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“An expert is a person who has found out, by his own painful experience, all the mistakes 

that one can make in a very narrow field.” 

Niels Bohr (1954) 
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$'D#+FB'F*&b$+! '! C+M#$?&! $#$B+GLB#A'! *'! D#B+C'BHC'(! +FBC+M#$B'$! '! =+C#B&$! +! HG!
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,N/N,N\N!3'FHD'>?&!*&!'A+$$&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!/n!

,N/N,N\N.N!3'FHD'>?&!+G!LC+'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@-!

,N/N,N\N,N!3'FHD'>?&!+G!+$A'*'!*+!A&C*'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@-!

,N/N,N\N/N!3'FHD'>?&!+G!%&B&+#C'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@-!

]MXM%,(#+*+;+7"$%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%X]!

,N@N.N!f#=&!*+!6$BH*&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@,!

,N@N,N!0+$AC#>?&!*'!)+B&*&D&I#'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@,!

,N@N/N!_'C#LM+#$!+$B'Bc$B#A'$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@,!

,N@N@N!R&=HD'>?&!+!5G&$BC'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@/!

]M[M%!()+;I$%*+-%R$*+-%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%XX!

,NON.N!Y+M#$?&!$#$B+GLB#A'!*'!D#B+C'BHC'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@@!

,NON,N!6FBC+M#$B'!'&$!R+C#B&$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@O!

,NON/N!5FLD#$+!*+!3&FB+`*&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@O!

,NON/N.N!3&*#J#A'>?&!i!3'B+I&C#g'>?&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@\!

,NON/N.N.N!6FBC+M#$B'$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@\!

,NON/N.N,N!Y+M#$?&!<#$B+GLB#A'!*'!"#B+C'BHC'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!@h!

]M\M%J5-#'23(5#+%*(%'()+;I$%*(%R$*+-%b%^2(-#"+5E'"+%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%[c!

,N\N.N!6D'%&C'>?&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O-!

,N\N,N!1G=D+G+FB'>?&!i!RC&A+*#G+FB&$!uB#A&$!+!2&CG'#$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O,!

,N\N/N!6FBC+I'!i!Y+A&DE'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O,!

]M`M%G'$#$3(5#+d%P5E;"-(%(%R"-)2-->+%*+-%!(-2;#$*+-%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%[/!

,NhN.N!d#=XB+$+$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O/!

,NhN.N.N!d#=XB+$+$!J&CGHD'*'$!F&!*+A&CC+C!*&!+$BH*&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O/!

,NhN,N!fC'B'G+FB&!+$B'Bc$B#A&!*&$!*'*&$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O/!

!"#"$"%&'()*)+,-./0%)%-+123*)%40*%()*52,-40*!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O/!

,NhN/N.N!3'C'AB+C#g'>?&!*'!'G&$BC'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O@!

,NhN/N.N.N!1*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O@!

,NhN/N.N,N!V^F+C&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O@!

,NhN/N.N/N!f+G=&!*+!+a=+C#KFA#'!=C&J#$$#&F'D!+G!d0!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O@!

,NhN/N.N@N!3DcF#A'$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!O@!

,NhN/N.NON!0#G+F$p+$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!OO!

,NhN/N,N!d#=XB+$+$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!On!

,NhN/N,N.N!f+$B+!*+!F&CG'D#*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!On!
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,NhN/N,N/N!d#=XB+$+$!A&D&A'*'$!*HC'FB+!&!+$BH*&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\-!

,NhN@N!)+F$HC'>?&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\,!

,NhN@N.N!3&FJ#'%#D#*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\,!

,NhN@N.N.N3&F$#BKFA#'!#FB+CF'i6$B'%#D#*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\,!

,NhN@N,N!_'D#*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\,!

,NhN@N,N.N!_'D#*'*+!*+!A&FB+`*&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\,!

,NhN@N,N,N!_'D#*'*+!*+!AC#B^C#&iA&F$BCHB&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\/!

]MaM%1+5-#'2=>+%*$%4-)$;$%*(%1;$--"6")$=>+%*(%PB%J5#('5+-%b%4-)$;$%*(%!"#$%MMMMMMMMMMMMM%\X!

,NqN.N!0#G+F$p+$!i!1F*#A'*&C+$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\@!

,NqN.N.N!0#G+F$?&!B#=&!*+!'A+$$&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\@!

,NqN.N,N!0#G+F$?&!)'BHC'>?&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\O!

,NqN.N/N!0#G+F$?&!fC'Q+B&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\O!

,NqN.N@N!0#G+F$?&!3&G=D#A'>p+$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\O!

,NqN.NON!0#G+F$?&!f^AF#A'$!*+!3'FHD'>?&!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\O!

,NqN.N\N!0#G+F$?&!"&A'D#g'>?&!5F'BXG#A'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\O!

,NqN.NhN!0#G+F$?&!$BC+$$!6FJ+CG+#C&i*&+FB+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\\!

,NqN,N!7cM+#$!*+!0#J#AHD*'*+!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\\!

,NqN,N.N!7cM+D!.!]!5A+$$&$!AD'$$#J#A'*&$!A&G&!2LA+#$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\h!

,NqN,N,N!7cM+D!,!]!5A+$$&$!AD'$$#J#A'*&$!A&G&!)&*+C'*&$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\h!

,NqN,N/N!7cM+D!/!]!5A+$$&$!AD'$$#J#A'*&$!A&G&!0#JcA+#$!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\h!

,NqN/N!1F$BCHG+FB&!*+!5M'D#'>?&!*&$!5_1!A&G!C+AHC$&!k!6$A'D'!*+!Y#B'!NNNNNNNNNNNNNNNNNNN!\h!

,NqN@N!5=D#A'>?&!*'!+$A'D'!*+!Y#B'!NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!\q!

/M%1LC1ZSOe4O%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%̀ W!

XM%!4.4!fC1JPO%TJTZJLQ!9.J1PO%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%̀ /!

[M%PC4gLO%MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM%̀ h!
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YCRJ14%R4%.JQS!PO%

!

2#IHC'!.!]!6$B#G'B#M'$!*+!=C+M'DKFA#'!*+!*&+F>'!ACXF#A'!+G!R&CBHI'D! ! ,h!

2#IHC'!,!]!0&+FB+$!+G!BC'B'G+FB&!$H%$B#BHB#M&!C+F'D!!! ! ! ! ,q!

2#IHC'!/!]!6$PH+G'!*+!JHFA#&F'G+FB&!*'!d0! ! ! ! ! ,q!

2#IHC'!@!]!5A+$$&$!_'$AHD'C+$! ! ! ! ! ! ! ,n!

2#IHC'!O!]!3&LIHD&$!+!J#%C#F'!F&!3_! ! ! ! ! ! ! /-!

2#IHC'!\!]!<EHFB!'CB+C#&bM+F&$&! ! ! ! ! ! ! /.!

2#IHC'!h!]!3C#'>?&!*+!HG'!25_!C'*#&bA+JLD#A'! ! ! ! ! /,!

2#IHC'!q!]6M&DH>?&!E+G&*#FSG#A'!+!G&CJ&D&I#'!*+!HG'!25_!+G!G'BHC'>?&! /,!

2#IHC'!n!]!f#=&$!*+!25_! ! ! ! ! ! ! ! //!

2#IHC'!.-!]!5FI#&IC'J#'!*+!HG'!25_!! ! ! ! ! ! /h!

2#IHC'!..!]!f^AF#A'!*+!A'FHD'>?&!=&C!LC+'! ! ! ! ! ! /n!

2#IHC'!.,!]!f^AF#A'!*+!A'FHD'>?&!=&C!+$A'*'!*+!A&C*'! ! ! ! /n!

2#IHC'!./!]!f^AF#A'!*+!A'FHD'>?&!=&C!%&B&+#C'! ! ! ! ! /n!

2#IHC'!.@!]!7+=EC&A'C+!R&CBHI'D(!Y+I#?&!VC'F*+!"#$%&'! ! ! ! O.!

2#IHC'!.O!b!7cM+#$!*+!*#J#AHD*'*+!+!'!$H'!*#$BC#%H#>?&!=+D&$!+FJ+CG+#C&$! ! \q!
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!

f'%+D'!.!]!_'FB'I+F$!+!*+$M'FB'I+F$!*'!25_! ! ! ! ! //!

f'%+D'!,!]!_'FB'I+F$!+!*+$M'FB'I+F$!*&!65_! ! ! ! ! /@!

f'%+D'!/!]!0#J+C+F>'$!+FBC+!'$!25_!+!&$!65_! ! ! ! ! /O!

f'%+D'!@!]!3C#B^C#&$!*+!#FADH$?&!+!+aADH$?&! ! ! ! ! ! @,!

f'%+D'!O!]!3'B+I&C#'$!+FA&FBC'*'$!A&G!'$!C+$=+AB#M'$!='D'MC'$i+a=C+$$p+$! @\!

f'%+D'!\!]!Y+$HG&!*&$!'CB#I&$!*'!=+$PH#$'!<O! ! ! ! ! @h!

f'%+D'!h!]!Y+$HG&!*&$!'CB#I&$!*'!=+$PH#$'!<\! ! ! ! ! @h!

f'%+D'!q!]!4F#*'*+$!*+!3&FB+`*&!i!1F*#A'*&C+$! ! ! ! ! @q!

f'%+D'!n!]!R+CIHFB'$!*&!PH+$B#&FLC#&!+FID&%'*'$!F'!*#G+F$?&!C+$=+#B'FB+! O-!

f'%+D'!.-!]!2C+PHKFA#'!*+!#*'*+$! ! ! ! ! ! ! O/!

f'%+D'!..b!2C+PHKFA#'!=&C!I^F+C&! ! ! ! ! ! ! O/!

f'%+D'!.,!]!2C+PHKFA#'!=&C!B+G=&!*+!+a=+C#KFA#'!+G!d0!+G!'F&$! ! O/!

f'%+D'!./!]!3DcF#A'$!7+=EC&A'C+!i!7`G+C&!*+!R'CB#A#='FB+$! ! ! O@!

f'%+D'!.@!]!Y+$=&$B'$!*+FBC&!*'!*#G+F$?&!5A+$$&!JLA#D! ! ! ! OO!

f'%+D'!.O!]!Y+$=&$B'$!*+FBC&!*'!*#G+F$?&!2'AB&C+$!PH+!*#J#AHDB'G!'!A'FHD'>?&!O\!

f'%+D'!.\!]!Y+$=&$B'$!*+FBC&!*'!*#G+F$?&!5A+$$&!*#JcA#D! ! ! ! Oh!

f'%+D'!.h!]!f+$B+$!*+!F&CG'D#*'*+! ! ! ! ! ! ! On!

f'%+D'!.q!]!f+$B+$!*+!A&FJ#'%#D#*'*+!! ! ! ! ! ! \.!

f'%+D'!.n!]!3&G='C'>p+$!*+!G^*#'$! ! ! ! ! ! \,!
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%

6$B+!C+D'BXC#&!J#F'D!*+!+$BLI#&!$HCI+!F&!A&FB+aB&!*'!*#$A#=D#F'!*+!:=>?&!11i6$BLI#&(!

F&! )+$BC'*&! +! 6$=+A#'D#g'>?&! +G! 6FJ+CG'I+G! )^*#A&b3#C`CI#A'! ]! _+CB+FB+!

7+JC&DXI#A'N!

!

0+$B'! J&CG'(! +! *HC'FB+!&!*+A&CC+C! *&!G+$BC'*&(! B+FB&Hb$+! A&G=C++F*+C!&F*+!

HG! +FJ+CG+#C&! F'! LC+'! *'! F+JC&D&I#'! =&*+C#'! 'BH'C! +! *+$+FM&DM+C! '$! $H'$!

A&G=+BKFA#'$!+!PH'D#J#A'>p+$(!+FPH'FB&!+$=+A#'D#$B'N!

<+IHF*&!'!:C*+G!*&$!6FJ+CG+#C&$!v:6w!x,--h(!=N.-y!+FJ+CG+#C&!+$=+A#'D#$B'!^;!

"#! $%&$'($)'#! *#(! +(! *#%,$*)($%-#! ./'#&+%0.0#! %+(! 0#(1%)#! $2/$*1&)*#! 0$!

3%&$'(.4$(5!-$%0#!$(!*#%-.!.2!'$2/#2-.2!,+(.%.2!.#2!/'#*$22#2!0$!6)0.!$!.#2!/'#78$(.2!0$!

2.90$5! :+$!0$(#%2-'.! %16$)2! $8$6.0#2! 0$! ;+84.($%-#! *81%)*#! $! -#(.0.!0$!0$*)2<#5! -'.0+=)0#2!

%+(! *#%;+%-#! 0$! *#(/$->%*).2! *81%)*.2! $2/$*).8)=.0.2! '$8.-)6.2! .! +(! *.(/#! 0$! )%-$'6$%?<#!

$2/$*).8)=.0#@A!!

!

f'G%^G!&!Y+IHD'G+FB&!*&!6a+CAcA#&!RC&J#$$#&F'D!*+!6FJ+CG'I+G!vY6R6w!x.nn\y(!

5CBNU!@!FU/(!*+J#F+!&!+FJ+CG+#C&!+$=+A#'D#$B'!A&G&;!!

"#!$%&$'($)'#!,.7)8)-.0#! *#(!+(!*+'2#!0$!$2/$*).8)=.?<#!$(!$%&$'(.4$(!#+! *#(!+(!

*+'2#! 0$! $2-+0#2! 2+/$')#'$2! $2/$*).8)=.0#2! $(! $%&$'(.4$(5! .! :+$(! &#)! .-')7+10#! +(! -1-+8#!

/'#&)22)#%.8!:+$!8,$!'$*#%,$*$!*#(/$->%*).!*)$%-1&)*.5!-B*%)*.!$!,+(.%.!/.'.!/'$2-.'5!.8B(!0$!

*+)0.0#2! 0$! $%&$'(.4$(! 4$'.)25! *+)0.0#2! 0$! $%&$'(.4$(! $2/$*).8)=.0#2! %.! C'$.! 0.! 2+.!

$2/$*).8)0.0$A@!

!

6$B+! BC'%'DE&! #CL! '$$#G! *#M#*#Cb$+! +G! *&#$! A'=cBHD&$(! &! C+D'BXC#&! *+! +$BLI#&! +! &!

BC'%'DE&!*+!#FM+$B#I'>?&!J+F&G+F&DXI#A&!A&G!'%&C*'I+G!G#$B'N!

!
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!"!"#!"#$%&!'()*")"+%,-'(!

!
:! *+$+FM&DM#G+FB&! *'! A#KFA#'! 'A'CC+B'! GH*'F>'$! $#IF#J#A'B#M'$! F'! $'`*+! *'$!

=&=HD'>p+$!C+D'A#&F'*'$!A&G!&!'='C+A#G+FB&!*+!F&M'$!*&+F>'$z!'!$H'!=C&='I'>?&!+!&!

+FM+DE+A#G+FB&! ! =C&IC+$$#M&(! PH+! '$$&A#'*'$! k$! A&F$B'FB+$! *+$A&%+CB'$! A#+FBcJ#A'$! +!

B+AF&DXI#A'$(! J'g+G!A&G!PH+!&!d&G+G!$+Q'!A'*'!M+g!G'#$!+a#I+FB+N!3&G=C++F*+C!'!

C'g?&!*&$!J'AB&$!B&CF'b$+!!A'*'!M+g!G'#$!HG'!F+A+$$#*'*+!PH+!$+!BC'*Hg!F'!=C&AHC'!*+!

HG'! G'#&C! PH'D#*'*+! *+! AH#*'*&$! +! ! C+$=&F$'%#D#*'*+! =C&J#$$#&F'DN! R+C'FB+! +$B'!

C+'D#*'*+! #G=p+b$+! '&$! =C&J#$$#&F'#$! A&G=+BKFA#'$(! C+$=&F$'%#D#*'*+$(! BC'%'DE&! +G!

+PH#='!+!*+$+FM&DM#G+FB&!A&D'%&C'B#M&!*+!$'%+C+$N!x5D'CA?&!+!YH'(!,--O(!=N/hOy!

!
:! 6FJ+CG+#C&! 6$=+A#'D#$B'! B+G! PH+! $+C! HG! =C&J#$$#&F'D! C+JD+a#M&(! A'='g! *+!

G&%#D#g'C!'!#FJ&CG'>?&!A#+FBcJ#A'(!B^AF#A'!+!C+D'A#&F'D(!%'$+'*'!F'!=CLB#A'N!:$!D&A'#$!*+!

+$BLI#&! C+M+D'Gb$+! *+! +aBC+G'! C#PH+g'(! =&#$! '! '=C+F*#g'I+G! +a=+C#+FA#'D! +G!

'G%#+FB+$! *+! 'DB&! C#$A&! C+PH+C+G! &! *+$+FM&DM#G+FB&! *+! HG! $+FB#*&! *+! +$BCHBHC'!

G&C'D!+!*+!C+$=&F$'%#D#*'*+N!xT+FF+C(!,--.(!=N.\yN!6$B+$!$?&!HG'!J&CG'!*+!BC'*Hg#C!'!

B+&C#'! F'! =CLB#A'(! =&C! A&F$+IH#FB+! A&F$&D#*'C! &$! A&FE+A#G+FB&$! +! *+$+FM&DM+C! '$!

A&G=+BKFA#'$!*+J#F#*'$!='C'!&!+FJ+CG+#C&!+$=+A#'D#$B'N!

7HG! A&FB+aB&! *+! =CLB#A'! ADcF#A'(! &! =C#FA#='D! &%Q+B#M&! J&#! '! 'PH#$#>?&! *+!

A&G=+BKFA#'$!+$=+AcJ#A'$!F'!LC+'!*+!6$=+A#'D#g'>?&!+G!6FJ+CG'I+G!)^*#A&b3#C`CI#A'(!

=C&=&CA#&F'F*&!!HG!A&FB'B&!A&G!F&M'$!C+'D#*'*+$!+!+a=+C#KFA#'$(!=&$$#%#D#B'F*&!HG'!

#FB+CM+F>?&! 'QH$B'*'! ! k$! F+A+$$#*'*+$! *+B+B'*'$N! 7+$B+! A'=cBHD&! ^! C+'D#g'*'! HG'!

'%&C*'I+G! ACcB#A'! +! C+JD+a#M'! *+$$'$! G+$G'$! +a=+C#KFA#'$(! $'D#+FB'F*&! '! $H'!

C+D+MSFA#'!+!'*+PH'>?&(!'$$#G!A&G&!'$!'B#M#*'*+$!*+$+FM&DM#*'$!*HC'FB+!'!G+$G'N!:!

+$BLI#&! M#$&H! &! *+$+FM&DM#G+FB&! *+! A&G=+BKFA#'$! *+! +FJ+CG+#C'! +$=+A#'D#$B'! +G!

)^*#A&b3#C`CI#A'(! F'! '$$#$BKFA#'! *+! +FJ+CG'I+G! 'M'F>'*'! '&! *&+FB+! F+JC&DXI#A&(!

A&G&!=C+M#$B&!F&!C+IHD'G+FB&!I+C'D!*&!AHC$&N!

:!+$BLI#&!*+A&CC+H!+G!*H'$!#F$B#BH#>p+$!*#$B#FB'$(!F&!d&$=#B'D!3HCCe!3'%C'D!xd33y(!

+G!"#$%&'(!+!F'!4F#*'*+!*+!d+G&*#LD#$+!7+=EC&A'C+!*+!f&CC+$!_+*C'$!x7f_yN!

5! &=>?&! =+D&$! D&A'#$! *+! +$BLI#&! %'$+&Hb$+! F&! A&FE+A#G+FB&! =C^M#&! *+! A'*'!

#F$B#BH#>?&(!'B+F*+F*&!k$!&=&CBHF#*'*+$!*+!'=C+F*#g'I+G!PH+!+$B'$!&J+C+A+G(!$+F*&!
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&!d33(!=&C!B&*'$!'$!M'DKFA#'$!*+!F+JC&D&I#'!F+D+!=C+$+FB+$(!*+$*+!&!%D&A&!&=+C'BXC#&!

'B^!k!A&F$HDB'!+aB+CF'(!+!'!7f_!=+D&!BC'%'DE&!*+!#FM+$B#I'>?&!C+'D#g'*&!+!B'G%^G!=+D'!

$H'!D&A'D#g'>?&!I+&ICLJ#A'N!

6$B+!+$BLI#&!*+A&CC+H!*+!.!*+!:HBH%C&!*+!,-.,!'!.O!*+!2+M+C+#C&!*+!,-./(!B+F*&!

$#*&!C+$=&F$LM+#$!=+D'!BHB&C#'!*&!G+$G&!'!<CNW!6FJNW!)'C#'!<'C'#M'!+!&!<CN!6FJNU!3'CD&$!

V&F>'DM+$(! A&G! '! A&b&C#+FB'>?&! *&! 6FJNU! Y#A'C*&! R+C'DB'N! 5! FcM+D! E&$=#B'D'C! +a#$B#H!

'#F*'!'!&C#+FB'>?&!*'!<CNW!6FJNW!<XF#'!7'$A#G+FB&N!

5$$#G(!A&G!'!+D'%&C'>?&!*+$B+!A'=cBHD&!=C+B+F*+b$+!C+JD+B#C!$&%C+!&!=+CAHC$&!'&!

D&FI&! *&! +$BLI#&(! HB#D#g'F*&! HG'! G+B&*&D&I#'! *+$AC#B#M'(! C+A&CC+F*&! '! HG'! 'FLD#$+!

ACcB#A'! +! C+JD+a#M'! A&G&! HG! G+#&! J'A#D#B'*&C! ='C'! '! A&F$BCH>?&! *+! HG'! B&G'*'! *+!

A&F$A#KFA#'! *'$! A&G=+BKFA#'$! '*PH#C#*'$(! %+G! A&G&! #*+FB#J#A'C! $#BH'>p+$! =C&%D+G'!

'=C+$+FB'F*&!+$BC'B^I#'$! *+! C+$&DH>?&!PH+! A&F*Hg'G!'&!*+$+FM&DM#G+FB&!*+!F&M'$!

A&G=+BKFA#'$N!

!
WMWMWM%PC9ZJO4%4%!4.Z4gVL%1!YGJ1P%RL%4OG9QJL%

5!=C#G+#C'! J'$+!*&!+$BLI#&!" #$%&'()#)"*" #FB+IC'>?&!F'!+PH#='(! '&!+$='>&! Jc$#A&(!

%+G! A&G&! '&! A&FE+A#G+FB&! *'$! *#FSG#A'$! *&! <+CM#>&! *+!7+JC&D&I#'(! *+A&CC+H! $+G!

#FA#*+FB+$!+!*+!HG'!J&CG'!GH#B&!F'BHC'D(!=+CG#B#H!HG'!M#$?&!'G=D'!*+!B&*&!&!$+CM#>&!

'$$#G! A&G&! *'$! $H'$! M'DKFA#'$N! 0HC'FB+! +$B'! =C#G+#C'! J'$+! C+'D#g&Hb$+! B'G%^G! HG!

D+M'FB'G+FB&! *+! 'DIHG'$! *'$! F+A+$$#*'*+$! $+FB#*'$! A&G&! G'#$! =C+G+FB+$! =+D'!

+PH#='! *+! +FJ+CG'I+G! ='C'! '! C+'D#g'>?&! *'$! 'B#M#*'*+$! PH+! J&$$+G! '*+PH'*'$! '&!

$+CM#>&!+!k!+PH#='N!!

0HC'FB+! &! +$BLI#&! J&#b$+! 'DB+CF'F*&! +FBC+! '$! *#M+C$'$! M'DKFA#'$! *&! $+CM#>&! b!

$+CM#>&!*+!#FB+CF'G+FB&(!$'D'!*+!E+G&*#LD#$+!xd0y(!E&$=#B'D!*+!*#'(!A&F$HDB'$!+aB+CF'$(!

$+CM#>&! *+! *#LD#$+! =+C#B&F+'D! x0Ry! +! %D&A&! &=+C'BXC#&! b! *+! J&CG'! '! '*PH#C#C!

A&G=+BKFA#'$! +$=+AcJ#A'$! +G! A'*'! HG'! *+D'$N! 6G! A'*'! HG'! *+$B'$! M'DKFA#'$! J&#!

=+CG#B#*&!'$$#$B#C!+!'A&G='FE'C!'! C&B#F'!*#LC#'!*&!+FJ+CG+#C&!+FPH'FB&!G+G%C&!*'!

+PH#='!GHDB#*#$A#=D#F'C!+(!A&G&!B'D(!$&D#*#J#A'C!+!'*PH#C#C!F&M&$!A&FE+A#G+FB&$N!!

<+IHF*&! T+FF+C! x,--.(! =N/,y! &! *+$+FM&DM#G+FB&! *&! A&FE+A#G+FB&! FHG'!

*#$A#=D#F'!'=D#A'*'!='$$'!=&C!*+$+FM&DM+C!&!A&FE+A#G+FB&!=CLB#A&!x$'%+C!J'g+Cy(!*+M#*&!

'!+$BH*&$!A#+FBcJ#A&$!+! #FM+$B#I'>p+$! JHF*'*'$(!*+$+FM&DM#*&!'&! D&FI&!*'!+a=+C#KFA#'!

ADcF#A'!M#M#*'(!'PH'F*&!*'!=CLB#A'!*+$$'!G+$G'!*#$A#=D#F'N!R&*+G&$!+FB?&!A&FADH!"#$%&#
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!" #$%!&'()#*+(,!" )!" -!(.+-/*+(,!" +" #" #0'/1/23!" )+" -!*$+,4(-/#1" ('*" )!*5(/!"

!"#!$%&'$() *!) !+&!,-./!-) ,!"012.) +0-.) #,(&0+*.) $(-#,!!+"3() *.) #!""(.) !) *()

!"#$%&&#'&()*%+*#%,-('('./%'%&0('%&01'%2!#&0(3'!

0'*'!'!A&G=D+a#*'*+(!'!*#J#AHD*'*+!*+!A&G=C++F$?&!+!'!#FB+Cb!"#$%&'(")*+,"-,"(

+FBC+!'DIHG'$!*'$!A&G=+BKFA#'$!#F+C+FB+$!'&!6FJ+CG+#C&!6$=+!"#$"%&#'()'*+,(-)#.()'

!"#$%&b!"#$#%"&'()'*)+,*+'*)$?&!'ICH='*'$!+G!PH'BC&!LC+'$!*+!'BH'>?&N!3&G&!F?&!

+a#$B+! '#F*'! C+IHD'G+FB&! +$=+AcJ#A&! =CX=C#&! ='C'! '! LC+'! 7+JC&DXI#A'! $?&! H$'*'$! '$!

A&G=+BKFA#'$!I+C'#$!*&$!+FJ+CG+#C&$!+$=+A#'D#$B'$N!

!
WMWMWMWM%1L,&4GfC1JPO%RL%RL,YCJL%RP%!4O&LCOPTJZJRPR4%&!L.JOOJLCPZd%jGJ1P%4%Z4QPZ%

"!.D!E$2$%6#86$!+(.!/'C-)*.!/'#&)22)#%.8!$!B-)*.!%#!2$+!*.(/#!0$!)%-$'6$%?<#F!

7D! G'#(#6$! /'C-)*.2! 0$! *+)0.0#2! :+$! '$2/$)-.(! #2! 0)'$)-#2! ,+(.%#2! $! .2!

'$2/#%2.7)8)0.0$2!/'#&)22)#%.)2A@!x:6(!,-.-(!=N/y!

! ! !
2&#!F'!$'D'!*+!0R!&F*+!+$B'$!A&G=+BKFA#'$! J&C'G!G'#$! BC'%'DE'*'$!M#$B&!$+C!'c!

PH+! '! +FJ+CG'I+G! B+G! &! $+H! ='=+D! G'#$! =C+=&F*+C'FB+! *+FBC&! *'! $H'!

C+$=&F$'%#D#*'*+! =C&J#$$#&F'DN! 7+$B'! $'D'! B&*&! &! =C&A+$$&! *+! +F$#F&! '&! *&+FB+(! &!

A&FBC&D&!+!'!M#I#DSFA#'(!^!J+#B&!=+D&$!+FJ+CG+#C&$N!!

f+F*&! +G! A&FB'! '! *+J#F#>?&! *'! T+FF+C! x,--.(! =NO-y! &! FcM+D! #F#A#'D! *+!

A&G=+BKFA#'$!^!'!*+!#F#A#'*'!'M'F>'*'(!=&#$!{&!A&G=&CB'G+FB&!=+C'FB+!'$!$#BH'>p+$!^!

'A+#BLM+D! HG'! M+g! PH+! QL! =&$$H#! A&FE+A#G+FB&$! *+! $#BH'>p+$! C+'#$! $+G+DE'FB+$|(!

=+CG#B#F*&! *+$B'! J&CG'! #*+FB#J#A'C! +! M'D&C#g'C! M'D&C+$! $#IF#J#A'B#M&$! PH+! $+! C+=+B+GN!

3&FBH*&(! $+F*&!PH+!+C'! '!=C#G+#C'! M+g!PH+! $+! D#*'M'! A&G!'! B^AF#A'!*'!0R(! '#F*'! $+!

+FA&FBC'M'!*#J#AHD*'*+!+G!+FID&%'C!F&!A&FB+aB&!=CLB#A&!'!*+J#F#>?&!*+!=C#&C#*'*+$N!

R'C'! '! 'PH#$#>?&! *+! A&G=+BKFA#'$! F+$B'! LC+'! *+! 'BH'>?&(! J&#! =C&=&$B&! =+D'$!

+FJ+CG+#C'$!*&!=C&IC'G'!*+!0R!'!+D'%&C'>?&!*+!HG!=C&IC'G'!*+!BC+#F&!PH+!IH#+!'$!

$H'$!$+$$p+$!*+!+F$#F&(!=+CG#B#F*&!'!G&F#B&C#g'>?&!*'$!'=C+F*#g'I+F$!*&!J&CG'F*&!'!

A'*'!$+$$?&(!*+!J&CG'!'!I'C'FB#C!HG!=C&A+$$&!*+!'=C+F*#g'I+G!HF#J&CG+N!5!=C&=&$B'!

'=C+$+FB'*'! C+$HDB'! *'! C+M#$?&! $#$B+GLB#A'! *'! D#B+C'BHC'! xY<"y! +J+BH'*'! +! *'!

&%$+CM'>?&! *&$! +F$#F&$! C+'D#g'*&$N! u! A&G=&$B'! =&C;! HG! =D'F&! *+! J&CG'>?&!

#F*#M#*H'D#g'*&! ='C'! &! +FJ+CG+#C&(! B#=&! *,$*HI8)2-(! ='C'! PH+! &! +FJ+CG+#C&! =&$$'!

A&FJ#CG'C! PH+! '%&C*&H! B&*&$! &$! BX=#A&$! *+! +F$#F&z! HG! =D'F&! *'! J&CG'>?&! ='C'! &!
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J&CG'F*&!='C'!PH+!+$B+!$'#%'!&!PH+!M'#!'=C+F*+C(!A&G&!+!&!PH+!$+!+$=+C'!*+D+z!HG'!

J#AE'!*+!'M'D#'>?&!='C'!PH+!&!+FJ+CG+#C&!$'#%'!+G!PH+!=&FB&!*'!'=C+F*#g'I+G!+$BL!&!

J&CG'F*&!+G!A'*'! $+$$?&z! +! HG!PH+$B#&FLC#&!*+! $'B#$J'>?&! J#F'D! *'! J&CG'>?&N! 6$B'$!

+a=+C#KFA#'$! =+CG#B#C'G! &! *+$+FM&DM#G+FB&! *'$! A&G=+BKFA#'$(! A&G! '! B&G'*'! *+!

*+A#$p+$! JHF*'G+FB'*'$! 'B+F*+F*&! k$! +M#*KFA#'$! A#+FBcJ#A'$! +! C+$=&F$'%#D#*'*+$!

$&A#'#$! +! ^B#A'$! +! C+$=+#B'F*&! '! *#IF#*'*+! +! #F*#M#*H'D#*'*+(! AC+F>'$! +! AHDBHC'(! *+!

J&CG'!+a+G=D'C(!A&FBC#%H#F*&!='C'!&!*!"!#$%&$'(!#)%*+!*,%(-!).#,'/"*!*/&,/#,!*+!*

!"#$b!"#$"%&'(%)"&*+("&,(&")-"./01&2%%$3& 40$&50%%6!(#&5(+7(8(+& 7030&9& $350+)"')(&0&

!"!#$% &'% #()#*+#,*'% (-'% ./% ("% #0#123-'%&".% 451(,1".%+".% 4"+65+% *#$"4,7"+#(4#% 8%

A&GHF#A'>?&!+!+F$#F&!'&$!*&+FB+$N!

!
WMWMWM]M%1L,&4GfC1JPO%RL%RL,YCJL%RP%,4ZkL!JP%1LCGYCSP%RP%iSPZJRPR4%

"! .D! E$2$(/$%,.! +(! /./$8! 0)%.()=.0#'! %#! 0$2$%6#86)($%-#! $! 2+/#'-$! 0.2!

)%)*).-)6.2!$2-'.-B4)*.2!)%2-)-+*)#%.)2!%.!C'$.!0.!4#6$'%.?<#!*81%)*.F!

7D!J#%*$7$5!4$'$!$!*#8.7#'.!$(!/'#4'.(.2!0$!($8,#').!*#%-1%+.!0.!:+.8)0.0$F!

*D!J').!$!(.%-B(!+(!.(7)$%-$!-$'./>+-)*#!$!2$4+'#A@!x:6(!,-.-(!=N/y!

!
6$B'! ^! HG'! LC+'! +$$+FA#'D!" #$%" &'()" *" +%(%,&*-&'.%,/*" +%" 0)1)0'+)+%(" %"

!"#$%&'(!)*+,&%(-",%#,.)+&*,*,%/!%0'(!)*,-"+,!1)-*-"+2,3,45%*,-%,6"5#*78",9,*++)#,

HG'!*'$!LC+'$!+G!PH+!&!+FJ+CG+#C&!+$=+A#'D#$B'!=&*+!*'C!HG'!G'#&C!M#$#%#D#*'*+!*'!

$H'!'BH'>?&(!*+B+AB'F*&!F+A+$$#*'*+$!*+!J&CG'>?&(!+!*'F*&!$HI+$Bp+$!='C'!=&$$cM+#$!

J&CG'>p+$! +G! $+CM#>&N! !"#$%& '($)*%& "& +,& *%-(,& ."& "+/"0-%1"-2& %& ("#34)#%& "& %&

+M#*KFA#'! A#+FBcJ#A'! A&F$B#BH+G!&=&CBHF#*'*+$!PH+!*+M+G!$+C!'=C&M+#B'*'$(! '! J#G!*+!

I'C'FB#C! HG'!G+DE&C#'! F'! PH'D#*'*+! *&! *+$+G=+FE&(! BC'*Hg#F*&b$+! +G! I'FE&$! +G!

$'`*+!='C'!&!*&+FB+N!

0+$B'! J&CG'! +! ='C'! '! 'PH#$#>?&! *+$B'$! A&G=+BKFA#'$! M#$&Hb$+! '! =C&AHC'! *+!

D'AHF'$!F&$!=C&J#$$#&F'#$!*&!<+CM#>&!*+!7+JC&D&I#'(!'!FcM+D!*+!A&FE+A#G+FB&$(!B^AF#A'$!

&H!'!FcM+D!*+!AH#*'*&$!+$=+A#'D#g'*&$!+!&!PH+!$+!=&*+C#'!J'g+C(!+FPH'FB&!+FJ+CG+#C&!

+$=+A#'D#$B'(!=&C!J&CG'!'!A&DG'B'C!+$$'$!G+$G'$!D'AHF'$N!5$$#G(!J&#!J+#B&!HG!A&FB'AB&!

=C^M#&!A&G!'!+FJ+CG+#C'!C+$=&F$LM+D!=+D'!J&CG'>?&!+G!$+CM#>&(!&F*+!J&C'G!*#$AHB#*'$!

'$!F+A+$$#*'*+$!*+!J&CG'>?&! #*+FB#J#A'*'$!=+D&$!=C&J#$$#&F'#$!*&!$+CM#>&!F&!=D'F&!*+!

J&CG'>?&!*&!'F&!,-./N!0&!A&FJC&FB&!*+!#*+#'$!$HCI#C'G!+FB?&!'$!B+GLB#A'$!'%&C*'*'$(!
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A&G!&!&%Q+AB#M&!*+!BC'g+C!G'#$!M'D#'$!+!$H=C#G#C!'$! D'AHF'$!#F#A#'DG+FB+!+FA&FBC'*'$N!

5$! J&CG'>p+$! #FA#*#C'G! $&%C+! &$! B+G'$;! d#I#+F+! *'$! )?&$(! 1FA#*KFA#'! *'$! f^AF#A'$!

$H%$B#BHB#M'$!*'!JHF>?&!C+F'D!]!3H#*'*&$!=C^b*#'DcB#A&$d%RC+M+F>?&!*'!D+$?&!C+F'D!'IH*'!

F&! #*&$&(! ! +! '$! f^AF#A'$! *+! A'FHD'>?&! *&$! 'A+$$&$! M'$AHD'C+$! x'F+a&! 1! +! 11yN! 6$B'$!

J&CG'>p+$! J&C'G! +J+BH'*'$! +G! *'B'$! A&FM+F#+FB+$! '&! $+CM#>&! +! =&C! J&CG'! '! PH+! &!

G'#&C!F`G+C&!*+!=C&J#$$#&F'#$!=H*+$$+!'$$#$B#CN!
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D+M'F*&! '! PH+! +FJ+CG+#C&$! A&F$#*+C'*&$! #F#A#'*&$! $+Q'G! A&FJC&FB'*&$! A&G! 'A+$$&$!

*#JcA+#$(!C+$HDB'F*&!+G!GL!I+$B?&!*&$!AH#*'*&$!+!+G!C#$A&$!C+'#$!='C'!&$!*&+FB+$N!

<+IH#F*&!+$B'!D#FE'!*+!=+F$'G+FB&!'!PH+$B?&!*+!#FM+$B#I'>?&!J&CGHD'*'!J&#;!

%
i2$"-% +-% "5*")$*+'(-% :'(-(5#(-% 523% $)(--+% K$-)2;$'% "5#('5+% *(% 23% *+(5#(%

J!1Gd% (3% :'+7'$3$% '(72;$'% *(% kRd% ^2(% *"6")2;#$3% $% )$52;$=>+% (d% *(% ^2(% 6+'3$%

:+*(3%-('%K$;+'"<$*+-%$#'$K?-%*(%23$%(-)$;$%523?'")$m%

!
]M]M]M%iS4OGe4O%O41SCR9!JPO%

0+$B'!J&CG'!$HCI+G!*H'$!PH+$Bp+$!$+AHF*LC#'$;!

%
i2$;%$%+:"5">+%*+-%(56('3("'+-%:('"#+-%(3%kRd%-+H'(%+-%"5*")$*+'(-%:'(-(5#(-%

523% PB% "5#('5+% (3% *+(5#(-% J!1Gd% (3% :'+7'$3$% '(72;$'% *(% kRd% ^2(% *"6")2;#$3% $%

)$52;$=>+m%

%
i2$;% ?% $% :+5#2$=>+% $#'"H2n*$% :(;+-% (56('3("'+-% *(% kR% $% #'$H$;I$'(3% 5$%

C(:I'+)$'(%&+'#27$;d% $+-% "5*")$*+'(-%:'(-(5#(-%523%PB% "5#('5+%(3%*+(5#(-% J!1Gd%

(3%:'+7'$3$%'(72;$'%*(%kRd%^2(%*"6")2;#$3%$%)$52;$=>+m%

%

%

! !
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!"!!!!"#$!"#$%!

!
:$! &%Q+B#M&$! '=&FB'G! &$! C+$HDB'*&$! PH+! $+! =C+B+F*+G! 'DA'F>'C(! =&*+F*&!

#FADH#C!*#J+C+FB+$!FcM+#$!PH+!M?&!*+$*+!&!I+C'D!'&!G'#$!+$=+AcJ#A&N!!

VC#FI'$!A#B'*&!=&C!YH#M&! x,-.-y!'J#CG'!PH+!{'! #*+FB#J#A'>?&!*&$!&%Q+B#M&$!^!&!

=&FB&! JHDAC'D!*'!=D'F#J#A'>?&!+!*&!*+$+FM&DM#G+FB&|!$+F*&(!*+$B+!G&*&(!{#G=&$$cM+D!

D+M'C! 'B^! '&! J#G! HG! 'B&! *+! =D'F#J#A'>?&! $+G! $+! *#$=&C! *+! HG'! #G'I+G! AD'C'! *&$!

&%Q+B#M&$N|!YH#M&!x,-.-y!'J#CG'!'#F*'!PH+!!

"#!/'#*$22#!0$!/8.%)&)*.?<#!0$!+(.!($-#0#8#4).!0$!/'#;$-#! -'.0+=I2$!%.!.%-$6)2<#!0$!

+(.! )(.4$(! &)%.8)=.%-$! $! %.! )(/8$($%-.?<#! 0.2! #/$'.?N$2! 0$! &#'(.?<#5! %#($.0.($%-$! .!

0$&)%)?<#! 0$! #7;$*-)6#2! $2/$*1&)*#2! $! .! 0$-$'()%.?<#! 0$! /')#')0.0$2! /$'()-)%0#! 0$2-$! (#0#!

#7-$'!.:+)8#!.!/.'-)'!0#!:+.8!B!/'#0+=)0#!#!'$2+8-.0#@A!

!

]M]MWM%LTo4GJBL%Q4!PZ%

<+IH#F*&!+$B'!D#FE'!*+!=+F$'G+FB&(!='C'!'!C+'D#g'>?&!*+$B+!BC'%'DE&!&!+H_(#"K+%

7('$;%^;!

• 5! AC#'>?&! *+! HG'! +$A'D'! FHG^C#A'! ='C'! AD'$$#J#A'>?&! *+! 'A+$$&$! M'$AHD'C+$!

#FB+CF&$!x5_1y(!A'B+I&C#g'F*&b&$!*+!'A&C*&!A&G!'!*#J#AHD*'*+!*+!A'FHD'>?&N!

!

]M]M]M%LTo4GJBLO%4O&41Y.J1LO%

3&G&!+H_(#"K+-%(-:()n6")+-%*+J#F#Hb$+;%

• 1*+FB#J#A'C!&$!#F*#A'*&C+$!PH+!#FJDH+FA#'G!&!$HA+$$&!*'!A'FHD'>?&z!

• 5BC#%H#C!=&F*+C'>?&!'!A'*'!#F*#A'*&C!#*+FB#J#A'*&z!

• 4B#D#g'C! &$! C+$HDB'*&$! &%B#*&$! ='C'! '! AC#'>?&! *+! HG'! +$A'D'! FHG^C#A'! *+!

=&FBH'>?&!='C'!'!AD'$$#J#A'>?&!*+!5_N!

%

% %
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!"#"$!"#$%&'%(!")*+)!,'-.!!

]M/MWM%JCOS.J1JfC1JP%!4CPZ%1!pCJ1P%G4!,JCPZ%

5! #F$HJ#A#KFA#'! C+F'D!ACXF#A'!C+$HDB'!*+!HG'!$^C#+!*+!=C&A+$$&$!='B&DXI#A&$!PH+!

A'H$'G!D+$?&!#CC+M+C$cM+D!*&!B+A#*&!C+F'DN!6a#$B+!HG'!*+$BCH#>?&!G'$$#M'!*+!F+JCXF#&$(!

=+D&!PH+!&$!C#F$!$?&!#FA'='g+$!*+!G'FB+C!&!+PH#Dc%C#&!E#*C&b+D+BC&DcB#A&!+!*+!+aAC+B'C!&$!

=C&*HB&$! BXa#A&$! *&! &CI'F#$G&N! 5&! A&FBCLC#&! *'! #F$HJ#A#KFA#'! C+F'D! 'IH*'(! +G! PH+!

=&*+! &A&CC+C! HG'! C+AH=+C'>?&! A&G=D+B'! *'! JHF>?&! C+F'D(! F'! #F$HJ#A#KFA#'! C+F'D!

ACXF#A'!&$!C#F$!$?&!D+$'*&$!=+CG'F+FB+G+FB+!+!'!*&+F>'!^!F&CG'DG+FB+!=C&IC+$$#M'N!

R&*+! E'M+C! HG! #FcA#&! #F$#*#&$&! *'! #F$HJ#A#KFA#'! C+F'D(! A&G! &! *&+FB+! '! '=C+$+FB'C!

$#FB&G'B&D&I#'!GH#B&! *#$AC+B'(! '=+$'C! *+! +$B'C! '! A'G#FE'C! ='C'! '! #F$HJ#A#KFA#'! C+F'D!

ACXF#A'!B+CG#F'DN!xfE&G'$(!,--O(!=N!Ohy!

! 5=+$'C!*'!*&+F>'!C+F'D!ACXF#A'!F?&!$+C!HG'!*'$!*&+F>'$!G'#$!=C+M'D+FB+$!+G!

R&CBHI'D!+(! B+F*&!=&C!%'$+!&$!*'*&$!*&! 1F$B#BHB&!7'A#&F'D!*+!<'`*+(!'$!*&+F>'$!PH+!

+$B?&! F'! %'$+! *&! $+H!

*+$+FM&DM#G+FB&(! B'#$! A&G&! '!

E#=+CB+F$?&!'CB+C#'D!+!'!*#'%+B+$!

xJ#IHC'! .y(! 'B#FI+G! M'D&C+$!

A&F$#*+CLM+#$! F&! F&$$&! ='c$(! &!

PH+! D+M'! A&F$+PH+FB+G+FB+! '&!

'HG+FB&!*&!F`G+C&!*+!=+$$&'$!

PH+!$&JC+G!*+$B'!='B&D&I#'N!

6G! R&CBHI'D(! '! #FA#*KFA#'!

+!'!=C+M'DKFA#'!*'!*&+F>'! C+F'D!

ACXF#A'! B+G! M#F*&! '! 'HG+FB'C! '&!

D&FI&!*&!B+G=&(!'HG+FB'F*&!A&F$+PH+FB+G+FB+!&$!AH$B&$!='C'!'!$'`*+N!0+!'A&C*&!

A&G! '! 0#C+>?&! V+C'D! *+! <'`*+! x0V<(! ,-..y! R&CBHI'D! +FJC+FB'! HG'! B+F*KFA#'! *+!

AC+$A#G+FB&!'FH'D!*+! 1Y3f!$H=+C#&C!k!G^*#'!*&$!='c$+$!*'!:306(!A&FJ&CG+!&$!*'*&$!

C+J+C+FB+$! '! ,-.-(! PH+! C+M+D'G! HG! 'HG+FB&! *'! =C+M'DKFA#'! *+! *&+FB+$! 1Y3f! +G!

R&CBHI'D!*+!@(q~!C+D'B#M'G+FB+!'!,--nN!!

!

2#IHC'!.!]!!6$B#G'B#M'$!=&F*+C'*'$!*+!=C+M'DKFA#'!*+!*&+F>'$!
ACXF#A'$!+G!R&CBHI'D!x0#'$!�!R'#a?&(!,-.-y!



!

!

! ,n!!
012134"0506!06!3574"589:;!3"5<<1213589:!6)!6<35"5!

!
! !

]M/MWMWM%G!PGP,4CGLO%RP%JCOS.J1JfC1JP%!4CPZ%1!pCJ1P%G4!,JCPZ%

3&G&! +a=&$B&! 'FB+C#&CG+FB+(! +a#$B+G! *H'$! G&*'D#*'*+$! $H%$B#BHB#M'$! *'!

JHF>?&! C+F'D(! '! d0! +! 0R(! $+F*&! '! =C#G+#C'! &! BC'B'G+FB&! G'#$! C+'D#g'*&! ='C'! '!

#F$HJ#A#KFA#'!C+F'D!ACXF#A'(!+G!R&CBHI'DN!

6$B'! 'J#CG'>?&! ^! $H=&CB'*&! =+D&$!

*'*&$! +$B'Bc$B#A&$! *&! V'%#F+B+! *+!

Y+I#$B&! *'! <&A#+*'*+! R&CBHIH+$'! *+!

7+JC&D&I#'!vVY<Rw!x,-.,y(!A&G&!$+!=&*+!

M+C#J#A'C! F'! J#IHC'! ,N! <+IHF*&! M'D&C+$!

'=C+$+FB'*&$! =+D&! VY<R7! x,-.,y(! '!

#F$HJ#A#KFA#'! C+F'D! ACXF#A'! 'HG+FB&H!

F&$! `DB#G&$! 'F&$(! '! HG! C#BG&!

'=C&a#G'*&!*+!A+CA'!*+!,---!A'$&$!=&C!

'F&(! +a#$B#F*&! G'#$! *+! .h---! *&+FB+$!

+G! BC'B'G+FB&! $H%$B#BHB#M&!*'! JHF>?&! C+F'D!*&$!PH'#$! A+CA'!*+!..---! $+!+FA&FBC'G!

+G! =C&IC'G'! *+! *#LD#$+! xG'#$! *+! .-O@-! +G! d0! +! h@,! +G! 0Ry! +! \/On! =&$$H+G!

BC'F$=D'FB+! C+F'D! JHFA#&F'FB+N!0+$B'! J&CG'!M+C#J#A'b$+!PH+!'!E+G&*#LD#$+!&AH='!HG'!

=+CA+FB'I+G!$#IF#J#A'B#M'!*'!B+C'=#'!*+!$H%$B#BH#>?&!*'!#F$HJ#A#KFA#'!C+F'DN!

!

]M/MWM]M%k4,LRJ9ZJO4%

5! d0! A&F$B#BH#! '! B+C'=KHB#A'! *+! $H%$B#BH#>?&!

C+F'D! G'#$! JC+PH+FB+! '! FcM+D! GHF*#'DN! :$! $+H$!

&%Q+B#M&$! #FADH+G! '! C+A&F$B#BH#>?&! *&! 'G%#+FB+! *&$!

JDHc*&$! '! FcM+D! #FBC'! +! +aBC'A+DHD'C! +! A&F$+IH#C! '!

E&G+&$B'$+! *&$! $&DHB&$(! PH+C! =+D'! $H'! C+G&>?&! '!

='CB#C!*&!$'FIH+(!PH+C!=+D'!#FBC&*H>?&!*&$!G+$G&$!'!

='CB#C! *&!*#'D#$'FB+N! x2C+$+F#H$(! ,-.-(! =NOnyN! 5$$#G(! '!

d0!+FM&DM+!&!*+$M#&!*&!$'FIH+!*&!&CI'F#$G&!='C'!HG!

*#'D#$'*&C(!F&!PH'D!&A&CC+!'!*#JH$?&!+!'!HDBC'J#DBC'>?&(!

+! *+=&#$! &! C++FA'G#FE'C! ='C'! '! A#CAHD'>?&! *&! *&+FB+!

xJ#IHC'! /yN! :! =C&A+$$&! A&F$B#BH#! ! '! *#JH$?&! *+! $&DHB&$! '! ='CB#C! *&! $'FIH+! ='C'! HG'!

$&DH>?&! *+! $'D! J#$#&DXI#A&! x*#'D#$'FB+y! PH+! ^! $+='C'*&! '! ='CB#C! *&! $'FIH+! =&C! HG'!

2#IHC'!/!]!6$PH+G'!*+!JHFA#&F'G+FB&!*'!
E+G&*#LD#$+!x2C+$+F#H$(!,-.-(!=N\.y!

2#IHC'! ,! ]! 0&+FB+$! +G! BC'B'G+FB&! $H%$B#BHB#M&! C+F'DN!
xVY<R(!,-.,y!
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G+G%C'F'!$+G#=+CG+LM+D!J#F'(!&!A&G=&F+FB+!=C#FA#='D!*&!*#'D#$'*&CN!V+C'DG+FB+!$?&!

F+A+$$LC#'$!BCK$!$+$$p+$!*+!*#LD#$+!=&C!$+G'F'(!*HC'FB+!/!'!O!E&C'$(!'!J#G!*+!%'#a'C!'!

A&FA+FBC'>?&!*'$!$H%$BSFA#'$!*+!+aAC+>?&!&%C#I'BXC#'!F'!HC#F'(!='C'!M'D&C+$!'A+#BLM+#$N!

x<EÄJJD+C!+!)+FAE+(!,--@(!=N,nnyN!!

7&$!*&+FB+$!A&G!#F*#A'>?&!='C'!d0!^!F+A+$$LC#&!'!+aBC'>?&!+!C+#FJH$?&!*+!HG'!

IC'F*+!PH'FB#*'*+!*+!$'FIH+(!A&G!'DB&!*^%#B&!xG'#$!*+!,--GDiG#Fy!+!*HC'FB+!'!%'$+!

=+C#X*#A'! QL! G+FA#&F'*'N! 7+$B'! =+C$=+B#M'(! &! 'A+$$&! k! A#CAHD'>?&! ='C'! BC'B'G+FB&!

*#'DcB#A&!*+!C+=+B#>?&!^!HG!*&$!'$=+AB&$!G'#$!#G=&CB'FB+$!*'!d0!ACXF#A'N!

%
]M/M]M%P14OOLO%BPO1SZP!4O%

:! $HA+$$&! *'! d0! *+=+F*+!

PH'$+!#FB+#C'G+FB+!*'!+a#$BKFA#'!

*+!HG!JDHa&!*+!$'FIH+!'*+PH'*&!

'BC'M^$!*&!*#'D#$'*&C(!+!=&CB'FB&!

*'! +a#$BKFA#'! *+! HG! 'A+$$&!

M'$AHD'CN! 5$$#G(! HG! 'A+$$&!

M'$AHD'C! #*+'D!^!&!PH+!=&$$#%#D#B+!

HG! JDHa&!*+! $'FIH+!'*+PH'*&!k!

=C+$AC#>?&(! PH+! H$HJCH'! *+! HG'!

+$=+C'F>'! *+! M#*'! D&FI'! +! PH+!

$+Q'! #$+FB&!&H!PH+!B+FE'!=&HA'$!

A&G=D#A'>p+$N! x7'B#&F'D! Å#*F+e!

2&HF*'B#&F! Å#*F+e! 0#$+'$+!

:HBA&G+$! tH'D#Be! 1F#B#'B#M+!

v7Å2bÅ0:t1w(!,--\y!

!

6a#$B+G!MLC#&$!B#=&$!*+!'A+$$&!='C'!'!d0(!PH+!I+F+C#A'G+FB+!#C+G&$!*#M#*#C!+G!

*H'$!A'B+I&C#'$;!+aB+CF&$!b!5A+$$&$!=+CAHBSF+&$(!A&G&!&$!3'B+B+C+$!_+F&$&$!3+FBC'#$!

x3_3y! B+G=&CLC#&$!&H!=+CG'F+FB+$!]!+! #FB+CF&$! b!2c$BHD'$!'CB+C#&bM+F&$'$!+!6Fa+CB&$!

'CB+C#&bM+F&$&$!x65_yN!:!G&G+FB&!#*+'D!='C'!A&F$BCH>?&!*&!'A+$$&!M'$AHD'C!^!*+A#*#*&!

=+D&!F+JC&D&I#$B'(!A&G!%'$+!F'!+M&DH>?&!*'!*&+F>'!+!F&$!M'D&C+$!D'%&C'B&C#'#$N!x2#IHC'!

@!b!2C+$+F#H$(!,-.-(!=N.,Oy!

2#IHC'!@!]!5A+$$&$!M'$AHD'C+$N!!5!]!2c$BHD'!5CB+C#&bM+F&$'z!T!]!6Fa+CB&!5CB+C#&b
M+F&$&z!3!]!0+C#M'>?&!'CB+C#&bM+F&$'!+aB+CF'z!0!]!3'B+B+C#g'>?&!*'!M+#'!

J+G&C'Dz!6!]!3'B+B+C#g'>?&!*'!M+#'!$H%ADLM#'N!xRE#==$!+B!'D(!,--/y!
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5$!VH#*+D#F+$!7Å2b0:t1!x,--\y!=C+A&F#g'G!'!A&F$BCH>?&!=C+J+C+FA#'D!*+!25_!+G!

*+BC#G+FB&! *+! 65_(! '! M#I#DSFA#'! +! *#'IFX$B#A&! *&! 'A+$$&! M'$AHD'C! +G! J'DKFA#'! +! '!

C+$BC#>?&!GLa#G'!F&!H$&!*+!A'B+B+C+$!*+!D&FI'!*HC'>?&N!

%
]M/M]MWM%4gG4!CLO%

]M/M]MWMWM%1$#(#('(-%B(5+-+-%1(5#'$"-%%

5!A&D&A'>?&!*+!3_3!*+!D&FI'!*HC'>?&(!B+G=&CLC#&$!&H!BHF+D#g'*&$!+$BL!#F*#A'*'!

+G! $#BH'>p+$! BC'F$#BXC#'$! *+! J'DB'! *+! 'A+$$&! M'$AHD'C! *+J#F#B#M&(! +G! *&+FB+$! A&G!

+a'H$B?&!*&!='BC#GXF#&!M'$AHD'C(!&H!+G!*&+FB+$!A&G!$#BH'>p+$!*+!A&G&C%#D#*'*+!&H!

*+!#F$B'%#D#*'*+!E+G&*#FSG#A'!PH+!#G=&$$#%#D#B+G!'!A&F$BCH>?&!*+!HG!'A+$$&!M'$AHD'C!

*+J#F#B#M&N! x<+CC'! +B! 'D(! ,--@y! :! 3_3(! J'%C#A'*&! A&G! G'B+C#'D! %#&A&G='BcM+D(! ^!

*+$+FE'*&! +! *+$+FM&DM#*&! ='C'! =+CG'F+A+C! A&D&A'*&! =&C! HG! D&FI&! =+Cc&*&! *+!

B+G=&N!:$! D&A'#$! *+! #G=D'FB+!G'#$! A&GHF$! $?&(! =&C! &C*+G! *+! =C+J+CKFA#'(! '$! M+#'$!

QHIHD'C+$(! $H%ADLM#'! +! J+G&C'D(! +! G+F&$! JC+PH+FB+G+FB+! '! M+#'! A'M'! #FJ+C#&C! x=&C!

#G=D'FB+!=+CAHBSF'+&!BC'F$D&G%'CyN!x2C+$+F#H$(!,-.-(!=N.,\y!

!
3&G=D#A'>p+$!

:ADH$p+$!='CA#'#$!&H!A&G=D+B'$!

5$!&ADH$p+$!$?&!C+$=&F$LM+#$!=&C!'=C&a#G'*'G+FB+!Oq~!*'$!A&G=D#A'>p+$!F?&!

#FJ+A#&$'$!A&G!+$B+$!*#$=&$#B#M&$(!+!*+$+FM&DM+Gb$+!A&G!'!'AHGHD'>?&!*+!J#%C#F'!F&!+!

+G!B&CF&!*&!A'B+B+C!+!*&$!M'$&$(!A&G&!$+!=&*+!&%$+CM'C!F'! J#IHC'!ON!:!$'FIH+!+!&$!

$+H$!A&G=&F+FB+$!'*+C+G!k!J#%C#F'(!C+$BC#FI#F*&!&!JDHa&!*+!$'FIH+!+!=C&=&CA#&F'F*&!

HG! D&A'D! ='C'! AC+$A#G+FB&! %'AB+C#'F&N! 5! J&CG'>?&! *'! J#%C#F'! A&G+>'! F'$! ,@! E&C'$!

'=X$! '! #F$+C>?&! *&! A'B+B+CN! 6$B'$! &ADH$p+$! BC&G%XB#A'$! *&! 3_3! =&*+G! C+$HDB'C! +G!

#FB+CCH=>?&!&H!'BC'$&$!F&!BC'B'G+FB&(!#FJ+>?&(!+G%&D#'(!&H!=+C*'!*+!'A+$$&!M'$AHD'CN!

1FJ+>?&!

5! #FJ+>?&!^!'! A&G=D#A'>?&!G'#$! IC'M+!'$$&A#'*'!'&$!3_3N!0+!HG'! J&CG'!I+C'D(!

! !
2#IHC'!O!]!5;!3&LIHD&!*+FBC&!*&!3_3(!T;!2#%C#F'!+G!M&DB'!*&!3_3!x_'AEE'C'Q'F#(!,-.-y!
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+$B'! &A&CC+! +G!'=C&a#G'*'G+FB+! .n~!*&$! *&+FB+$! PH+! BKG!+$B+! 'A+$$&(! $+F*&!h~!

#FJ+A>p+$!D&A'#$!+!.,~!A'$&$!*+!%'AB+C#+G#'!'$$&A#'*'!'&!A'B+B+CN!x_'AEE'C'Q'F#(!,-.-y!

%
]M/M]M]M%JCG4!CLO%

6G! .n\-(! <AC#%F+C! �! tH#FB&F!

*+$+FM&DM+C'G! &! =C#G+#C&! 'A+$$&! M'$AHD'C(!

A&FE+A#*&!A&G&!&!<EHFB!*+!<AC#%F+C!xJ#IHC'!\y(!

PH+! =&*#'! =+CG'F+A+C! F&! D&A'D! *HC'FB+! *&#$!

G+$+$(! =+CG#B#F*&! HG! 'A+$$&! C+D'B#M'G+FB+!

JLA#D! '&! $#$B+G'! A#CAHD'BXC#&! *&! *&+FB+(! +! =+D'!

=C#G+#C'!M+g(!B&CF'M'!=&$$cM+D!&!BC'B'G+FB&!*+!

E+G&*#LD#$+! +G! *&+FB+$! HC^G#A&$N! )'#$! B'C*+(!

TC+$A#'!+!&$!$+H$!A&D+I'$!J#g+C'G!HG!*&$!'M'F>&$!G'#$!*+A#$#M&$!F'!LC+'(!C+A&CC+F*&!'!

A#CHCI#'(!D#I'C'G!HG'!'CB^C#'!*&!%C'>&!'!HG'!M+#'!=CXa#G'N!6$B'!B^AF#A'!*#G#FH#!&!C#$A&!

*+! #FJ+>?&! *&! 'A+$$&! +! =+CG#B#'! &! BC'B'G+FB&! *+! *#LD#$+! *HC'FB+! MLC#&$! 'F&$N!

x2C+$+F#H$(!,-.-(!=N,.y!

6$B+$!*+$+FM&DM#G+FB&$!PH+!$+!#F#A#'C'G!A&G!<AC#%F+C!=+CG#B#C'G!&!BC'B'G+FB&!

'! D&FI&!=C'g&!*+!*&+FB+$! A&G! 1Y3f(!+! BC&Ha+C'G!'B^!E&Q+!&$!*&#$!=C#FA#='#$!'A+$$&$!

M'$AHD'C+$!#FB+CF&$!A&FE+A#*&$;!'!25_!+!&!65_N!!

1F*+=+F*+FB+G+FB+!*&!'A+$$&!M'$AHD'C!#FB+CF&!*+!PH+!J'D'G&$(!'$!IH#*+D#F+$!*'!

72Åb0:t1! x,--\y!'$$#F'D'C'G!'! C+IC'!*&$! $+#$(!PH+!*+J#F+G!'$!A'C'AB+Cc$B#A'$!*+!HG!

'A+$$&! JHFA#&F'FB+!+! M#LM+DN! 6$B'$! $?&;! B+C!HG! JDHa&! $'FIHcF+&!'=C&a#G'*'G+FB+!*+!

\--GDiG#Fz!B+C!F&!GLa#G&!\GG!*+!*#$BSFA#'!k!=+D+z!B+C!F&!GcF#G&!\GG!*+!*#SG+BC&!

+!$+C!JLA#D!*+!A'FHD'CN!

!
]M/M]M]MWM%.n-#2;$%$'#('"+@K(5+-$%

5!25_!^!AC#'*'!A#CHCI#A'G+FB+!'BC'M^$!*+!HG'!'F'$B&G&$+!+FBC+!HG'!'CB^C#'!+!

HG'!M+#'!xJ#IHC'!hyN!6G!A&F$+PHKFA#'!*+$B'!'F'$B&G&$+(!&!$'FIH+!*'!'CB^C#'!^!J&C>'*&!

'! JDH#C! ='C'! '! M+#'(! &F*+! A#CAHD'! +G! *#C+>?&! C+BCXIC'*'(! A'H$'F*&! #FIHCI#B'G+FB&(!

'D'CI'G+FB&!+!+$=+$$'G+FB&!*'!='C+*+!*'!M+#'N!

2#IHC'!\!]!<EHFB!5CB+C#&bM+F&$&!x_'F!o'+D+IE+G!
�!0+!o++C*B!.nqqy!



!

!

! //!!
012134"0506!06!3574"589:;!3"5<<1213589:!6)!6<35"5!

!
! !

4G'! M+g! +$B'%+D+A#*&! +$B+!

=C&A+$$&(! =&*+b$+! 'DA'F>'C!

JDHa&$! *+! $'FIH+! *+! q--! '!

.---GDiG#FN! xfE&G'$(! ,--Oy!

2HF*'G+FB'DG+FB+! &! PH+!

'A&FB+A+! $?&! 'DB+C'>p+$!

#G=&CB'FB+$! '&! FcM+D! *'!

'F'B&G#'! *'$! M+#'$! $HBHC'*'$! k!

'CB^C#'! =&#$! +$B'F*&! $HQ+#B'$! '!

+$B'!=C+$$?&! J&CB+! +! A&F$B'FB+(!

M?&!'CB+C#'D#g'C(! &A&CC+F*&!

+$=+$$'G+FB&!*'$!='C+*+$!*'!M+#'(!A&FJ+C#F*&bDE+!'$$#G!G'#&C!!C+$#$BKFA#'!xJ#IHC'!qyN!

6$B'!'CB+C#'D#g'>?&!!G'F#J+$B'b$+!*+!M'C#'*'$!J&CG'$(!$+F*&!'$!=C#FA#='#$!'!A&D&C'>?&!*&!

$'FIH+!xPH+!$+!B&CF'!G'#$!AD'C&!*+M#*&!k!!G#$BHC'!*+!$'FIH+!M+F&$&!+!'CB+C#'Dy(!&!B#=&!

*+!E+G&CC'I#'!PH+!$+!M+C#J#A'!PH'F*&!$?&!D+$'*'$!x&F*+!&!$'FIH+!$'#!A&G!=C+$$?&!+G!

Q'AB&$! #FB+CG#B+FB+$y! +! &! B+G=&! *+! E+GX$B'$+!! xPH+! ^! G'#$! D&FI&yN! 3&G! '!

'CB+C#'D#g'>?&!+a#$B+!HG!'='C+A#G+FB&!*+!JC^G#B&!PH+!$+!$+FB+!PH'F*&!$+!='D='!'!25_N!

6$B+!JC^G#B&!^!'!$+F$'>?&!*+!G&M#G+FB&!PH+!!&!$'FIH+!I+C'!'&!='$$'C!F'!'F'$B&G&$+!

+! PH+! $+! =&*+! $+FB#C! xk! ='D='>?&y! +! &HM#C! xk! 'H$AHDB'>?&y! $&%C+! '! 25_! +! C+I#?&!

A#CAHF*'FB+(!*'F*&!HG'!#*+#'!*'!PH'D#*'*+!*'!25_N!x<&H$'(!,--ny! !

5! B&*&! +$B+! =C&A+$$&! 'BC#%H#b$+! &! F&G+! *+!G'BHC'>?&! +(! #*+'DG+FB+(! *+M+b$+!

AC#'C! '! Jc$BHD'! =+D&! G+F&$! ,! '! /! G+$+$! 'FB+$! *+! $HCI#C! '! F+A+$$#*'*+! *+! *#LD#$+(!

'$$+IHC'F*&!'$$#G!PH+!'!Jc$BHD'!A#A'BC#g+!+!G'BHC+N!R'C'!&%B+C!'!G'BHC'>?&!*'!Jc$BHD'!

*+M+! E'M+C! HG! #FBC'JDHa&! *+! $'FIH+! +! =C+$$?&! F&! 'A+$$&! 'A+#BLM+#$(! *+=+F*+FB+! *&!

*^%#B&!A'C*c'A&!'*+PH'*&!+!*+!HG'!'D#G+FB'>?&!'CB+C#'D!*+!%&'!PH'D#*'*+(!PH+! B+CL!

PH+!$+C!A'='g!*+!BC'F$G#B#C!+$B'!'DB'!=C+$$?&!='C'!HG'!'A+#B'>?&!#CC+$BC#B'!x#$B&!^(!$+G!

+$B+F&$+!*'!'F'$B&G&$+y(!A&G='BcM+D!+!*#$B+F$cM+D!*&!M'$&!M+F&$&N!x"&m(!,--\y!

2#IHC'!h!]!3C#'>?&!*+!HG'!25_!
CL*#&bA+JLD#A'N!P%(%T;!0#$$+>?&!+!
#$&D'G+FB&!*'!'CB^C#'!C'*#'D!+!*'!

M+#'!A+JLD#A'!'!FcM+D!*&!=HD$&N!1%(%R;!
3C#'>?&!*+!HG'!'F'$B&G&$+!!D'*&b'b
D'*&N!48!_LC#'$!B^AF#A'$!*+!$HBHC'!
A#C`CI#A'$N!xY&eb3E'H*EHCe!+B!'D(!

,--Oy!
!

2#IHC'! q! ]! 6M&DH>?&! E+G&*#FSG#A'! +!
G&CJ&D&I#'!*+!HG'!25_!+G!G'BHC'>?&N!!
P! ]! )'IF#BH*+! *&! JDHa&! $'FIHcF+&! F'!
'CB^C#'! C'*#'D! +! M+#'! A+JLD#A'! 'FB+$! *'!
AC#'>?&!*'!J#$BHD'z!!
T% (% 1% ]! 5HG+FB&! IC'*H'D! *&! JDHa&!
$'FIHcF+&!+!*#SG+BC&!*&$!M'$&$N!
xT&Q'm&r$m#!�!5F*g#'m(!,-..y!
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! :!G'#$!A&GHG!^!+$A&DE+Cb$+!'!'CB^C#'!C'*#'D!+!'!M+#'!A+JLD#A'!*&!'FB+%C'>&!F?&!

*&G#F'FB+! *&! *&+FB+(! A&FBH*&! &HBC'$! D&A'D#g'>p+$! =&*+G! #FADH#C! '! 'CB^C#'! %C'PH#'D!

A&G! '! M+#'! A+JLD#A'! &H! '#F*'! '! 'CB^C#'! %C'PH#'D! A&G! '! M+#'! %'$cD#A'N! 5$$#G(! +a#$B+G!

MLC#&$!B#=&$!*+!25_!+!$?&!AD'$$#J#A'*'$!*+!'A&C*&!A&G!&$!M'$&$!H$'*&$!+!'!$H'!=&$#>?&!

'F'BXG#A'!xJ#IHC'!nyN!!

!

7'!B'%+D'!.!+FA&FBC'Gb$+!'$!=C#FA#='#$!M'FB'I+F$!+!*+$M'FB+I+F$!*+$B+!B#=&!*+!

'A+$$&!M'$AHD'C!#FB+CF&N!

!

!

!

!

G$H(;$%W%b%B$5#$7(5-%(%*(-K$5#$7(5-%*$%.PB%
B$5#$7(5-% 0+$M'FB'I+F$!

T'#a'!B'a'!*+!BC&G%&$+$! )H#B&!B+G=&!='C'!G'BHC'>?&!

T'#a'!B'a'!*+!#FJ+>?&! 3+CA'!*+!,-~!J'DE'G!F'!G'BHC'>?&!

"&FI+M#*'*+!xÇ!/!'F&$y! )'#$!*#JcA+#$!*+!A'FHD'C!

3#A'BC#g'>?&!G'#$!JLA#D!*&$!D&A'#$!*+!A'FHD'>?&! VC'F*+!J&CG'>?&!*+!'F+HC#$G'$!

2#IHC'!n!]!f#=&$!*+!25_!x_'AEE'C'Q'F#(!,-.-y!
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]M/M]M]M]M%45q('#+-%$'#('"+@K(5+-+-%

4G'!*'$!C'gp+$!G'#$!A#B'*'$!='C'!&=B'C!=+D'!A&D&A'>?&!*+!HG!+Fa+CB&!'&!#FM^$!

*+! HG'! A&F$BCH>?&! *+! HG'! 25_! $?&! &! +FM+DE+A#G+FB&! *&$! *&+FB+$! +! '$!

A&G&C%#D#*'*+$!'$$&A#'*'$!'&!G+$G&(!A&G&!'!*#'%+B+$!+!'!E#=+CB+F$?&N!5$$#G(!$+!&$!

M'$&$! =+C#J^C#A&$! F?&! $?&! '*+PH'*&$! ='C'! '! A&F$BCH>?&! *+! HG'! 25_(! &! A#CHCI#?&!

M'$AHD'C!=&*+!*+A#*#C!#G=D'FB'C!HG!+Fa+CB&N!!5!G'#&C#'!*+$B+$!$?&!AC#'*&$!A&G!&!H$&!

*+!G'B+C#'#$! $#FB^B#A&$! A&G&! &! =&D#B+BC'JDH&C&+B#D+F&(! $&%! &!G+$G&! =C#FAc=#&! PH+! '!

25_(!$+F*&!$HBHC'*&!&!+Fa+CB&!'!HG'!'CB^C#'!+!'!HG'!M+#'(!=&*+F*&!$+C!A&FJ#IHC'*&$!

+G!D#FE'!C+AB'!&H!FHG'!'F$'N!

5$! C+I#p+$! E'%#BH'DG+FB+! $+D+A#&F'*'$! ='C'! #G=D'FB'C! HG! 65_! $#FB^B#A&! +G!

B+CC#BXC#&!$H%AHBSF+&(!$?&!'!C+I#?&!'FB+C#&C!*&!'FB+%C'>&!+!%C'>&(!'!C+I#?&!'FB+C#&C!*'!

A&a'! +! '! ='C+*+! B&CLA#A'N! RC+J+C+FA#'DG+FB+! *+M+Gb$+! 'IH'C*'C! F&! GcF#G&! PH'BC&!

$+G'F'$! xB+G=&! *+! G'BHC'>?&y! 'FB+$! *+! $+! #F#A#'C! '$! A'FHD'>p+$N! xfE&G'$(! ,--O(!

=N.n.y!

!

7'!B'%+D'!,!+FA&FBC'Gb$+!+$=+A#J#A'*'$!'$!=C#FA#='#$!M'FB'FI+F$!+!*+$M'FB'I+F$!

*+$B+!B#=&!*+!'A+$$&!M'$AHD'C!#FB+CF&N!

!

%

%

! %

G$H(;$%]%b%B$5#$7(5-%(%*(-K$5#$7(5-%*+-%4PB%
B$5#$7(5-% 0+$M'FB'I+F$!

R&HA&!B+G=&!*+!G'BHC'>?&! VC'F*+!C#$A&!*+!#FJ+>?&!

jC+'!*+!A'FHD'>?&!IC'F*+! VC'F*+!B'a'!*+!BC&G%&$+!

)'#$!JLA#D!*+!A'FHD'C! )'#&C!B'a'!*+!+$B+F&$+$!

f'G'FE&!+!JDHa&!*+!$'FIH+!#F*+=+F*+FB+!*'!G'BHC'>?&!*'!M+#'! R+PH+F'!D&FI+M#*'*+!
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]M/M]M/M%.PB%BO%4PB%

5$!IH#*+D#F+$!*+!72Åb0:t1!x,--\y!*+J+F*+G!'!25_!A&G&!'A+$$&!M'$AHD'C!#FB+CF&!

*+! +D+#>?&N! 6$B+$! 'A+$$&$! BKG! G'#&C! D&FI+M#*'*+! +! B'a'$! G'#$! %'#a'$! *+! #FJ+>?&!

PH'F*&!A&G='C'*&$!A&G!&$!65_N!3&FBH*&!'$!25_!F+G!$+G=C+!=&*+G!$+C!A&F$BCHc*'$!

=&#$!^!F+A+$$LC#&!HG'!%&'! C+*+!M'$AHD'CN! <AE#D*! x,-.-y!'J#CG'!PH+!*&+FB+! #*&$&$!&H!

A&G! *#'%+B+$! G+DD#BH$! BKG! G+F&$! D&A'#$! ='C'! A&F$BCH>?&! *+! 25_! '$$#G! A&G&! '$!

GHDE+C+$! PH'F*&! A&G='C'*'$! A&G! &$! E&G+F$! x*+M#*&! +$$+FA#'DG+FB+! '&! B'G'FE&!

*&$!M'$&$yN!7'!B'%+D'!/!+FA&FBC'Gb$+!$HG'C#'G+FB+!'$!=C#FA#='#$!*#J+C+F>'$;!

!
]M/M]MXM%BJQJZrC1JP%RL%P14OOL%BPO1SZP!%JCG4!CL%

4G'!M+g!+$B'%+D+A#*&!&!'A+$$&!M'$AHD'C!^!#G=&CB'FB+!+$B'%+D+A+C!+!*+J#F#C!HG'!

+$BC'B^I#'!*+!M#I#DSFA#'N!:!&%Q+B#M&!$+CL!'!*+B+A>?&!=C+A&A+!*+!=C&%D+G'$!C+D'A#&F'*&$!

A&G! &! ! 'A+$$&! M'$AHD'C(! *+! G&*&! '! C+*Hg#C! '! G&C%#D#*'*+! '$$&A#'*'(! =C&G&M+C! '!!

D&FI+M#*'*+!+!'!HB#D#g'>?&!=C&D&FI'*'N!3&G&!*#g!T'DD!x,--Oy!{&$!+FJ+CG+#C&$!=&*+Gb$+!

A&F$#*+C'C! *+B+B#M+$(! k! =C&AHC'! *+! =#$B'$! *+! =C&%D+G'$! PH+! =&*+G! 'J+B'C!

F+I'B#M'G+FB+!&$!'A+$$&$!M'$AHD'C+$!*&$!*&+FB+$N!xNNNy!Y+A&FE+A+C!+$$'$!=#$B'$!'QH*'G!

'! =C&=&CA#&F'C! BC'B'G+FB&$! *+! *#LD#$+! *+! $HA+$$&! +! PH'D#*'*+N|! 6$B'! M#I#DSFA#'! *&!

'A+$$&! M'$AHD'C! ='$$'! =+D'! #F$=+>?&! xPH+! +FM&DM+! =C&AHC'C! E+G'B&G'$(! $#F'#$! *+!

#FJ+>?&(!+C#B+G'$(!'F+HC#$G'$y(!='D='>?&!xPH+!=+CG#B+!$+FB#C!&!JC^G#B&(!&!=HD$&(!'$$#G!

A&G&!'!+D'$B#A#*'*+!*'!Jc$BHD'y!+!'H$AHDB'>?&!xPH+!=+CG#B+!'H$AHDB'C!&!=HD$&!+!&!JDHa&!

*+!$'FIH+(!*+B+CG#F'F*&!&!$+H!JHFA#&F'G+FB&!+!&!$+H!BC'Q+B&yN!6$B'!M#I#DSFA#'!*+M+CL!

$+C!+J+ABH'*'!'FB+$!*+!A'*'!G&G+FB&!*+!A'FHD'>?&!*&!'A+$$&!M'$AHD'CN!

f'%+D'!/!]!0#J+C+F>'$!+FBC+!'$!25_!+!&$!65_!!
! .PB% 4PB%

_'FB'I+F$!

T'#a'!B'a'!*+!BC&G%&$+$! R&HA&!B+G=&!*+!G'BHC'>?&!

T'#a'!B'a'!*+!#FJ+>?&! jC+'!*+!A'FHD'>?&!IC'F*+!

"&FI+M#*'*+!xh-~!*&$!*&+FB+$!G'FB^G!'!

25_!+G!H$&!/!'F&$!'=X$!A&F$BCH>?&y!
)'#$!JLA#D!*+!A'FHD'C!

3#A'BC#g'>?&!G'#$!JLA#D!*&$!D&A'#$!*+!

A'FHD'>?&!

f'G'FE&!+!JDHa&!*+!$'FIH+!

#F*+=+F*+FB+!*'!G'BHC'>?&!*'!M+#'!

0+$M'FB'I+F$!

)H#B&!B+G=&!='C'!G'BHC'>?&! VC'F*+!C#$A&!*+!#FJ+>?&!

3+CA'!*+!,-~!J'DE'G!F'!G'BHC'>?&! VC'F*+!B'a'!*+!BC&G%&$+!

)'#$!*#JcA+#$!*+!A'FHD'C! )'#&C!B'a'!*+!+$B+F&$+$!

! Q'$5*(%6+'3$=>+%*(%$5(2'"-3$-% R+PH+F'!D&FI+M#*'*+!
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]M/M]M[M%1L,&ZJ1PUe4O%RLO%P14OOLO%B4CLOLO%JCG4!CLO%

! 5=+$'C!*&$!=C&IC+$$&$!A&F$B'FB+$!+G!C+$HDB'*&$!ADcF#A&$(!*'!+M&DH>?&!A#+FBcJ#A'!

+! *&! *+$+FM&DM#G+FB&! *+! F&M'$! 4+)0$8)%$2! +G! C+D'>?&! '&$! AH#*'*&$! *+! *&+FB+$!

E+G&*#'D#$'*&$(!'$!A&G=D#A'>p+$!*&$!'A+$$&$!M'$AHD'C+$!A&FB#FH'G!'!$+C!'!A'H$'!G'#$!

A&GHG! *+! #FB+CF'G+FB&! E&$=#B'D'C! +! HG'! J&FB+! $#IF#J#A'B#M'! *+! AH$B&$! F&$!

&C>'G+FB&$! *+! B+C'=#'! *+! $H%$B#BH#>?&! C+F'D! +G! B&*&! &! GHF*&(! $+F*&! =&C! #$$&!

A&F$#*+C'*&! &! M+C*'*+#C&! {A'DA'FE'C! *+! 5PH#D+$|! *'! E+G&*#LD#$+N! xT&Q'm&r$m#! �!

5F*g#'m(! ,-..yN! <+IHF*&! "&&F! +B! 'D! x,--ny(! ^! C'g&LM+D! '$$HG#C! PH+! A&G=D#A'>p+$!

A'H$'*'$! =+D'$! A'FHD'>p+$! D+M+G! '&! 'HG+FB&! *'! G&C%#D#*'*+(! E&$=#B'D#g'>p+$(!

C+M#$p+$!*+!'A+$$&$!+!=+C*'!*&$!G+$G&$N!R'C'!=C+M+F#C!+$B'$!G+$G'$!A&G=D#A'>p+$!^!

#G=&CB'FB+!#*+FB#J#A'C!PH'#$!$?&!+!A&G&!=C+M+F#bD'$N!

]M/M]M[MWM J56(=>+%

5! #FJ+>?&! *&! 5_1! !"#$% &'()#*'+G+FB+! '$$&A#'*'! '&! G#AC&CI'F#$G&!

$B'=EeD&A&AAH$(! A&G! C'C'! #FA#*KFA#'! +G! 25_(! 'J+AB'F*&! +FBC+! O! '! ,-~! *&$! 65_N!

7&CG'DG+FB+! '$! #FJ+>p+$! +$B?&! C+D'A#&F'*'$! A&G! '! B^AF#A'! A#C`CI#A'! &H! A&G! &$!

=C&A+*#G+FB&$!F'!'DBHC'!*'!A'FHD'>?&(!C+G&>?&!*'$!'IHDE'$!+!E+GX$B'$+N!:$!AH#*'*&$!

*+!E#I#+F+!PH+!&!*&+FB+!B+G!F&!$+H!*&G#AcD#&(!F&!G+G%C&!*&!'A+$$&!'CB+C#&bM+F&$&(!

$?&! JHF*'G+FB'#$! ='C'! =C+M+F#C! '! &A&CCKFA#'! *+! #FJ+>?&N! !" #$%$&'&" ()*" +,-*" ." '!

=C#FA#='D! G+*#*'! *+! =C+M+F>?&! F&! A&FBC&D&! *'! #FJ+>?&N! :! =C&A+$$&! #FJ+AA#&$&! *&!

'A+$$&! M'$AHD'C! =&*+! $+C! #*+FB#J#A'*&! =+D'! =C+$+F>'! *+! $#F'#$! #FJD'G'BXC#&$! A&G&! &!

'HG+FB&! *'! B+G=+C'BHC'! D&A'D(! CH%&C(! +*+G'(! *&C(! J+%C+! +! +a$H*'*&! =HCHD+FB&N!

x2C+$+F#H$(!,-.-y!

!
]M/M]M[M]M k(3+''$7"$%*2'$5#(%+%#'$#$3(5#+%*"$;n#")+%

5! E+G&CC'I#'! *+M#*&! k! $'c*'! *'! 'IHDE'! M+F&$'! ^! HG'! *'$! G'#$! $^C#'$!

A&G=D#A'>p+$!PH+!=&*+G!&A&CC+C!*HC'FB+!HG'!$+$$?&!*+!E+G&*#LD#$+N!RC#FA#='DG+FB+!

*+M#*&! k$! +D+M'*'$! M+D&A#*'*+$! *+! %&G%'! *+! $'FIH+! =C'B#A'*'$(! +$B'! E+G&CC'I#'!

=&*+CL! $+C! %'$B'FB+! $#IF#J#A'B#M'! A&G! C#$A&$! C+'#$! +! D+B'#$! ='C'! &! *&+FB+! 5$$#G(! '!

+*HA'>?&!*'!+PH#='!+!*&!*&+FB+(!HG'!%&'!$+IHC'F>'!*'$!'IHDE'$!+!HG'!G&F#B&C#g'>?&!

C+IHD'C!C+*Hg+G!&$!C#$A&$!*'!$'c*'!*'!'IHDE'!M+F&$'(!B&CF'F*&!G+F&C!'!=C&%'%#D#*'*+!

*'!&A&CCKFA#'!*+!E+G&CC'I#'N!
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]M/M]M[M/M k(3$#+3$%

4G!E+G'B&G'!FHG!'A+$$&!M'$AHD'C!^!*+J#F#*&!A&G&!HG'!#FJ#DBC'>?&!D&A'D#g'*'!

*+! $'FIH+(! A'H$'*'! =&C! HG'! A'FHD'>?&! *+! HG'! 'IHDE'! x"++! +B! 'D(! ,--\yN! {R&HA&! $+!

$'%+! $&%C+! '! #FJDHKFA#'! *'! C+=+B#>?&! *'$! A'FHD'>p+$! *&$! 'A+$$&$! M'$AHD'C+$! F'! $H'!

PH'D#*'*+(!C#$A&!*+!A&G=D#A'>p+$!+!F'!$H'!D&FI+M#*'*+|N!x"&&F!+B!'D(!,--ny!!

!
]M/M]M[MXM 4-#(5+-(-%

! 5! +B#&D&I#'! *'$! +$B+F&$+$! ^! *#J+C+FB+(! A&F$&'FB+! $+!

BC'B'!*+!HG!+Fa+CB&!&H!*+!HG'! Jc$BHD'N! {5! BC&G%&$+!*+!HG!

+Fa+CB&!^!'!A'H$'!*+!q-~!*+!B&*'$!'$!*#$JHF>p+$!*&$!'A+$$&$!

M'$AHD'C+$! +(! +G!G'#$! *+! n-~!*+! BC&G%&$+$! *+! +Fa+CB&$(! '!

='B&D&I#'! $H%Q'A+FB+! ^! '! +$B+F&$+! A'H$'*'! =+D'! E#=+C=D'$#'!

*'!cFB#G'!'!FcM+D!*'!'F'$B&G&$+!M+F&$'|N!xY&eb3E'H*EHCe!+B!

'D(! ,--Oy! 7'$! 25_$(! +$B+$! J'AB&C+$! $?&! G'#$! FHG+C&$&$(!

#FADH#F*&! '! J#%C&$+! xC+$HDB'FB+! *+! A'FHD'>p+$! JC+PH+FB+$! F&!

G+$G&!D&A'Dy(!&!*+$+FM&DM#G+FB&!*+!'%A+$$&$!+!'F+HC#$G'$(!

+! &! JDHa&! +G! BHC%#DE?&! =C&M&A'*&! =&C! 'IHDE'$! *+! D`G+F!

C+*Hg#*&(! A&G&! $+! &%$+CM'! F'! J#IHC'! .-N! 5! J&CG'>?&! *+!

+$B+F&$+$! =C&M&A'! HG'! *#G#FH#>?&! $#IF#J#A'B#M'! *&! *^%#B&!

$'FIHcF+&!*&!'A+$$&!M'$AHD'C(!A&G!A&F$+PH+FB+!*#G#FH#>?&!*'!+J#ALA#'!*&!BC'B'G+FB&!

*+M#*&! k! C+A#CAHD'>?&! PH+! A'H$'(! =&*+F*&! '#F*'! A'H$'C! *'F&$! +$BCHBHC'#$! F&! M'$&(!

#G=+*#F*&! PH+! HG! 'A+$$&! M'$AHD'C! G'BHC+! A&FM+F#+FB+G+FB+(! +! '#F*'! D+M'C! k!

BC&G%&$+! *&!G+$G&N!:!*+$=#$B+! *+$B'! A&G=D#A'>?&! B&CF'b$+! '$$#G! JHF*'G+FB'DN!:$!

$#F'#$! ADcF#A&$!PH+! BC'*Hg+G!'!=C+$+F>'!*+!+$B+F&$+! #FADH+G;!A&'IHD'>?&!*&!$#$B+G'!

+aBC'A&C=&C'D! G'#$! PH+! *H'$! M+g+$! =&C! GK$(! *#J#AHD*'*+! F'! A'FHD'>?&! *&! 'A+$$&(!

*#J#AHD*'*+!F'!E+GX$B'$+(!+*+G'!*&!G+G%C&!&F*+!$+!D&A'D#g'!&!'A+$$&(!+!*#G#FH#>?&!

*'!+J#ALA#'!*+!*#LD#$+N!5!=+C*'!*+!JC^G#B&!A&FBcFH&!+!'!A&F$+PH+FB+!#F$B'D'>?&!*+!=HD$&!

BC'*Hg!I+C'DG+FB+!A&G=C&G#$$&!A#CAHD'BXC#&!'!FcM+D!*&!'A+$$&N!x2C+$+F#H$(!,-.-(!=N./\y!

!!
]M/M]M[M[M P5(2'"-3$%(%:-(2*+@$5(2'"-3$%

! :! 'F+HC#$G'! A'C'AB+C#g'b$+! {=&C! HG'! *#D'B'>?&! $+IG+FB'C! *+! HG'! M'$&!

$'FIHcF+&!+FM&DM+F*&!B&*'!'!='C+*+!M'$AHD'C(!*+$+FM&DM+F*&b$+!JC+PH+FB+G+FB+!+G!

2#IHC'!.-!]!5FI#&IC'J#'!*+!HG'!25_!!
.!]!'CB^C#'!C'*#'D!*#$B+F*#*'!+!
B&CBH&$'z!,!]!6$B+F&$+!F'!

'F'$B&G&$+!+FBC+!'!'CB^C#'!C'*#'D!+!
'!M+#'!A+JLD#A'z!/!]!'F+HC#$G'z!@!]!

+$B+F&$+!F'!g&F'!M+F&$'!*&!'A+$$&N!
xT&Q'm&r$m#!�!5F*g#'m(!,-..yN!

!
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'CB^C#'$! &H! M+#'$! {'CB+C#'D#g'*'$|! ='C'! E+G&*#LD#$+|N! :$! =$+H*&b'F+HC#$G'$! $?&!

*#D'B'>p+$!M'$AHD'C+$!A&F$B#BHc*'$!=&C!E+G'B&G'$!A'M#B'*&$(!AHQ'!='C+*+!^!A&F$B#BHc*'!

=&C! B+A#*&! J#%C&$&! *&$! B+A#*&$! A#CAHF*'FB+$(! $HCI#F*&! A&G! JC+PHKFA#'! F&$! +Fa+CB&$N!

5G%&$! =&*+G! $+C! A'H$'*&$! =+D'! C+=+B#>?&! *'$! A'FHD'>p+$! F'PH+D'! C+I#?&N! 6$B'!

A&G=D#A'>?&!=&*+!D+M'C!k!BC&G%&$+!*&!'A+$$&(!'$$#G!A&G&!k!CH=BHC'!*&!G+$G&!A&G!

$^C#'$!A&F$+PHKFA#'$N!xfE&G'$(!,--Oy!

!
]M/M]M[M\M G'+3H+-(%

5! BC&G%&$+! =&*+! &A&CC+C! +G! PH'DPH+C! 'DBHC'! '=X$! '! AC#'>?&! *+! HG! 5_1N! 5!

=C+M+F>?&!*+!+=#$X*#&$!BC&G%XB#A&$!+G!*&+FB+$!$H%G+B#*&$!'!BC'B'G+FB&$!*#'DcB#A&$!^!

C+'D#g'*'!*+!J&CG'!+G=cC#A'(!'BC'M^$!*'!'*G#F#$BC'>?&!*+!'FB#A&'IHD'FB+$!&C'#$!&H!*+!

'FB#b'IC+I'FB+$! =D'PH+BLC#&$(! A&G&! J&CG'! *+! A&FBC'C#'C! &$! J'B&C+$! *+! C#$A&N! 6$B'!

A&G=D#A'>?&! I+C'DG+FB+! C+$HDB'! *+! &HBC'! QL! G+FA#&F'*'(! '$! +$B+F&$+$! *&$! 'A+$$&$(!

A&FBH*&!+a#$B+G!&HBC'$!A'H$'$N!6G!PH'DPH+C!*&$!A'$&$(!'!+a#$BKFA#'!*+!BC&G%&$!'!FcM+D!

*&! 'A+$$&! +a#I+! C+M#$?&! #G+*#'B'! *&! G+$G&N! :! BC'B'G+FB&! A#C`CI#A&! =&*+! +$B'C!

#F*#A'*&!xBC&G%+AB&G#'y(!G'$!GH#B'$!M+g+$!^!G'D!$HA+*#*&N!7+$B+!A'$&!'!'FI#&=D'$B#'!

=+CAHBSF+'(!A&G!HG!A'B+B+C!A&G!%'D?&(!=&*+!$+C!G'#$!%+G!$HA+*#*'N!3&FBH*&(! $+!'!

BC&G%&$+! J&C! =C+A&A+G+FB+! *+B+B'*'(! =&*+b$+! +M#B'C! '! D+$?&! =+CG'F+FB+! A&G! '!

HB#D#g'>?&!*+!'I+FB+$!BC&G%&DcB#A&$N!

!
]M/M]M\M%1PCSZPUVL%RL%P14OOL%

{f?&!*#J+C+FB+$!PH'FB&!&$! #F*#Mc*H&$! $?&!*&! D'*&!*+! J&C'(!F?&!*+M+! $+C!HG'!

$HC=C+$'!PH+!&$!#F*#Mc*H&$!$?&!B'G%^G!*#J+C+FB+$!*&!D'*&!*+!*+FBC&N!<+!=H*^$$+G&$!

M+C!*+FBC&!*&!A&C=&(! #C#'G&$!M+C!&$!M'$&$! $'FIHcF+&$!*+! B'G'FE&$!M'C#'*&$! b!'DIHF$!

C+B&! A&G&! JD+AE'$(! 'DIHF$! B&CBH&$&$(! +! '#F*'! &HBC&$! &F*HD'FB+$! ='C'! A#G'! +! ='C'!

%'#a&|!xT'DD(!,--Oy!

!
5!B^AF#A'!*+!A'FHD'>?&!^!=C#FA#='DG+FB+!%'$+'*'!F'!B+&C#'(!F'$!4+)0$8)%$2!+!F'!

+a=+C#KFA#'! *&$! =C&J#$$#&F'#$N! 5$! +PH#='$! PH+! BC'%'DE'G! +G! E+G&*#LD#$+! BKG!

*#J#AHD*'*+! +G! *+B+CG#F'C! PH'D! &! G+DE&C! G^B&*&! ='C'! '! A'FHD'>?&N! <+IHF*&! "&&F!

x,--ny!HG'!A'FHD'>?&!A&G!$HA+$$&!^!{'!#F$+C>?&!*+!,!'IHDE'$(!'$!*H'$!+G!H$&!='C'!&!

BC'B'G+FB&!*+!E+G&*#LD#$+(!$+G!J'DE'$|N!!6a#$B+G!MLC#'$!B^AF#A'$!*+!A'FHD'>?&(!$+F*&!

PH+!+a#$B+G!BCK$!G'#$!JC+PH+FB+$N!6$B'$!$?&;!A'FHD'>?&!+G!LC+'!xJ#IHC'!..y(!A'FHD'>?&!
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+G!+$A'*'!*+!A&C*'!xJ#IHC'!.,y(!+!A'FHD'>?&!+G!A'$'!*+!%&B?&!&H!%&B&+#C'!xJ#IHC'!./yN!

5$$#G(!+!$+IHF*&!2C+$+F#H$!x,-.-y;!

!
]M/M]M\MWM%1$52;$=>+%(3%E'($%

! 5$! A'FHD'>p+$! $?&! +J+ABH'*'$! FHG'! LC+'!GH#B&! C+$BC#B'! *&! 'A+$$&! M'$AHD'C!

x*&#$!'!BCK$!AGy(!F?&!&%+*+A+F*&!'!F+FEHG!AC#B^C#&!PH+!F?&!$+Q'!'!=&$$#%#D#*'*+!*+!

$HA+$$&!+!&%B+F>?&!*+!*^%#B&!$HJ#A#+FB+N!

R&FB&$!2&CB+$;!)+F&$!*&D&C&$'(!A'FHD'>?&!*+!'A+$$&$!A&G!BC'Q+B&$!AHCB&$N!

R&FB&$! 2C'A&$;! )'#&C! C#$A&! *+! J&CG'>?&! *+! 'F+HC#$G'$(! B+G=&! *+! E+GX$B'$+!

=C&D&FI'*'(!*+B+C#&C'>?&!CL=#*'!*&!'A+$$&!M'$AHD'CN!

%

]M/M]M\M]M%1$52;$=>+%(3%(-)$*$%*(%)+'*$%

3&F$#$B+! +G! HB#D#g'C! B&*'! '! +aB+F$?&! *&! M'$&! *#$=&FcM+D(!G+*#'FB+! '! C&B'>?&!

=C&IC+$$#M'! *&$! =&FB&$! *+! =HF>?&N! 5! A'FHD'>?&! 'CB+C#'D! *+M+! $+C! 'J'$B'*'! *'!

'F'$B&G&$+!=+D&!G+F&$!$+#$!AG(!G'FB+F*&!'$!'IHDE'$!'J'$B'*'$!+FBC+!$#!=+D&!G+F&$!

BCK$!AGN!

R&FB&$! 2&CB+$;! f^AF#A'! G'#$! JC+PH+FB+G+FB+! HB#D#g'*'! =+D&$! =C&J#$$#&F'#$(! G'#&C!

*#$=&F#%#D#*'*+!*+!A&G=C#G+FB&!*+!M'$&!A'FHDLM+DN!

R&FB&$!JC'A&$;!f^AF#A'!*#JcA#D!+G!25_!C+A+FB+$(!!F+A+$$#*'*+!*+!$+A>p+$!C+B'$!

*+!=+D&!G+F&$!/!AG!='C'!A'*'!ICH=&!*+!A'FHD'>p+$(!B^AF#A'!G'#$!*&D&C&$'(!

G'#&C!C#$A&!*+!E+G'B&G'N!

!

]M/M]M\M/M%1$52;$=>+%(3%H+#+("'$%

5$! A'FHD'>p+$! $?&! +J+ABH'*'$! $+G=C+! +a'B'G+FB+! F&!G+$G&! &C#JcA#&(! A&G! '!

G+$G'!#FAD#F'>?&(!*+!G&*&!k!'IHDE'!$+IH#C!&!G+$G&!BC'Q+B&!*+#a'*&!F'!A'FHD'>?&!

'FB+C#&CN! 5BC'M^$! *&! =C&A+$$&! *+! A#A'BC#g'>?&! *+$+FM&DM+b$+! HG! B`F+D! $H%AHBSF+&!

='C'!'!25_!=+CG#B#F*&!&!H$&!*+!HG'!'IHDE'!C&G%'N!

R&FB&$! 2&CB+$;! 2'A#D#*'*+! *+! A'FHD'>?&(! *#G#FH#>?&! *'! *&C(! G+F&C! C#$A&! *+!

E+G'B&G'$!+!'F+HC#$G'$(!CL=#*'!E+GX$B'$+(!=C&D&FI'!'!*HC'>?&!*'!25_N!

R&FB&$! 2C'A&$;!)'#&C! C#$A&!*+! #FJ+A>?&! '$$&A#'*&!k! C+G&>?&!*&! B+A#*&! A#A'BC#A#'D(!

*#J#AHD*'*+!*+!G'FHB+F>?&!*&!G+$G&!SFIHD&!*+!A'FHD'>?&(!B^AF#A'!*+=+F*+FB+!*&!

G+$G&!=C&J#$$#&F'D(!F+A+$$#*'*+!*+!'IHDE'$!A&G!HG!%#$+D!C&G%&N!

2#IHC'!./!
f^AF#A'!*+!
A'FHD'>?&!

=&C!%&B&+#C'!

2#IHC'!..!
f^AF#A'!*+!

A'FHD'>?&!=&C!LC+'!

2#IHC'!.,!
f^AF#A'!*+!A'FHD'>?&!

=&C!+$A'*'!
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<+IHF*&! '$! 4+)0$8)%$2! *'! 4Å! Y+F'D! 5$$&A#'B#&F! x,-..y(! '! B^AF#A'! *'! %&B&+#C'!

*+M+CL!$+C!'!=C#G+#C'!+$A&DE'(!$+IH#*'!*'!B^AF#A'!+G!+$A'*'!*+!A&C*'!+!=&C!`DB#G&!'!

B^AF#A'! +G! LC+'N! 6G%&C'! '! '*&>?&! *+! =C&B&A&D&$! =&$$'! $+C! %+F^J#A'! +! '$$+IHC'C!

='*Cp+$!+a#I+FB+$!*+!=CLB#A'!HF#J&CG+(! $'%+b$+!PH+!^!F+A+$$LC#'!'M'D#'>?&!'*#A#&F'D(!

='C'! J&CF+A+C! +M#*KFA#'! *&$! +J+#B&$! '! D&FI&! =C'g&! *+! PH'DPH+C! *+$B+$! =C&B&A&D&$! F'!

D&FI+M#*'*+!*&$!'A+$$&$N!!3'*'!+D+G+FB&!*'!+PH#='!*+M+!HB#D#g'C!&!'A+$$&!M'$AHD'C!*+!

J&CG'!A&G=+B+FB+(!A+FBC'*&!F&!*&+FB+(!A&G!'!G#$$?&!*+!'$$+IHC'C!&!BC'B'G+FB&!G'#$!

+J#A'g!=&$$cM+D(!G+DE&C'F*&!'!$H'!PH'D#*'*+!*+!M#*'N!

!

{!5!+*HA'>?&!+!J&CG'>?&!A&F$B'FB+$!*'!+PH#=+!*+!*#LD#$+!='C'!&!A&FE+A#G+FB&!

B+XC#A&!+!A&G=+BKFA#'$!*+!A'FHD'>?&(!+$=+A#'DG+FB+!='C'!A'FHD'>?&!*+!25_!{F&M'$|!^!

+$$+FA#'D!+!=&*+!$+C!%+F^J#A'!+G!G#F#G#g'C!'$!J'DE'$!+!A&G=D#A'>p+$!C+D'A#&F'*'$!A&G!'!

A'FHD'>?&!+!+G!G+DE&C'C!&$!C+$HDB'*&$N!4G'!A'C'B+Cc$B#A'!#F+C+FB+!k!%&'!=C&J#A#KFA#'!^!

$+C! A'='g!*+! J'g+C!HG'!+$A&DE'!+PH#D#%C'*'!*+!PH'D! ^! '! B^AF#A'!G'#$! '*+PH'*'!='C'!'!

A'FHD'>?&!*+!A'*'!'A+$$&!M'$AHD'C!+$=+AcJ#A&N|!x"&&F!+B!'D(!,--ny!

!
!

! !



!

!

! @,!!
012134"0506!06!3574"589:;!3"5<<1213589:!6)!6<35"5!

!
! !

!"#"$!"#$%$&$'()!

]MXMWM%GJ&L%R4%4OGSRL%

<+IHF*&! R&D#B! +B! 'D! x,--@(! =N/@y! {'! =+$PH#$'! +a=D&C'BXC#'! A&G+>'! A&G! 'DIHG!

J+FXG+F&!*+!#FB+C+$$+z!F&!+FB'FB&(!G'#$!*&!PH+!$#G=D+$G+FB+!&%$+CM'C!+!*+$AC+M+C!&!

J+FXG+F&(! '! =+$PH#$'! +a=D&C'BXC#'! #FM+$B#I'! '! $H'! F'BHC+g'! A&G=D+a'! +! &$! &HBC&$!

J'B&C+$!A&G!&$!PH'#$!+D+!+$BL!C+D'A#&F'*&|N!!

0+$B'! J&CG'(! +$B+! +$BH*&! ^! HG! +$BH*&! *+$AC#B#M&b+a=D&C'BXC#&(! A&G! HG'!

'%&C*'I+G!G#$B'!+(! HG'!M+g!&CI'F#g'*&$!&$!*'*&$! $+C?&!'=C+$+FB'*&$!FHG'! J&CG'!

'A+$$cM+D!'BC'M^$!*+!ICLJ#A&$!+!B'%+D'$N!!

!
]MXM]M%R4O1!JUVL%RP%,4GLRLZLQJP%

6$B+!+$BH*&!+$BL!*#M#*#*&!+G!BCK$!J'$+$N!

5! =C#G+#C'! J'$+! +FID&%'! '! C+M#$?&! $#$B+GLB#A'! *'! D#B+C'BHC'! +! '! C+'D#g'>?&! *+!

+FBC+M#$B'$(!='C'!&%B+C!'!&=#F#?&!*+!+FJ+CG+#C&$!=+C#B&$!F'!B^AF#A'!*+!A'FHD'>?&(!A&G!

'!C+$=+B#M'!C+A&DE'!*&$!*'*&$N!!

5!$+IHF*'!J'$+! #FADH#!&!BC'B'G+FB&!*&$!*'*&$!C+A&DE#*&$!'FB+C#&CG+FB+!xIC'H!

*+!A&FA&C*SFA#'!+FBC+!&=#F#?&!*&$!=+C#B&$!A&G!Y<"yz!'!+D'%&C'>?&!*+!HG!PH+$B#&FLC#&(!

'!'=D#A'C!'&$!+FJ+CG+#C&$!*'!'G&$BC'!*+$B'! J'$+(!='C'!M+C#J#A'>?&!*'!=C+=&F*+CSFA#'!

*&$! #F*#A'*&C+$! #*+FB#J#A'*&$z! '! '=D#A'>?&!*&!PH+$B#&FLC#&z! +! '! C+A&DE'! +! BC'B'G+FB&!

*&$!*'*&$N!:$!*'*&$!&%B#*&$(!*+=&#$!*+!'F'D#$'*&$!+!BC'B'*&$!$+CM#C?&!*+!%'$+!='C'!'!

A&F$BCH>?&!*'!+$A'D'!*+!AD'$$#J#A'>?&!*&$!'A+$$&$!M'$AHD'C+$!PH'FB&!k!*#J#AHD*'*+!*+!

A'FHD'>?&N!

5! B+CA+#C'! J'$+! A&F$#$B#CL! F'! +D'%&C'>?&! *+! HG'! +$A'D'! ='C'! AD'$$#J#A'>?&! *&$!

'A+$$&$!=&C!*#J#AHD*'*+!*+!A'FHD'>?&N!

!
]MXM/M%BP!J9B4JO%4OGPGYOGJ1PO%

<+IHF*&!R&D#B!+B!'D!x,--@y(!{HG'!M'C#LM+D(!A&G&!&!F&G+!#F*#A'(!^!'DI&!PH+!M'C#'N!

xÉy! 5! M'C#LM+D! ^(! +FB?&(! PH'DPH+C! PH'D#*'*+! *+! HG'! =+$$&'(! ICH=&! &H! $#BH'>?&(! PH+!

M'C#'! +! '$$HG+! *#J+C+FB+$! M'D&C+$N|! 5$$#G(! &! &%Q+B&! *&! +$BH*&! +$B'Bc$B#A&! $?&! '$!

M'C#LM+#$!+!'!#FJ&CG'>?&!PH+!+$B'$!=&*+G!J&CF+A+CN!
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R'C'!+$B+!+$BH*&! J&C'G!H$'*'$! M'C#LM+#$!PH'D#B'B#M'$! xF&G#F'#$y! +!PH'FB#B'B#M'$!

x#FB+CM'D'C+$!+!*+!C'g?&yN!

J5*(:(5*(5#(-;! T#&DXI#A'$! x<+a&! +! 1*'*+y(! $&A#&*+G&ICLJ#A'$(! B+G=&! *+!

=C&J#$$?&!+!B+G=&!'!BC'%'DE'C!F'!E+G&*#LD#$+N!

R(:(5*(5#(-8%1F*#A'*&C+$!*+!*#J#AHD*'*+!*+!A'FHD'>?&N%

!
]MXMXM%&L&SZPUVL%4%P,LOG!P%

R&D#B! +B! 'D! x,--@y! 'J#CG'! PH+! =&=HD'>?&! ^! {HG! 'IC+I'*&! B&B'D! *+! A'$&$! PH+!

=C++FAE+G! HG! A&FQHFB&! *+! AC#B^C#&$! +$=+A#J#A'*&$|! +! PH+! &$! =+$PH#$'*&C+$!

PH'FB#B'B#M&$! {+$=+A#J#A'G! '$! A'C'AB+Cc$B#A'$! PH+! *+D#G#B'G! '! =&=HD'>?&! 'BC'M^$! *&$!

AC#B^C#&$!*+! $+D+>?&!='C'!'! #FADH$?&!+G!$+H$!+$BH*&$|N!R&C! $H'!M+g!'!'G&$BC'!^!HG'!

=&C>?&!*'!=&=HD'>?&(!HG!$H%A&FQHFB&!*+$$'!=&=HD'>?&N!

5$$#G(!B+F*&!+G!A&FB'!'!G+B&*&D&I#'!H$'*'(!'!'G&$BC'!$?&!&$!+FJ+CG+#C&$!PH+!

=C+$B'G! $+CM#>&$! F'! 7+=EC&A'C+! R&CBHI'D! C+I#?&! A+FBC&(! +$B'F*&! &$! AC#B^C#&$! *+!

#FADH$?&!+!+aADH$?&!*+$AC#B&$!F'!B'%+D'!@N!

!

f'%+D'!@!]!3C#B^C#&$!*+!#FADH$?&!i!+aADH$?&!

% .W!25<6! ,W!25<6!

1'"#?'"+-% *(%
"5);2->+%

b! f+C! G'#$! *+! O! 'F&$! *+! +a=+C#KFA#'!
=C&J#$$#&F'D!

b!fC'%'DE'C!F'!7+=EC&A'C+!R&CBHI'DN!
b!fC'%'DE'C!+G!E+G&*#LD#$+!EL!G'#$!*+!\!G+$+$N!

1'"#?'"+-% *(%
(q);2->+%

b! 7?&! BC'%'DE'C! F'! LC+'! C+IHD'CG+FB+!
x#FJ+C#&C!'!/!BHCF&$!=&C!$+G'F'y!Ek!G'#$!
*+!,!G+$+$!

b!7?&!=C+$B'C!AH#*'*&$!*#C+B&$!'!*&+FB+$!+G!d0!EL!
G'#$!*+!.!GK$N!
b!R+CB+FA+C!k!'G&$BC'!*'!.W!J'$+!

!

!

! !
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!"#"$!"#$%&'()$*()')$*!

{5!B'C+J'!*+!$+D+A#&F'C!&H!*+$+FM&DM+C!G^B&*&$!='C'!C+HF#C!*'*&$!+$BL!+FBC+!

'$! G'#$! *+$'J#'*&C'$! FHG! =C&A+$$&! *+! =+$PH#$'N! <+G! &$! G^B&*&$! '=C&=C#'*&$! *+!

A&DE+#B'!*+!*'*&$(!'!M'D#*'*+!*'$!A&FADH$p+$!*'!=+$PH#$'!^!J'A#DG+FB+!C+JHB'*'N|!xR&D#B!

+B!'D(!,--@(!=N!,@qy!

1F#A#'DG+FB+! J&#! +D'%&C'*'! HG'! Y<"! $&%C+! '! B+GLB#A'! +! A&FADHcHb$+! PH+! '!

PH'FB#*'*+!*+!#FJ&CG'>?&!*#$=&FcM+D!='C'!$H=&CB'C!'!PH+$B?&!*+!#FM+$B#I'>?&!F?&!+C'!

$HJ#A#+FB+N! R&D#B! +B! 'D! x,--@y! C+J+C+G! PH+! $+! &$! *'*&$! +a#$B+FB+$! F?&! +$B#M+C+G!

*#$=&FcM+#$!&H! J&C+G! #F'*+PH'*&$!='C'!'!PH+$B?&!*+!=+$PH#$'(!*+M+G!$+C! A&D+B'*&$!

F&M&$! *'*&$N! 5$$#G(! J&C'G! +J+ABH'*'$! +FBC+M#$B'$! $+G#b+$BCHBHC'*'$! '! +FJ+CG+#C&$!

+a=+C#+FB+$!F'!B^AF#A'!*+!A'FHD'>?&!xA&F$#*+C'*&$!=+C#B&$yN!!

!
]M[MWM%!4BJOVL%OJOG4,9GJ1P%RP%ZJG4!PGS!P%

Y+D'B#M'G+FB+! k! Y<"(! A&G&! C+J+C+! V'DM?&! +B! 'D! x,--@y! +$B'! ^! HG! C+AHC$&!

#G=&CB'FB+!*'!=CLB#A'!%'$+'*'!+G!+M#*KFA#'$(!PH+!A&F$#$B+!FHG'!$cFB+$+!C#I&C&$'!*+!

B&*'$!'$!=+$PH#$'$!C+D'A#&F'*'$!A&G!HG'!PH+$B?&!+$=+AcJ#A'N!!

5$$#G!$+F*&(! J&#! C+HF#*'!'! D#B+C'BHC'!A#+FBcJ#A'! C+D+M'FB+(!HB#D#g'F*&!&!G&B&C!*+!

%H$A'!6T<3:E&$B!='C'!'A+$$&!k$!%'$+$!*+!*'*&$;!3175d"!RDH$!r#BE!2HDD!f+aBz!)60"176!

r#BE!2HDD!f+aBz!3&AEC'F+!3+FBC'D!Y+I#$B+C!&J!3&FBC&DD+*!fC#'D$z!7HC$#FI!�!5DD#+*!d+'DBE!

3&DD+AB#&F;!3&G=C+E+F$#M+!+!)+*#A"'B#F'N!!

5! =+$PH#$'! *#M#*#Hb$+! +G!*H'$! =+$PH#$'$! *#J+C+FB+$(! '$! ='D'MC'$! AE'M+$! H$'*'$!

J&C'G;! L'-$')#6$%#+2! R)2-+8.(! J.%%+8.-)#%(! S$(#0).8T2)2! +! U+'2$(! B+F*&! $#*&!

=C&AHC'*&$!'CB#I&$!+G!B+aB&!#FB+IC'D!+!'F'D#$'*&$!=&C!+$=+A#'D#$B'$(!$+F*&!PH+!F&!J#F'D!

$+! &%B#M+C'G! $+B+! 'CB#I&$N! 7&! 'F+a&! 111(! +FA&FBC'b$+! *+G&F$BC'*'! '! +$BC'B^I#'!

HB#D#g'*'N!

5!D+#BHC'!+a'H$B#M'!*&$!'CB#I&$!F'!=+$PH#$'!</!+!<@!B+M+!A&G&!&%Q+B#M&!#*+FB#J#A'C!

PH'#$!&$!'CB#I&$!+G!PH+!'$!*#G+F$p+$!*+J#F#*'$!'BC'M^$!*'!%#%D#&IC'J#'!$+!+FA&FBC'M'G!

=C+$+FB+$(!+aADH#F*&!B&*&$!+G!PH+!B'D!F?&!'A&FB+A#'N!

!

!
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]M[M]M%4CG!4BJOGP%PLO%&4!JGLO%

<+IHF*&!R&D#B!+B!'D!x,--@y!&$!'HB&bC+D'B&$!F?&!+$BCHC'*&$!&H!$+G#b+$BCHBC'*&$(!

I+C'DG+FB+! &%B#*&$! +G! +FBC+M#$B'$(! B+F*+G! '! '=C+$+FB'C! HG'! F'BHC+g'! *+!

A&FM+C$'>?&(!&F*+! $+!+FA&C'Q'!&$! #FB+CM+F#+FB+$!'!*+J#F#C! '$!*#G+F$p+$! #G=&CB'FB+$!

*+! HG! J+FXG+F&! +! '! +D'%&C'C! &! PH+! ^! C+D+M'FB+! ='C'! +D+$(! G'#$! *&! PH+! '! $+C!

&C#+FB'*&$!=+D'$!F&>p+$!*+!C+D+MSFA#'!BC'F$G#B#*'$!.!/')#')!=+D&!#FM+$B#I'*&CN!

5$$#G(! J&C'G! +D'%&C'*'$! BCK$! =+CIHFB'$! '%+CB'$! =&C! J&CG'! '! A&F*#A#&F'C! &!

GcF#G&! =&$$cM+D! '$! C+$=&$B'$! *&$! =+C#B&$(! =+CG#B#F*&! '&$! G+$G&$! +FHG+C'C! &$!

#F*#A'*&C+$!PH+!+$B+$!=C&J#$$#&F'#$! A&F$#*+C'G! #G=&CB'FB+$!F'!'%&C*'I+G!'!HG!5_1!

PH'F*&!&$!AD'$$#J#A'G!A&G&!*#JcA+#$!&H!JLA+#$N!5$!=+CIHFB'$!J&C'G;!

'N tH+! A'C'B+Cc$B#A'$! B+G! PH+! B+C! HG! 'A+$$&! M'$AHD'C! #FB+CF&! ='C'! &!

A&F$#*+C'C!*+!JLA#D!A'FHD'>?&Ñ!

%N 7+$$+! G+$G&! 'A+$$&! PH+! J'B&C+$! A&F$#*+C'! PH+! =&*+G! *#J#AHDB'C! '!

A'FHD'>?&Ñ!

AN !:!PH+!^!='C'!$#!HG!'A+$$&!M'$AHD'C!*+!*#JcA#D!A'FHD'>?&Ñ!

!
5$! +FBC+M#$B'$! 'A&FB+A+C'G! FHG! 'G%#+FB+! BC'FPH#D#g'*&C! +! J'A#D#B'*&C! *+!

A&FM+C$'(! J&C'G! IC'M'*'$! +! J&C'G! $+F*&! B&G'*'$! F&B'$! '%C+M#'*'$! *HC'FB+! '$!

G+$G'$N!7&!'F+a&!1_!+FA&FBC'b$+!&!IH#?&!HB#D#g'*&!='C'!'$!+FBC+M#$B'$N!

!
]M[M/M%PC9ZJO4%R4%1LCG4sRL%

0+!'A&C*&!A&G!T'C*#F!x,--n(!=LIN//y(!{'!'FLD#$+!*+!A&FB+`*&!^!HG!A&FQHFB&!*+!

B^AF#A'$!*+!'FLD#$+!*'$!A&GHF#A'>p+$N|!R&D#B!+B!'D!x,--@(!=LIN/Oqy!*#g+G!'#F*'!PH+!{'!

J#F'D#*'*+!*'!'FLD#$+!*&$!*'*&$(!xÉy!^!&CI'F#g'C(!J&CF+A+C!+$BCHBHC'!+!+aBC'#C!$#IF#J#A'*&!

*&$!*'*&$!*+!=+$PH#$'N|!0+$B'!J&CG'(!+!'=X$!'!C+'D#g'>?&!*'$!+FBC+M#$B'$!'&$!=+C#B&$(!

B&CF'b$+!=+CB#F+FB+!'!'FLD#$+!*&!$+H!A&FB+`*&!*+!J&CG'!+$BCHBHC'*'!+!$#$B+G'B#g'*'N!

5$$#G(! J&#! C+'D#g'*'! HG'! A&*#J#A'>?&! +! A'B+I&C#g'>?&! *+! J&CG'! '! $#$B+G'B#g'C! &$!

C+$HDB'*&$!&%B#*&$N!

!

!



!

!

! @\!!
012134"0506!06!3574"589:;!3"5<<1213589:!6)!6<35"5!

!
! !

]M[M/MWM%1LRJ.J1PUVL%F%1PG4QL!JlPUVL%

5!A&*#J#A'>?&!^!&!=C&A+$$&!=+D&!PH'D!&$!*'*&$!+G!%CHB&! $?&! $#$B+G'B#A'G+FB+!

BC'F$J&CG'*&$!+!'IC+I'*&$!+G!HF#*'*+$(!'$!PH'#$!=+CG#B+G!HG'!*+$AC#>?&!+a'B'!*'$!

A'C'B+Cc$B#A'$! =+CB#F+FB+$! *&! A&FB+`*&! xT'C*#F(! ,--n(! =LIN.,nyN! 3&G=D+G+FB'F*&! '!

+$B'! A&*#J#A'>?&! +D'%&C&Hb$+! HG'! A'B+I&C#g'>?&N! 6$B'! A&F$#$B+! FHG'! &=+C'>?&! *+!

AD'$$#J#A'>?&! *+! +D+G+FB&$! A&F$B#BHB#M&$! *+! HG! A&FQHFB&! =&C! *#J+C+FA#'>?&(! +!

$+IH#*'G+FB+(! &! C+'ICH='G+FB&! $+IHF*&! '! 'F'D&I#'(! A&G! AC#B^C#&$! =C+M#'G+FB+!

*+J#F#*&$N! 6$B'! AD'$$#J#A'>?&! *+! +D+G+FB&$! x*'$! HF#*'*+$! *+J#F#*'$! F'! J'$+! *+!

A&*#J#A'>?&y!#G=p+!'!#FM+$B#I'>?&!*&!PH+!A'*'!HG!*+D+$!B+G!+G!A&GHG!A&G!&HBC&$(!

$+F*&! PH+! &! PH+! M'#! =+CG#B#C! &! $+H! 'ICH='G+FB&! ^! '! ='CB+! A&GHG! +a#$B+FB+! +FBC+!

+D+$N!xT'C*#F(!,--n(!=LIN!.@Ob.@\y!

!
]M[M/MWMWM%45#'(K"-#$-%

5$$#G(! +! B+F*&! +G! A&FB'! &! +FPH'*C'G+FB&! B+XC#A&! C+'D#g'*&! 'FB+C#&CG+FB+!

J&C'G! #*+FB#J#A'*'$! /! *#G+F$p+$! '! ='CB#C! *'$! +FBC+M#$B'$! C+'D#g'*'$;! 5A+$$&! JLA#D(!

2'B&C+$!PH+!*#J#AHDB'G!'!A'FHD'>?&(!5A+$$&!*#JcA#DN!R'C'!C+'D#g'C!+$$'!B'C+J'!C+A&CC+Hb$+!

'&!+FPH'*C'G+FB&!B+XC#A&!C+'D#g'*&!'FB+C#&CG+FB+N!!

0+$B+! G&*&(! '$! A'C'B+Cc$B#A'$! =C+$+FB+$! FHG! 'A+$$&! M'$AHD'C! #FB+CF&! PH+!

J'A#D#B'G!'!$H'!A'FHD'>?&!A&G!$HA+$$&!$?&!A&F$#*+C'*'$!'$!A'C'B+Cc$B#A'$!*+!HG!'A+$$&!

M'$AHD'C!#FB+CF&!=+CB+FA+FB+!k!A'B+I&C#'!*+!'A+$$&!JLA#DN!!

0'!G+$G'! J&CG'(! '$! A'C'B+Cc$B#A'$! =C+$+FB+$! FHG!'A+$$&! M'$AHD'C! #FB+CF&! PH+!

*#J#AHDB+G!'!$H'!A'FHD'>?&!&H!D+M+G!'!A'FHD'>p+$!G'D!$HA+*#*'$!$?&!'$!A'C'B+Cc$B#A'$!

=C+$+FB+$!FHG!'A+$$&!=+CB+FA+FB+!k!A'B+I&C#'!*+!'A+$$&!*#JcA#DN!!

tH'DPH+C! J'B&C! PH+! F?&! $+Q'! HG'! A'C'B+Cc$B#A'! #F+C+FB+! '! HG! 'A+$$&! M'$AHD'C!

#FB+CF&(! G'$! $+Q'G! J'B&C+$! +aB+CF&$! &H! A&G=D#A'>p+$! PH+! $HCQ'G! '! /#2-$')#')! $?&!

A&F$#*+C'*&$!&$!J'B&C+$!PH+!*#J#AHDB'G!'!A'FHD'>?&!+!+FID&%'Gb$+!F+$B'!A'B+I&C#'N!

5$$#G(! J&C'G! #*+FB#J#A'*&$! '$! ='D'MC'$i+a=C+$$p+$! *HC'FB+! '$! +FBC+M#$B'$! +!

+FID&%'*'$!F'$!C+$=+B#M'$!A'B+I&C#'$N!<+F*&!PH+!'$!+a=C+$$p+$!J&C'G!C+=+B#*'$!MLC#'$!
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5! B^AF#A'! *+! A'FHD'>?&! +G!+$A'*'! ^! &HBC&! #F*#A'*&C! PH+! B+CL! $#*&! AD'$$#J#A'*&!

A&G&! JLA#DN!7HG'!'FLD#$+! $#G=D#$B'! =&*+Cc'G&$! A&FADH#C! PH+!=&C! $#! $X! +$B+! #F*#A'*&C!
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0+A#$?&;!
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%
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+a=+C#KFA#'!*&$!+FJ+CG+#C&$!F'!LC+'!*+!d0N!

d.;! dL! *#J+C+F>'$! $#IF#J#A'B#M'$! PH'FB&! k! *#J#AHD*'*+! *+! A'FHD'>?&! +! &$! 'F&$! *+!

+a=+C#KFA#'!*&$!+FJ+CG+#C&$!F'!LC+'!*+!d0N!

!
<+F*&! PH+! F&! PH+$B#&FLC#&! +$B'! M'C#LM+D! $+! +FA&FBC'M'! C+='CB#*'! +G! A#FA&!

AD'$$+$(!&=B&Hb$+!=&C!QHFB'C!+G!'=+F'$!*H'$(!$+IH#F*&!'!D#B+C'BHC'!='C'!&!J'g+CN!5$$#G!
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+a=+C#KFA#'!F'!LC+'!*+!d0!+!#F+a=+C#+FB+!B&*&!&!PH+!B+G!G+F&$!*+!O!'F&$N!xT+FF+C(!

,--.(!=N!Ohy!

!
Y+$HDB'*&;!

à!ã!-(--.!

!
0+A#$?&;!

3&G&!à!ã!-(--.!&H!$+Q'(! #FJ+C#&C!'!-(-O(!F?&!'A+#B'G&$!'!d-(!=&*+F*&!'A+#B'C!d.(!&H!

$+Q'(!+a#$B+G!*#J+C+F>'$!$#IF#J#A'B#M'$!PH'FB&!k!+a=+C#KFA#'!*&$!+FJ+CG+#C&$!F'!LC+'!*'!
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]M`MXM%,4COS!PUVL%

{:$!M'D&C+$!+!=&FBH'>p+$!'B^!G+$G&!*&$!G+DE&C+$!#F$BCHG+FB&$!*+!G+F$HC'>?&!

BKG!HG'!*+B+CG#F'*'!G'CI+G!*+!+CC&|!xR&D#B!+B!'D(!,--@(!=N!,qhyN!

!
]M`MXMWM%1LC.JPTJZJRPR4%

5! A&FJ#'%#D#*'*+! C+J+C+b$+! k! A&F$#$BKFA#'! A&G! PH+! &! #FM+$B#I'*&C! G+*+! &!

'BC#%HB&(! &H! $+Q'(! HG'! G+*#*'! A&FJ#LM+D! ^! 'PH+D'! PH+! G'a#G#g'! &! A&G=&F+FB+!

M+C*'*+#C&!*'!=&FBH'>?&!+!G#F#G#g'!&!A&G=&F+FB+!*+!+CC&N!xR&D#B!+B!'D(!,--@y!

!
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!4G! #F$BCHG+FB&! =&*+! B+C! A&FJ#'%#D#*'*+! *+! A&F$#$BKFA#'! #FB+CF'! 'B^! '&! =&FB&!

+G! PH+! B&*'$! '$! $H'$! $H%='CB+$! G+*+G! '! G+$G'! A'C'B+Cc$B#A'(! $+F*&! PH+! &!

A&+J#A#+FB+!*+!A&FJ#'%#D#*'*+!M'C#'G!+FBC+!-(--!'!.(--!$+F*&!PH+!PH'FB&!G'#$!'DB&!&!

M'D&C! G'#$! A&FJ#LM+D! x+$BLM+Dy! ^! &! #F$BCHG+FB&! *+!

G+F$HC'>?&N! 7+$B+! +$BH*&! H$&Hb$+! &! 5DJ'! *+! 3C&F%'AE!

='C'!M+C#J#A'C!'!A&F$#$BKFA#'!#FB+CF'!+!+$B'%#D#*'*+(!+!A&G&!

=&*+G&$! &%$+CM'C! F'! B'%+D'! .q! &! M'D&C! *+! 'DJ'! *+!

3C&F%'AE!J&#!*+!-(qOn!&!PH+!$+!'=C&a#G'!%'$B'FB+!*+!.(!=&*+F*&!'$$#G!*#g+C!PH+!+$B+!

#F$BCHG+FB&!B+G!HG'!A&F$#$BKFA#'!#FB+CF'!J&CB+N!

!
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5! M'D#*'*+! ^! &! IC'H! +G! PH+! &! #F$BCHG+FB&! G+*+! &! PH+! $H=&$B'G+FB+! *+M+!

G+*#C(! $+F*&! PH+! '! A&FJ#'%#D#*'*+! +! '! M'D#*'*+! F?&! $?&! B&B'DG+FB+! #F*+=+F*+FB+$(!

=&#$!HG!#F$BCHG+FB&!PH+!F?&!^!A&FJ#LM+D(!=&$$#M+DG+FB+!F?&!$+CL!MLD#*&(!F&!+FB'FB&!

=&*+!$+C!A&FJ#LM+D!$+G!$+C!MLD#*&N!xR&D#B!+B!'D(!,--@y!
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$+CL!B+$B'*&!$+!&!#F$BCHG+FB&!^!MLD#*&N!

6a#$B+G! BCK$! '$=+AB&$! *'! M'D#*'*+! PH+! $?&! *+!G'#&C! #G=&CBSFA#'! F'! 'M'D#'>?&!
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!
!

!
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3C&F%'AEs$!
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7?&! +a#$B+G!G^B&*&$! B&B'DG+FB+! &%Q+B#M&$! ='C'! I'C'FB#C! PH+! HG! #F$BCHG+FB&!

AH%C'!'*+PH'*'G+FB+!&! A&FB+`*&!PH+!+$BL!'!G+*#C(! $+F*&!PH+!&! #FM+$B#I'*&C!*+M+!

=C&AHC'C! '! A&FB+aBH'D#g'>?&! 'BC'M^$! *&! A&FE+A#G+FB&! *+B'DE'*&(! '$$#G! A&G&! *'!
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1F#A#'DG+FB+! +D'%&C&Hb$+! HG'! A&FA+#BH'D#g'>?&! G#FHA#&$'! *&! A&F$BCHB&! *+!
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Escola Superior de Enfermagem de Lisboa!
III Curso de Mestrado e Especialidade M"dico#Cir$rgica Vertente Nefrol%gica!

Tipos de Canula&'o dos Acessos Vasculares!
!

Apresenta&'o do Poster!

Elaborado por:!
Am(ndio Ferreira!

Rita Ferreira!
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Inser!"o de um dispositivo tubular num ducto# vaso sangu$neo# cavidade de 
um %rg"o ou cavidade corporal pela injec!"o ou retirada de &uidos para 'ns 

diagn%sticos ou terap(uticos)*

Introdu!"o de duas agulhas no vaso do acesso venoso para obter o &uxo 
sangu$neo adequado para atravessar o dialisador)*

Canula!"o*

Brunner & Suddarth# +,,,:*

3!

Cateterismo- Canula!"o:*

4!
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Rope Ladder!

Consiste em utilizar toda a extens"o do vaso dispon#vel$ mediante a rota%"o progressiva 
dos pontos de canula%"o&  A canula%"o arterial deve ser afastada da anastomose pelo 
menos ' cm$ mantendo as agulhas afastadas entre si pelo menos ( cm&!

Pontos Fortes:!
) T*cnica mais frequentemente utilizada por pro+ssionais&!
) Maior disponibilidade de comprimento de vaso canul,vel&!

Pontos Fracos:!
) T*cnica d#+cil de aplicar em FAVs recentes&!
) Necessidade de sec%-es rectas de pelo menos ( cm para cada 
grupo de canula%-es&!
) T*cnica mais dolorosa&!
) Maior risco de hematoma& !

5!

6!
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!rea"

As canula#$es s%o efectuadas numa &rea muito restrita do acesso vascular '( a ) 
cm*+ n%o obedecendo a nenhum crit,rio que n%o seja a possibilidade de sucesso 
e obten#%o de d,bito su-ciente."

7!

Pontos Fortes:"
/ Menos dolorosa."
/ Canula#%o de acessos com trajectos curtos."

Pontos Fracos:"
/ Maior risco de forma#%o de aneurismas."
/ Mais complica#$es."
/ Tempo de hemostase mais prolongado."
/ Deteriora#%o r&pida do acesso vascular 0 encurta a vida do acesso."
/ T,cnica que apenas tem indica#%o para FAVs."
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BUTTONHOLE!

As canula"#es s$o efectuadas sempre exactamente no mesmo orif%cio& com a mesma 
inclina"$o& de modo ' agulha seguir o mesmo trajecto deixado na canula"$o anterior( 
Atrav)s do processo de cicatriza"$o desenvolve*se um t+nel subcut,neo para a FAV 
permitindo o uso de uma agulha de bisel rombo(!

Pontos Fortes:!
* Facilidade de canula"$o(!
* Diminui"$o da dor(!
* Menor risco de hematomas e aneurismas(!
* R-pida hemostase(!
* Prolonga a vida da FAV(!

Pontos Fracos:!
* Maior risco de infe"$o& associado ' remo"$o do tecido cicatricial .“crosta”/(!
* Di0culdade de manuten"$o do mesmo ,ngulo de canula"$o(!
* T)cnica dependente do mesmo pro0ssional(!
* Necessidade de agulhas com bisel rombo(!

Buttonhole!

T)cnica considerada de 
elei"$o pelos Enf(1s 

especialistas!

10!
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!!! no entanto!!!"

As vantagens da t#cnica 
$menos dor% in&ltra'(es e 
tentativas falhadas) tornam 
e s t a t # c n i c a a m a i s 
adequada!"

H* um aspecto desta t#cnica a 
ter em conta% as elevadas taxas 

de infec'+o% por um menor 
cuidado no momento da 

desinfec'+o!"

Ball% L! ,--." Ball% L! ,-/-"

BAT 0 Buttonhole Assessment Tool:"
uma check0list que ao ser veri&cada assegure o cumprimento de todos os passos da t#cnica% 

tornando0a assim e&caz!"
Birchenough% Moore% Stevens & Stewart% ,-/-"

Mais dispendioso e de dif1cil aplica'+o!!! agulhas rombas% gest+o personalizada dos 
recursos humanos% maior supervis+o da aplica'+o da t#cnica!!!"

11!

Qual # a 
melhor 

op'+o??"
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Mais f!cil de aplicar"

Recomendada por Especialistas"

Menos complica#$es"

Qual % a melhor op#&o??"
'rea"

Escada"

Buttonhole"

Mais dolorosa"

Mais complica#$es"

Mais dif(cil de aplicar"

'rea"

Escada"

Buttonhole"

Adaptar a t%cnica ao acesso vascular "
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Coment!rios"""#

Obrigada pela aten$%o!#
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N!o me interessa que dia " hoje###$
%h s!o %h!$
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Improving Arteriovenous Fistula
Cannulation Skills

Lynda K. Ball, BS, BSN, RN, CNN, is the
Quality Improvement Coordinator, Northwest
Renal Network, Seattle, WA, and instructor, Clover
Park Technical College Hemodialysis Technician
Program, Tacoma, WA. She is the ANNA Western
Region Vice President, and a member of the Greater
Puget Sound Chapter.

Disclaimer: The analyses upon which this publica-
tion is based were performed under Contract
Number 500-03-NW16 entitled End Stage Renal
Disease Networks Organization for the States of
Alaska, Idaho, Montana, Oregon and Washington,
sponsored by the Centers for Medicare & Medicaid
Services, Department of Health and Human
Services. The content of this publication does not
necessarily reflect the views or policies of the
Department of Health and Human Services, nor
does mention of trade names, commercial products,
or organizations imply endorsement by the U.S.
Government. The author assumes full responsibility
for the accuracy and completeness of the ideas pre-
sented. This article is a direct result of the Health
Care Quality Improvement Program initiated by the
Centers for Medicare & Medicaid Services, which
has encouraged identification of quality improve-
ment projects derived from analysis of patterns of
care, and therefore required no special funding on
the part of this contractor. Ideas and contributions
to the author concerning experience in engaging
with issues presented are welcomed.

T he National Vascular Access
Improvement Initiative, Fistula
First, sponsored by the Centers
for Medicare & Medicaid Ser-

vices (CMS), has contributed to an
increased number of arteriovenous
fistulae (AVF) in the prevalent hemo-
dialysis population throughout the
country from 32% in December 2002
to 37.4% in December 2004. The indi-
vidual ESRD Network increases can
be seen in Figure 1.

As different as individuals are on
the outside, it should not be a surprise
that individuals are also different on
the inside. If we could see within the
body, we would see blood vessels of
varying sizes – some straight as
arrows, some tortuous, and still others
undulating up and down. Because of
this variation, cannulation of AVFs is
technically more challenging than
cannulation of AV grafts (Allon &

Robbin, 2002). We also have to take
into consideration the co-morbidities
of each individual patient, such as car-
diac disease, diabetes, and peripheral
vascular disease, because these can
affect blood flow through the access,
fistula development, and the quality
of vessels available for access cre-
ation. More challenging accesses
require an increased level of expertise
of patient care staff for successful can-
nulation. Some dialysis facilities are
experiencing a high turnover of
trained individuals which may nega-
tively impact the level of cannulation
skills available (Hemphill & Allon,
2003). The assessment process, can-
nulation problems, and different can-
nulation techniques will be discussed
in an effort to assist patient care staff,
old and new, to identify areas of
improvement in their cannulation
practices.

Assessment
Nurses can think of themselves as

detectives, looking for clues of prob-
lems that could negatively impact the
patients’ vascular accesses. Different
problems have different sets of clues.
Recognizing these clues helps pro-
vide successful dialysis treatments.

Assessment of vascular access
involves inspection, palpation, and
auscultation. It is necessary that vas-
cular accesses be evaluated prior to
every cannulation using these three
aspects of nursing care.

Inspection
Initially, a cursory inspection

should include comparing one arm to
the other looking for ecchymosis, dis-
coloration, breaks in the skin, and
erythema. Closely inspect the arm
containing the access, looking for

Cannulation of arteriovenous fistulae is technically more challenging than cannulation of
arteriovenous grafts. With the advent of the National Vascular Improvement Initiative,
Fistula First, the United States has seen an increase in the number of arteriovenous fistulae.
The problem we now face is how to refocus and reeducate nurses to the intricacies of arteri-
ovenous fistula cannulation. Through evidenced-based practice and current best-demonstrat-
ed practices, this article will provide the tools needed to improve arteriovenous fistulae can-
nulation skills.

Goal
Cite evidence-based, best demonstrated practices to utilize in improving individ-
ual cannulation technique.

Objectives
1. Describe the assessment process of auscultation, palpations, and inspection

for an AV fistula.
2. List five clinical indicators that would indicate a stenosis. 
3. Explain the differences between the rope ladder and buttonhole techniques.

Lynda K. Ball
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aneurysm or hematoma formations,
curves, flat spots, prior cannulation
sites, hand or arm swelling, discol-
oration of nail beds, and the presence
of accessory veins (American
Nephrology Nurses’ Association,
2005).

Palpation
Palpation is the next assessment

process. Palpation enables one to
determine the patency of the fistula
by assessing the thrill. A thrill is the
sensation that is felt over the anasto-
mosis – where the vein and artery
have been surgically joined together.
The vibration or purring that is felt is
turbulence of the blood flow that is
created by the high pressure arterial
system merging with the low pressure
venous system. According to Dr.
Gerald Beathard (2000), an interven-
tional nephrologist who writes exten-
sively on vascular access assessment,
the thrill is usually only felt at the
anastomosis and, if it is felt in any
other area of the access, it could be an
indication of a venous stenosis. Some
individuals with very strong blood
flow will have a thrill the entire length
of their accesses, so it will be impor-
tant to make sure the thrill is continu-

ous, indicating that no interruption of
flow is occurring. If there is no thrill
present, no needles should be placed
until further evaluation with a stetho-
scope is completed and the physician
is notified.

Another reason to palpate the
access is for evaluation of needle
placement. Tourniquets should always
be used on fistulae, both old and new,
to help visualize potential cannula-
tion sites, to get a better feel of the
access in order to determine the
depth and proper angle of insertion,
and to stabilize the vein to keep it
from rolling during cannulation.

Palpate the entire length of the
access, checking for constant vein
diameter, flat spots, and aneurysms.
Palpation should also be used to
check skin temperature. Warm skin
can be indicative of infection, which
is usually accompanied by increased
temperature, redness, and drainage
or site tenderness. Cold skin could
indicate a decreased blood supply to
the extremity, and, if present, the
radial pulse should be checked for
decreased circulation and the nail
beds examined for discoloration and
capillary refill of greater than 3 sec-
onds. Always compare the access

arm temperature to the temperature
of the contralateral extremity.

Auscultation
Auscultation is the third evaluation

process that should be used for a vas-
cular access assessment prior to every
treatment. There must always be base-
line information before beginning any
procedure. Listening for the sound and
character of blood flow through a fis-
tula is vital – remembering that the
access is the patient’s lifeline and it
must remain patent. Listen for the
bruit – the whooshing sound created
by the turbulence at the anastomosis.
The sounds should be continuous, one
sound blending into the next.

Steal Syndrome
Steal syndrome is one reason for

decreased blood supply to the hand.
Steal syndrome causes hypoxia and
lack of oxygen to the tissues, resulting
in pain that can range anywhere from
mild to severe. The majority of cases
of steal syndrome will resolve them-
selves over several weeks as a result of
collateral circulation development,
but approximately 5% of patients
with AVFs will need immediate inter-
vention due to severe symptoms
(Henriksson, 2004). Patients with dia-
betes with existing neuropathy and
patients with preexisting vascular dis-
ease have the greatest risk for devel-
oping the most severe case of steal
syndrome, Ischemic Monomelic
Neuropathy (IMN), which is charac-
terized by severe pain, sensory and
functional loss, and weakness in the
distal extremity (Schanzer & Eisenberg,
2004).

In steal syndrome, the extremity
will be cold, capillary refill will
decrease, and the radial artery will
not be palpable. If not treated, ulcer
formation will occur with the possibil-
ity of amputation. Nurses can per-
form the Allen Test to check for arter-
ial circulation of the hand (see Figure
2). This is done by compressing both
the radial and ulnar arteries simulta-
neously while having the patient open
and close the hand, allowing the
blood to drain via the venous system

Improving Arteriovenous Fistula Cannulation Skills

Figure 1
Fistula First Outcomes Dashboard
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– causing the hand to blanch. Have
the patient open the hand, palm up,
and release one of the arteries, evalu-
ating how fast refill occurs to the
hand. Repeat the procedure again,
this time releasing the other artery
while timing the refill. Refilling of less
than 3 seconds is considered a nega-
tive test and indicates there is ade-
quate blood flow in the palmer arch
(Beathard, 2003). A very slow refill
should alert the multidisciplinary
team to develop a plan for access
placement, if one is not already in
place, or a revision of the current
access, particularly if symptoms are
present. Typically, grafts and upper
arm fistulae are responsible for most
of the cases of steal syndrome.

Stenosis
The major vascular access prob-

lem impacting our practice is venous
stenosis. Stenosis formation decreases
adequacy of dialysis from recircula-
tion, can cause vessel wall damage,
can prevent an access from maturing
and can lead to clotting of the fistula.
It is important to look for clues of
venous stenosis. Edema is an indica-

tion that there may be a problem with
the drainage system of the extremity,
but it could also be caused by a cen-
tral venous stenosis. Collateral circu-
lation can form in the area near the
central venous stenosis, with blue or
purple veins becoming visible in the
upper arm and chest wall. When a
stenosis is present, the continuous
sound of the bruit will change to a
choppy, distinctly separate sound. At
the site of the stenosis, the bruit may
be higher pitched because of the nar-
rowing or it may be louder than it is
at the anastomosis. The pulse, which
is usually soft, will change its charac-
ter and become a harsher, water ham-
mer sound (Beathard, 2003).

Recirculation studies are warrant-
ed if some or all of the following clues
are present: a decrease in adequacy
from month to month, decreased
blood pump speeds, increasing
venous pressures, difficulty thread-
ing needles or having blood squirt
out around needles during cannula-
tion, and/or increased bleeding
times postdialysis.

The process of what is occurring
during recirculation can be illustrat-
ed by comparing blood vessels to a

highway. Visualize a four-lane high-
way with an accident that closes two
lanes so that the traffic will have to
merge into the open two lanes. Not
only does this slow the traffic down,
but also causes the traffic to back up.
The same scenario applies to a vein
that has a stenosis present. The
blood will be slowed down on the
sides where the stenosis is present
and will have to merge with the
faster moving blood, which will
cause turbulence as well as a back up
of blood into the fistula. Because the
blood pump is returning blood
through the venous needle at a con-
stant speed, the “backed-up” blood
gets pulled into the arterial needle
and into the extracorporeal circuit
where re-cleaning or recirculation
occurs. Furthermore, this back up of
blood creates increased pressure
within the fistula, which will make it
harder for the blood in the extracor-
poreal circuit to get back into the
blood vessel, thereby increasing the
venous pressure in the extracorpore-
al circuit. As the machine pressure
increases, it may be necessary to
decrease the blood pump speed to
prevent hemolysis and/or vessel wall

Figure 2
The Allen Test
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damage. This increased pressure can
also make needle insertion more dif-
ficult, causing blood to squirt out
around the needle during cannula-
tion. Also, upon removing the nee-
dles postdialysis, the time to clot for-
mation starts to increase due to this
increased pressure within the fistula.
Clotting of the extracorporeal circuit
can occur, especially if the blood is
just sitting in the access. It cannot be
assumed that just because the system
clots off that it is an anticoagulation
issue; rather, look for the many clues
that have just been discussed as indi-
cators of stenosis. A noninvasive way
to check a patient’s fistula is to have
the patient hold the arm down while
pumping the hand to allow the fistu-
la to engorge, and then have the
patient raise the arm straight up in
the air while keeping the fist
clenched. If there is no stenosis pre-
sent, the fistula should flatten out and
drain. If there is a stenosis present,
not only will the fistula not drain
completely, it will remain engorged
and firm when palpated, instead of
soft and easily compressible.

Preparing the Access for
Cannulation

Now that the assessment is com-
plete, it is necessary to prepare the
cannulation sites and insert the nee-
dles. Preparation of the needle sites is
probably the most important aspect
of cannulation. The Centers for
Disease Control and Prevention
(CDC) states that, in patients on
dialysis, infection is the second lead-
ing cause of death (15%) with vascular
access infection being the number
one cause. Staphylococcus aureus (staph)
is the leading culprit (CDC, 2001).
Patients on dialysis also have more
staph on the skin and in the nares than
the general population (Kaplowitz,
Comstock, Landwehr, Dalton &
Mayhall, 1988), making it all the
more important for patients on dialy-
sis to wash the arm with the access
prior to coming to the chair. Staph on
staff and patient skin is normal flora,
but when it enters the patient’s sterile
blood stream, it can cause sepsis.

There is often a lot of patient resis-
tance to arm washing prior to dialysis,
but there are many facilities where
this is an expectation and has become
standard procedure. To minimize the
possibility of infections, facilities
should have a policy and procedure
for patient access washing. Once the
patient has washed the arm with the
access, staff members need to use the
facility-approved antimicrobial prep.
The proper cleansing technique is a
circular, rubbing motion – not the old
back and forth “paint brush tech-
nique.” There are now clinical prac-
tice guidelines available to us that
have been proven over time to be
best-demonstrated practices. K/DOQI
Guideline 14 states that a circular, rub-
bing motion should be used when
prepping the access site (National
Kidney Foundation, 2000).

Anesthetics for Needle Insertion
There are several different anes-

thetics available for needle insertions
– intradermal lidocaine, Ethyl Chloride®

spray, and topical anesthetic creams.
Intradermal lidocaine is a vaso-

constrictor, so it will cause the vein
to become smaller and sometimes
make it a little deeper. Intradermal
lidocaine causes a bee sting-type
burning sensation that can be mini-
mized by injecting the lidocaine
more slowly. There are no studies
citing scarring from lidocaine use,
however, certain ethnic groups form
keloid scars that can make cannula-
tion through them very difficult.

Ethyl Chloride® spray freezes the
surface tissue causing temporary
numbing. Because Ethyl Chloride®

is not sterile, it must be applied prior
to the antimicrobial prep, not after. If
the patient’s access is deep, this may
not be the most effective product to
use.

The use of topical anesthetics in
the United States is increasing and
that means all patient care staff must
know about proper application and
side effects, even though patients will
be applying the medication before
coming to the unit. The package
insert or the Physician’s Desk

Reference (PDR) should be consult-
ed for contraindications and side
effects, and the patient should be
asked about any allergies or particu-
lar health issues. A study by Suriti
and Suraj (2002) indicates that depth
of anesthesia with topical anesthetics
depends on the contact time. In
order to reach a maximal depth of 3
mm, the topical anesthetic cream has
to remain on the skin for 60 minutes
and to reach a depth of 5 mm the
cream has to be on the skin for 120
minutes. Topical anesthetics contain
lidocaine or a combination of lido-
caine and prilocaine and need to be
applied by the patient at home. After
application, the patient should cover
the access with saran wrap to protect
clothing and ensure that the medica-
tion is not wiped off prematurely.

Cannulation
There is probably nothing more

anxiety provoking for patients on
hemodialysis than having very large
needles inserted into their accesses.
Staff members need to be cognizant
of the pain, whether psychological or
physical, that accompanies cannula-
tion. The three-point technique (Ball,
2003) is a method for inserting nee-
dles that provides for accuracy and
has little pain associated with it (see
Figure 3). First, the thumb and fore-
finger of the nonneedle hand are
placed on either side of the fistula to
eliminate rolling, preventing a side-
wall infiltrate, as well as serving as a
guide when threading the needle.
Threading the needle down the cen-
ter of the fistula will eliminate the
need for flipping, a hazardous prac-
tice due to the potential for infiltra-
tions, coring, and damage to the inti-
mal lining of the vessel wall. The
access should not be squeezed or
pinched as this will cause a tempo-
rary stenosis and increase pressure
within the fistula that could cause an
infiltrate. The third point of the
three-point technique uses either the
pinky or ring finger of the needle
hand, which is used to pull the skin
taut thus enabling the needles to
slide into the skin with less resis-

Improving Arteriovenous Fistula Cannulation Skills
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tance. Additionally, by compressing
nerve endings when you are pulling
the skin taut, it is possible to inter-
rupt the “pain-to-brain” sensation for
approximately 20 seconds making
cannulation less painful (National
Institutes of Health, 1997).

Distraction is another good tech-
nique to use during cannulation.
Have another patient or staff person
engage the patient in conversation
while you insert the needles,
remembering to always let the
patient know when you are inserting
the needle so the patient doesn’t
flinch or pull the arm away. Patients
may also benefit from visualization,
various breathing techniques, or lis-
tening to music.

Needle removal is just as impor-
tant as needle insertion. When an
access is cannulated, there are two
holes that are created from each nee-
dle, one through the skin and anoth-
er through the blood vessel wall (see
Figure 4). It is important to remem-
ber that both holes must be com-
pressed when needles are removed
in order to ensure that bleeding stops
from both sites. If the site into the
blood vessel wall is not covered ade-
quately, there will be leakage of
blood into the tissues – causing bruis-
ing and hematoma formation –  and
can put an access at risk for difficult

cannulation, limitation of cannula-
tion sites, and access failure due to
increased pressure or stenosis forma-
tion. Therefore, two fingers should
be used to hold each site – one cov-
ering each hole. Not using two fin-
gers per site may be one of the rea-
sons for breakthrough bleeding,
which usually occurs soon after the
patient leaves the chair.

Cannulation Site Techniques –
Rope Ladder and Buttonhole

The Rope Ladder Technique is the
predominant cannulation technique
used in the United States. It is usually
referred to as site rotation –  every time
the patient comes in for dialysis, two
new sites are chosen for needle place-
ment. Cannulation rules for the Rope
Ladder Technique include keeping
the needles at least 1.5–2 inches apart,
1.5 inches from the anastomosis, and
avoiding the previous sites. There are
some fistulae where maintaining
these rules are all but impossible –
primarily due to the limited length
access, whether it is all the vein that is
available, or the vein becomes too
deep to cannulate.

There is another cannulation
technique called the Buttonhole
Technique, which has been in use in
Europe for over 25 years with much

success. The buttonhole technique is
for native AV fistulae only and
requires inserting the needle into the
same site and at the same depth and
angle for each and every cannula-
tion, creating a tunnel or track that is
very similar to a pierced earring
hole. It is important that patients
understand the need to rotate sites –
to prevent “one-site-itis,” but this is a
misnomer that causes confusion with
patients as we try to educate them
about the buttonhole technique (see
Figure 5). There is fear that cannulat-
ing a constant site, which was the
original term for the buttonhole tech-
nique, will cause aneurysm forma-
tion. Aneurysm formation is a bal-
looning out of a weakened blood
vessel wall forming that all-to-famil-
iar gumdrop shape. This weakening
typically occurs in fistulae due to
repeated cannulations in the same
general area as opposed to one site
(Ball, 2004). 

Kronung (1984) compared three
cannulation techniques – rope lad-
der, area puncture and buttonhole –
to identify their effects on Cimino fis-
tulae. Results of his studies indicated
that the area puncture technique was
the only technique that developed
aneurysms, so there is little reference
to this technique in today’s literature.
Several methods have been used to

Figure 3
Three-Point Technique Figure 4

One Needle-Two Hole Illustration
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show that no aneurysm formation
occurs with the buttonhole technique,
including ultrasound (Goovaerts,
2005), excision of a buttonhole fistu-
la segment from a deceased patient
(Toma, 2005), and contrast injection
(Kronung, 1984). Advantages of the
Buttonhole Technique include: fewer
infections, infiltrations, and missed
sticks; decreased hematoma forma-
tion; and less pain, eliminating the
need for anesthetic (Twardowski,
1979). The major disadvantage for
the use of the Buttonhole Technique
has to do with staffing patterns,
because buttonhole requires the
same cannulator until the track has
been formed. This will vary by
patient, but on average, facilities in
the Northwest are reporting track
formation has taken approximately 3
weeks for patients who do not have
diabetes and 4 weeks for patients
who do have diabetes (almost twice
as long as the European literature
indicates).

Conclusion
Whether you are new to dialysis

or a veteran of many years, there are
always areas of your practice that can
be improved upon. Just because
“that’s the way we’ve always done it,”
does not necessarily mean it is still rel-

evant to today’s practice or that it is
the best technique. Machines, dialyz-
ers, needles, and patients’ accesses
have greatly changed over the last
several decades, so we need to make
sure we are doing everything we can
to improve the quality of care deliv-
ered to our patients. Look at your
cannulation practice to see if there is
an opportunity to provide better care
to your patients. They will thank you
for it.
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Risk Equation Determining Unsuccessful Cannulation Events
and Failure to Maturation in Arteriovenous Fistulas
(REDUCE FTM I)

Charmaine E. Lok,* Michael Allon,† Louise Moist,‡ Matthew J. Oliver,§ Hemal Shah,* and
Deborah Zimmerman!

*University Health Network-Toronto General Hospital and the University of Toronto, and §Department of Nephrology,
Sunnybrook Health Sciences Centre, Toronto, ‡Department of Nephrology, University of Western Ontario, London, and
!Nephrology, University of Ottawa, Ottawa, Ontario, Canada; and †Department of Nephrology, University of Alabama,
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Fistulas are the preferred permanent hemodialysis vascular access but a significant obstacle to increasing their prevalence is
the fistula’s high “failure to mature” (FTM) rate. This study aimed to (1) identify preoperative clinical characteristics that are
predictive of fistula FTM and (2) use these predictive factors to develop and validate a scoring system to stratify the patient’s
risk for FTM. From a derivation set of 422 patients who had a first fistula created, a prediction rule was created using
multivariate stepwise logistic regression. The model was internally validated using split-half cross-validation and bootstrap-
ping techniques. A simple scoring system was derived and externally validated on 445 different, prospective patients who
received a new fistula at five large North American dialysis centers. The clinical predictors that were associated with FTM
were aged >65 yr (odds ratio [OR] 2.23; 95% confidence interval [CI] 1.25 to 3.96), peripheral vascular disease (OR 2.97; 95%
CI 1.34 to 6.57), coronary artery disease (OR 2.83; 95% CI 1.60 to 5.00), and white race (OR 0.43; 95% CI 0.24 to 0.75). The resulting
scoring system, which was externally validated in 445 patients, had four risk categories for fistula FTM: low (24%), moderate
(34%), high (50%), and very high (69%; trend P < 0.0001). A preoperative, clinical prediction rule to determine fistulas that are
likely to fail maturation was created and rigorously validated. It was found to be simple and easily reproducible and applied
to predictive risk categories. These categories predicted risk of FTM to be 24, 34, 50, and 69% and are dependent on age,
coronary artery disease, peripheral vascular disease, and race. The clinical utility of these risk categories in increasing rates of
permanent accesses requires further clinical evaluation.

J Am Soc Nephrol 17: 3204–3212, 2006. doi: 10.1681/ASN.2006030190

T he ideal vascular access would provide long-term, re-
liable access to the blood circulation with minimal com-
plications. Of all hemodialysis (HD) access types, the

arteriovenous fistula (AVF) achieves this goal most success-
fully. If the AVF matures, then it has excellent long-term pa-
tency with low thrombosis and infection rates, few interven-
tions, and low cost (1–3). This information is well established
and recognized by nephrologists (4) and has been widely pub-
licized by the Medicare “Fistula First Program” initiative (5).
Despite this consensus, many North American dialysis centers
have been unable to achieve the recommended targets for AVF
use (6,7).

One obstacle to increasing fistula prevalence is the high
“failure to mature” (FTM) rate. Failure of fistula maturation,
also known as primary fistula failure, ranges from 9 to 70%

The use of the proposed risk equation to detemrine the likelihood of AV
fistual failure in individual patients may permit more rational selection of
dialysis patients for anticoagulant therapy, a topic reviewed by Bennett in
this month’s issue of CJASN (pp. 1357–1359).

(8–10). Patients with nonmaturing AVF require “temporary”
dialysis catheter placement and an aggressive interventional
strategy to develop fistula functionality. Despite such efforts, a
substantial proportion of marginal fistulas never mature ade-
quately to be used for dialysis. The clinical consequences of
immature fistulas include prolonged dependence on “bridging
catheters” with all of the attendant complications, patient in-
convenience, need for further attempts at permanent access
surgery, and risk for eventual patient refusal (8,11). Even in
programs that use routine preoperative vascular mapping to
guide the surgeon’s choice of access type and location, primary
failure still occurs in a subset of patients (12,13). In promoting
fistula creation and use, it would be ideal to be able to predict
which patients would benefit from an AVF that would mature
successfully, without excessive intervention, and to tailor ac-
cess placement accordingly. Patients with very low likelihood
of fistula maturation despite salvage procedures might benefit
from having an AV graft placed instead.
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Few studies have specifically examined factors that are asso-
ciated with fistula FTM. More than a decade ago, Feldman et al.
(14) summarized the state of the literature regarding this prob-
lem: “Despite a large risk of primary fistula failure, little is
known about the specific surgical, comorbidity, or demo-
graphic factors predictive of primary fistula function. . . . A
great challenge before the dialysis community is the identifica-
tion of patients in whom an AVF is a viable vascular option so
that shorter-lived synthetic (PTFE) vascular access grafts can be
reserved for patients in whom an AVF is unlikely to mature
successfully.” Indeed, studies that evaluate fistula use and fail-
ure often do not differentiate between early surgical failure
(e.g., as a result of thrombosis or technical complications) and
failure to mature (15–18). A variety of patient demographics
(e.g., age, gender, cause of ESRD), access characteristics (e.g.,
site, vessel morphology), and practice patterns (e.g., timing of
referral and placement) have been associated with nonspecific
fistula use, adequacy, and failure. Specific studies relating to
fistula FTM have uncovered factors that are beyond the neph-
rologist’s control, such as intraoperative influences and surgical
technique (19).

Published studies that have evaluated predictors of a suc-
cessful fistula have varied in study end points and their defi-
nitions, study design and size, patient population, and clinical
factors considered. These discrepancies make it difficult for a
clinician to determine the relative importance of these potential
risk factors and to determine which clinical variables to apply
in assessing the likelihood of achieving a mature fistula in
patients who are referred for a permanent access. Preoperative
algorithms that are based on noninvasive and invasive radio-
logic procedures have been proposed (20–22), but their wide-
spread use may be limited by the expense and time require-
ment.

We aimed to develop a simple, inexpensive, clinically prac-
tical, and user-friendly scoring system to predict which AVF
are likely to fail to mature. The first study objective was to
identify clinical characteristics that are predictive of fistula
FTM. The second objective was to use these predictive factors to
develop and validate a risk equation determining unsuccessful
cannulation events and failure to maturation of arteriovenous
fistulas (REDUCE FTM I) that could be applied to patients to
stratify their risk for FTM.

Materials and Methods
Patients and Accesses

The University Health Network HD program currently treats ap-
proximately 350 HD patients per year and has incorporated a multi-
disciplinary approach to access management (23). Since January 1, 1995,
baseline demographic information has been collected into a computer-
ized database, including age, gender, race, cause of renal failure, and
comorbidities. Comorbidities were defined as follows: (1) Coronary
artery disease (CAD; documented coronary stenosis by angiography or
history of myocardial infarction or previous coronary revascularization
by angioplasty, stenting, or bypass surgery); (2) peripheral vascular
disease (PVD; history of lower extremity revascularization or digit or
extremity amputation or history of claudication and ischemic extremity
changes or gangrene); (3) cerebrovascular disease (a stroke or transient
ischemic attack documented by computed tomography scan, magnetic

resonance imaging, or classical clinical signs and symptoms and con-
firmed by a neurologist or when the diagnosis had been noted in the
medical records at least twice by two different physicians); (4) heart
failure (classic signs and symptoms and either documentation by echo-
cardiography or chest x-ray or complete symptom resolution with
ultrafiltration); and (5) diabetes (if a patient had ever required hypo-
glycemic agents or insulin or when the diagnosis had been noted in the
medical records at least twice by two different physicians). The defini-
tion of hyperlipidemia conformed to our Canadian guideline defini-
tions (24,25). Patients were defined as overweight when their body
mass index was !30, consistent with the World Health Organization
definition (26). Access characteristics that were ascertained include
access type and anatomic location, dates of creation and loss, and
reason for loss. The access coordinator also prospectively tracked the
intra-access flow measurements using ultrasound dilution technique
and the number of angiograms, angioplasties, surgical revisions, and
thrombectomies of each AVF created.

Using this prospective clinical database, we identified 422 patients
who received a first AVF between January 1, 1995, and January 1, 2004
(“derivation set” of patients). Of note, all surgeons shared a common
goal of creating AVF as an initial access whenever possible (approxi-
mately 75% of all first permanent accesses in this period were AVF).
However, each surgeon’s clinical and/or radiologic evaluation of the
patient’s suitability for an AVF varied and was left to his or her own
discretion. All clinical variables regarding these patients were verified
independently by the vascular access coordinator and an investigator
(H.S.). Once the prediction rule had been developed, it was applied
prospectively to 461 patients who received new AVF (first or subse-
quent fistula) in the external validation of the prediction model. This
“validation set” of patients consisted of 95 patients within University
Health Network who had their AVF created after January 1, 2004, and
366 patients from other dialysis centers. The four other large Canadian
and American university-based HD centers involved included Sunny-
brook Health Sciences center (Toronto, ON), London Health Sciences
Centre Renal Program (London, ON), the Ottawa Hospital (Ottawa,
ON), and the University of Alabama at Birmingham (Birmingham, AL).
In total, these four centers care for approximately 2200 HD patients.

Outcome Definition
The primary outcome was AVF FTM. This was defined as a fistula

that was used for HD and was unable to provide prescribed dialysis via
two-needle cannulation consistently (i.e., must use two-needle cannu-
lation for two thirds or more of all dialysis runs) for 1 mo within 6 mo
of its creation, despite interventions to facilitate maturation. A typical
dialysis prescription would be a frequency of 3 times per wk for a
duration of 3.5 to 4.5 h, blood flow rates of 300 to 450 ml/min, and
dialysate flows of 500 to 800 ml/min. The blood flow rates, duration,
and frequency may vary to achieve a target sp-KT/V of 1.2. This
definition does not pertain to patients who had fistulas created and did
not initiate dialysis within 6 mo; these fistulas were excluded from the
study. Facilitative interventions were determined at the discretion of
the treating nephrologists, interventional radiologists, or surgeons.
They most commonly included angioplasty of stenotic lesions and
embolization or surgical ligation of competing veins. In defining FTM,
early technical failures (intraoperative thrombosis or other complica-
tions that required return to the operating room or abandonment of the
newly created AVF) were excluded. This contrasts with our definition
of fistula primary failure (PF) that shares the same criteria as fistula FTM
except that early technical failures also were included. PF was used in
sensitivity analysis.
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Statistical Analyses
From the derivation set of 422 patients, the following variables were

identified, a priori, to be clinically important predictors of fistula FTM:
Age, gender, race (categorized as white versus other), diabetic status,
CAD, PVD, cerebrovascular disease, heart failure, hyperlipidemia,
body mass index, location of fistula (upper arm or forearm), smoking
status (ever versus never), and cause of ESRD. Univariate analyses of
continuous variables by t test and of categorical variables by !2 test
were performed to determine which of these risk factors differed sig-
nificantly between fistulas with FTM and fistulas that achieved ade-
quacy for dialysis. A parsimonious model then was developed using
multivariate stepwise backward logistic regression to select, from the
identified candidate variables, a subset of variables that were indepen-
dent predictors of fistula FTM. The referent variable was always oppo-
site the variable of interest (e.g., if “white” was the variable of interest,
then the referent group would be “nonwhite”). The criterion for a
variable to enter the model was P ! 0.25, whereas the criterion for
eliminating a variable from a model was P " 0.025. The model discrim-
ination was assessed by the concordance or C-index (equivalent to the
area under the receiver operating characteristic curve) and its calibra-
tion by the Hosmer and Lemeshow goodness of fit test. The model then
was validated internally using two methods: The split-half cross-vali-
dation and bootstrapping. In the split-half cross-validation, the model
is developed on a randomly drawn half and tested on the other and vice
versa (27). Bootstrapping replicates the process of sample generation
from an underlying population by drawing samples with replacement
from the original data set of the same size as the original data set (28).
Bootstrap resampling was fitted to the logistic model in a bootstrap
sample of 422 patients. Performance measures were evaluated twice on
1000 repetitions (i.e., 1000 bootstraps # 2). Once a final model was
derived, it was converted into a clinical predication score by conversion
of resultant odds ratios. As a sensitivity analysis, conversion using the
"-parameter estimates or regression coefficients was performed. The
external validation of this clinical prediction scoring system then was
applied to a validation set of 445 patients and analyzed by Mantel-
Haenszel !2 trend test. Sensitivity analysis was performed using PF as
the outcome. Analysis was performed using SAS (version 8.2; SAS
Institute Inc., Cary, NC).

Results
Risk Factors and the FTM Prediction Model

Prospective analysis of the derivation set of 422 first AVF that
were created between January 1995 and January 2004 revealed
a FTM rate of 14% (n $ 58). Access characteristics and univar-
iate analysis of clinical variables are shown in Table 1. Univar-
iate analysis found the following variables to be associated with
FTM (Table 1): Age #65 yr (odds ratio [OR] 2.23; 95% confi-
dence interval [CI] 1.25 to 3.96), PVD (OR 2.97; 95% CI 1.34 to
6.57), CAD (OR 2.83; 95% CI 1.60 to 5.00), and hyperlipidemia
(OR 2.02; 95% CI 1.08 to 3.79). Having diabetes was borderline
(P $ 0.05; OR 1.77; 95% CI 0.98 to 3.17). Male gender (OR 0.54;
95% CI 0.30 to 0.96) and white race (OR 0.43; 95% CI 0.24 to
0.75) were associated with a decreased risk for FTM.

When these candidate variables were placed into a multivar-
iate logistic regression model, the following prediction equa-
tion was derived: %log odds of failure of fistula maturation
[log/(1 % P)] $ %2.0809 & 0.6907 # (age # 65) & 0.9821 #
(PVD) & 0.8576 # (CAD) %1.0496 # (white). There was good
calibration as indicated by the Hosmer and Lemeshow good-
ness of fit test (P $ 0.90); the C-statistic was 0.76.

In a sensitivity analysis, the exit criteria for the model al-
lowed variables to remain when P ! 0.05, and all variables of
clinical interest were included irrespective of univariate results.
Female gender had a P $ 0.042 but was not statistically signif-
icant in the internal cross-validation model and did not con-
tribute to the external validation; therefore, it was not included
in the resultant score.

Independent External Validation and Development of
Predicted Risk Categories

Using the above prediction model, the following clinically
user-friendly scoring system was derived: Prediction score $ 3
& 2 # (age # 65) & 3 # (PVD) &2.5 # (CAD) %3 # (white). The
possible range of scores is 0.0 to 10.5. Although this was de-
rived from conversion of OR, the identical proportionate result
was achieved with conversion of regression coefficients; how-
ever, the multiplication factor resulted in less user-friendly
values (e.g., 0 to 35.5). The scores then were categorized into
probability risks for FTM as follows: Score !2.0, low risk; 2.0 to
3.0, moderate risk; 3.1 to 7.9, high risk; and "8.0, very high risk
(P ! 0.0001). The prediction rule and “FTM predicted risk
categories” were applied to the external validation set that
consisted of 461 patients. Sixteen patients were predialysis and
were excluded, leaving 445 patients for analysis. Eleven pa-
tients had early technical failures and were excluded from the
FTM analysis but kept in the PF sensitivity analysis. Basic
characteristics of this validation set of patients are shown in
Table 2. A total of 170 (39%) of these patients had fistulas that
failed to mature. Twenty-four percent of patients who scored in
the low-risk category had fistulas that failed to mature (Figure
1), 34% failed to mature in the moderate risk category, 50%
failed to mature in the high risk category, and 69% failed to
mature in the very-high-risk category (Mantel-Haenszel !2 for
trend P ! 0.0001; Figure 1). When the score was applied to PF
(n $ 445), 25% were low risk, 35% were moderate risk, 52%
were high risk, and 71% were very high risk (Mantel-Haenszel
!2 for trend P ! 0.0001). The score was found to be efficient and
easy to use by nephrologists, vascular access coordinators, and
study coordinators who collected the data. For example, a
75-yr-old black patient who had no CAD but had PVD would
have a score of 8 with a predicted very high risk for PF of 71%
or for FTM of 69% (Table 3).

Discussion
A total of 39% of fistulas in a current, independent, external

validation cohort of patients failed to mature, and 41% had PF.
These findings are consistent with study of Feldman et al. (14),
in which the FTM rate in 348 patients was 44.5%. Although the
rate is high, it is not unexpected given the fistula’s history of
problematic maturation and how the dialysis population has
evolved. When the radiocephalic fistula first was described in
1966 by Cimino and Brescia (29), the patients’ average age was
43 yr, almost all had chronic glomerulonephritis, and blood
flows were 250 to 300 ml/min. The FTM rate was 11%. Today’s
patients with ESRD are quite different. In 2003, a large and
increasing proportion of people who started dialysis were 75 yr
or older (30,31) with the greatest growth in patients who were
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Table 1. Access characteristics and univariate analysis of clinical risk factors for FTMa

Clinical Characteristics n (N ! 422) % Total % FTM OR for FTM (95% CI) P

Age (mean "SD#; range) $0.01
total: 58 (17.5; 17 to 90) 422
!65: 74 (5.8; 65 to 90) 184 43.6 18.5 2.23 (1.25 to 3.96)
$65: 45.5 (12.4; 17 to 64) 238 56.4 9.2

Gender 0.03
male 286 67.8 10.8 0.54 (0.30 to 0.96)
female 136 32.2 18.4

Race 0.003g

white 278 65.8 9.7 0.43 (0.24 to 0.75)
black 35 8.3 20.1
other 109 25.9 20.2

Cause of ESRD
hypertension 102 24.2 12.8 0.94 (0.48 to 1.83) 0.86
diabetes 104 24.6 16.4 1.40 (0.75 to 2.59) 0.29
glomerulonephritis 111 26.3 9.9 0.65 (0.32 to 1.31) 0.22
interstitial nephritis 16 3.8 18.8 1.54 (0.42 to 5.57) 0.51
other/unknown 89 21.1 13.5 1.02 (0.52 to 2.03) 0.95

Vintage on dialysis
"6 mo 337 79.9 13.6 1.18 (0.57 to 2.45) 0.65
6 to 12 mo 34 8.0 11.8 0.86 (0.29 to 2.55) 0.79
1 to 5 yr 27 6.4 14.8 1.15 (0.38 to 3.46) 0.80
%5 yr 24 5.7 8.3 0.58 (0.13 to 2.54) 0.47

Comorbidities
diabetesb 120 28.4 18.3 1.77 (0.98 to 3.17) 0.05
hypertension 321 76.0 14.6 1.75 (0.83 to 3.72) 0.14
CAD 136 32.2 22.1 2.83 (1.60 to 5.00) $0.01
PVD 35 8.3 28.6 2.97 (1.34 to 6.57) $0.01
cerebrovascular diseasec 38 9.0 10.5 0.75 (0.26 to 2.20) 0.60
congestive heart failured 87 16.0 18.4 1.66 (0.88 to 3.14) 0.11
dyslipidemiae 82 19.4 20.7 2.02 (1.08 to 3.79) 0.03
active smoker 124 29.4 12.9 0.96 (0.51 to 1.72) 0.89
overweightf 56 13.3 20.0 1.80 (0.89 to 3.66) 0.10

Access placement
previous catheter use 214 50.8 16.3 1.73 (0.97 to 3.09) 0.06
upper arm 163 38.6 11.0 0.73 (0.40 to 1.34) 0.31

Surgeon (individual surgeon not shown) N/A N/A 0.73
Anatomic configuration

radiocephalic 256 60.7 N/A
brachiocephalic 145 34.4 N/A
transposed brachiobasilic 18 4.2 N/A
femoral-saphenous 3 0.7 N/A

Side
right 112 26.5 N/A
left 310 73.5 N/A

aCAD, coronary artery disease; CI, confidence interval; FTM, failure to mature; OR, odds ratio; PVD, peripheral vascular
disease.

bDefined when a patient had ever required hypoglycemic agents or insulin or when the diagnosis had been noted in the
medical records at least twice by two different physicians; it includes those with diabetes as cause of ESRD.

cDefined as a stroke or transient ischemic attack documented by computed tomography scan, magnetic resonance imaging,
or classical clinical signs and symptoms and confirmed by a neurologist or when the diagnosis had been noted in the medical
records at least twice by two different physicians.

dDefined by classical signs and symptoms and either documentation by echocardiography or chest X-ray or complete
symptom resolution with ultrafiltration.

eHyperlipidemia conformed to our Canadian guideline definitions (24,25).
fBody mass index !30, consistent with the World Health Organization definition (26).
gWhite versus nonwhite.
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!85 yr of age. Three quarters of them had five or more comor-
bidities, with 90% having cardiovascular disease (31). Overall,
!50% of North American dialysis patients had diabetes, and
approximately one half and one third had CAD and PVD,
respectively (30–32). European patients tend to have less dia-
betes but still have substantial comorbidity (32). In addition, the
average blood pump speed is much higher: 350 to 450 ml/min.
Not surprising, achieving functional fistulas in today’s popu-
lation is more challenging than ever.

For a fistula to mature, there must be sufficient delivery of
intra-access blood flow and pressure, dependent on adequate
cardiac output/systemic BP and a good-quality feeding (arte-
rial) vessel that will be able to transmit this high pressure to an
accepting, unrestricted (i.e., no anastomotic stenosis), compli-
ant, and distensible outflow (venous) vessel. It is not surprising,
then, that both CAD and PVD were predictors of FTM, each

indicating diseased inflow and outflow in reference to the
anastomosis, respectively. Our data are consistent with other
studies in which PVD was associated with poor AVF outcomes
(33,34). This also was true in black patients, in whom PVD was
associated with failed fistula adequacy (34). Perhaps as a result
of the close relationship between predictive factors and patho-
physiology, the location of the fistula in the lower or upper arm
did not factor into our prediction rule because adequate inflow
and outflow are required irrespective of fistula location. This is
consistent with some studies (18,22), whereas others found
improved maturation in upper arm fistulas (12,35). This same
reasoning may be applied to gender. Whereas some studies
found female gender to be associated with FTM (20,22,36,37),
our study did not after multivariate adjustment. Our finding is
consistent with other studies that evaluated factors that are
associated with fistula adequacy or patency (13,19,38–40).
Whether gender is an independent risk factor for FTM/PF
remains an open question, given the roughly equal number of
conflicting studies and with the variability that was found in
our primary and sensitivity analysis; the answer likely will
require a large-scale prospective study.

Our study demonstrated that being white was protective of
FTM. In the HEMO study, 64% of study patients were black,
but only 28% of them used an AVF (41). Although reasons for
the lower prevalence was not stated, it is known that greater
complications occur in AVF that are created in black patients
(14). In a study of AVF in black patients, 45% were inadequate
for cannulation (34); the primary patency reported was 49% at
6 mo and 33% at 12 mo. A few studies did not find an associ-
ation between race and fistula adequacy (13,35).

The association between increasing age and greater risk for
FTM is consistent with the underlying need for adequate ves-
sels, which deteriorate with the normal aging process and are
damaged by concurrent disease; this finding is supported by
other studies (19,35). Diabetes affects the micro- and macrovas-
culature, but, after multivariate adjustment, we did not find it
a predictor of FTM. Although this is consistent with Feldman’s
and other studies (13,19,34,40), it contrasts with others (12,35).

Table 2. Summarized patient characteristics of the external validation set (n " 445) compared with the original
derivation set (n " 422)

Variable Derivation Set
(Original from UHN)

Validation Set

UHN Non-UHN Total

N 422 95 350 445
Age !65 yr 184 (43.6%) 24 (25.3%) 147 (42.0%) 171 (38.4%)
PVD 36 (8.3%) 7 (7.4%) 63 (18.0%) 70 (15.7%)
CAD 136 (32.2%) 28 (29.5%) 128 (36.6%) 156 (35.1%)
White 278 (65.8%) 58 (61.1%) 178 (50.9%) 236 (53.0%)
Previous graft 5 (1.2%) 3 (3.3%) 2 (#1%) 5 (1.1%)
Previous catheter 214 (50.7%) 54 (56.3%) 122 (35.1%) 176 (39.6%)
Prehemodialysis 194 (46.0%) 20 (20.8%) 125 (35.9%) 145 (32.6%)
Mean score 3.0 ($2.4) 2.6 ($2.6) 3.8 ($2.4) 3.5 ($2.5)

aTwice the proportion of patients had PVD and 1.42 times more were nonwhite in the validation set compared with the
derivation set. UHN, University Health Network.

Figure 1. The percentage of primary failure (PF) in each risk
category were as follows: Low risk, 25%; moderate risk, 35%;
high risk, 52%; and very high risk, 71% (P # 0.0001, trend). The
risks in each category for each outcome are not additive (e.g.,
low risk is not 24 % 25%; it is either 24% with failure to mature
or 25% with PF).
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However, other studies may not have included variables such
as CAD and PVD or had as strict of a definition as we had. CAD
and PVD are significant comorbidities that likely incorporate
and predominate the effects of diabetes; therefore, it conse-
quently falls out of the final equation. Indeed, diabetes associ-
ation with suboptimal veins that lead to poor fistula adequacy
was described previously (22). In a study that evaluated fistula
adequacy in black patients, diabetes was not associated with
greater failure, but PVD was. In their population, patients with
diabetes were more likely to have PVD (P ! 0.0001).

The FTM predicted risk categories are intended to provide
the nephrologist and the vascular surgeon another estimate
along with other considered factors on which to guide their
access management strategy. An example is provided in Table
4. Our example is guided by our own experience and that of the
literature. For example, the suggestion to place an AVF (with or
without imaging) if a patient is in a low-risk category (!25%) is
based on the finding that when preoperative physical exami-
nation can be performed accurately, it can have good predictive
value in determining which patients will have successful fistu-
las. Maturation rates of 80% have been reported in patients who
were evaluated preoperatively solely by good physical exami-
nation (13). Indeed, vessels that are visible and palpable on

examination may be inherently different from those that re-
quire detection via radiologic imaging. Greater risks may in-
volve the implementation of preoperative imaging protocols
(e.g., routine venous duplex ultrasonography scanning) in con-
junction with selective venography and arteriography, because
some studies have found their use to be associated with an
increase in AVF prevalence (20,42–44).

The preoperatively determined FTM predicted risk catego-
ries also can be used to guide postoperative management. For
example, in the highest risk patients ("50%), close postopera-
tive surveillance and identification of a fistula that is failing to
mature is crucial. Whether the fistula will be successful may be
obvious within 6 wk, but it often is clear much sooner (16). If a
fistula is deemed inadequate at 4 to 8 wk, then it is unlikely to
be adequate at a later date (22,45), especially without interven-
tion. Early identification of fistula adequacy may be assisted by
ultrasonography, which has predictive value when both ana-
tomic and functional parameters are used (22). Should an in-
adequate AVF be found, aggressive facilitation and salvage
(15,46) are required. The intent of using a prediction scoring
system is to stratify risk (i.e., define high- and low-risk patients)
to guide decision making for patient-tailored optimal access
creation and use. This should streamline process, optimize

Table 3. Clinical use of the scoring systema

Variable Points Score Variable Definitions

Age !65 yr #2 Age at time of fistula creation
PVD #3 Documented lower extremity revascularization, digit or extremity amputation,

history of claudication and ischemic extremity changes or gangrene
CAD #2.5 Documented coronary stenosis by angiography or history of myocardial

infarction or previous coronary revascularization by angioplasty, stenting,
or bypass surgery

White $3 Not of black, Asian, aboriginal, or other non-European descent
Baseline score #3 All patients are given baseline score of 3
Total Sum of scores

aThe total score could range from 0 to 10.5.

Table 4. An example use of the FTM predicted risk categoriesa

Score Risk Categoryb Clinical Applicationc

!2.0 Low risk: 25% PEd % duplex ultrasound; create AVF
2.0 to 3.0 Moderate risk: 35% PE,d duplex ultrasound % venogram; create AVF
3.1 to 6.9 High risk: 50% Arteriogram # venogram and appropriate preoperative intervention

as necessary; create AVF with very close postoperative
monitoring (e.g., weekly or biweekly), and anticipate the need for
aggressive intervention to facilitate maturation

!7.0 Very high risk: 70% Consider another form of permanent access (e.g., graft); continue to
avoid catheter use

aAll patients with risk factors for central vein stenosis should have a venogram regardless of score. AVF, arteriovenous
fistula; PE, physical examination.

bBecause of the similarity in risks for patients who have fistula primary failure and those that fail to mature (see Figure 1),
the risks have been rounded for ease of use.

cThese are untested possible applications that will require prospective trial evaluation.
dPhysical exam.
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resource allocation, and reduce costs. The goal is to increase the
number of functional permanent accesses and reduce catheter
use and their associated complications.

There are several limitations to our study. The creation of the
prediction rule was based on 422 fistulas that were placed in a
single Canadian center. The prevalence of diabetes in the der-
ivation set was only 28% and may not be representative of the
North American dialysis population, for whom the current
prevalence is closer to 50% (47). Patients with diabetes also are
more likely to have other comorbidities, such as PVD. Indeed,
the derivation set of patients had a low prevalence of PVD
(8.3%) and few black patients (!10%). In contrast, the valida-
tion set had almost double the prevalence of PVD and 1.5 times
more nonwhite patients. These two variables contributed the
greatest weighting in the scoring system (Table 2). In the der-
ivation set, surgery was performed by experienced surgeons
who were accustomed to creating fistulas (48). These surgeons
had a unified goal to increase fistulas despite variations in
preoperative evaluation and intervention. They also were
highly experienced, with the majority of them performing the
surgery themselves (rather than training residents); there was
minimal staff turnover during the 9 yr in which the fistulas
were created. Even with extensive case-mix adjustments seen in
previous studies, unmeasurable factors, such as surgical ap-
proaches and philosophies of care, may be important (49).
Furthermore, the institution in which a fistula is created was
shown previously to affect fistula survival (50). These differ-
ences and biases may account for the difference in FTM rates
between the derivation and validation patients. Nevertheless,
the prediction score performed well in a heterogeneous valida-
tion cohort with different surgeons. Also, we did not consider
surgical factors (e.g., intraoperative heparin [19]) or evaluate the
effect of preoperative imaging (44). Because such factors were
demonstrated previously to affect fistula maturation, this study
attempted to determine to which patients it might be most
appropriate to offer these interventions, particularly in the
climate of cost containment and limited resources. In many
cases, the nephrologist or the surgeon cannot alter the known
risk factors, such as vessel size or quality (e.g., compressibility),
or intraoperative flow (51). These fistulas were the patient’s
first fistulas; therefore, the prediction rule could not account for
the effect of previously failed fistulas. Previous studies demon-
strated that fistulas that were placed in patients with previous
accesses had better success than first fistulas (19). However, our
prediction scores performed well in the external validation of
fistulas that involved Canadian and American patients who
had previously failed fistulas.

Although the external validation of North American patients
was representative of today’s dialysis patients with a good case
mix and size (n " 445), the validation was of the prediction rule
and did not examine the clinical suggestions that were associ-
ated with the FTM predicted risk categories (Table 4). Indeed,
because of the positive relationship between scores and likeli-
hood of fistula failure, the score categorization was based on
practicality (e.g., easy to remember and use) and “clinical sen-
sibility.” For example, a wider range of patients in a high-risk
category might encourage more aggressive and careful fol-

low-up of fistulas to prevent failure. The upper value for “very
high risk” was to ensure capture of truly high-risk patients (e.g.,
multiple previous failures), for whom careful consideration of
an alternative permanent access (e.g., graft) might be appropri-
ate. However, the optimal strategy is unknown. The risks and
benefits of repeated fistula attempts and failures versus either
graft creation or prolonged catheter insertion and their associ-
ated complications are unknown. Work is ongoing to develop
and implement the proper evaluation of the FTM predicted risk
categories, taking these issues into consideration, and to deter-
mine whether its application will lead to a greater number of
fistulas that mature and, overall, a greater number of functional
permanent accesses.

Conclusion
A preoperative, clinical prediction rule to determine fistulas

that are likely to fail to mature was created and validated
rigorously. It was found to be simple and easily reproducible
and applied to predictive risk categories. These categories pre-
dicted risk for FTM to be 24, 34, 50, and 69% and are dependent
on age, CAD, PVD, and race. The clinical utility of these risk
categories in increasing rates of permanent accesses requires
further evaluation in a prospective, randomized, clinical trial.
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SUMMARY
Background: Little is known about the relationship of cannulation practices in dialysis facilities with the frequency of failed can-
nulations, complications and subsequent vascular access (VA) failure. Methods: In an observational study the incidence of mis-
cannulations and related complications were observed. Patient characteristics, comorbidities and VA characteristics like type of
VA were correlated with occurrence of cannulation-related complications. In addition, the cannulation technique and practice
patterns like needle direction, tourniquet use and years of experience of dialysis nurses were registered. Results: During the
study period, 37% of patients with autogenous arteriovenous fistulae (AVF), and 19% of patients with arteriovenous grafts
(AVG) had more than 10 miscannulations. Cannulation-induced haematoma resulted into single-needle (SN) and catheter dialy-
sis in 40% of the patients. The use of central venous catheters (CVC) and SN dialysis were significant predictors of VA failure 
(p !0.0001). Conclusion: This study demonstrated a high incidence of unsuccessful cannulation procedures and cannulation-
related complications necessitating catheter and SN dialysis. The type and location of the VA is significantly related to occur-
rence of unsuccessful and complicated cannulation. 

KEY  WORDS Arteriovenous fistulae • Cannulation • Cannulation-related complications • Haemodialysis • 
Nursing • Vascular Access

CANNULATION PRACTICE PATTERNS IN HAEMODIALYSIS VASCULAR
ACCESS: PREDICTORS FOR UNSUCCESSFUL CANNULATION

INTRODUCTION
A well-functioning vascular access (VA) is a prerequisite for
successful haemodialysis (HD) treatment. An ideal VA deliv-

ers adequate blood flow for dialysis, has excellent patency
with low complication rates and allows repetitive and easy
cannulation with two needles. The Kidney Disease Outcomes
Quality Initiative (K/DOQI) guidelines (National Kidney
Foundation 2006) on VA, recommended the autogenous
arteriovenous fistulae (AVF) as the preferred VA, because
they show better survival and lower complication rates com-
pared with arteriovenous grafts (AVGs) and central venous
catheters (CVCs). 

The K/DOQI (National Kidney Foundation 2006) have regis-
tered the rule of 6’s, which define that a good functioning
access:
• has a flow of approximately 600 ml/min,
• is less than 6 mm below the surface of the skin, 
• has a minimum diameter of 6 mm and  
• can be easily cannulated. 

However, with the changing demographics of the end-stage
renal disease (ESRD) population, it is difficult to create and
maintain a VA that can meet these criteria.
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The maintenance of the VA not only depends on the quality of
the blood vessels and the surgical technique used, but also on
the way in which the VA is handled, in particular is cannu-
lated. Cannulation of the VA is a basic but essential part of
the HD treatment. A chronic haemodialysis patient needs at
least 312 needle insertions per year. Dialysis staff needs to be
competent with cannulation, especially with newly created
VAs. Cannulation practice is mainly based on theory, practi-
cal guidelines and experience. The dialysis staff find it is dif-
ficult to determine which method is best for cannulating the
VA. There is little known about the influence of repeated
cannulation on the quality of the VA, the risk of complica-
tions and VA failure. 

To gain more insight into cannulation-related problems, it is
important to identify factors that may be associated with diffi-
cult and complicated cannulation. The aim of this study was to
identify, in both groups, which characteristics of cannulation
practice could predict the time to unsuccessful cannulation,
cannulation-related complications and VA failure. 

Characteristics: 
• type of needle used;
• needle direction and position;
• cannulation technique;
• ease of cannulation;
• tourniquet use;
• number of years of experience of the dialysis nurse. 

METHODS
STUDY DESIGN
This prospective, observational study of newly created AVFs
and AVGs, evaluated the complications caused by cannula-
tion, and the clinical consequences of failed cannulation.
The patients were followed from the first cannulation of the
VA, for a minimal follow-up time of six months. Clinical data
were collected from 1 June 2005 to 1 March 2007 in 
10 Dutch dialysis facilities. Baseline data included patient char-
acteristics, comorbidities and medication. VA characteristics
included: type of VA, location, vein diameter, assessed by
Duplex ultrasound (Aloka 5500, Tokyo, Japan), access flow
measurement using ultrasound dilution technique (Transonic
Systems Inc,® Ithaca, NY, USA), maturation period and length
of the cannulation route. The cannulation route is measured
by the dialysis nurse, by placement of a tourniquet on the
upper arm, where the usable length of the vein for cannulation

was measured with a standard tape measure, and length
expressed in centimetres.

During the period of the research study, data were collected by dial-
ysis nurses, using identical case record forms (CRF) and a standard-
ised method was used to register data from each dialysis session.

A 16-item CRF was used to register relevant parameters for
cannulation practice:
• inspection for haematoma caused by cannulation 
• redness 
• swelling 
• auscultation using the stethoscope 
• type of needle used 
• needle direction and position 
• cannulation technique 
• number of necessary cannulations 
• ease of cannulation 
• tourniquet use 
• years of experience of the dialysis nurse 

CVC insertion was necessary if the VA was not accessible
because of haematoma or other reasons. Exclusion criteria
were VA failure, successful renal transplantation or death.

The study protocol was approved by the Medical Ethical
Committee of the Maastricht University Medical Centre.

OUTCOME DEFINITIONS
• Duplex ultrasound at six weeks was used to determine the

diameter of vein. 
• The length of usable vein was determined by physical exam-

ination.
• Decision of when to perform the first-time cannulation was

made by an experienced dialysis nurse. 
• An access flow of !500 ml/min with a vein diameter of !4

mm was determined as a mature fistula (Singh et al. 2008). 
• Functional patency started when a VA had been successfully

used for haemodialysis treatment for the first time (Sidawy
et al. 2002). 

• A cannulation procedure was judged as successful if the
dialysis nurse was able to cannulate with two needles for
the haemodialysis treatment, without miscannulation. 

• Miscannulation is defined as the need to insert more than
one needle per arterial or venous connection, because of
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the impossibility to use the previously inserted needle(s)
for dialysis.

• A subcutaneous haematoma of the VA is defined as an
abnormal localized infiltration of blood caused by needle
cannulation (Lee et al. 2006). 

STATISTICAL ANALYSIS
Differences in cannulation practice variables for AVF and AVG
were tested with the chi-square test. Difference in the duration of
CVC use was tested with the Mann–Whitney test. One of the aims
of this study was to investigate which characteristics of cannula-
tion practice could predict the length of time before unsuccessful
cannulation, cannulation-related complications and VA failure. For
each of these variables, a univariate Cox regression analysis was
performed. To determine independent risk factors, all univariate
significant variables (entry p value = 0.05) were included in a step-
wise forward multivariate Cox regression analysis.

For all comparisons, the level of significance was set to p !

0.05. Statistical analysis was performed using SPSS software
for Windows (SPSS release12.0, SPSS Inc., Chicago, IL, USA).
Results are expressed as mean ± standard deviation (SD). 

RESULTS
PATIENTS
A total of 158 incident chronic HD patients with newly created
VAs were included at the start of the study. Twenty-nine patients
(18%) were lost to follow-up due to the following reasons:
• 11 deaths (6.9%), 
• 1 successful kidney transplantation (0.6%), 
• 10 VA failures (6.3%) and 
• 7 patients started HD at a non-participating facility (4.6%).

Patients’ demographics and medical history are outlined in
Tables 1 and 2. The mean age was 66.2 years ± 13.5 (SD)
(range 21–90 years), 37% of the patients were female (n = 59).
The mean follow-up time was 155 days (range 2–199 days).

VASCULAR ACCESS 
The type of the VA placed was 70% AVFs and 30% AVGs. The
mean time to first cannulation in all patients was 100 days (range
1–822 days). AVFs were cannulated for the first time within a
mean of 115 days and AVGs were cannulated within a mean of
66 days. At first cannulation the mean diameter of both AVFs and
AVGs were similar at 5.5 mm. Furthermore, the mean length of
the AVF cannulation route was 13 cm and the mean AVG cannu-

lation route was 24 cm (see Table 3). All patients were being can-
nulated using the rope–ladder technique, where the whole
access length of the VA was used for cannulation. Table 4 shows
the cannulation practice for AVFs and AVGs. Sonographic-guided
cannulation of the VA was used in 4% of patients.

Characteristics n AVF AVG p value

158 110 (70%) 48 (30%)

Gender 0.70

Female 59 40 (36%) 19 (40%)

Male 99 70 (64%) 29 (60%)

Age (year) 0.13

21–60 years 49 39 (36%) 10 (21%)

61–75 years 61 38 (35%) 23 (48%)

"75 48 33 (30%) 15 (31%)

Causes of ESRD 0.65

Glomerulonephritis 18 14 (13%) 4 (8%)

Interstitial nephritis 12 7 (6%) 5 (10%)

Cystic kidney diseases 4 2 (2%) 2 (4%)

Other congenital/hereditary 
kidney diseases 2 2 (2%) 0 (0%)

Renal vascular diseases 38 28 (26%) 10 (21%)

Diabetes mellitus 32 23 (21%) 9 (19%)

Other multisystem diseases 17 13 (12%) 4 (8%)

Other /unknown 35 21 (19%) 14 (29%)

Time on HD 0.32

0 month 75 53 (48%) 22 (46%)

1–6 months 48 36 (33%) 12 (25%)

6–12 months 14 10 (9%) 4 (8%)

#12 months 21 11 (10%) 10 (21%)

Body mass indexa,* 0.30

"18.5 kg/m2 6 2 (2%) 4 (9%)

18.5–24.9 kg/m2 71 51 (46%) 20 (43%)

25–34.9 kg/m2 52 37 (34%) 15 (32%)

"30 kg/m2 28 20 (18%) 8 (17%)

Tobacco use 0.73

Yes 22 16 (14%) 6 (12%)

No 136 94 (86%) 42 (88%)

Table 1: Comparison of demographics and comorbidities of the study
population, between the AVF and the AVG, with their p values.
*Values were missing for some patients.
AVF: arteriovenous fistula; AVG: arteriovenous graft.
aBody mass index consistent with the World Health Organisation
definition (Hubbard vs. 2000).
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Figure 1 shows the incidence of miscannulation in the AVF and
AVG group. During the period of the research study, 37% of
patients with AVFs, and 19% of patients with AVGs had more
than 10 miscannulations. 

As shown in Figure 2, there was a major difference in the inci-
dence of haematoma between AVF and AVG, which also depend-
ed on location (upper arm vs. forearm) of the VA (Figure 2).

The median duration of temporary CVC usage was 17 days for
the AVF group, and 8.5 days for the AVG group (p !0.01). The
need for single-needle (SN) dialysis in the AVF and AVG group
was in 41% and 8% of patients, respectively. SN use in CVCs
was 31% and 12%, respectively.

At six months, 89% of the patients with an AVF, and 96% of
patients with an AVG were able to dialyse using their VA. 

FACTORS ASSOCIATED WITH SUCCESSFUL CANNULATION
Univariate analysis for patients with an AVG found arterial nee-
dle direction retrograde (needle point down, against the direc-
tion of the blood flow) (p !0.0009) to be a significant factor
for successful cannulation. For patients with an AVF, no predic-
tors were found to be associated with successful cannulation. 

For both AVFs and AVGs, no significant influence of the experience
of the dialysis nurse on unsuccessful cannulation was observed.

FACTORS ASSOCIATED WITH CVC DEPENDENCE 
OR SN DIALYSIS
Univariate analysis for patients with an AVF, showed
haematoma (p !0.0001) and arm swelling (p !0.004) to be
significant determinants for CVC usage and SN dialysis (Table 5).
In the multiple regression model only the presence of
haematoma (p !0.0001) were predictive of the need for a
central catheter or SN dialysis.

For the AVG group, the univariate analysis found the following
variables to be significant for CVC dependence or SN dialysis; 
• variation in VA sound by using the stethoscope (p !0.01), 
• haematoma (p !0.003), 

Table 2: Comparison of medical history of the study population
between the AVF and the AVG, with their p values.
AVF: arteriovenous fistula; AVG: arteriovenous graft.

n AVF AVG p value

Medical history

Peripheral arterial obstructive disease 18 10 (9%) 8 (17%) 0.18

Coronary artery disease 46 29 26%) 17 (35%) 0.52

Cerebrovascular disease 25 14 (13%) 11 (23%) 0.12

Diabetes mellitus 36 34 (31%) 22 (46%) 0.74

Hypertension 52 38 (35%) 14 (29%) 0.04

Medication

Use of calcium antagonist 47 35 (32%) 12 (25%) 0.09

Use of anticoagulants 57 32 (29%) 25 (52%) 0.006

Use of platelet aggregation inhibitor 51 31 (46%) 20 (65%) 0.10

Use of EPO 149 105 (95%) 44 (92%) 0.36

Table 3: Comparison of vascular access characteristics between
the AVF and AVG group.
*Values were missing for some patients.
aConsistent by reporting standards (Sideway et al. 2002).
AVF: arteriovenous fistula; AVG: arteriovenous graft.

Characteristics AVF AVG p value

Access placement

Forearm VA 58 (53%) 38 (47%)

Upper arm VA 52 (47%) 10 (53%)

VA in dominant arm 0.35

No 82 (75%) 38 (79%)

Yes 28 (25%) 10 (21%)

Length of the cannulation routea, * 0.001

0–7 cm 15 (14%) 0 (0%)

7–14 cm 45 (41%) 3 (6%)

"14 cm 49 (45%) 44 (92%)

Access diameter* 0.009

2–4 mm 20 (18%) 7 (15%)

4–6 mm 27 (25%) 33 (69%)

"6 mm 15 (14%) 5 (10%)

Maturation time (weeks) 0.03

0–3 wks 3 (3%) 15 (31%)

3–6 wks 22 (20%) 12 (25%)

6–12 wks 48 (44%) 13 (27%)

"12 wks 37 (34%) 8 (17%)

Previous accesses 0.03

No 89 (81%) 31 (65%)

Yes 21 (19%) 17 (35%)
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• swelling (p !0.0009) and 
• the direction of the arterial needle (antegrade) (p !0.003)

(Table 4).

The multivariate regression model showed antegrade arterial
needle direction (p !0.007) as single predictor for cannula-
tion-related complications.

FACTORS ASSOCIATED WITH VASCULAR ACCESS FAILURE
In the group with subsequent AVF failure the univariate
analysis found cannulation-related complications (p !0.0001)
resulting in CVC and SN dialysis to be a significant factor.
In the group with AVG failure, the univariate analysis

showed patients with cannulation-related complications 
(p !0.005), an irregular VA sound (p !0.04) and ante-
grade arterial needle direction (p !0.04) as significant 
factors. 

In the multiple regression model, arterial needle direction 
(p !0.006), and previous cannulation-related complications 
(p !0.0001) were predictors for AVG failure. 

DISCUSSION 
NEWLY SITED VA
We observed a high incidence of unsuccessful cannulation pro-
cedures and cannulation-related complications resulting in use

Table 4: Comparison of cannulation characteristics in percent-
ages, between AVF and AVG and forearm and upper arm.
AVF: arteriovenous fistula; AVG: arteriovenous graft.

AVF, n " 110; AVG, n = 48.

Figure 1: The distribution of frequencies of miscannulation in the
AVF and AVG group.

Cannulation practice AVF fore-
arm

AVF upper
arm

AVG
forearm

AVG upper
arm

Type of needle used

Metal 67 50 97 85

Catheter 33 50 3 15

Needle Gauche

14 gauche 12 4 0 0

15 gauche 52 52 92 90

16 gauche 36 44 8 10

Needle position

Bevel up 74 80 93 82

Bevel down 26 20 7 18

Axis rotation needle

Yes 13 11 34 24

No 87 89 66 76

Direction arterial needle

Antegrade 83 90 34 35

Retrograde 17 10 66 65

Tourniquet use

Yes 86 82 4 30

No 14 18 96 70

Sonographic-guided cannulation

Yes 5 5 1 1

No 95 95 99 99

Experience dialyses nurse 

!3 years 23 21 21 21

#3 years 77 79 79 79

Figure 2: The distribution of frequencies of haematoma in the
AVF and AVG group.
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of CVCs and SN dialysis, which occurs more frequently in auto-
genous AVFs. 

Haematoma formation occurred more frequently in AVFs com-
pared with grafts. For both AVF and AVG, the formation of a
haematoma as a result of unsuccessful cannulation was a sig-
nificant predictor for the need for CVC and SN dialysis. Needle
infiltration into the tissues may result in a temporary inability
to use the VA until the haematoma disappears, which may
account for the large number of temporary CVCs used in this
study. Lee et al. (2006) showed similar results, and found a rel-
atively high rate of needle infiltration that was more common
in older patients with new fistulas. This resulted in prolonga-
tion of the use of CVCs for more than three months. In this
study, cannulation-related complications that resulted in use of
CVC or SN dialysis were also associated with VA failure, for
both AVF and AVG. 

Cannulation of a newly created VA demands specific clinical
knowledge, behaviour and skills. Several studies have high-
lighted the importance of staff experience on VA outcomes
(Robbin et al. 2002; Pile 2004). The DOPPS data found that
that each 20% increase in the number of experienced staff
nurses (nurses who had worked in dialysis !3 years) was asso-
ciated with an 11% reduction in AVF failure (RR = 0.89; 
p "0.05), and 8% reduction in AVG failure (RR = 0.92; 
p "0.01). In this study, the years of experience of the dialysis

nurse were shown to have no significant role on successful
cannulation practice, cannulation-related complications or VA
failure. In the Netherlands, VA cannulation is delivered by reg-
istered and well-trained dialysis nurses, and complex, difficult
VAs are usually cannulated by staff with expert skills. The can-
nulation skills of dialyses staff according to the years of experi-
ence is difficult to estimate. 

Physical examination prior to cannulation is a basic skill for VA
assessment (Tordoir & Mickley 2003; King & Miller 2004; Van
Waeleghem et al. 2004; Ball 2005; National Kidney Foundation
2006). One aspect of the examination is stethoscope ausculta-
tion of vascular sounds. In this study, an alteration in VA sound
has shown to be predictive for cannulation-related complica-
tions and AVG failure. This feature suggests that analysis of
vascular sounds may be useful in determining pending AVG
failure.

Retrograde arterial needling was the single predictor affecting
the successful cannulation outcome of AVGs. Placement of the
arterial needles has been a controversial subject. In the litera-
ture (Brouwer 1995, 2005; English 2005), both antegrade and
retrograde direction of the arterial needle have been recom-
mended. A recent study (Ozmen et al. 2008) found no differ-
ence in needle direction, regarding HD efficacy. However,
besides the chance of successful cannulation, the retrograde
needle direction is associated with less cannulation-related

Table 5: Univariate hazard ratio of cannulation practice characteristics for cannulation-related complications in the AVF and AVG group.
* Values were missing for some patients.
AVF: arteriovenous fistula; AVG: arteriovenous graft.

AVF, n # 110; AVG, n = 48.

Characteristics AVF 95% CI AVG 95% CI

Type of needle used (metal needles vs. catheter needles) 0.65 0.34–1.24 0.36 0.04–3.08

Needle Gauche (16 gauche vs. 14 and 15 gauche) 1.51 0.89–2.54 3.34 0.41–27.0

Needle position (bevel-down vs. bevel-up) 0.43 0.15–1.22 0.04 0.0001–208

Axis rotation needle (yes vs. no) 0.75 0.29–1.92 0.90 0.31–2.59

Direction arterial needle (antegrade vs. retrograde) 0.79 0.19–3.30 0.007 0.0001–17.9

Tourniquet used (yes vs. no) 1.62 0.71–3.70 1.02 0.31–3.39

Experience dialyses nurse ($3 years vs. "3 years) 0.93 0.44–1.95 0.60 0.68–5.45

Changing VA sound by stethoscope (yes vs. no) 1.12 0.48–2.62 5.84 1.20–28.4

Haematoma (yes vs. no) 1.74 1.42–2.13 1.79 1.15–2.79

Swelling (yes vs. no) 1.23 1.05–1.43 1.63 1.16–2.29

Accessflow*($600 ml/min vs. "600 ml/min) 0.61 0.31–1.17 2.99 0.37–23.9
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complications and AVG failure. The cannulation of the AVF
proved to be more problematic, and predictive factors regard-
ing cannulation practices of AVFs cannot yet be determined.

Our study showed that sonographic imaging of the VA is rarely
used to facilitate cannulation. There may be several reasons for
this: the availability of the device, and time-consuming and
technically challenging practice. The additional value of these
sonographic devices for cannulation practice has still to be
proved. 

LIMITATIONS
This study has some limitations. First, although patient charac-
teristics, comorbidities and VA characteristics may affect the
outcome, it was the practice patterns that were focused on, as
independent factors. Furthermore, as this is an observational,
nonrandomized study, comparison of patient groups with a
specific factor could be biased. We allowed for this by per-
forming a multivariate analysis adjusting for confounders.

It is a well-known fact that many unintended faults caused by
healthcare givers are not reported. This may be due to a cul-
ture of fear in health care that holds perfect performance as an
ideal and imposes blame and shame for those who fail to meet
these requirements. 

We showed that miscannulation of VAs, particularly in AVFs,
occurs frequently and has serious consequences for the HD
patient, leading to CVC and SN dependence and even VA fail-
ure. This study also indicates that, although the quality of the
VA is of paramount importance, cannulation practice patterns
are of great influence. 

There is a need to improve cannulation practice and to con-
duct more studies on this subject in the future. The data also
underline the importance of the awareness of the complexity
of the cannulation practice given today’s population, with
patients of increasing age. Therefore, a high level of expertise
of the dialysis staff is required. 

Continued education and training of the dialysis staff
towards theoretical knowledge and cannulation skills, espe-
cially for cannulation of new AVFs, is essential and may be
beneficial in minimising miscannulation and cannulation-
related complications and in improving VA outcome (Hugh 
et al. 2003). A feature of cannulation skills is to be able to
make a balanced choice in choosing which is the most suit-
able cannulation technique for every specific VA. In some
cases, it may be beneficial to use an alternative cannulation
technique such as the buttonhole method (Besarab et al.
2007; Murcutt et al. 2008). 

Furthermore, to improve the quality of VA cannulation, a sono-
graphic device may increase the success of difficult and 
complicated cannulation procedures. Comparative studies 
are needed to determine the value of sonographic-guided 
cannulation. 
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Forty years have passed since the introduction of the
radial cephalic arteriovenous fistula (AVF) as an innova-
tive hemodialysis vascular access (1). Hundreds of
reports have followed and the AVF remains a work in
progress. Indeed, despite its label as the hemodialysis
vascular access of choice, the AVF is not exempt from
complications. An increasing problem is early AVF fail-
ure. While there are different causes of early failure, the
most common is vascular stenosis, and to a lesser extent
the presence of accessory veins. A variety of percutane-
ous procedures are offered to salvage these dysfunctional
and immature fistulas.

 

Definition, Prevalence, and Contributing 
Factors

 

An AVF with early failure is defined as a fistula that
has never matured or has failed within the first 3 months
of use. The prevalence of early failure is reported to be as
high as 53%, with a rather remarkable increase in the last
decade. This was recently reviewed by Allon and Robbin
(2). A variety of potential contributing factors associated
with early AVF failure have been highlighted in the liter-
ature. These include an aging population, lack of surgical
skills, diabetes, underlying vascular disease, vascular
diameter, dialysis dependence at the time of fistula cre-
ation, multiple comorbidities, early cannulation, gender,
and late referral to nephrologists (2–6).

 

Anatomic Causes of Early Failure

 

The most common cause of early failure is the presence
of de novo stenotic lesions. These lesions tend to affect
primarily the inflow area, that is, the juxta-anastomotic
vein and to a lesser extent the juxta-anastomotic artery
and anastomosis (7,8). The body of the fistula is another
common site. Some lesions are peculiar to the type of
fistula. For instance, a stenotic lesion may complicate an
upper arm transposed basilic AVF in the upper “swing”

of the vein where the angle is formed between the trans-
posed and nontransposed segment of the basilic vein. In
the case of an upper arm brachial cephalic AVF, the
lesion tends to affect the proximal (or central) segment
of the cephalic vein at the shoulder area (also known as
the cephalic arch) and usually involves the junction with
the subclavian vein (SCV). Central vein stenoses are
usually caused by the presence of a previous central
venous catheter, pacemaker wires, or even peripherally
inserted central catheter (PICC) lines. Another common
site of stenosis is at a vascular bifurcation (e.g., antecu-
bital veins) or where an accessory vein joins the body of
the fistula. This is common in the forearm cephalic vein.
At our center, AVF lesions associated with early failure
(

 

n

 

 = 178) are distributed as follows: juxta-anastomotic
vein, 78.5%; body of the fistula, 68.5%; anastomosis,
57%; venous outflow, 56%; artery, 30.8%; and central
veins, 19%. Coexisting lesions were seen in multiple
patients (9).

Accessory veins or side branches are normal veins and
are commonly seen in the forearm superficial veins. In
contrast, collateral veins usually are multiple, tortuous,
deviate from the usual course of normal veins, and
develop as a consequence of an obstructing lesion along
the normal veins. However, stenosis may not be present
and the question is then whether the accessory vein is
having any impact on the maturation of the fistula by
diverting some of the flow away from the main channel.
In our experience, it is rarely an isolated cause of early
failure and tends to be associated with an anatomic
lesion (see below).

 

Diagnosis of Early Fistula Failure

 

The physical examination is crucial and should be
mandatory at 4–6 weeks after creation of an AVF. This
helps in the early detection and management of poorly
developed fistulas. A tourniquet can be applied during
the examination. A “dent” is often felt in the juxta-
anastomotic segment of the vein upon palpation. A weak
pulse and thrill are generally indicative of an inflow
problem, while increased pulse and diminished thrill are
indicative of an outflow stenosis. If present, a “water
hammer” pulse is indicative of vascular stenosis just
prior (upstream) to where the pulse is noted. Evalua-
tion of the arm for ischemic steal, swelling, and other
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abnormalities can also be detected and addressed by the
physical examination. Beathard (10) recently reviewed
this topic in detail. The abnormal findings on the physical
exam should prompt an angiographic study, which is the
gold standard test. The role of ultrasound Doppler in the
prediction of AVF maturation is potentially helpful and
requires further exploration (11,12).

 

Role of Vein Mapping

 

Preoperative vascular mapping is known to increase
the prevalence of AVF, but it does not have much impact
on either the prevention of early failure or the salvage
rates of these ailing fistulas. Only a few studies have shown
a positive impact on decreasing the early failure rate by
performing preoperative vein mapping (13,14). Several
others failed to show any benefit (Table 1) (15–22).

 

“Salvage” Procedures

 

The percutaneous approach has become the mainstay
of treatment for anatomic lesions encountered in fistulas
with early failure. A surgical revision should be reserved
only for those that fail percutaneous intervention. An
aggressive approach to target anatomic problems can
lead to “salvage” of the majority of AVFs with early fail-
ure. Percutaneous balloon angioplasty is employed to

treat stenotic lesions, while two methods are usually
used to obliterate accessory veins: 1) deployment of
intravascular coils after selective cannulation and confir-
mation with angiogram, and 2) surgical ligation (usually
for fairly superficial and large caliber veins). Oblitera-
tion of an accessory vein should only be done when the
three following conditions are met: a) the vein is filling
in an antegrade fashion (preferably by arteriogram), b)
after dilating all existing anatomic lesions, and c) when
it is associated with a significant deviation of the flow that
will have an impact on the development of the main vein
(this can be demonstrated clinically and by angiogram
before and after manual occlusion of the accessory vein).
Another reasonable indication for the obliteration of an
accessory vein is when this vein runs parallel and close
to the fistula and causes confusion with cannulation.

Many reports have documented the beneficial effects
of the “salvage” procedure (Table 2) (7–9,23–27).
Recently Beathard et al. (8) provided invaluable infor-
mation regarding the salvage of AVF with early failure.
In this prospective observational study, 100 patients with
early failure underwent evaluation and treatment at six
freestanding outpatient vascular access centers. Percuta-
neous balloon angioplasty and accessory vein oblitera-
tion were used to salvage the failed fistulas. Angioplasty
was performed with 98% and vein obliteration with 100%
success rates. After intervention, it was possible to ini-
tiate dialysis using the fistula in 92% of the cases. Actu-
arial life table analysis showed that 84% were functional
at 3 months, 72% at 6 months, and 68% at 12 months.

We recently reported our outcomes with 178 consecu-
tive AVF patients (9). One hundred seventy-six patients
(98.8%) required a total of 468 angioplasty procedures
for stenotic lesions (average of 2.6 procedures per
patient) and 47 of 176 (26.4%) required additional acces-
sory vein obliteration. Only two patients had obliteration
as the only procedure for maturation purposes. Thirty-
seven patients had thrombectomy. One hundred forty-
nine fistulas were salvaged (83.7%) (i.e., successfully
used for at least 3 months). The nonsalvaged fistulas (29
fistulas) were significantly more prevalent in patients
older than 70 years (

 

p

 

 = 0.001). Preoperative venograms,
gender, diabetes, and location of the fistula (upper arm
versus forearm) did not have a significant impact on
salvage rates. Five patients suffered from major compli-
cations, including fistula rupture in four patients (2.2%).

TABLE 1. Impact of vein mapping on primary failure
 

AVFs placed (%) Primary failure (%)

Reference Pre-VM Post-VM Pre-VM Post-VM

13* 14 63 36 8
15 5 68 — 18
16 11 95 18 25
17 34 64 54 46
18 — 62 — 25
19 39 23 29 21
14 35 85 33 8
20 — 90 — 16
21 61 73 27 43
22* — 57 — T 5%, NT 26%

AVF, arteriovenous fistula; NT, nontransposed AVF; T, transposed
AVF; VM, vein mapping.

*Same group of authors.

TABLE 2. Outcomes of salvage procedures
 

Outcome

Reference No. of AVFs Procedure performed Salvage rate I° patency (1 year) II° patency (1 year)

23 63 PTA + AVL 82.5% — —
7 69 PTA + TBx — 39% 79%
24 17 AVL only 88% — —
25 65 PTA 76.9% — —
8 100 PTA + AVL — 68% —
26 119 PTA + AVL 82% — —
27 UABC 57 PTA only — UABC 39%, FARC 62%

FARC 94 UABC 85%, FARC 86%
9 178 PTA + AVL + TBx 83.7% — —

AVF, arteriovenous fistula; AVL, accessory vein ligation; FARC, forearm radial cephalic; PTA, percutaneous angioplasty to stenotic lesions;
I°, primary; II°, secondary; TBx, thrombectomy; UABC, upper arm brachial cephalic.
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One of these ruptured AVFs was salvaged surgically. One
arterial embolization occurred during a thrombectomy
procedure, which was treated percutaneously with suc-
cess (9). We have also salvaged a few of these AVFs with
the so-called rerouting procedure in selected cases. In
this technique, a new conduit is created (usually from
accessory veins or collateral veins) to bypass the totally
occluded natural/main AVF or fistula with cannulation
problems. This requires augmentation angioplasty of

these new conduits to make them suitable for cannula-
tion or as venous outflow (Fig. 1).

 

Safety of Angiography in Stage IV Chronic 
Kidney Disease

 

Early referral (4–8 weeks from creation of the AVF)
for angiographic evaluation and intervention for a non-
maturing AVF should be recommended, even in stage IV
chronic kidney disease in order to reduce the rates of tun-
neled dialysis catheters that are being used as a bridge
while waiting (sometimes indefinitely) for the fistula to
mature. At least two recent reports have recently docu-
mented the safety of the use of low-dose (less than 20 cc)
contrast material to perform interventional procedures in
stage IV chronic kidney disease (CKD) patients (28,29).
Kian et al. (28) reported on 33 immature AVFs and demon-
strated that this approach is safe (using an average of
7.8 mL of radio-contrast) with a low incidence of con-
trast nephropathy (incidence 4.6%) and of great benefit
in reducing the use of tunneled catheters. Out of 20
patients that initiated dialysis in the follow-up period, 15
(75%) were able to use their fistula. Our experience is
similar to this report. At our center, a minimal amount
(usually < 5 mL) of contrast material is used to salvage
fistulas in stage IV CKD. We have performed salvage
procedures in more than 30 consecutive patients. We are
currently collecting outcome data on this group of patients.

In summary, an aggressive approach including routine
physical examination, early angiographic evaluation,
and correction of anatomic problems (rather than a “wait
and exercise” approach) should be implemented even in
stage IV CKD patients. This approach will minimize
the use of catheters and at the same time maximize the
number of patients with a functioning fistula.
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Much of the focus in maximizing the use of arterio-
venous fistulas (AVFs) has concerned early identification
of chronic kidney disease (CKD) patients, early referral
to nephrology, and timely placement of AVFs prior to
initiating hemodialysis. The goal of such efforts is to
minimize the use of arteriovenous grafts (AVGs) and
tunneled dialysis catheters (TDCs) in order to reduce the
morbidity, mortality, and costs associated with such vas-
cular accesses.

An equally important strategy to maximize the use of
AVFs is for nephrologists to evaluate their prevalent
hemodialysis patients for conversion from AVGs and
TDCs to AVFs. Our comments will be confined to the
creation of fistulas in prevalent dialysis patients.

The National Vascular Access Improvement Initiative,
known as Fistula First, has highlighted the creation of
AVFs in prevalent hemodialysis patients with AVGs and
catheters in its change concepts 6 and 7 (1). The National
Kidney Foundation Kidney Disease Outcomes Quality
Initiative (DOQI) guideline 29 suggests that a patient
should be evaluated for a secondary AVF following each

episode of dialysis access failure, while guideline 30
focuses on limiting catheter use to fewer than 10% of
chronic dialysis patients to maximize fistula placement
(2,3). These tenets are geared to maximize AVF creation
in order to reduce the morbidity, mortality, and costs
associated with AVGs and catheters.

A secondary AVF is defined as one placed following a
previously existing AVG or AVF (2). When a functioning
arteriovenous access, either a graft or fistula, is present in
the lower arm, the veins of the upper arm undergo the
same process of maturation, owing to increased pressure
and flow, occurring with primary AVF development. As
a result, these veins are excellent candidates for the
creation of a secondary AVF.

A recent report demonstrated that the majority of
patients with forearm loop grafts (75%) had adequate
upper arm veins (cephalic or basilic) and consequently
were excellent candidates for potential creation of
a secondary fistula (4). As suggested in this report,
nephrologists may be more effective in fostering fistula
use by adopting a strategy directed to the development of
secondary AVFs in prevalent patients than by limiting the
focus to incident patients, particularly those whose care
may not be under their direction.

We recently demonstrated the validity of a strategy to
create secondary AVFs in patients with failed or failing
preexisting arteriovenous accesses (5). In this analysis,
nine patients were referred to interventional nephrology
with problematic arteriovenous accesses: five patients
with AVGs that either were thrombosed or had poor flow
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             Deborah J. Brouwer, RN, CNN 

 

 

Cannulation Camp:  
Basic Needle  
Cannulation Training  
for Dialysis Staff 
 
This article reviews the basic skills needed by all dialysis staff to correctly cannulate an AV 
fistula or PTFE graft. Ways to identify the two types of accesses and to determine the 
direction of bloodflow are described. Access site determination and preparation, needle 
placement and direction, and various cannulation techniques are explained and supported by 
illustrations. Complications are examined, as are possible treatments and ways to prevent 
recurrences. 

 
ow did you learn to cannulate a 
dialysis access? Most practicing 
nephrology nurses and techni-

cians - myself included - had on-the-job 
training. We observed our preceptor 
cannulate different patients who had either 
grafts or fistulas, and then were handed 
the needles for our first cannulation 
attempt. 

Very little nursing research and/or 
literature is available for a preceptor to use 
when teaching the art of needle 
cannulation. The purpose of this article is 
to provide current nephrology staff with a 
basic knowledge of needle cannulation, 
information which may then be passed on 
to new staff entering the nephrology field. 
  
Step I: Identify the Type  
of Access and Direction  
of Bloodflow  
The preferred dialysis access is the 
arteriovenous (AV) fistula. This is due to its 
high patency rate and the strong ability of 
the puncture sites to heal. However, due to 
vascular limitations, only about 30% of all 
dialysis patients have working AV fistulas.1

The most common AV fistula is one 
connecting the radial artery to the cephalic 
vein, created at the patient's wrist. A fistula 
can also be created in the upper arm, 
connecting the brachial artery with the 
axillary vein or another upper arm vein, all 
of which lead to the subclavian vein. A leg 
fistula can also be created in patients with 
limited access options. 

The flow direction of either a fistula or 
graft must be correctly identified in order to 
ensure proper needle cannulation. Most 
fistulas flow from the distal end of the limb 
toward the venous return. The direction of 
flow of a particular fistula can be easily 
identified by locating the arterial 
anastomosis engorgement prior to 
placement of a tourniquet. Another method 
is to listen for the bruit and feel for the 
thrill, which should be noticeably stronger 
at the arterial end of the fistula. 

!"

The illustrations for this 
article were provided by  
W.L. Gore & Associates, Inc. 
The majority of the 
illustrations were adapted 
with permission from the 
Gore publication, Vascular 
Access for Hemodialysis-IV. 

Deborah Brouwer is  
with Dialysis Clinic, Inc., 
Pittsburgh, Pennsylvania  Figure 1. Regular or “blue thumb” graft.
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Unfortunately, the flow direction 
within an implanted polytetrafluo-
roethylene (PTFE) graft cannot be 
so easily identified. This is because 
a graft can be placed in any 
location where an artery and vein 
can be connected. The traditional 
graft sites - i.e., the lower arm (loop 
graft) and upper arm (straight graft) 
- have now been supplemented by 
straight or loop grafts in the leg, 
groin, abdomen, chest, or neck. As 
such, the direction of the bloodflow 
may not be apparent by visual 
inspection alone. 

Cooperation with the vascular 
surgeon in obtaining a drawing or 
description of the bloodflow 
direction is the best way to ensure 
proper use of the access. In the 
absence of such records, several 
techniques can be used to 
determine bloodflow direction. As 
previously mentioned, the most 
commonly used technique is to 
listen to the bruit and feel for the 
thrill at both ends of the graft; the 
end with the stronger bruit and thrill 
is assumed to be the arterial limb. 
To confirm this assumption, the 
mid-graft area can be lightly 
compressed to impede the 
bloodflow; again, the end with the 

stronger bruit and thrill can be 
considered to be the arterial limb. 

Next, the graft can be 
cannulated with two needles and 
the blood flashback observed. 
When the mid-graft area is 
compressed, the arterial needle 
flashback should remain visible, 
while the venous needle flashback 
should greatly diminish or 
disappear. 

Figure 2. Reversed or “red  thumb” graft. 

Figure 3. Direction of bloodflow 
determines needle placement.

Figure 4. Venous needle always points 
toward the venous return.  Arterial needle 

may point in either direction. 

If a graft is to be used prior to 
the clearance of all residual 
operative edema, it may be difficult 
to palpate the graft or to compress 
the mid-graft segment in order to 
show a difference in blood 
flashback within the arterial and 
venous needles. In this case, 
noting the venous pressure and 
pre-pump arterial pressure may 
assist in determining the bloodflow 
direction. To accomplish this, the 
needles are connected to the 
dialysis circuit, a 200 ml/min blood-
flow is achieved, and the mid-graft 
region is lightly compressed. If the 
needles have been correctly 
connected arterial-to-arterial and 
venous-to-venous, the venous 
pressure will fall due to the 
decrease in bloodflow to the 
venous limb when the mid-graft 
region is compressed. If the arterial 
bloodline has been incorrectly 
connected to the needle in the 
venous limb of the graft and the 
venous bloodline to the needle in 
the arterial limb, the pre-pump 
arterial pressure will change to a 
more negative number and the 
venous pressure will increase. This 
is a result of the mid-graft 
compression causing the arterial 
bloodline connected to the venous 
limb of the graft to work harder in 
order to receive the inflowing blood; 
the venous pressure increases due 
to the compression of the venous 
outflow track. If this occurs, the 
bloodlines should be reversed, the 
mid-graft compression repeated, 
and a fall in the venous pressure 
should then be observed.2

Once the direction of the 
bloodflow is determined, the 
patient's chart should be marked 

with the flow direction. In this 
regard, grafts can be described as 
being either a regular or "blue 
thumb" graft, or a reverse or "red 
thumb" graft. A "blue thumb" graft 
is when the arterial inflow is on the 
limb of the graft medial to the 
midline of the body or heart (see 
Figure 1). A reverse or "red thumb" 
graft is one in which the arterial 
inflow is on the limb of the graft 
distal to the body midline or heart2 

(see Figure 2). Of all dialysis loop 
grafts, approximately 80% are 
regular, with the remaining 20% 
being reverse.3 The red or blue 
thumb concept can be easily taught 
to patients so that they may 
understand the bloodflow direction 
within their own access. 
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Figure 5. Needle placement if only one 
portion of the graft can be used for 

cannulation. 

Step II: Needle Site  
Selection 
Since the placement and direction 
of the access needles can vary, 
needle site selection should be 
determined before skin preparation 
and needle cannulation are per-
formed. 

It is the direction of the 
bloodflow that determines the 
needle placement. This is because 
the venous needle must always 
point toward the venous return. The 
arterial needle, on the other hand, 
may point in either direction (see 
Figures 3 and 4). 

The terms antegrade and 
retrograde are used to describe the 
direction of the arterial needle. 
Antegrade cannulation has the 
arterial needle pointing in the 
direction of the bloodflow, that is, 
toward the venous limb. Retro-
grade cannulation has the arterial 
needle pointing toward the arterial 
anastomosis.4 Either of these cann-
ulation techniques can be used, 
with the choice being based on unit 
practice. 

When complications such as 
infection or recent surgical revision 
dictate that only one limb of a loop 
graft can be used, the needles may 
be placed on the same side of the 
graft, with one needle placed 
upward and the other downward, 
as shown in Figure 5. When that is 
the case, the needles must always 
be at least 1" apart, as measured 
from hub to hub, in order to prevent 
recirculation (see Figure 6). 

Care should be taken in those 
cases where the needles are 

placed in the same direction on the 
same limb, for if they are placed 
too close, such as less than 3" 
apart as measured from hub to 
hub, the needle bevels may touch 
or be too close and lead to 
recirculation2 (see Figure 7).  

Both antegrade and retrograde 
cannulation can be used with AV 
fistulas, as well. Antegrade cann-
ulation can be used to cannulate 
near the arterial anastomosis of an 
access without the needles enter-
ing the anastomosis site. This is 
particularly helpful with newly 
created AV fistulas that are not fully 
matured, as the antegrade 
cannulation can sometimes provide 
a higher bloodflow with less 
bloodline collapse or line sucking, 
and a better pre-pump arterial 
pressure. 

Needle site placement must 
always take into account needle 
site rotation. This is true for both 
AV fistulas and grafts. Proper 
needle site rotation will extend the 
life span of the access by 
preventing pseudoaneurysm form-
ation, or "one-site-itis" (see Figures 
8 and 9). Additionally, fistulas that 
are cannulated throughout the 
entire fistula will mature more 
evenly, and grafts so cannulated 
will not develop flat, mushy areas 
caused by repeated cannulation in 
the same spots, which do not allow 
for fibrous tissue formation and, 
subsequently, lead to the develop-
ment of large holes (Figure 9).  

A patient record of the cann-
ulation sites-such as an illustrated 
bedside cannulation chart and a 
cannulation rating chart-can be 
used to help ensure full needle site 
rotation (see Figures 10 and 11). 
 
Step III: Skin Preparation 

The needle sites selected for 
cannulation must be properly 
prepped in order to prevent 
infection. Proper washing of the 
patient's access area with water 
and an antibacterial soap should be 
done prior to cannulation. If the 
patient is unable to wash his or her 
own access area, the dialysis staff 
can use a washcloth soaked with 
antibacterial soap to cleanse the 
area. A ready-to-use antibacterial 
towel or prep pad can also be 
used. 

After cleansing, the sites 
should then be prepped with either 
Betadine or alcohol. Once applied, 
Betadine must be allowed to dry 
before it is an effective antiseptic, 
whereas alcohol must be used in a 
liquid state to be effective.5 During 
the preparation of the access sites, 
universal precautions, including the 
wearing of gloves, must always be 
used to prevent the spread of 
infection. 
 
Step IV: Local Anesthesia 
If the patient experiences 
discomfort during cannulation, the 
administration of an intradermal 
injection of lidocaine may be used 
immediately prior to the needle 
cannulation. Other agents, such as 
Chloroethane (ethyl chloride) 
spray, or lidocaine 2.5% with 
prilocaine 2.5% (Emla Cream), can 
also be used to prevent discomfort 
from the cannulation. Because of 
the potential for further discomfort 
brought on by additional needle 
sticks, the choice of using lidocaine 
as a local anesthetic for needle 
cannulation should be at the 
request of the patient; however, its 
use should be avoided in the case 
of a deep or edematous graft-which 
may occur with newly created 
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Figure 8. “One-site-itis” due to repeated needle puncture in the same location, 
the result of poor needle site rotation. 

PTFE grafts-where the injection of 
lidocaine prevents palpation and 
easy cannulation.  

When using lidocaine, the 
minimal amount (0.2 cc) should be 
used, and the patient should be 
warned that the injection might 
burn or sting. Care must always be 
taken to ensure that the lidocaine is 
injected only into the tissue on top 
of the access and never into the 
graft or fistula itself. 

 
Step V: Needle Selection 
The specific gauge of the needles 
used for cannulation should always 
be ordered by the nephrologist in 
order to ensure that an adequate 
bloodflow rate is achieved for the 
proper delivery of the dialysis 
prescription. The length of the 
needles, on the other hand, may be 
altered by the dialysis staff in order 
to reach, for instance, deep grafts 
such as those found in the upper 
arm of an obese patient, where a 1" 
needle may not be long enough to 
cannulate the graft or advance far 
enough into the graft to prevent 
movement. In that case, a 1 1/4" 
needle may be helpful. 

Figure 9. A pseudoaneurysm caused by “one-site-itis,” which can lead to graft failure. 

The needles used should 
always have a back eye to ensure 
that the optimal flow is achieved.  
Additionally, the standard 16-gauge 
needle may need to be increased 
to a 15- or 14-gauge in order to 
achieve bloodflows greater than 
300 ml/min (bloodflow rates of 350 

to 500 ml/min are now standard in 
many dialysis units). 

Pre-pump arterial pressure 
monitoring can help determine if 
the needle gauge needs to be 
increased. If the arterial pressure 
falls lower than -200 to -250 
mmHg, the needle size should be 
increased (i.e., a smaller gauge 
number should be used). However, 
this decision should first be 
discussed with the dialysis staff 
and the nephrologist. 

 
Step VI: Cannulation  
Technique 
The needle should be held by the 
wings, with the bevel of the needle 
facing upward for the cannulation 
(see Figure 12). This places the 
cutting edge of the needle on the 

skin, which facilitates cannulation 
through the skin, subcutaneous 
tissue, and the graft wall or fistula 
vessel wall. 

The needle should be held at a 
20- to 35-degree angle for AV 
fistulas, and at approximately a 45-
degree angle for grafts.6 Once the 
needle has been advanced through 
the skin, subcutaneous tissue, and 
graft or fistula wall, the blood 
flashback should be visible. 
Continue to advance the needle no 
greater than 1/8 of an inch and 
then rotate the needle 180 
degrees6 (see Figure 13). The 
needle bevel is rotated to help 
prevent a "back wall" or posterior 
wall infiltration, which can occur if 
the needle's bevel tip accidentally 
punctures the bottom of the graft or 
fistula (see the discussion under 
"Cannulation Problem-Solving").  

The needle should then be 
leveled out (i.e., placed flat against 
the skin) and then advanced slowly 
up to the needle hub (see Figure 
14). 
  
Step VII: Securing  
the Needle 
The wings of the fistula needle can 
be secured by using a butterfly 
tape technique. A piece of 1"-wide 
adhesive tape 6" or greater in 
length is carefully placed under the 
fistula needle wings and then 
folded so that it crosses over the or  
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Figure 10. Bedside cannulation chart, showing dates and 
locations of prior puncture sites. 

needle site. An adhesive bandage  
or a 2x2 gauze pad is then placed 
over the needle and secured by 
another 6"-long piece of tape. 

The needles must be secured 
in place in order to prevent 
accidental dislodgment or move-
ment of the needles within the 
access, and care must be taken to 
monitor the needles for inadvertent 
movement during the dialysis 
treatment. This movement within 
the graft or fistula can result from 
the patient rotating or bending his 
or her access limb, which may lead 
to poor bloodflow and/or needle 
infiltration. 

Special care must be taken 
with deep or edematous grafts 
because the needles are more 
prone to shift after the cannulation. 
With edematous grafts, this results 
from the edema being displaced 
following the application of 
pressure during the palpation and 
cannulation of the graft, with the 
edema subsequently returning to 
the subcutaneous tissue surr-
ounding the cannulation sites and 
causing the movement of the 
needles. With deep grafts, move-
ment can occur simply because of 
the amount of tissue pressing 
against the needle.  

Should any movement of the 
needles occur during the dialysis 

procedure, a 2x2 
gauze pad may be 
placed under the 
needle wings to 
correct the needle 
angle. Care must 
be taken with any 
change to the 
needle position so 
that infiltration into 
the back or side 
wall of the graft or 
fistula is avoided. 

 
Step VIII:  
Cannulation  
Problem- 
Solving 
If resistance is felt 
at any time during 

needle advance-ment or needle 
position change, the needle should 
be pulled back and the angle 
redirected. When in doubt, always 
ask a colleague for help.  

A back or side wall infiltration 
can occur with any needle 
cannulation. If an infiltration does 
occur prior to the patient receiving 
heparin, the needle should be 
pulled out and digital pressure 
applied to the exit site by placing 
two fingers along the access-
extending over a minimum of a 1" 
span-in the area of the infiltration. 
Unfortunately, it is difficult to control 
back or side wall bleeding because 
direct pressure to the puncture site 
is not possible. 

If the patient has already 
received heparin, the infiltration site 
must be carefully assessed to see 
if the needle should be pulled out 
or left in place with ice applied over 
the site until the dialysis treatment 
is completed. If the infiltration site 
remains stable with no increase in 
the size of the hematoma, the 
needle can be safely left in place 
and pulled out at the end of the 
treatment. If, however, the 
hematoma increases in size, the 
needle should be removed and 
digital pressure applied. Never 
apply pressure to an infiltration site 
while the needle is still in the 

vessel, as this could cause further 
damage to the vessel wall. 

Should an infiltration occur, 
cannulation with another needle 
should be performed at a spot as 
far away from the infiltration site as 
possible. If the infiltration has been 
caused by a venous needle, the 
second needle should be placed 
above the infiltration site. However, 
this is not always possible, and if 
the venous needle must be placed 
below the infiltration site, it should 
be placed 1 1/2" to 2" away from 
the site to prevent the needle tip 
from dislodging the clot formation 
at the site of the vessel wall 
infiltration. Following the second 
cannulation, careful flushing of the 
venous needle, along with a slow 
restart of the dialysis blood pump, 
should be performed in order to 
monitor the infiltration site for an 
increase in hematoma size. 

Care must be taken with all 
needle cannulations in order to 
prevent infiltrations. A severe 
infiltration, such as a posterior or 
back wall infiltration in a PTFE 
graft, can lead to the formation of a 
large hematoma and subsequent 
graft compression and/or graft 
thrombosis. While the use of the 
180-degree needle rotation, or 
"flip," discussed earlier is not 
necessary to correctly cannulate a 
PTFE graft or fistula, it may help 
decrease the chance of a severe 
infiltration. When training new staff, 
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this technique may be particularly 
helpful in preventing the staff 
member from advancing the needle 
into and through the vessel in one 
smooth, uncontrolled movement. 

In a recent article by Hartigan,4 
the question is raised as to whether 
flipping the needle may, in fact, 
actually cause additional trauma to 
the intimal of the access. However, 
Hartigan acknowledges that no 
controlled studies have been 
performed to address the risks and 
benefits of flipping or not flipping 
the needle during cannulation. 
Dialysis staff, therefore, should 
evaluate the infiltration problems 
that occur within their own practice 
and appropriately adjust cannu-
lation techniques in order to 
decrease the number of infil-
trations. 
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Step IX: Removal  
of the Needles 
Proper needle removal is as 
important as is proper needle 
cannulation, for if the needles are 
improperly removed, damage to the 
vessel wall can occur, whether with 
PTFE grafts or AV fistulas. 

The tape should be carefully 
removed   post-dialysis  to  prevent 

movement of the needles. Each 
needle is then withdrawn slowly, at 
a 20-degree angle, until the entire 
needle has been removed. To 
prevent damage to the vessel wall, 
digital pressure should not be 
applied during needle removal.6 If 
the needle bevel has been rotated 
180 degrees during insertion, there 
is no clinical evidence or research 
that supports the re-flip or re-
rotation of the needle before it is 
withdrawn. 

Once the needle has been 
removed, mild digital pressure 
should be applied to the needle exit 
sites of both the skin and graft or 
vessel wall (see Figure 15). A 
gauze pad should be held over the 
sites with constant pressure, 
without peeking, for 10 to 15 
minutes. To ensure that both the 
skin and vessel needle exit sites 
are being compressed, the patient 
should place both the index and 
middle fingers over the gauze pad, 
with the thumb wrapped around the 
limb like a "C" clamp. This will keep 
the patient from shifting the 
compression off of the exit sites, 
which would permit bleeding. The 
bruit and thrill should continue to be 
discernible above and below the 
compression sites, an indication 

that bloodflow occlusion (which 
could possibly cause thrombosis of 
the access) has been averted. A 
family member can be trained to 
assist patients who are unable to 
maintain compression of their own 
needle sites. 

When using topical clotting 
agents, care must be taken to 
ensure that the cannulation site has 
clotted and not just the needle exit 
site of the skin, for if hemostasis is 
not achieved, blood may leak out 
into the subcutaneous tissue 
surrounding the graft. This often 
happens when the patient stands 
up to exit the dialysis unit, at which 
time the cannulation site can begin 
re-bleeding if the clot over the skin 
puncture site is dislodged. If re-
bleeding is not visible from the skin 
puncture site but has occurred 
subcutaneously, ecchymotic areas 
will be present when the patient 
returns for his or her next dialysis 
treatment. 

 
Step X: Discharge Dressing 
and Assessment 
Always discharge the patient from 
the unit with an adhesive bandage 
or gauze pad over the cannulation 
sites. Tape may be used to secure 
the pad but should not be so tight 
that it compresses the lumen of the 
access. 

Before the patient leaves the 
unit, assess and document the 
quality of the bruit and thrill. If the 
bruit or thrill is greatly decreased or 
absent, the patient must not be 
discharged until the nephrologist 
has been notified. And remember, 
a Doppler-positive bruit does not 
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always equate with a positive bruit 
and thrill. 
  
CONCLUSION 
Nursing research is needed to 
better evaluate all cannulation 
procedures. Our goal should be to 
safely cannulate any access 
without causing unnecessary 
damage to the patient's lifeline. As 
such, the basics of needle 
cannulation must be openly 
discussed among all patient care 
staff members. We must work 
toward having all dialysis staff 
members understand and master 
the basics of vascular access.  

The fundamental principles 
of vascular access should be used 
to help train future dialysis staff 
members in order to improve the 
quality of care that future dialysis 
patients will receive. We must 
continue to gain knowledge in this 
important area through nursing 
research and education. 
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Abstract
The native arteriovenous fistula (AVF) is the vascular access of
choice for patients on chronic hemodialysis (HD) because of its
longevity and lower complication rate. Yet from 2001 to 2004 in
Canada, there has been a notable increase in both incident and
prevalent central venous catheter (CVC) use with a corresponding
decrease in AVF use over the same time period (Moist, Trpeski,
Na, & Lok, 2008). A similar trend has been found in other coun-
tries (Moist, Chang, Polkinghorne, & McDonald, 2007). There
are a number of contributing factors to low AVF use in patients on
chronic hemodialysis. While some of these factors may be patient-
related, nursing interventions specific to cannulation may be a
contributor. To date, little is known about HD nurses’ attitudes
and experiences regarding cannulation.

The purpose of this study was to describe the culture and every-
day practices of vascular access cannulation of the AVF from the
perspective of the HD nurse. An ethnographic research design was
employed, utilizing qualitative methods. Ten HD nurses were
interviewed using a semi-structured interview tool, and a number
of themes were generated from the interviews. One overarching

theme of “perpetual novice” was evident, acknowledging the fail-
ure to transition from novice to expert cannulator despite working
in HD for a number of years. Other common themes that emerged
from the interviews were a) the lack of fistulas, b) the fistula as a
“hard sell” to patients, c) the skill of cannulation, and d) the
assembly-line approach to care. As a result of a number of factors,
HD nurses were unable to acquire the skills necessary to become an
expert cannulator. Moreover, the decrease in opportunities to prac-
tise cannulation has resulted in wide variation in skill level among
HD nurses. To improve cannulation skills and achieve successful
cannulation of AV fistulas, HD nurses identified a number of
educational strategies that should take place. They also identified
the need for an improved documentation system in order to track
cannulation-related problems. Results of this study may be helpful
in understanding the culture of cannulation in a chronic HD unit
and in directing future educational, supportive, and practice
interventions for HD nurses.

Key words: arteriovenous fistula, vascular access, cannulation,
nursing skills

Introduction
Vascular access is referred to as the “lifeline” for individuals

receiving hemodialysis (HD). Clinical practice guidelines in
both the U.S. and Canada recommend the arteriovenous fis-
tula (AVF) as the preferred type of access for patients requiring
chronic HD. The AVF is the vascular access of choice for HD
because of its longevity and lower complication rates when
compared to arteriovenous grafts (AVG) and central venous
catheters (CVC) (Jindal et al., 2006; NKF, 2006). While the
associated costs of vascular access are high among all HD
patients, AVF use is associated with the lowest costs during the
first year of HD (Manns et al., 2005). Furthermore, initiation
of HD with a CVC is associated with significantly higher mor-
tality and morbidity—including known risks such as infection,
central vein stenosis, and thrombosis—than for those individ-
uals commencing HD with an AVF (Moist, Trpeski, Na, &
Lok, 2008; Polkinghorne, McDonald, Atkins, & Kerr, 2004;
Xue, Dahl, Ebben, & Collins, 2003).

Yet, despite the numerous disadvantages of CVC and the
advantages associated with AVF use, results from the Dialysis
Outcomes and Practice Patterns Study (DOPPS) suggest that
AVF use is less than optimal (Rayner et al., 2004). In Canada,
a recent review of data from the Canadian Organ Replacement
Registry (CORR) from 2001 to 2004 demonstrates an increase
in both incident (76.8% to 79.1%) and prevalent (41.8% to
51.7%) CVC use with a corresponding decrease in AVFs over
the same time period that could not be explained by changes in
patient characteristics (Moist et al., 2008). A similar trend has
been found in other countries, as well (Moist, Chang,
Polkinghorne, & McDonald, 2007). A number of contributing
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factors have been suggested for the declining use of AVFs.
These include patient-related demographic and clinical factors
such as the increasing age of the end stage renal disease popula-
tion, a higher proportion of diabetics, and multiple co-mor-
bidities including extensive peripheral vascular disease (Allon &
Robbin, 2002). In addition, Moist et al. (2007) suggested that
changes in practice patterns within dialysis facilities and patient
preferences against AVF creation may be factors, as well.

Cannulation is an essential skill necessary for all hemodialy-
sis nurses in order to provide HD treatments and, while both
the AVF and AVG require this skill, cannulation of the AVF
was specifically chosen for this study. Cannulation-related com-
plications may be significantly higher in patients with AVFs, as
compared to those with an AVG (van Loon, Kessel, van der
Sande, & Tordoir, 2009a). Furthermore, our HD unit has few
AVGs, accounting for only 1% of total vascular accesses.

Ongoing patency of the AVF depends on a number of fac-
tors. In addition to the quality of blood vessels and surgical
technique used to create the AVF, the way in which the AVF is
handled and cared for by the dialysis staff may also affect
patency and, ultimately, AVF use (van Loon, et al., 2009b). At
our centre, the registered nurse (RN) is responsible for cannu-
lation of the AVF and for the purposes of this paper, the term
HD nurse will be used throughout. The authors recognize that
some HD centres employ registered practical nurses (RPNs)
and other dialysis staff for cannulation.

Unsuccessful cannulation may result in trauma to the AVF
or access loss and, thereby, necessitate the need for CVC place-
ment, which, in turn, may result in an increase in CVC use
and a decrease in AVF use. Therefore, cannulation skills may
be an additional factor contributing either positively or nega-
tively to AVF use. Yet, there is very little research available spe-
cific to cannulation and even less on nurses’ attitudes and
experiences with cannulation.

Literature review
At the present time, available literature would suggest that

there is significant variability in the use of AVFs for HD and
this variation would appear to occur within HD programs,
across regions, and between countries. In a recent study by Xi
et al. (2010), nephrologists from across Canada and the U.S.
were surveyed to examine patient variables that they consid-
ered when determining the timing and type of HD access, per-
ceived barriers, and absolute contraindications to arteriove-
nous (AV) access creation. Nephrologists were more likely to
refer patients for an AVF if they were less than 65 years of age,
had minimal co-morbidities, and no prior history of failed AV
access. In older patients and those with increased co-morbidi-
ties, Canadian nephrologists indicated a preference for the
CVC. Perceived barriers to establishing a mature AVF includ-
ed patient refusal for creation (77%), refusal to be cannulated
(58%), and high failure-to-mature rates (52%) (Xi et al.,
2010).

A number of complications can arise from cannulation of
the AVF including hematoma, aneurysm formation, infection,
and miscannulation requiring more than one needle for
arterial or venous connection for the HD treatment (van Loon
et al., 2009b). One study examining cannulation-related
complications in HD is reported in two separate publications
by van Loon et al. (2009a; 2009b). The studies used a

prospective, observational design and compared newly placed
AVFs and AVGs in 120 incident HD patients during the first
six months of cannulation with two needles. A number of
outcomes were examined, including the types and frequency of
cannulation-related problems, factors associated with
successful and unsuccessful cannulation, CVC dependence,
and the frequency and factors associated with AV access
failure. Cannulation techniques and practices used by the HD
nurses were also examined. During the six-month follow-up
period, only 9% of patients with a vascular access (AVF or
AVG) had uncomplicated cannulations with two needles for
every treatment, while miscannulations occurred in 31% of
patients (van Loon et al., 2009a). The frequency of
miscannulations with AVFs was two times higher than with
AVGs, and cannulation-related complications were significant-
ly higher in the AVF group resulting in the use of single-needle
dialysis (33%), when two needles were not possible, and 22%
of patients required a CVC placement for HD (van Loon et
al., 2009a). Furthermore, cannulation-related problems
resulted in either CVC placement or single-needle use and
were significantly associated with AV access failure (van Loon
et al., 2009a). No predictors were found to be associated with
successful cannulation and the experience level of the HD
nurse was not a significant factor (van Loon et al., 2009b).

While van Loon et al. (2009b) concluded the experience
level of the HD nurse was not predictive of successful cannu-
lation of the AVF, results from the DOPPS analysis would sug-
gest otherwise (Pifer et al., 2002). The DOPPS study exam-
ined the impact of professional HD staff experience on vascu-
lar access (AVF and AVG) outcomes. Results demonstrated
that for each 20% increase in the percentage of experienced
HD staff (i.e., those working in HD > 3 years), a reported
11% decrease in AVF and AVG failure was realized (Pifer et al.,
2002). Pile (2004) contends that the DOPPS findings lend
support for the need for education, protocols and procedures,
as well as mentoring of staff members who manipulate and
care for vascular access, as critical to successful patient out-
comes. Certainly, the use of a multidisciplinary team approach
has been shown to increase AVF creation (and decrease AVG
placement), with one component of the program that includes
a comprehensive HD staff education program (Nguyen,
Griffith, & Treat, 2003).

Vascular access preferences among hemodialysis nurses and
patients have been examined in two studies. The first study by
Bay, Van Cleef, and Owens (1998) surveyed 129 individuals
on HD and 64 medical personnel (nephrologists, access
physicians, dialysis nurses and technicians) about their
preferences and concerns regarding vascular access. The access
preferred most by physicians was the AV fistula in the lower
arm, while nurses preferred the AVG in the lower arm.
Patients, however, preferred an access in the forearm that was
easy to cannulate, had minimal effect on their appearance,
provided quick hemostasis after dialysis, and enabled arm
comfort during dialysis. In addition, patients were most
concerned about pain during needle insertion, while
physicians’ concerns pertained to thrombosis and infection of
the vascular access.

The second study by Young et al. (2002), as part of the
DOPPS study, examined vascular access preferences among
medical directors and nurse managers, as well as practices
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within a number of HD facilities in the U.S. They found that
21% of medical directors and 40% of nurse managers preferred
the AVG for HD. Interestingly, patients who reported a
preference for the AVG were more than twice as likely to have
an AVG than an AVF. The investigators suggested that staff
preference for one type of access over another may influence the
type of access created. Neither study explored nurses’ attitudes
and experiences regarding cannulation.

Cannulation is an essential skill for all HD nurses. Based on
a review of the literature regarding cannulation practices and
from observations made in our HD unit, it would appear that
cannulation-related complications continue to be a significant
problem. With the gradual decline in AVF use in recent years,
efforts aimed at understanding the reasons for this trend are
essential. To date, there have been no studies examining can-
nulation from the nurse’s perspective and little is known about
cannulation-related problems as experienced subjectively by
the HD nurse.

Purpose
The purpose of this study was to describe the cannulation

experiences of HD nurses, with a particular interest in
exploring the context in which nurses practise. To this end, the
study will attempt to answer the following research question:
What is the culture of AVF cannulation among HD nurses?

Methodology
Design

An ethnographic research design was employed, utilizing
qualitative methods. Ethnography is used in the health and
social sciences as a means of studying the culture of groups of
people and describing and interpreting cultural patterns
(Streubert Speziale & Carpenter, 2003). According to Poland,

Lehoux, Holmes and Andrews (2005), “cultures involve com-
mon/shared beliefs or values at a variety of scales; cultures give
meaning to ways of life and act as a lens through which we
look at the world that both affects and represents our behav-
ior; and cultures produce (and are reproduced through) mate-
rial and symbolic forms” (p. 172). Of particular interest in this
study is the concept of cannulation as a practice that occurs
within the culture of a dialysis unit. A fundamental character-
istic of ethnography is cultural immersion, whereby the
researcher becomes a part of the culture through participant
observation, recording of observations, and interviewing indi-
vidual members of the group (Streubert Speziale & Carpenter,
2003). As a result, multiple methods including observation,
in-depth interviews, and focus groups were utilized for this
study.

Sample and methods
The hemodialysis unit where the research study took place

cares for approximately 185 patients receiving chronic HD,
provides management of acute HD for in-patients within the
same hospital, and back-up services for regional satellite HD
units. The hospital is located within an urban, academic health
centre in Canada. At the time of the study, there were approx-
imately 85 HD nurses working, a combination of full-time,
part-time and casual hours, who were eligible to participate.

This research study received ethical approval from the local
research ethics board. Consistent with an ethnographic quali-
tative research design, the research assistant began by partici-
pating in two observational experiences in the HD unit
(Mulhall, 2003), observing cannulation by a number of differ-
ent HD nurses, on different patients, and at different times
throughout the day. To maintain anonymity of subjects, a
research assistant with experience involving ethnographic
research was hired, since the investigators (B.W. and L.H.)
were employed in the HD unit where the study took place.
Participant observation can contribute to a study’s rigor
through increased credibility (Streubert Speziale & Carpenter,
2003). Field notes were recorded immediately after each ses-
sion and shared with the team for review and analysis
(Emerson, Fretz, Shaw, & Thompson, 1995).

To capture thoughts of participants and the nuances of
behaviours that could be missed in observation, all HD nurses
working in the unit at the time of the study were invited to
participate in in-depth interviews. Sample size in qualitative
research is typically small and purposeful, whereby subjects are
selected for the purpose of describing an experience or, in this
case, a culture of which they are a part (Molzahn & Sheilds,
1997; Streubert Speziale & Carpenter, 2003). A hypothetical
sample size of 15 nurses was proposed at the outset based on a
broad reading of qualitative work focused on capturing prac-
tice phenomena. However, after 10 interviews, data collection
was terminated, as the data appeared saturated.

Eligible participants were informed about the study by the
primary investigator and a letter was provided inviting nurses
to participate. HD nurses interested in participating in the
study were instructed to contact the research assistant directly
to arrange a time to be interviewed. Informed consent was
obtained by the research assistant to participate in one 45- to
60-minute interview.

A semi-structured interview tool was used by the research
assistant to guide each session (see Table 1). Each interview

Table 1. Interview Guide

1. Can you tell me how long you have worked a) as a
nurse, b) as a hemodialysis nurse, and c) in the current
hemodialysis unit? Are you full-time, part-time, casual?

2. Can you tell me about your experience with
cannulation?

3. Can you tell me about the nursing procedure of
cannulating a dialysis access?

4. Can you tell me about your knowledge and beliefs
pertaining to cannulation?

5. Can you tell me about the impact of your nursing
interventions regarding patients a) having an access
created, b) cannulation of the access, and
c) maintaining the access?

6. Can you tell me what influences your decision
whether to cannulate (or not) when the patient has
both an AV access and a Permcath in place?

7. All of the questions today have asked about your
experience with cannulation. Is there anything you
want to say specific to your experience cannulating
either fistulas or grafts?

Any other comments?
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took place in a private area away from the HD unit or in the
participant’s home—whichever was preferred by the partici-
pant. Throughout the interviews, subjects were asked for clar-
ification regarding their comments. This reduces misinterpre-
tation and contributes to the study’s credibility (Lincoln &
Guba, 1985). All interviews were audiotaped and transcribed
verbatim to allow for “a faithful reproduction of the aural
record” (Poland, 1995, p. 291) and, therefore, contribute to
the data’s rigor. In addition to the interview, nurses who par-
ticipated were asked to complete a short demographic form
requesting information about gender, years of experience in
nursing, and years of HD experience.

Following completion of interviews and verbatim tran-
scription, key themes were identified by the investigators, ini-
tially independently and then discussed as a group. Once there
was agreement among investigators regarding the key themes,
focus groups were then utilized as a means of enhancing data
analysis, as preliminary findings were brought back to the HD
nurses for discussion and refinement. Four focus groups, each
between 45 and 60 minutes in length, were conducted over
two days, and involved previous interview participants, as well
as other HD nurses from the unit. In total, 31 members
attended focus groups and assisted in confirming key themes
from the data, consistent with their experience. Practical rec-
ommendations for improvement were also identified.

Results
All participants were female, with an average of 23.9 years

(range 11 to 40 years) of nursing experience and an average of
13.3 years (range 2.5 to 39 years) of nephrology nursing expe-
rience. At the time of the HD nurses’ interviews in 2009,
14% of the chronic patients in the unit were using an AVF,
85% had a CVC, and 1% had an AVG in place for HD. A
comparison of vascular access prevalence data over the previ-
ous five years demonstrated an overall reduction in AVF use
(21% to 14%) with an increase in CVC use (78% to 85%).
There was minimal change in AVG use (2% to 1%).

Results of observational experiences demonstrated good
patient engagement among HD nurses working “with” not
“on” the patient being cannulated. In addition, the observa-
tional experiences demonstrated that nurses varied in their level
of clinical experience and expertise with cannulation. Nurses
appeared willing to help their peers when difficulties with can-
nulation arose within the context of the peer relationship.

A number of themes emerged from the interviews and
focus groups. The overriding perceptions among all nurses
were of a) the lack of fistulas; b) fistulas were a “hard sell”; c)
the skill of cannulation; and d) the assembly-line approach.
Issues surrounding the variation in skill level among nurses
were also recognized. Environmental influences within the
HD unit itself were also identified as a contributing factor
affecting successful cannulation. As a result, a variety of
patient, nurse and environmental factors prevented many
nurses in transitioning from novices to experts, leading to what
we have termed the “perpetual novice.”

The lack of fistulas
The lack of AVFs being used for HD was described as a

concern by all HD nurses who were interviewed, resulting in
challenges to maintain competency and cannulation skills.
Participants also recognized a number of patient factors con-

tributing to the lack of AVFs, including the aging HD popu-
lation and associated multiple co-morbidities, including dia-
betes. Nurses recognized the population of patients in the HD
unit included individuals who were generally too ill to do
home therapy and/or receive HD at one of the outlying satel-
lite units. Thus, what was seen in our HD unit was a cluster of
older, sicker patients who were perhaps not medically suitable
for AVF surgery. As one nurse summarized:

“...part of it, I think, is because the people that we have in-cen-
tre anyway, the people who are younger and probably have a fis-
tula go out to the satellites because they are more stable and health-
ier. And we have the sicker, elderly patients. I’m not sure what our
average age is now in the unit. It is probably 75 or higher. And,
there are factors that more and more of our patients have compli-
cations or co-morbidities like diabetes. So their vessels aren’t good
to start with. In which case, then the chances of a fistula func-
tioning is even less than it would have been if they were a healthy
60-year-old except for renal failure. So I think it’s a combination
of factors of why we don’t have as many (fistulas).”

From another nurse,
“We have an awful lot of Permcaths for the number of patients

we have.We just don’t have enough fistulas…We have a fair num-
ber of elderly patients, or frail patients in dialysis. That might be
a factor too.”

There was recognition among several nurses who were
interviewed that creation of an AVF may not be suitable for all
patients, and that the appropriateness of referrals needs to be
assessed on a case-by-case basis, “You certainly have to look at
the individual to see what, you know, whether they are a good
candidate for a fistula.”

During the interviews, nurses acknowledged the impor-
tance of the vascular surgeon to the process of AVF creation
and the need to maintain dedicated vascular surgery time and
expertise. In addition, there was a perception that more could
be done within the chronic kidney disease (CKD) clinics to
create more fistulas prior to the initiation of HD. One nurse
commented, “The problem is that once the patients get the
line, they prefer the line. So, it’s important to get a fistula in
before they start dialysis.”

Fistula as a hard sell
Hemodialysis nurses acknowledged that despite continued

efforts to promote the AVF and educate patients about its ben-
efits, convincing a patient to go for an AVF can be a hard sell,
and an even harder sell in those patients with an existing CVC
in place. A number of reasons for this were suggested. First,
patients get accustomed to the CVC and may perceive that it
is working well so, “Why go for surgery when this (the CVC)
is working just fine.” Or, as other HD nurses suggested, the
deterrent may be the needles associated with the AVF versus no
needles with the CVC. Even more significant was the impact
of “waiting room chatter” on the development of patients’ neg-
ative attitudes towards the AVF.

“It’s a hard sell because the patients all sit out in the waiting
room and talk and they hear horror stories and they are like, ‘not
gonna happen’. And it doesn’t matter how much you talk about
how much better it (the AVF) is for them, less risk of infection, all
of that, they’re like, ‘Ya, I’ve heard the horror stories.’ And then I
see the horror stories and I find it a tough sell after 10 years. I find
it a tough sell now because of the problems with cannulations.”
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A comment by another HD nurse about patients in the
waiting room:

“I think they see the problems people have and they can hear it
and it just scares them. Or, they’ll talk about it in the waiting
room and they just get turned off.”

The outcome of the waiting room discussions and the belief
among many of the HD nurses is that “nothing you can say
will change their mind after that, unfortunately.”

The skill of cannulation
The HD nurses who were interviewed had several years of

nephrology nursing experience and they generally expressed
enjoyment at cannulating fistulas. The majority viewed can-
nulation as something to be learned, while a few envisioned
cannulation as something one was naturally or instinctively
good at. Many described having good days and bad days with
cannulation and, for some, there was an element of luck
involved in successful skill performance.

The key notion among all HD nurses was the importance
of learning and having opportunities to practise as a means to
refining their skill. At the same time, there was recognition
that this was becoming more difficult with the limited number
of AVFs and the perception that many HD nurses have
become less comfortable with cannulation over time. One par-
ticipant commented: “A lot of nurses just don’t feel comfort-
able with it (cannulation) and I think it is because they don’t
do it enough, because we don’t have enough.” With fewer
opportunities to practise, there is recognition of anxiety on the
part of the HD nurse to get it right:

“I think the opportunity (to cannulate) is not there. It’s a big
unit and then you don’t have as many (fistulas), so sometimes
there isn’t the opportunity, and they (the nurses) are nervous
because they haven’t done it as often. So, it’s kind of a double-edged
sword in a way.”

The importance of a proper assessment of the fistula at each
treatment was identified as the key to successful cannulation.
HD nurses described the processes of what they look for and
what they feel for, as part of their assessment. The second key
notion to being successful with cannulation was the need to
take time in doing the assessment and in taking time, this can
also help to alleviate any patient anxiety that may exist. “I get
my stethoscope and listen to it. I get the ultrasound machine
and look at it. I will sit down and feel with my fingers to see
where it actually is before cannulating.” From another HD
nurse, “I just go slow and easy and just, you know, try to put
them at ease… getting the arm warmed up and talking to
them, and listening and feeling…” A comment from a third
HD nurse:

“I always take my time and tell them at the beginning, I say, ‘I
only want to do this once, I don’t want to keep poking you, so I’m
going to take my time and choose the best possible spot and really
be sure of myself before I put the needle in.’ That usually calms
them and then I don’t feel too bad about taking time.”

Participants suggested that the lack of proper assessment
and failure to take time with cannulation were reasons why so
many HD nurses were having problems with cannulation. A
few even suggested that, for some, there was no assessment at
all and that HD nurses used the needle marks from previous
treatments as their landmark for insertion. Others suggested

that a lack of knowledge around how to do a proper assessment
was the reason for what they were seeing in practice. One nurse
commented:

“The majority of nurses, the nurses I know that work in dial-
ysis, will use somebody else’s track marks or where their last needle
was put in the fistula and I think that’s why some patients have a
lot of problems. Because it depends on the texture of the skin that
day, how much fluid they have on board, the vessels move because
they are inside the body… they (the nurses) don’t really know how
to feel it (the AVF) and know where it is to put the needle in. I
would guess at least 50% go by what spot they saw the last person
using instead of doing an inspection of the vessel.”

Assembly-line dialysis
Apart from issues specific to the knowledge and skills sur-

rounding cannulation, HD nurses also identified environmen-
tal influences that can impact on their success with cannula-
tion. Specifically, the pace of the unit during on/off procedure
times and the perceived culture of the ‘assembly line’ during
these times is a significant factor, as evidenced by the follow-
ing comments, “It’s like an assembly line. Get ‘em on, get ‘em
off” or, “get ‘em on, get ‘em off. It’s a little race.” HD nurses
acknowledged that pace pressures come from a variety of
sources including themselves, the other HD nurses working
that day, the volume and acuity of patients requiring dialysis,
and the need to fit everyone in during regular work hours, as
well as pressure from the patients . Another nurse commented:

“Certainly, the pace has picked up a lot (more) than it had
been a few years ago. No doubt about it. And, I think, people feel
pressured to keep up that pace, too. The patients, really, as much,
they just want to get here, get on, get done, and get out of here…
Or, you feel pressure from your co-workers.”

Constraints of the system appear to play a role, as well.
“You have to do this number of patients in a day and staff only

work from seven in the morning until 11 at night… and if you
stayed longer, then somebody has to pay overtime and then, they
say, oh well, we’re over budget we’d better cut back, better cut cor-
ners, no more overtime…”

The outcome of the pace pressures is the tendency to take
less time, rush, and not do a proper and meaningful assessment.

“…we’re all in an assembly-line dialysis community now-a-
days, where it’s get the patient on, get them dialyzed, get them off,
and you do whatever is quickest and easiest.We don’t take the time
to assess the arm.”

The perpetual novice
The limited number of AVFs and fewer opportunities to

acquire adequate skill, combined with pace pressures that may
impact on proper assessment and cannulation technique, lead
to an environment whereby the new HD nurse is unable to
acquire the necessary skills for cannulation. In essence, these
new HD nurses become stuck, as the “perpetual novice” can-
nulator. The perpetual novice theme acknowledges that the
transition from novice to expert cannulator, a term coined by
Benner (2001), is somehow delayed or even halted altogether,
despite working in the HD unit for a number of years. This
can lead to wide variation in level of cannulation skill, and
recognition and description of HD nurses, as either “good” or
“bad” cannulators. HD nurses appear to be very aware of who
is a good cannulator versus who is a bad cannulator. For the
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most part, the HD nurses reported willingness to help out
their peers when there were problems with cannulation and
they identified the “good” cannulators as those nurses routine-
ly asked for help.

“Well if you can’t get it, then you get one of the other nurses to
help. I mean, everybody knows who can cannulate and who can’t.
So you go find one of the good cannulators and say can you give
me a hand with this?”

According to one HD nurse, the downside to being identi-
fied as an expert or “good” cannulator is the pressure to come
in and make things right when problems arise.

“One thing I hate is when, if a nurse has been having problems
and then she calls you in and they say, ‘I’m going to get so and so
because she is the expert.’ Well now, that puts the patient’s expec-
tations extremely high and if that nurse has made a mess of the
arm, you might not be able to get it in, even if you are a so-called
expert, because you may not be able to feel it because it is so full of
damaged tissue and blood that you can’t find the vessel.”

Participants acknowledged the added pressures that may be
felt by HD nurses less comfortable with cannulation and, for
some, they felt pressured by patients to be successful. For nurs-
es transferring into HD from other hospital departments,
there may be added pressure to be an expert cannulator right
away. “They (the nurses) are experts in their area that they
came from and they feel like they should be experts right away
here.” Over time, with limited opportunities to improve one’s
skills through practice, there may be a tendency to avoid can-
nulation altogether. This avoidance may be subtle or obvious.

“Some (nurses) who are not comfortable doing fistulas don’t
want to admit they are not comfortable doing it and… will go
and do another patient who has a line or will simply ignore the
patient… will look busy, so that somebody else will actually go
over and put that patient on because they don’t want to admit
they can’t do it or that they need help… why would I want to
bother, I can go and do this easy one and I don’t have to put any
effort into it.”

In the long term, the tendency to avoid cannulation creates
even fewer opportunities to develop one’s skill and this
becomes a vicious cycle. In a busy outpatient setting, it may be
easy to avoid cannulation during the day. However, there is
recognition that evening on-call can or may become an issue if
the HD nurse on-call is a “bad cannulator” and there is no one
to help out when problems arise.

“Somebody will say, I don’t do fistulas. I say, well what would
you do in the middle of the night if the patient comes in and has
a fistula? You can’t say, I don’t do fistulas. So you have to try. And
I think the less they do, the less experience they have. Even if they
are a rotten cannulator, they could maybe learn a bit. There are
fistulas here and they do have to use them.”

Discussion
Results of this study provide a starting point in examining

the culture of vascular access cannulation of the AVF from the
subjective experience of the HD nurse. Cannulation is an
essential skill for the HD nurse, yet nurses are indicating that
there are fewer and fewer opportunities to develop and/or
maintain their cannulation skills. Currently, HD nurses
acknowledge there is wide variation in skill level between
them, so-called “good” and “bad” cannulators. Several factors,

including patient, nurse and environmental factors have
contributed to what we themed “the perpetual novice” nurse;
one who is unable to acquire the necessary skills to become an
expert cannulator.

Benner’s (2001) work on skill acquisition in nursing pro-
vides a suitable model by which to examine the development
of HD nurses’ clinical expertise around cannulation. The
model suggests that skill development occurs on a continuum,
as the learner passes through five levels of proficiency: novice,
advanced beginner, competent, proficient, and expert. At one
end of the spectrum, the novice has no experience to draw
upon. He/she functions using a defined set of rules, protocols,
and policies to guide his/her clinical practice. At the other end
of the spectrum, the expert no longer relies on principles,
roles and guidelines to connect his/her understanding of a sit-
uation to an appropriate action. Instead, the expert nurse uses
his/her wealth of experience and intuitive grasp of each situa-
tion to guide decisions around the best action for a particular
situation.

The concepts embedded in Benner’s (2001) novice to
expert model are widely applicable to cannulation concerns, as
identified by the HD nurses who participated in our study.
First, the model has applicability to both newly graduated
nurses, as well as experienced nurses transferring from other
clinical areas. For the latter group, Benner would argue that
even experienced nurses entering a new clinical area where they
have no prior clinical experience with a particular patient pop-
ulation may be limited to novice level of performance if the
goals and tools of patient care are unfamiliar to them. Thus,
according to Benner (2001), one cannot expect an expert nurse
in one clinical area (e.g., critical care) who transfers to HD to
be an expert cannulator right away.

The second important concept inherent in Benner’s model
(2001) is the suggestion as to how individuals learn, and this
has implications for HD nurse orientation and staff develop-
ment programs. Benner proposes that learning is an active
process that occurs as a result of exposure to actual clinical sit-
uations. From a cannulation perspective, the model would,
therefore, support HD nurses’ views that they need more
opportunities to perform the skill and it is through these
opportunities that proficiency and expertise will develop. The
model also acknowledges that individuals learn differently,
depending on their stage in the novice to expert continuum.
The novice, for example, must first learn the policies and pro-
cedures around the skill in question while learning becomes
more and more abstract, as one proceeds further along the con-
tinuum towards the expert level. This has implications for
nephrology educators and/or nurse mentors providing instruc-
tion and mentoring around cannulation and should guide
decisions around what and how the information is provided
during initial orientation for new staff and ongoing education
for those with more experience.

The challenge in developing any orientation and/or contin-
uing education plan is the need for creative solutions that
allow for variation in skill level between learners. Hayes (1998)
reported on her experience with the development and imple-
mentation of a structured cannulation program in the U.K.
The program consists of three components: a) an access scor-
ing system that rates the ease or difficulty in cannulating a par-
ticular AVF; 2) a formalized documentation system for com-
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municating access issues; and 3) a structured staff cannulation
training program that recognizes three competency levels of
learners; level 1 (learner), level 2 (established) and level 3
(experienced). Outcomes of the implementation have includ-
ed positive reports by all staff, improved documentation, a
greater liaison with nephrologists and vascular surgeons, and
fewer reported access complications.

Apart from examining how best to improve learning oppor-
tunities for HD nurses, results from this study also highlight
the need to look at ways to improve the culture of the HD
unit, as it relates to cannulation. While all acknowledged the
need to slow down and take time, there seemed to be more
value placed on completing the task in the shortest amount of
time so as not to get behind and keep other patients and col-
leagues waiting. In this case, looking at alternative ways to
schedule the on/off times for those with AVFs might be con-
sidered. This also requires HD nurses to be more considerate
in allowing others sufficient time to complete their assessment
and cannulation.

The notion of culture change applies to HD nurses’ atti-
tudes, as well. Further exploration of comments like, “I don’t
do fistulas” needs to occur in an effort to determine the atti-
tudes and experiences behind this type of statement. The
organization should provide HD nurses with adequate educa-
tion and experiential opportunities, and this has been identi-
fied by participants as an area for improvement. At the same
time, it is also important to acknowledge that, as profession-
als, HD nurses need to demonstrate accountability in identi-
fying their own knowledge deficits and seek out learning
opportunities within the clinical setting. Opportunities to
continue learning in a non-threatening environment may
contribute to less avoidance. A change in the cannulation
experience over time from negative to positive may help to
create a more positive culture in the HD unit. In the long
term, this may result in less ‘waiting room chatter’ and, ulti-
mately, an increase in the number of AVFs as vascular access
for HD.

Limitations
This study provides an early look at cannulation of AVFs

from the perspective of the HD nurse using a qualitative
methodology. Due to the small sample size (n=10),
generalizations cannot be assumed to be representative of all
nephrology nurses performing AVF cannulations. As well, the
majority of those inteviewed had been working in HD for
some time and all of them interviewed indicated that they
liked to cannulate. The conclusions drawn from this study
may have been different if more junior HD nurses with less
nursing experience, and/or nurses with a dislike for
cannulation participated in the study.

A second limitation of this study relates to the context
within which this study took place. The HD unit of study is
located in a large tertiary care centre in Canada managing a siz-
able chronic outpatient population. The majority of chronic
HD patients we service are older adults with multiple co-mor-
bidities, and may not be representative of other units provid-
ing outpatient HD services.

An additional contextual factor to consider as a limitation
for this study was the environmental climate of the HD unit
at the time the interviews took place. In-services for HD nurs-

es specific to giving and receiving feedback in the workplace
had been organized by nursing leadership and had taken place
just prior to the cannulation interviews. It is likely that there
was heightened awareness of the need for appropriate inter-
personal communications between staff and this may be reflec-
tive of how HD nurses responded to questions about their
peers during the interviews.

Implications for practice
The results of this study have a number of implications for

nephrology nursing practice. At the unit level, participants we
interviewed identified a number of strategies aimed at
improving cannulation skills. First, HD nurses verbalized the
need for standardized orientation on cannulation procedures
with an expert cannulator providing cannulation education.
This might mean that the individual providing orientation for
cannulation may not be the same individual providing the
remainder of orientation related to other HD skills.
Formalized follow-up with each new HD nurse once
orientation is complete was suggested as a means to identifying
continued learning needs. Formal evaluation of the orientation
process, as a whole, was also recognized as valuable. Nurses
reported great value in ongoing education regarding
cannulation and suggested such strategies as an anatomically
correct practice arm, inservices on vascular anatomy and
physiology and AVF assessment, as well as a photo gallery with
pictures of various AVFs. A mentoring system was also
recommended, pairing a novice with expert cannulator, as
designated “cannulators” for a period of time. In addition,
floating to other units within the region where there are a
higher number of AVFs was also suggested, as a means to gain
more hands-on experience.

The need for improved documentation systems was also
recommended by participants. While vascular access
documentation systems are already in place, the HD nurses we
interviewed verbalized variability in what was documented and
the level of detail that was recorded. Greater attention to detail
with respect to what was effective for a particular treatment
and/or problems that were encountered during cannulation
would be valuable for those providing subsequent treatments
for the patient with an AVF. This strategy may promote greater
success for the HD nurse with subsequent cannulations while,
at the same time, facilitating greater patient confidence that
the nurse will be successful. Furthermore, continued
opportunities to be successful with cannulation may
contribute to a more positive environment for HD nurses and
their patients.

Last, participants were interested in continuing education
related to the skill of cannulation. It was suggested that this be
provided in a manner that required all HD nurses to
participate, regardless of their comfort level with cannulation.
In this way, they would not be expected to single themselves
out as requiring assistance in order to receive it. An annual
inservice was one suggestion, where participants complete a
teaching module and then perform cannulations with a
recognized expert on hand. All HD nurses would complete the
continuing education sessions, which would serve as a
refresher for all nurses, especially those who may not be
utilizing best practices or who are less skilled or comfortable
with cannulation.
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Implications for research
The present study interviewed HD nurses, all of whom had

considerable HD experience and they were asked to reflect on
their attitudes and experiences regarding cannulation.
Replication of this study through interviewing the most junior
HD nurses (e.g., less than one year experience) may yield
different results. Further research specific to needling
techniques for cannulation would be helpful in determining
best practice, as currently there appears to be wide variation in
practices between dialysis centres. Finally, while the earlier
study by Bay, Van Cleef, and Owens (1998) surveyed medical
personnel and patients regarding their preferences and concerns

regarding vascular access, this study focused its attention only
on the attitudes of HD nurses around cannulation. Further
study of patients’ attitudes towards cannulation may also be
helpful in determining their concerns/perspectives.

Conclusion
This study provides valuable insight into HD nurses’

experiences with cannulation and contributes to a greater
understanding of the subjective nursing experience of
cannulation. This information may be helpful in directing
future educational, supportive and practice interventions for
HD nurses.
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Beyond Needle Placement: The Role of the Nephrology
Nurse in Arteriovenous Fistula Management
Satyaki Banerjee

Q:Many patients are having arteriovenous fistulas
( AVFs) placed, but there are many problems
with patency and poor maturation of these types
of access. What can be done to improve the out-
c o m e s ?

A:Autogenous AVFs are the preferred access for
hemodialysis because of their low infection and
thrombosis rates, and decreased costs for
implantation and maintenance. Inadequate vas-

cular access results in increased mortality and morbidity,
increased hospitalizations, and reduced hemodialysis effi-
c i e n c y. The advent of the National Vascular Improvement
Initiative, Fistula First, in 20 04 by the Centers for
Medicare and Medicaid Services (CMS) in the United
States has resulted in an increase in the number of AV F s
in current use. The Fistula First Initiative is based on rec-
ommendations from the National Kidney Fo u n d a t i o n
( NKF) Dialysis Outcome Quality Initiative (DOQI) on
vascular access, which was recently updated in 20 06
( NKF, 20 06). The initiative promotes the placement of fis-
tulae in appropriate patients with a goal of 50% or greater
for incident patients and 40% for prevalent patients utiliz-
ing hemodialysis. A goal of 65% AVFs in prevalent
patients has been set for 20 09 (NKF, 20 06; Ravini,
Spergel, Asif, Ro y -Chaudhury, & Besarab, 20 07). This
increased emphasis on placement of new AVFs has result-
ed in the use of some AVFs that are less than ideal for can-
nulation, and AVF maturation and patency rates that have
become problematic.

Nephrology nurses are at the forefront of this problem
and encounter this situation on a daily basis. Often, nurs-
es are the first to detect a problematic or failing access
before it comes to the notice of renal physicians or sur-
geons. However, the NKF - KDOQI Clinical Pr a c t i c e
Guidelines for Vascular Access suggest additional strate-
gies to maximize the potential of AVF patency and matu-
ration that goes beyond re-educating about cannulation.
These include protection of blood vessels, mapping of ves-
sels, sufficient time to allow for fistula maturation, and reg-
ular hand-arm exercises (NKF, 20 06 ) .

Vein Preserv a t i o n
Complications from venipuncture may render veins

that are available for AVF creation to become unsuitable.

Nursing staff play a crucial role in educating patients
about forearm and arm vein preservation. Ve n i p u n c t u r e ,
intravenous lines, infusions, placement of subclavian
catheters, or peripherally inserted central catheter lines
( PICCs) should be avoided in forearm and upper arm
veins. In patients with Stage 4 or 5 chronic kidney disease
( CKD), venipuncture, intravenous iron infusions, and
blood pressure ch e cks should be avoided in the arm
where the AVF will be placed to preserve blood vessels
for the future (NKF, 20 06). 

In patients with CKD, nephrology nurses play a criti-
cal role in emphasizing the importance of vein preserva-
tion, the advantages of timely AVF placement, and pro-
viding education about the need for diagnostic vein map-
ping prior to surgery. Nurses can provide education about
the AVF placement procedure and explain that multiple
appointments in preparation for surgery may be neces-
s a r y. 

Vein Mapping in Preparation for an AVF 
Nephrology nurses work in close conjunction with sur-

geons prior to the placement of an AVF, and they can be
educated in ultrasound Doppler vein mapping. This is a
useful tool to assess the size of veins in the forearm and
arm. The vein should be at least 4mm in size prior to anas-
tomosis, since vein dimension is a key determinant of fis-
tula maturation. Nurses can also assess palmar arch ade-
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quacy with Allen’s test (Ives, Akoh, George, Va u g h a n -
Huxley, & Lawson, 20 09 ) .

After AVF Creation
The time required for the AVF to mature both physi-

cally and functionally differs among patients. The critical
time in AVF maturation is days to couple of weeks after
the AVF creation. The NKF - KDOQI guidelines for vas-
cular access suggest allowing 6 to 8 weeks for the fistula to
mature; however, 6 to 8 weeks may be too late to assess
signs of access failure. Nephrology nurses are best suited
to make an assessment of AVF maturation even before the
patient sees the renal physician or surgeon (Banerjee,
Eason, & Wright, 20 08). Often, the patient is already on
dialysis with a catheter and has a new AVF, which can be
monitored for growth and maturation as the blood vessels
continue to increase in width, length, and blood flow.

In the first few days after an AVF creation, the nursing
staff should continue to assess the AVF for flow with brief
palpation to feel the thrill and auscultation to listen to the
bruit. An AVF can thrombose in this early period, so lack
of thrill or bruit should lead to an urgent referral to the sur-
geon for evaluation or repair. After 30 days, the focus of
the physical examination should be geared toward assess-
ment of maturation (Asif, Ro y -Chaudhury, & Be a t h a r d ,
20 06). 

The Immature AV F
Early AVF failure, or “failure to mature,” is defined as

an AVF that has either never matured to be useable (is dif-
ficult to cannulate) or fails to generate necessary blood
flow for successful two needle dialysis (Asif et al., 20 07). It
is important to evaluate for insufficient maturation
because it may lead to early thrombosis, and problematic
vessels may slow the arterialization process of the vein,
resulting in an access that is not adequate for dialysis
(Ravini et al., 20 07). 

In a prospective study of 119 consecutive patients
referred to interventionalists because of failing to mature
AVF, endovascular procedures (angiograms) were per-
formed to detect the cause of fistula immaturity (Na s s a r ,
Nguyen, Rhee, & Achkar, 20 06). Juxta anastomotic steno-
sis ( J AS), the narrowing of the vein just adjacent to the
anastomosis, was found to be the most common lesion
( 63.6%), followed by arterial anastomotic stenosis. Ve n o u s
outflow stenosis (VS) and accessory veins are other causes
for AVF failure in the maturation stage. Deep vein and dif-
fusely narrow vein are other rarer causes of immaturity. A
combination of lesions is present (Nassar et al., 20 06). 

Physical Examination: Look, Listen, and Feel 
Physical examination is a vital skill of nurses in assess-

ing AVF maturation. One should look for accessory veins,
collateral veins on the chest wall, tortuosity of the fistula,

and width and length of the AV F. A small curved AV F
should be referred to the surgeon prior to attempted can-
nulation. An AVF with collateral veins on the chest wall
might be a sign of central vein stenosis. The accessory
veins may steal blood away from the AVF and should be
referred to an interventionalist (Asif et al., 20 07 ) .

Staff should auscultate the AVF on a regular basis to
note any change in quality of the continuous bruit under
the entirety of the AVF along its length. A shrill systolic
component to the bruit might be a sign of underlying
stenosis that should be referred to the interventionalist for
fistulogram and angioplasty. 

The AVF should be palpated with and without a
tourniquet. The tourniquet stabilizes the AVF and makes
the outflow decrease. The pulse should augment at this
point and is a good sign of adequate inflow (Asif et al.,
20 07 ) .

The outflow can be assessed by elevation of the arm
above the level of the heart. This should cause the AVF to
collapse and become less plump. Failure of this to occur
points to an outflow vein stenosis and should be referred
to an interventionalist. 

Doppler ultrasound is also a useful tool to ch e ck blood
flow rate, fistula dimension, and depth of fistula prior to
use for dialysis. At six weeks, the minimal diameter of the
body of the fistula should be 0.6 cm, with a depth of less
than 0.6 cm below the surface of the skin, and the blood
flow rate should be 600 ml/minute or more by this time.
The length of the fistula should be 5 to 6 cm to allow suc-
cessful two needle dialysis.This is known as the rule of 6s
in AVF assessment (Barrone et al, 20 07; NKF, 20 06 ) .

Robbin et al. (20 02) compared ultrasonographic eval-
uation for AVF maturation with subsequent AVF out-
comes with special emphasis on AVF diameter and flow.
Clinical evaluation by experienced dialysis nurses was
also included as part of the study. The retrospective study
analyzed 69 patients within four months after fistula place-
ment, with dialysis adequacy known in 54 patients. They
concluded that ultrasonographic measurements are very
predictive of fistula maturation. The experienced dialysis
nurses participating in the study evaluated 30 fistulas and
had an 80% (24 of 30) success rate in predicting the ulti-
mate utility of AVF for dialysis.

Timely Referral is Key 
Identifying and understanding the impact of all lesions

is a prerequisite for any intervention (Asif et al., 20 06 ) .
The more practical approach is to begin with a minimally
invasive diagnostic approach with angiogram wherein the
culprit lesion ( J AS or VS) can be angioplastied or ligated
(accessory vein) to improve blood flow and eventually
cause AVF maturity. The success of the endovascular pro-
cedure is high (almost 90%), but recurrence of these
lesions is a problem, and therefore, the procedure may
need to be repeated. Serial angioplasty with gradual incre-
ment in size of the balloon (4 to 6mm) every two weeks is
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another approach, which in experienced hands has
increased fistula maturity rates (Nassar et al., 20 06). If
endovascular management is unsuccessful or not possible,
surgical revision of the AVF or creation of a new vascular
access becomes necessary.

First Cannulation 
Clinical judgment in determining time to first use of an

AVF is more appropriate than a time-bound, two-month
rule. Assessment by a combination of physical examina-
tion and Doppler Duplex-derived hemodynamic parame-
ters favors AVF longevity and minimizes hematoma for-
mation (Banerjee et al., 20 08). A 17-gauge or 16-gauge nee-
dle with a “back eye” should be used for the initial cannu-
lation, followed by the use of 15-gauge needles. Fo r
patients with catheters, one arterial needle can be used
and venous return can be achieved through the catheter.
This results in less trauma to the AVF in the first few
weeks. Hematoma formation and prolonged bleeding
after needle withdrawal should be brought to the immedi-
ate attention of the nephrologist and interventionalist
(Banerjee et al., 20 08). 

Compared to the rope-ladder technique, the button-
hole method offers the advantage of easier cannulation
procedure with less ineffective cannulations and has a spe-
cial benefit for patients with limited access cannulation
sites or with an AVF that is difficult to cannulate. In all,
good cannulation technique leads to prolonged patency
and successful maturation of the AVF (McCann,
Einarsdottir, Van Waeleghem, Murphy, & Se d g w i ck ,
20 09 ) .

Implications for Nursing
Nephrology nurses hold the key to a successful fistula

maturation program. Proper cannulation and tech n i q u e
have been proven to directly relate to fistula patency, but
education about vein preservation, mapping, physical
examination of fistula and ultrasound techniques are
essential for success. Early intervention with vein preser-
vation, vein mapping, and education about the advantages
of AVF are the initial steps in advocating for increased
AVF placement. Nephrology nurses can provide educa-
tion to patients and family members about strategies for
AVF maturation and instruction about daily observation
of the AV F. Evaluation of the AVF at each dialysis session,
observation of hemodynamic changes, and prompt refer-
ral for problematic access are central to improving patient
outcomes. 
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