+);#.*7)$& )+>& D"<9*#$#@*7)$& *+6#(.);*#+& *+& ;"%& *+;%(?%+;*#+)$& 9:*;%C& ;"%&

;%7"+*B:%& ")9& D#;%+;*)$& (#$%& *+& ;"%& .)+)@%.%+;& #6& D);*%+;9& A*;"& *97")%.*7&

7%(%=(#?)97:$)(&>*9%)9%&F8#(>)9*+*&%;&)$EC&KUVKQ&M;(:66%(;&%;&)$EC&KUVKHE&&

& 1"%& ,-)(.& ,1& 2'3& *.)@*+@& *9& (%$);*?%$<& +%A& )+>& +#& (%6%(%+7%& 2'3&

.%)9:(%.%+;9& 6#(&?)(*#:9&=()*+&(%@*#+9&)(%&)?)*$)=$%E& J+*;*)$&(%D#(;9&7#.D)(%>&,-)(.&

,1& 2'3& A*;"& ,12->%(*?%>& .%)9:(%.%+;9& #6& 7%(%=()$& =$##>& ?#$:.%& F,'3HC& *+& =#;"&

7)+*+%9&)+>&":.)+9&FN".%>&%;&)$EC&KUU\Q&'$%<&%;&)$EC&KUVUQ&M;(:66%(;&%;&)$EC&KUVKC&KUVVHE&

1"%&D(*+7*D$%&6#(&.%)9:(%.%+;&#6&,'3&A*;"&)&><+).*7&D%(6:9*#+&*.)@*+@&.#>)$*;<&9:7"&

)9&,12&)+>&;"%&D(*+7*D$%&6#(&.%)9:(%.%+;&#6&2'3&A*;"&,-)(.&,1&)(%&+#;&*>%+;*7)$E&/#(&

><+).*7& D%(6:9*#+& *.)@*+@C& )(%)& :+>%(& ;"%& ;*.%->%+9*;<-7:(?%& FNc,H& D(#?*>%9& )&

.%)9:(%& #6& ,'3Q& A"%(%)9& 6#(& ,-)(.& /0,1& )& 9:=;()7;*#+-+#(.)$*9);*#+& )+)$<9*9& *9&

D%(6#(.%>&;#&7)$7:$);%&2'3&Fa#+9;)9&%;&)$EC&KUU\Q&b%$$%("#66&%;&)$EC&KUU\HE&J+&;"*9&(%@)(>C&

;"%& )99:.D;*#+& ;");& *+;()?%+#:9$<& )>.*+*9;%(%>& 7#+;()9;& .);%(*)$& (%)7"%9& )& 9;%)><-

9;);%&7#+7%+;();*#+&*+&7%(%=()$&?)97:$);:(%&F,&)(;%(*%9&d&,&;*99:%&d&,&?%*+9H&*9&:9%>&;#&*+6%(&)+&



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +D+(

%B:*?)$%+7%& #6& ,-)(.& ,1& 2'3& ;#& ;"%& ,'3& >%(*?%>& 6(#.& )& ><+).*7& D%(6:9*#+& *.)@*+@&

.#>)$*;<E&J+&#:(&%PD%(*%+7%C&;"%&*>%)$&9;%)><-9;);%&)99:.D;*#+&*9&()(%$<&.%;&F>*97:99%>&

*+& .#(%& >%;)*$& *+& 7")D;%(& [H& )+>& ;"%& ,-)(.& ,1& 2'3& ")9& =#;"& =$##>-6$#A& )+>& =$##>-

?#$:.%&A%*@";*+@9&F>*97:99%>&*+&7")D;%(&WH&e&9:DD#(;*+@&#=9%(?);*#+9&%P*9;& 6#(&.:$;*-

>%;%7;#(& ,1&A"%(%& ;"%& ,1N& 9#:(7%& *.)@%9& F,1N-MJH& 7#:$>& =%& :9%>& ;#& 7)$7:$);%&80,1&

2'3& FM")(.)& %;& )$EC& KUVVHE& a%%D*+@& *+& ?*%A& ;"%& 7#.D#9*;%& +);:(%& #6& ,-)(.& ,1& 2'3&

D)().%;%(& A*;"& 7#.=*+%>& =$##>-6$#A& )+>& =$##>-?#$:.%& A%*@";*+@C& ;"%& ;<D*7)$&

(%6%(%+7%&.%)9:(%.%+;9& 6#(& ,'3& (%D#(;%>& 6#(& ><+).*7& D%(6:9*#+& *.)@*+@&.#>)$*;*%9&

7)++#;& =%& :9%>E& 5%6%(%+7%& .%)9:(%.%+;9& 9D%7*6*7& ;#& ,-)(.& ,1& 2'3& ")?%& +#;& =%%+&

9;:>*%>&D(%?*#:9$<E&1"%&$*.*;%>&+:.=%(&#6&*+*;*)$&9;:>*%9&#+&,-)(.&,1&2'3&7#.D)(%>&*;&

A*;"& ,12& ,'3& #+$<C& :9*+@& )& (%$);*?%$<& 6%A& ;A#->*.%+9*#+)$& FK0H& (%@*#+9& #6& *+;%(%9;&

F5IJ9H& FN".%>&%;& )$EC& KUU\Q&'$%<& %;& )$EC& KUVUQ& M;(:66%(;& %;& )$EC& KUVVHE& 1"%9%&5IJ9&A%(%&

.)+:)$$<& >()A+C& 6%A%(& *+& +:.=%(C& )+>& A%(%& D$)7%>& #+& )& $*.*;%>& +:.=%(& #6& 9$*7%9&

7#((%9D#+>*+@&;#&,1&D%(6:9*#+&F,12H&*.)@%9E&I+%&#6&;"%&.)Y#(&)>?)+;)@%&#6&,-)(.&,1&

2'3C& "#A%?%(C& *9& *;9& %P;%+>%>& 7()+*#7):>)$& 7#?%()@%& A*;"& )& 6*%$>& #6& ?*%A& F/I3H&

%+7#.D)99*+@& ;"%& A"#$%& =()*+& *+& )& 9*+@$%& 9A%%DC& A"*7"& )$#+@& A*;"& *9#;(#D*7& ?#P%$9&

)$$#A9&#.+*D$)+%&(%7#+9;(:7;*#+9&#6&A"#$%&=()*+&2'3&?#$:.%9C&;"%(%=<&.)P*.*f*+@&;"%&

:;*$*;<&#6&A"#$%&=()*+&2'3&>);)&Fa).()+&%;&)$EC&KUVUHE&O%+7%C&%9;*.);*+@&2'3&?)$:%9&#6&

?)(*#:9& =()*+& (%@*#+9C& .#9;& #6& A"*7"& )(%& $#7);%>& #:;9*>%& ;"%& ;()>*;*#+)$& ,12& 9$*7%9C&

A#:$>&=%&:9%6:$& ;#& *+6#(.&;"%& 6:;:(%&9;:>*%9&)+>&;"%9%&?)$:%9&7#:$>&)$9#&=%&:9%>&)9&)&

(%6%(%+7%&A"%+&*+;%(D(%;*+@&2'3&.)D9&*+&)&7$*+*7)$&9%;;*+@E&&



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +D,(

& 1"*9& 7")D;%(& )*.%>& ;#& 7(%);%& )& 7);)$#@:%& #6& (%6%(%+7%& 2'3&.%)9:(%.%+;9& 6#(&

?)(*#:9& )+);#.*7)$& (%@*#+9& %+7#.D)99*+@& ;"%&A"#$%&=()*+C& :9*+@& )& ;"(%%->*.%+9*#+)$&

?#$:.%&#6&*+;%(%9;&FG0&3IJH&)+)$<9*9E&&

).D >31=2?3@0(3:;(>=1B8;0((

1"*(;<&,-)(.&/0,1&97)+9&#6&KL&D);*%+;9&A%(%&(%;(#9D%7;*?%$<&)+)$<9%>E&1"%&7$*+*7)$&)+>&

*.)@*+@&>);)&A)9&)7B:*(%>&)9&D)(;&#6&)&D(#9D%7;*?%&9;:><&7#.D)(*+@&,-)(.&,1&2'3&A*;"&

85-2!JC& )DD(#?%>& =<& $#7)$& (%9%)(7"& %;"*79& 7#..*;;%%E& 1"%& 9;:><& *+7$:>%>& )>:$;&

D);*%+;9&)@%>&#?%(&VT&<%)(9&A*;"&>#7:.%+;%>&)+%:(<9.)$&9:=)()7"+#*>&")%.#((")@%&

FMNOH&A"#& 9:=9%B:%+;$<& >%?%$#D%>& 9<.D;#.9& )+>& 9*@+9& 9:@@%9;*+@& >%$)<%>& 7%(%=()$&

*97")%.*)& F0,JHC& (%B:*(*+@& 7#+6*(.);#(<& *.)@*+@E&N;&#:(& *+9;*;:;*#+C& MNO& *9&>*)@+#9%>&

:9*+@& +#+-7#+;()9;& ,1& Fg,,1H& "%)>& #(& 7%(%=(#9D*+)$& 6$:*>& F,M/H& 9).D$*+@& =<& $:.=)(&

D:+7;:(%&A"%+&*+*;*)$&g,,1&"%)>&*9&+%@);*?%&=:;&7$*+*7)$&9:9D*7*#+&#6&MNO&(%.)*+9&"*@"C&

)+>&*9&@()>%>&)9&>%97(*=%>&=<&/*9"%(&%;&)$E&F/*9"%(&%;&)$EC&V\TUHE&1"%&>*)@+#9*9&#6&0,J&A)9&

=)9%>&#+&7$*+*7)$&)99%99.%+;&=<&;"%&.:$;*>*97*D$*+)(<&+%:(#-*+;%+9*?%&7)(%&:+*;&F+%:(#-

J,cH& ;%).& )+>& A)9& >%6*+%>& )9& 7$*+*7)$& >%;%(*#();*#+& F6#7)$& +%:(#$#@*7)$& >%6*7*;9& #(&

(%>:7%>&$%?%$&#6&7#+97*#:9+%99H&$)9;*+@&K&"#:(9&#(&$#+@%(&A*;"&+#&%?*>%+7%&#6&(%=$%%>&#(&

"<>(#7%D")$:9& #+& g,,1& "%)>C& )+>& +#& #;"%(& .%>*7)$& 7):9%9& 9:7"& )9& *+6%7;*#+9& #(&

.%;)=#$*7&>*9;:(=)+7%9E&&

& _P7$:9*#+&7(*;%(*)&A%(%4&)&"*9;#(<&#6&)$$%(@<&;#&*#>*+);%>&7#+;()9;&.);%(*)$C&(%+)$&

*.D)*(.%+;C&D(%@+)+7<C&#(&7#+;()*+>*7);*#+9&;#&85&%P).*+);*#+E&N$$&(%7(:*;%>&D);*%+;9&

")>&:+>%(@#+%&)+%:(<9.&(%D)*(&=<&%+>#?)97:$)(&7#*$&%.=#$*9);*#+E&!(*;;%+& *+6#(.%>&

7#+9%+;9&A%(%&#=;)*+%>&6(#.&D);*%+;9&#(C& *6&;"%<&A%(%&:+)=$%&;#&7#.D$%;%&;"%&7#+9%+;&



!"#$%&'()*(!"#$%&'()*+&,-)(.&/0,1&2'34&5%6%(%+7%&8%)9:(%.%+;9& +DD(

D(#7%99C& 6(#.&)& 6).*$<&.%.=%(& #(& )& >%9*@+);%>& 9:((#@);%& )9& >%6*+%>&=<& ;"%& (%9%)(7"&

%;"*79& 7#..*;;%%& )DD(#?)$& 6#(& ;"%& 9;:><E& N$$& (%7(:*;%>& D);*%+;9& :+>%(A%+;& )+& 85J&

%P).*+);*#+& :9*+@& )& D(#;#7#$& ;");& *+7$:>%>& 9;)+>)(>& 9%B:%+7%9& F*+7$:>*+@& D%(6:9*#+-&

)+>&>*66:9*#+-A%*@";%>&9%B:%+7%9H&7#+7:((%+;&A*;"&;"%&(%9%)(7"&,-)(.&,1&97)+&:9*+@&

2'3&D(#;#7#$E&!%& (%7#(>%>& ;"%&D);*%+;9h& )@%& )+>&@%+>%(C& 7$*+*7)$& 9;);:9&#+& )>.*99*#+&

FA#($>& 6%>%();*#+& #6& +%:(#9:(@*7)$& 9#7*%;*%9& F!/gMH& 97#(%HC& ).#:+;& #6& =$##>& #+& ;"%&

)>.*99*#+&97)+&F/*9"%(&@()>%HC&$#7);*#+&#6&;"%&)+%:(<9.C&)+>&;"%&;(%);.%+;&>%;)*$9E&1"%&

*.)@*+@&D(#;#7#$9&)+>&D#9;-D(#7%99*+@&9;%D9&6#(&;"%&;A#&*.)@*+@&9;:>*%9&)(%&>%97(*=%>&

*+& ;"%& 6#$$#A*+@& 9%7;*#+9E& N>>*;*#+)$& 9:=9%B:%+;& *.)@*+@&A)9& D%(6#(.%>& )9& 7$*+*7)$$<&

*+>*7);%>E(

).D.+ !G32A(HI!%(FA37?:7(

,-)(.& /0,1& 97)+9& A%(%& D%(6#(.%>& #+& )& 6$);& >%;%7;#(& %B:*DD%>& =*D$)+%& )+@*#@()D"<&

9<9;%.& FNP*#.&N(;*9& >'NQ& M*%.%+9&O%)$;"7)(%C& R%(.)+<H& *+& ;"%& +%:(#-*+;%(?%+;*#+)$&

9:*;%E& 1"%& *.)@*+@& D(#;#7#$& *+7$:>%>& ;A#& (#;);*#+)$& )7B:*9*;*#+94&.)9`& )+>& 7#+;()9;-

%+")+7%>& (:+9E& 2(#Y%7;*#+& >);)& 6#(& %)7"& (:+& A)9& )7B:*(%>& :9*+@& ;"%& 6#$$#A*+@&
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Early Experience in the 

Treatment of  

Intra-Cranial Aneurysms by  

Endovascular Flow Diversion:  

A Multi-centre Prospective 

Study 
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Assessment of Angiographic 

Outcomes after Flow Diversion 

Treatment of 

Intracranial Aneurysms:  

A New Grading Schema 
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