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C"#1%(). (,16,&%0%,' ")& )' %16)(0 ,' 0"$,15,*#'%(%097
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*#'%( 0")' '#<#$ 6,.91#$& .%@# 6,.9+$#0")'#7 =00#160& 0,
$#3+(# 0"$,15,*#'%(%09 <%0" )'0%(,)*+.)'0 (,)0%'*& ")2#
5##' .)$*#.9 +'&+((#&&-+.7 8,<#2#$4 (,)0%'* ()0"#0#$& <%0"
893$,1#$ ]6,.92%'9.69$$,.%3,'# W ) "93$,6"%.%( &+5/
&0)'(#^4 -,$1& ) 5)$$%#$ 5#0<##' 0"# ()0"#0#$ 1)0#$%). )'3
0"# 5.,,34 0, %'"%5%0 (,)*+.)0%,'7

!"# 1)0#$%). ,- (",%(# -,$ .,'*/0#$1 2#',+& )((#&& %&
&%.%(,'# #.)&0,1#$4QK 3#&6%0# 0"# 6,&&%5.# 3%-;(+.09 ,-
%'&#$0%,'7 !"# ).0#$')0%2# 1)0#$%). ,- (",%(# <,+.3 5#
893$,1#$/(,)0#3 6,.9+$#0")'#7 ?%--#$#'0 1)0#$%).& ")2# )
3%--#$#'0 $%&@ ,- ()0"#0#$/$#.)0#3 &#6&%&7 !#b,'4 &%.%(,'#
#.)&0,1#$ )'3 6,.9+$#0")'# ")2# 1+(" .,<#$ $%&@ 0")' 1,$#
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0$)3%0%,'). 6,.92%'9./096# ()0"#0#$&4PF )'3 ,- 0"#&#4 &%.%(,'#
")& 5##' &",<' 0, ")2# 0"# .,<#&0 $)0# ,- %'-#(0%,' <"#'
%'&#$0#3 6#$%6"#$)..97JG !"#,$#0%(). <,$@ &+**#&0& 0")0
1)0#$%).& 3%--#$ %' 0"#%$ &+&(#60%5%.%09 0, 1%($,5%). )3"#$/
#'(# )'3 (,.,'%A)0%,'4 5+0 0"#$# %& .%00.# #2%3#'(# ,- 0"%&
5& L5L3 )'3 ', #2%3#'(# ,- )' #--#(0 ,' .,'*/0#$1 ()0"#0#$/
$#.)0#3 &#6&%&7PJ

=00#160& 0, $#3+(# 0"# $%&@ ,- ()0"#0#$/$#.)0#3 &#6&%& ")2#
%'(.+3#3 )33%0%,' ,- )'0%&#60%( ,$ )'0%5%,0%( (,16,+'3&7
C".,$"#R%3%'# ,$ &%.2#$ &+.6")3%)A%'# (,)0%'*& ")2# 5##'
&0+3%#3 $#6#)0#3.9 )'3 ,-0#' &",<' 0, $#3+(# 0"# $%&@ ,-
()0"#0#$ (,.,'%A)0%,' 59 5#0<##' G7Y )'3 #%*"0 0%1#&7JY HK PH

8,<#2#$4 ,'.9 ,'# &0+39 ")& &",<' ) (.%'%()..9 $#.#2)'0
3#($#)&# %' ()0"#0#$/$#.)0#3 &#6&%&4 -$,1 Q7J 0, G7Qj4JY

).0",+*" 1,&0 )+0",$& &+**#&0 0")0 0"# #--#(0 ,' ()0"#0#$/
$#.)0#3 5)(0#$)#1%) )'3 1,$0).%09 %& '#*.%*%5.#7QY HK !"#$#
")2# 5##' $#6,$0& ,- )')6"9.)R%& 0, 0"# (".,$"#R%3%'#
(,)0%'*7PY

D0+3%#& ,- 1%',(9(.%'# )'3 $%-)16%(%' (,)0%'*& ")2#
&",<' .,<#$ $)0#& ,- %'-#(0%,' 0")' -,$ )'0%&#60%( %16$#*/
')0#3 ()0"#0#$&7XF KY !"# $)0# ,- (,.,'%A)0%,' 3#($#)&#3 -$,1
XX7KWXJ 0, H7PWKj7 L,$# %16,$0)'0.94 0"# $)0# ,- ()0"#0#$/
$#.)0#3 &#6&%& -#.. -$,1 F7QWY 0, VWV7Fj7 >0 1+&0 5# &0)0#3
0")0 ','# ,- 0"#&# ()0"#0#$& <)& %' 6.)(# -,$ .,'*#$ 0")' GQ
3)9&4 )'3 0"#$# %& ', #2%3#'(# ,- )'9 .,'*/0#$1 #--#(0&7 !"#
3%&)32)'0)*# ,- 0"#&# ()0"#0#$&4 %' )33%0%,' 0, 0"# 0<,/ ,$
0"$##/-,.3 %'($#)&# %' 6$%(#4 %& 0"# 6,0#'0%). $%&@ ,- %'($#)&#3
)'0%5%,0%( $#&%&0)'(#7 !"%& ")& ',0 5##' &9&0#1)0%()..9
&0+3%#34HK )'3 0"#$# %& ) .)(@ ,- #2%3#'(#7 E+$0"#$ &+$2#%./
.)'(# <%.. 5# $#:+%$#3 %' 0"# #2#'0 0")0 +&# ,- &+(" ()0"#0#$&
5#(,1#& 1,$# <%3#&6$#)37 ?#2#.,61#'0& %' 0#("',.,*9
")2# )..,<#3 %16$#*')0%,' ,- ()0"#0#$ 1)0#$%).& 0"#1&#.2#&
$)0"#$ 0")' &+$-)(# (,)0%'*4 <"%(" 0#'3& 0, .#)(" )<)97HK

!"# (,&0 ,- 0$#)0%'* ()0"#0#$/$#.)0#3 &#6&%& %& &+(" 0")0 0"#
&)2%'* 1)3# 59 0"# %'0$,3+(0%,' ,- )'0%5%,0%(/(,)0#3
()0"#0#$& <,+.3 5# ,- 0"# ,$3#$ ,- kGVV 1%..%,' %' 0"#
gD=4 <%0" HVVVWGX VVV 3#)0"& 6$#2#'0#37HK 8,<#2#$4 0,
3)0# ', .,'*/0#$1 3#2%(#& ")2# 5##' 1)$@#0#3 <%0" &+("
(,)0%'*& ,$ %16$#*')0%,'7

D%.2#$/%16$#*')0#3 #R%0 &%0# (+--& ")2# 5##' &",<' 0,
$#3+(# (,.,'%A)0%,' %' &",$0/0#$1 ','/0+''#..#3 ()0"#0#$&JQ

5+0 ',0 %' .,'*#$/0#$1 ()0"#0#$%A)0%,' ]lXV 3)9&^7QG

K#/'(&<"# &'*8#<L.'/
!"# 1)O,$%09 ,- 6$,(#3+$#& %' )3+.0& )$# 3,'# 6#$(+0)/
'#,+&.9 +0%.%&%'* 0"# D#.3%'*#$ 0#("'%:+#7 S#$(+0)'#,+&
6$,(#3+$#& <"#' 6#$-,$1#3 <%0" ()$# ")2# 5##' &",<' 0,

E<$ M ]=^ =3+.0 -#1).# <%0" 3%-;(+.0 2#',+& )((#&&7 !"# 6)0%#'0 ")3
+'3#$.9%'* ")#1)0,.,*%(). 1).%*')'(97 f,0# 5%.)0#$). ,.34 "#).#3 &()$&
-$,1 8%(@1)' .%'#& ]&1).. )$$,<&^7 8#).%'* $#(#'0 .#-0/&%3#3 6+'(0+$#
&%0# -$,1 .#-0 &+5(.)2%)' )((#&& ])$$,<^7 f#< 3+)./.+1#' 8%(@1)' .%'#
%'&#$0#3 2%) .#-0 %'0#$'). O+*+.)$ 2#%'7 S$,1%'#'0 $%*"0 ("#&0 <).. 2#',+&
(,..)0#$).& &#(,'3)$9 0, $%*"0/&%3#3 *$#)0 2#%' ,5&0$+(0%,'7 ]Z^ d%*"0
)R%..)$9W&+5(.)2%)' 2#',*$)1 ,' 0"# 6)0%#'0 &",<' %' 6)'#. =7 C,'0$)&0
%'O#(0#3 6#$%6"#$)..9 b,<& -$,1 0"# )R%..)$9 2#%' %'0, 0"# &0)$0 ,- 0"#
5.,(@#3 &+5(.)2%)' 2#%' )'3 0"#' 6)&&#& 0"$,+*" '+1#$,+& (,..)0#$).&
%'0, 0"# &0+16 ,- 0"# 5.,(@#3 $%*"0 %'0#$'). O+*+.)$ 2#%'7 C,..)0#$).& 0"#'
3$)%' %'0, 0"# )A9*,&M&+6#$%,$ 2#') ()2) (,'b+#'(#7 !"%& #R6.)%'& -)%.#3
)00#160& 0, 6)&& *+%3#<%$#& (#'0$)..9 )-0#$ #)&9 $%*"0 &+5(.)2%)' )'3
%'0#$'). O+*+.)$ 2#%' 6+'(0+$#7 ]C^ C"#&0 i/$)9 -$,1 0"# 6)0%#'0 &",<' %'
6)'#. =7 !"# 3+)./.+1#' 8%(@1)' .%'# %& &##' 0, 6)&& 2%) 0"# .#-0 %'0#$').
O+*+.)$ 2#%' )'3 .#-0 %'',1%')0# 2#%' &, 0")0 %0& 0%6 .%#& )0 0"# O+'(0%,' ,-
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5# &+6#$%,$ 0, &+$*%(). (+0/3,<'& %' 0#$1& ,- 0"#)0$# 0%1#4
(,&1#0%( $#&+.04 .,(). %'-#(0%2# (,16.%()0%,'& )'3 6.)(#1#'0
(,16.%()0%,'&7G X JX = &0+39 (,16)$%'* &+$*%(). (+0/3,<'&
<%0" 6#$(+0)'#,+& 0#("'%:+#& -,+'3 ) -)%.+$# $)0# ,- Q7Yj
)'3 1+.0%6.# )00#160& %' GFj %' 0"# &+$*%(). *$,+64

(,16)$#3 <%0" ','# %' 0"# 6#$(+0)'#,+& *$,+67
E+$0"#$1,$#4 F7Hj ,- &+$*%()..9 6.)(#3 ()0"#0#$& <#$#
1%&6.)(#3 (,16)$#3 <%0" ','# %' 0"# 6#$(+0)'#,+& *$,+67
!"#$# <#$# &+5&#:+#'0.9 Q7V %'-#(0%,'& 6#$ GVVV ()0"#0#$
3)9& %' 0"# &+$*%(). *$,+6 (,16)$#3 <%0" G7P %' 0"#
6#$(+0)'#,+& *$,+67 !"# ,'.9 3%&)32)'0)*# ,- 0"# 6#$(+0)/
'#,+& 0#("'%:+# %& 0"# $)0# ,- 6'#+1,0",$)R4 <"%(" 0"%&
&0+39 3#0#$1%'#3 )0 F7Fj ](,16)$#3 <%0" V7Kj -,$ 0"#
&+$*%(). *$,+6^7JX D,1# )+0",$& ).&, 5#.%#2# 0")0 &+$*%().
)((#&& <%.. (,16$,1%&# 0"# 2#%' -,$ -+0+$# +&# %' ) <)9 0")0
6#$(+0)'#,+& 6+'(0+$# 3,#& ',07XY !"#$# $#1)%'& ) 6.)(# -,$
&+$*%(). (+0/3,<'&4 6)$0%(+.)$.9 %' 0"# &1)..#$ ("%.37

S)0%#'0& $#:+%$%'* .,'*/0#$1 2#',+& )((#&& 1)9 <#.. 5#
(")..#'*%'* 5#()+&# ,- &#2#$). 6$#2%,+&.9 &+((#&&-+. ,$
-)%.#3 2#',+& )((#&& 6$,(#3+$#&4 +'3#$.9%'* 1#3%(). 6$,5/
.#1&4 )'3 )'0%(,)*+.)0%,'7 D6#(%).%A#3 %1)*%'* )'3 $)3%/
,.,*%(). %'0#$2#'0%,' 1)9 5# $#:+%$#3 ]E%*& F )'3 Q^7 !"#
+&#-+.'#&& ,- +.0$)&,+'3/*+%3#3 2#%' )((#&& %' 0"%& &#00%'*
")& 5##' "%*".%*"0#37QQ d#(#'0 f>C` ]<<<7'%(#7,$*7+@^
*+%3#.%'#& ,' 0"%& 0,6%( &+66,$0 0"# $,+0%'# +&# ,- 0"%&
0#("',.,*9 -,$ 0"# %'0#$'). O+*+.)$ $,+0#4 5+0 0"#$# %&
%'&+-;(%#'0 #2%3#'(# 0, 1)@# $#(,11#'3)0%,'& ,' ,0"#$
&%0#& ,- )((#&&7 8,<#2#$4 0"#$# %& ', $#)&,' <"9 +.0$)&,+'3
&",+.3 ',0 *%2# &%1%.)$ )32)'0)*#& %' %'-$)(.)2%(+.)$
)R%..)$9FK ,$ -#1,$). )((#&&7 f#2#$0"#.#&&4 0"#$# ")& 5##'
(,'&%3#$)5.# ($%0%(%&1 ,- 0"# f>C` *+%3#.%'#&7HX PQ

!"# (,&0 ,- +.0$)&,+'3 %' 0"%& (,'0#R0 %& 1,3#&0 (,16)$#3
<%0" 0")0 ,- 1)'9 ,0"#$ 1#3%(). 0#("',.,*%#& )'3 (,16)$#&
<#.. )*)%'&0 0"# (,&0 ,- (,16.%()0%,'&7 L%',$ )'3 1)O,$
(,16.%()0%,'& )$# 2#$9 #R6#'&%2# %' (.%'%().4 .#*). )'3 ,0"#$
0#$1&4 #7*7 3#.)9#3 &+$*#$9 ,$ 3%&(")$*#7 !"# "%33#' (,&0& ,-
6)0%#'0 3%&(,1-,$04 2#%' 3)1)*#4 0"$,15,&%& )'3 ()0"#0#$/
$#.)0#3 &#6&%& ")2# '#2#$ 5##' 1#)&+$#34 5+0 1+&0 &+$#.9
$#.)0# 0, 1+.0%6.# 6+'(0+$#& #2#' %- 2#',+& ()''+.)0%,' %&
#2#'0+)..9 &+((#&&-+.7

L,&0 &0+3%#& ")2# 5##' ,' +'(,16.%()0#3 6)0%#'0&4 ,-0#'
+'3#$ *#'#$). )')#&0"#&%)7

S)0%#'0& $#:+%$%'* .,'*/0#$1 2#',+& )((#&& )$# .%@#.9 0,
")2# %'($#)&#3 -$#:+#'(9 ,- 2#%' 5.,(@)*# ,$ 0"$,15,&%&
)'3 )'0%(,)*+.)0%,'4 1)@%'* +.0$)&,+'3 *+%3)'(# )32)'0)/
*#,+& %' 0"%& *$,+67 I5&#$2)0%,'). &0+3%#& <%0" +.0$)&,+'3
")2# &",<' &%*'%;()'0 '+15#$& ,- +'3#$.9%'* 2)&(+.)$
)5',$1).%0%#& %' &+(" 6)0%#'0&4 <%0" ,52%,+& $#.#2)'(# 0,
&+5&#:+#'0 2#',+& )((#&&7 =' ).0#$')0%2# &%0# %& ,-0#'
$#:+%$#37FQ QQ

6 &4><*+, <#/'(&<"# /'L.'#*'
C",,&# )' )66$,6$%)0# &%0# ]0"# O+*+.)$4 &+5(.)2%)' ,$
-#1,$). 2#%'^ +&%'* +.0$)&,+'3 )& %'3%()0#37 E+.. )&#60%(
(,'3%0%,'& %' ) &0#$%.# #'2%$,'1#'0 )$# (,16+.&,$97 [#'#$).
)')#&0"#&%) )'3 .,(). )')#&0"#&%) <%0" ,$ <%0",+0 %'0$)2#'/
,+& &#3)0%,' )$# ).. )66$,6$%)0#7 = b#R%5.# _/0%6 *+%3#<%$# %&
6)&&#3 (#'0$)..9 <%0" i/$)9 2#$%;()0%,'7 !"# ()0"#0#$ ,$ 6,$0
)&&#15.9 %& 0"#' 0+''#..#3 ,$ &+$*%()..9 6.)(#34 +&+)..9 ,'
0"# )'0#$%,$ ("#&0 <)..7 !"# ()0"#0#$ %& (+0 0, )' )66$,6$%)0#

E<$ N ]=^ ?%*%0). &+50$)(0%,' 2#',*$)1 ,- $%*"0 &+5(.)2%)' )'3
%'',1%')0# 2#%'7 C,'0$)&0 ")& 5##' %'O#(0#3 +6 -$,1 0"# $%*"0 <$%&07 =
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2#%'7 !"%& 6)0%#'0 ")3 5##' ,' ",1# 0,0). 6)$#'0#$). '+0$%0%,' -,$ GP 9$
<%0" 1+.0%6.# (#'0$). 2#',+& )((#&& 6$,(#3+$#&7 D"# $#:+%$#3 -+$0"#$
2#',+& )((#&& 3+# 0, .,</*$)3# %'-#(0%,' ,- 0"# 8%(@1)' ()0"#0#$7 ]Z^ i/
$)9 -$,1 0"# 6)0%#'0 &",<' %' =7 !"# ')$$,<%'* %' 0"# $%*"0 %'0#$').
O+*+.)$ 2#%' %& 5#%'* <%3#'#3 59 5)..,,' )'*%,6.)&097 f,0# i/$)9
(,'0$)&0 ;..%'* 0"# 5)..,,' <%0" (")$)(0#$%&0%( <)%&0%'* %' <"%(" 0"#
2#&&#. ')$$,<%'* (,'&0$%(0& 0"# 5)..,,' 3+$%'* 0"# 3%.)0%,' 6$,(#&&7 =-0#$
0"#&# 6$,(#3+$#&4 "#$ ,$%*%'). 8%(@1)' ()0"#0#$ <)& $#1,2#3 )'3 ) '#<
()0"#0#$ %'&#$0#3 ) -#< 3)9& .)0#$7
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.#'*0"7 !"%& ()' 5# 3,'# 59 &($##'%'* 0"# *+%3#<%$# %'0,
6,&%0%,' )'3 1#)&+$%'* 0"# .#'*0" %'&#$0#34 ,$ 2%&+).%A)0%,'
,- 0"# ()0"#0#$ ,' 0"# #R0#$'). ("#&0 <).. <%0" ,$ <%0",+0 i/
$)9 &($##'%'*7

= &6.%00%'* &"#)0" %& 6)&&#3 ,2#$ )' %'0$,3+(%'* 3%.)0,$
%'0, ) (#'0$). 2#%'7 !"# 3%.)0,$& )'3 &"#)0" )$# &0%-- )'3
*#'#$)..9 .,'*#$ 0")' $#:+%$#37HJ !"#$# %& ) $%&@ ,- 2#&&#.
6#$-,$)0%,'N ",<#2#$4 0"#$# %& ', '##3 0, %'&#$0 0"# 3%.)0,$ ,$
&"#)0" 0, %0& -+.. .#'*0"7 !"# .#'*0" ,- '##3.# 0")0 %& $#:+%$#3
0, 6+'(0+$# 0"# 2#%' *%2#& ) *+%3# 0, 0"# )1,+'0 ,- 3%.)0,$
])'3 &6.%00%'* &"#)0"^ 0")0 &",+.3 5# %'&#$0#37 !"# 3%.)0,$ )'3
&"#)0" #'0#$%'* 0"# 2#%' %& )((,16)'%#3 59 ) &+33#' *%2#7

!"# ()0"#0#$ %& 0"#' 6)&&#3 0"$,+*" 0"# &6.%00%'* &"#)0"4
<"%(" %& <%0"3$)<' )'3 6##.#3 )6)$07 D+(" &"#)0"& ,-0#'
@%'@ %- 6)&&#3 )$,+'3 )' )'*.# %' 0"# 2#%' )'3 '##3 0, 5#
<%0"3$)<' 0, )..,< 0"# ()0"#0#$ 0, 6)&&7 !"# (,$$#(0 6,&%0%,'
,- 0"# %'0$)2)&(+.)$ ()0"#0#$ 0%6 %& )3O+&0#3 +'3#$ i/$)9
(,'0$,.7 !"# %'0#$'). &#*1#'0 ,- (+--#3 3#2%(#& ()' 5#
)3O+&0#3 59 6+..%'* 0"# (+-- %'<)$3& ,$ ,+0<)$3& ).,'* 0"#
0$)(07

L%&6.)(#3 ()0"#0#$& ,$ *+%3#<%$#& 1)9 #'0#$ ,$ (,%. %' 0"#
%'0#$'). O+*+.)$ 2#%'4 0"# %'',1%')0# 2#%'4 0"# )A9*,& 2#%'
,$ 0"# %'0#$'). 1)11)$9 2#%'7 S,&%0%,'%'* ()' 5# -)(%.%0)0#3
59 )&@%'* 0"# 6)0%#'0 0, 5$#)0"# %' 3##6.94 <"%(" &0$)%*"0#'&
0"# *$#)0 2#&&#.& )& 0"# "#)$0 )'3 3%)6"$)*1 3#&(#'3 ,'
%'&6%$)0%,'7 D,-0 ()0"#0#$& ()' 5# &0%--#'#3 59 0"# +&# ,- )
.,'* ]HV (1^ *+%3#<%$# ,- 0"# 096# +&#3 59 %'0#$2#'0%,').
$)3%,.,*%&0&4 6)&&#3 0"$,+*" 0"# ()0"#0#$4 %- 0"# &0)'3)$3
<%$# %' 0"# @%0& %& 0,, &",$0 ]YV (1^7 >' 1,$# 3%-;(+.0 ()&#&4
0"# 2)&(+.)$ )')0,19 )'3 ()0"#0#$ 6,&%0%,' ()' 5# 3#0#$/
1%'#3 59 %'O#(0%'* i/$)9 (,'0$)&0 0"$,+*" 0"# ()0"#0#$7

!"#$# %& ,'*,%'* 3#5)0# )& 0, 0"# ,60%1+1 6,&%0%,' -,$
()0"#0#$ 0%6&4 5+0 1,&0 (#'0$#& <,+.3 .#)2# 0"# 0%6 #%0"#$ %'
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6$,(#3+$#&7

O'?'('#*'/
+ A;/+ AH ?12340.*1 *O -*1P 034+ )3104/- 531*62 )/0730342% 0.+3

O*4 / 13Q -**RH !" +', # GIIN9 ,++% (#G'!
" A7+3; S$ M*7T6;;.1 SH C*+,-.)/0.*12 /22*)./03; Q.07 ;.OO34310

.12340.*1 03)71.:632 O*4 U.)R+/1 )/0730342H -.()/"&, +', # GIIV9
-.% G"#'&

, A.0R31 E$ M.10*1 WH B73 X,.1)7Y*OO 2.P1Z% / Q/41.1P *O .+,31;.1P
,4*K-3+2 Q.07 ,34+/1310 26K)-/5./1 )/0730342H $0 # 12"/ GIV#9
+./% [(('[

. A1;342*1 A$ \4/21*Q ]$ ^*T34 M$ ') &3H B74*+K*2.2% 073 +/L*4
U.)R+/1 )/073034 )*+,-.)/0.*1 .1 ,/0.3102 Q.07 2*-.; 06+*4H
4*'() GIVI9 !0% &G'N

0 A1;4.2 E$ \48TQ;/ =$ ])76-03 @$ A62+/1 <$ _63KK3+/1 =H
`.1)7Y*OO 2T1;4*+3% / 4/43 30.*-*PT O*4 )3104/- 531*62 )/073034
*))-62.*1H # -&"'%)'" 5%)'"&3 62)" GIII9 +/% N(G'(

1 A1*1T+*62H M/1/P.1P K-**;2043/+ .1O3)0.*12 /22*)./03; Q.07
.104/5/2)6-/4 )/0730342H 7"2/ 8*'" !233 !""G9 ,!% &N'V"

- A0R.12*1 W$ ^/P1/-- U$ a*+,3402 =H ?15320.P/0.*1/- 623 *O 0.2263
,-/2+.1*P31 /)0.5/0*4 b0Y`Ac O*4 *))-6;3; )3104/- 531*62
)/0730342H # -&"'%)'" 5%)'"&3 62)" GII"9 +.% (G"'G

/ ^/P1/-- U$ a*+,3402 =$ A0R.12*1 WH C*10.16*62 .1O62.*1 *O -*QY
;*23 d4*R.1/23 .1 073 043/0+310 *O )3104/- 531*62 )/073034
074*+K*2.2 .1 .1O/102 /1; )7.-;431H -',9&)"9:( GIVI9 /,% I[('[

! ^311300 W$ `/,/;*64.2 E$ </1R.1 <$ ') &3H `34)60/13*62 .1O34.*4
531/ )/5/- /,,4*/)7 O*4 -*1P 034+ )3104/- 531*62 /))322H # ;&(:
<%)'"= >&,9.3 GII&9 /% VNG'N

+2 ^341 M$ D*R.)7 W$ @/--/)3 ]$ ') &3H >34T -*Q ;*232 *O Q/4O/4.1 )/1
,435310 074*+K*2.2 .1 )3104/- 531*62 )/0730342H A 4/1;*+.23;
,4*2,3)0.53 04./-H $%% <%)'"% +', GII"9 ++"% #!('V

++ ^341/4; <$ ]0/7- @H ]6K)-/5./1 53.1 )/073034.8/0.*12% /
,4*2,3)0.53 206;TH GH e*1 .1O3)0.*62 )*+,-.)/0.*12H $%% 12"/
GI&G9 +-,% GV#'I"

+" ^.5.12 M$ C/--/7/1 MH `*2.0.*1Y;3,31;310 53104.)6-/4 0/)7T)/4;./
43-/03; 0* / ,34.,734/--T .123403; )3104/- )/073034H +&?. 439% -".:
!"""9 -0% #G#'[

+, ^L3-30.)7 W$ U.)R+/1 <H B73 U.)R+/1 .1;Q3--.1P )/073034H $0 #
62"( GIV"9 /2% [!'N

+. ^-*0 f$ e.031K34P a$ C7/)7/0T =H E./P1*2.2 *O )/073034Y43-/03;

e,'*/0#$1 (#'0$). 2#',+& )((#&&
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K/)034/3+./% / ,4*2,3)0.53 )*+,/4.2*1 *O 073 0.+3 0* ,*2.0.5.0T
*O 76KYK-**; 534262 ,34.,734/-YK-**; )6-06432H @&%:') GIII9 ,0.%
G"&G'&

+0 ^4/4 \$ M644/T E$ D3/;34 ?H C3104/- 531*62 )/073034 .1O3)0.*12 .1
,3;./04.) ,/0.3102 .1 / )*++61.0T 7*2,.0/-H <%A':)9.% GIVV9 +1% V['
I"

+1 ^4*5./) W$ C*-3 W$ ])4.K134 ^H A 2.-.)*13 46KK34 4.P70 /04./-
)/073034 O*4 ,4*-*1P3; ,/431034/- /-.+310/0.*1H 12"/ B?%':.3
CD()') GI&(9 +,1% ["!'[

+- C/,/)).*-. D$ e.204. M$ E.20/103 >$ <*10.1. M$ M/1300. A$ ]03))*
AH ?12340.*1 /1; +/1/P3+310 *O -*1PY034+ )3104/- 531*62
;35.)32% 4*-3 *O 4/;.*-*P.) .+/P.1P 03)71.:632H >&,9.3 +', GIIV9
!1% ([I'&#

+/ C76034 B$ ]0/4R34 `H `-/)3+310 *O U.)R+/1'^4*5./) )/0730342 .1
073 )3,7/-.) 53.1H 12"/ B?%':.3 CD()') GIVV9 +11% G[('#

+! C-34. E$ C*44/;* M$ ]3-.P+/1 ]H _6/10.0/0.53 )6-0643 *O
.104/531*62 )/0730342 /1; *0734 .104/5/2)6-/4 .123402H # <%A':)
79( GIV"9 +.+% &VG'[

"2 C*.0 E$ B641K6-- AH D*1P 034+ )3104/- 5/2)6-/4 /))322 074*6P7
073 P*1/;/- 53.1H 12"/ B?%':.3 CD()') GII!9 +-0% ([!'#

"+ C644T C$ _6.3 `H f61P/- 23,0.)3+./ .1 ,/0.3102 43)3.5.1P
,/431034/- 7T,34/-.+310/0.*1H 6 5%/3 # +', GI&G9 "/0% G!!G'N

"" E/.-3T <H D/03 5/2)6-/4 ,34O*4/0.*12 KT C>` )/0730342H # 50'"/
+', GIIV9 +.1% #V&'I"

", E/4*6.)73 <$ <//; ?$ U3/4; ]$ ') &3H A )*+,/4.2*1 *O 0Q*
/10.+.)4*K./-Y.+,43P1/03; )3104/- 531*62 )/0730342H 6 5%/3 #
+', GIII9 ,.2% G'V

". E/0* >$ E/L/1. AH C/1;.;3+./ .1 )7.-;431 Q.07 )3104/- 531*62
)/0730342% 4*-3 *O )/073034 43+*5/- /1; /+,7*034.).1 ^ 0734/,TH
-',9&)" <%A':) 79( # GII"9 !% ("I'G#

"0 E/5.; ]$ B7*+,2*1 W$ =;13T WH ?12340.*1 *O U.)R+/1 )/0730342 .1
0*0/- ,/431034/- 1604.0.*1% / ,4*2,3)0.53 206;T *O !"" )*123)60.53
,/0.3102H $0 # 12"/ GIV#9 02% [&('[

"1 E3 C.))* M$ `/1/43--* a$ C7./4/;./ >$ ') &3H ]*64)3 /1; 4*603 *O
+.)4*K./- )*-*1.2/0.*1 *O ,/431034/- 1604.0.*1 )/0730342H @&%:')
GIVI9 "% G!NV'[G

"- E3,/40+310 *O U3/-07H a6.;3-.132 O*4 ,435310.1P .1O3)0.*12
/22*)./03; Q.07 073 .12340.*1 /1; +/.1031/1)3 *O )3104/- 531*62
)/0730342H # E.(F <%A':) !""G9 .- b]6,,-c% #&'[&

"/ E634R231 E$ `/,.13/6 e$ ].3+312 W$ g/OO3 \H `34.,734/--T
.123403; )3104/- )/0730342 O*4 ,/431034/- 1604.0.*1% / )*+,/4.2*1
Q.07 )3104/--T .123403; )/0730342H # -&"'%)'" 5%)'"&3 62)" GIII9 ",%
VN'I

"! E6P;/-3 E$ </+23T `H 1)&F*?3.:.::2( &2"'2( K/)0343+./ .1
,/0.3102 Q.07 U.)R+/1 )/0730342H $0 # +', GII"9 /!% G(&'#G

,2 =,,32 ]$ B4*60+/1 W$ a60+/1 DH F60)*+3 *O 043/0+310 *O
)/1;.;3+./ .1 )7.-;431 Q7*23 )3104/- )/0730342 Q343 43+*53;
*4 430/.13;H -',9&)" <%A':) 79( # GIVI9 /% II'G"#

,+ f-30)734 ]$ ^*;317/+ AH C/073034Y43-/03; 23,2.2% /1 *5345.3QY
`/40 GH !" # <%)'%(9=' 4&"' GIII9 !% #['N(

," f-30)734 ]$ ^*;317/+ AH ]/O3 ,-/)3+310 *O )3104/- 531*62
)/0730342% Q7343 27*6-; 073 0., *O 073 )/073034 -.3h !" # $%&'()*
!"""9 /0% GVV'IG

,, f-T11 `$ ]7313, W$ ]0*R32 E$ ^/44300 fH <% (9)2 +/1/P3+310 *1
)*1i4+3; )3104/- 531*62 )/073034Y43-/03; K/)0343+./H -',9&)"
<%A':) 79( # GIV&9 1% &!I'(#

,. f*4/634 A$ a-*)R134 WH ?+,*40/1)3 *O 6-04/2*61; i1;.1P2 .1
/))322 ,-/11.1P ;64.1P L6P6-/4 53.1 7/3+*;./-T2.2 )/073034
,-/)3+3102H # ;&(: <%)'"= >&,9.3 !"""9 ++% !(('V

,0 f4/2)7.1. a$ W/;3L/ W$ D/Q2*1 M$ U*-+32 f$ C/44/2)* U$ @/--/)3
]H D*)/- .1O62.*1 *O d4*R.1/23 O*4 073 -T2.2 *O 074*+K*2.2
/22*)./03; Q.07 ,34+/1310 )3104/- 531*62 )/0730342 .1 )/1)34
,/0.3102H # 439% C%:.3 GIV&9 0% [&!'V

,1 f6R6. ]$ C*PP./ M$ a*3/6Y^4.22*11.343 F$ <*K.1 A$ `/03- WH

?104*;6).1P /1 .+,-/10/K-3 )3104/- 531*62 )/073034 5./ 073 4.P70
,6;31;/- 53.1H -"'((' +', GIIN9 ".% G["V'I

,- a/--*Q/T ]$ ^*;317/+ AH ]/O3 43+*5/- *O -*1P 034+ )6OO3;
U.)R+/1 0T,3 )/0730342H E.(F +', !""(9 1.% !"'(

,/ a/--*Q/T ]$ ^*;317/+ AH d-04/2*61; .+/P.1P *O 073 /j.--/4T 53.1
' /1/0*+.)/- K/2.2 O*4 )3104/- 531*62 /))322H !" # $%&'()* !""(9 0%
NVI'IN

,! a-/;Q.1 M$ ]-*1.+ A$ D/1;6)). E$ B2).34438 E$ C611.*1 <H
C/116-/0.*1 *O 073 .10341/- L6P6-/4 53.1% .2 ,*20,4*)3;64/- )7320
4/;.*P4/,7T /-Q/T2 13)322/4Th 4"9) 4&"' +', GIII9 "-% GVGI'!(

.2 a43313 f$ M**43 @$ ]04.)R-/1; a$ M)f/4-/1; WH C*+,/4.2*1 *O /
0*0/--T .+,-/10/K-3 /))322 ;35.)3 O*4 )73+*0734/,T b`*40YAY
C/07c /1; -*1PY034+ ,34)60/13*62 )/073034.8/0.*1 b^4*5./)cH
1.2)* +', # GIVV9 /+% NV"'["(

.+ a4*3P34 W$ D6)/2 A$ C*.0 E$ ') &3H A ,4*2,3)0.53 4/1;*+.83;
35/-6/0.*1 *O 073 3OO3)0 *O 2.-534 .+,43P1/03; 26K)60/13*62 )6OO2
O*4 ,435310.1P 06113--3; )74*1.) 531*62 /))322 )/073034
.1O3)0.*12 .1 )/1)34 ,/0.3102H $%% 12"/ GII(9 "+/% !"['G"

." U/.43 @$ D.3K34+/1 <H B74*+K*23; )3104/- 531*62
)/0730342% 4320*4.1P O61)0.*1 Q.07 [Y7*64 64*R.1/23 .1O62.*1
/O034 O/.-643 *O K*-62 64*R.1/23H # -&"'%)'" 5%)'"&3 62)" GII!9
+1% G!I'(!

., U/40+/1 a$ ]7*)7/0 ]H M/1/P3+310 *O 23,0.) )*+,-.)/0.*12
/22*)./03; Q.07 ].-/20.) )/0730342 .1 )7.-;7**; +/-.P1/1)TH -',9&)"
<%A':) 79( # GIV&9 1% G"#!'&

.. U/0i3-; A$ ^*;317/+ AH `*40/K-3 6-04/2*61; O*4 ;.Oi)6-0 )3104/-
531*62 /))322H !" # $%&'()* GIII9 /"% V!!'[

.0 U3/4; ]$ @/P-3 M$ >.L/T/R6+/4 =$ ') &3H ?1k631)3 *O 04.,-3Y-6+31
)3104/- 531*62 )/0730342 )*/03; Q.07 )7-*473j.;.13 /1; 2.-534
26-,7/;./8.13 *1 073 .1).;31)3 *O )/073034Y43-/03; K/)0343+./H
$":* <%)'"% +', GIIV9 +0/% VG'&

.1 U.)R+/1 <$ ^6)R134 C$ C-.O0 <$ ]/1;342 W$ ]03Q/40 `$ B7*+/2 =H
A +*;.i3; 4.P70 /04./- )/073034 O*4 /))322 0* 073 531*62 2T203+
.1 +/44*Q 04/12,-/10 43).,.3102H 12"/ B?%':.3 CD()') GI&I9 +./%
V&G'N

.- U*OO34 =$ ^*42/ W$ ]/106--. `$ ^-*)7 <$ f*10/.13 AH `4*2,3)0.53
4/1;*+.83; )*+,/4.2*1 *O 5/-53; 534262 1*15/-53; ,34.,734/--T
.123403; )3104/- 53.1 )/0730342H $0 # >.'%)/'%.3 GIII9 +-,% G(I('
V

./ U*)7 WH M/1/P3+310 *O 073 )*+,-.)/0.*12 *O -*1PY034+ 531*62
/))322H 1'09% ;&(: 12"/ GII&9 +2% G(N'#(

.! U6406K.23 M$ ^*00.1* W$ D/Q2*1 M$ M)C43;.3 \H <320*4.1P
,/031)T *O *))-6;3; )3104/- 531*62 )/0730342H $":* 12"/ GIV"9
++0% !G!'(

02 \/-2* =$ <*231K34P `$ >6*4./-7* M$ `.30.-/l \H U*Q +6)7 ;* /4+
+*53+3102 ;.2,-/)3 )6K.0/- )3104/- 531*62 )/0730342h $:)&
$%&'()*'(9.3 1:&%, GIV!9 "1% (N#'[

0+ \/6O+/1 W$ a4331i3-; A$ f.08,/04.)R aH B4/1273,/0.) )/116-/0.*1
*O 073 .1O34.*4 531/ )/5/H # ;&(: <%)'"= >&,9.3 GIIG9 "% ((G'N

0" \3/412 `$ C*-3+/1 ]$ @37134 WH C*+,-.)/0.*12 *O -*1P /4+Y
)/0730342% / 4/1;*+.23; 04./- *O )3104/- 534262 ,34.,734/- 0.,
-*)/0.*1H # -&"'%)'" 5%)'"&3 62)" GII[9 "2% !"'#

0, \3113T `$ E*4O+/1 a$ E311T EH `34)60/13*62 .1O34.*4 531/
)/5/ )/116-/0.*1 O*4 -*1PY034+ ,/431034/- /))322H 12"/'"? GIVN9
!-% ["!'N

0. \3*7/13 `$ W*132 ^$ A004.-- U$ ') &3H =OO3)0 *O )/073034 06113--.1P
/1; / 1604.0.*1 16423 *1 )/073034 23,2.2 ;64.1P ,/431034/-
1604.0.*1H A )*104*--3; 04./-H @&%:') GIV(9 "% G(VV'I"

00 \.03 `$ E*KK.12 ^$ @.-)*j M$ ') &3H =5/-6/0.*1 *O / 1*53-
31;*-6+.1/- K4627 +307*; O*4 9% (9)2 ;./P1*2.2 *O )/073034
43-/03; 23,2.2H # 439% -&)*.3 GII&9 02% !&V'V!

01 \4*P M$ =RK*41 A$ eT204*+Y<*2/1;34 C$ <6;K34P C$
].+*122*1 eH C3104/- 531*62 )/0730342 .1 /)603 K-**;
+/-.P1/1).32H 4&%:'" GIV&9 0!% G(NV'[G

[)..,<)9 )'3 Z,3#'")1
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0- \4*P M$ a34;.1 ^H A1 /-0341/0.53 ,-/)3+310 *O .+,-/10/K-3
)3104/- 531*62 /))322 2T203+2H # -&"'%)'" 5%)'"&3 62)" GIVI9 +,%
[[['&

0/ D/00* ?`H B73 3j0341/- L6P6-/4 53.1H ?1% D/00* ?`$ eP @]$ W*132 `D$
W31R.12 ^W$ 3;2H -'":2)&%'.2( 4'%)"&3 ;'%.2( &%, $")'"9&3
4&)*')'"9(&)9.%H U/4)*640$ D*1;*1$ !"""9 !"['&

0! D35.1 e$ g/1P `$ U/0)7 E$ ') &3H e3Q /))322 ;35.)3 O*4
7/3+*;./-T2.2H $1$<C # GIIV9 ..% N!I'(G

12 D6)3T ^$ >/4P7323 W$ U/2-/+ `$ D33 MH <*60.13 )7320 4/;.*P4/,72
/O034 )3104/- -.13 .12340.*1% +/1;/0*4T ,*20,4*)3;64/- 35/-6/0.*1
*4 6113)322/4T Q/203 *O 432*64)32h 4&",9.=&(: <%)'"='%) >&,9.3
GIII9 ""% (VG'#

1+ M/)E*1/-; A$ M/2034 ]$ M*Oi00 =H A )*+,/4/0.53 206;T *O
,34.,734/--T .123403; 2.-.)*13 )/0730342 O*4 ,/431034/- 1604.0.*1H
4&% $%&'()* 1.:GI&&9 ".% ![('I

1" M)^4.;3 \$ f.2734 <$ @/41*)R e$ ') &3H A )*+,/4/0.53 /1/-T2.2 *O
4/;.*-*P.)/- /1; 264P.)/- ,-/)3+310 *O )3104/- 531*62 )/0730342H
4&",9.=&(: <%)'"='%) >&,9.3 GII&9 "2% G&'!!

1, M)D643 U$ W6203 <$ B7*+/2 M$ ]*1. e$ <*K3402 A$ A8/;./1 ^H
=1;*-6+.1/- K4627.1P O*4 ;303)0.*1 *O )3104/- 531*62 )/073034
)*-*1.8/0.*1 ' / )*+,/4.2*1 *O ;/.-T 52H 2.1P-3 K4627.1P *1
43+*5/-H # E.(F <%A':) GII&9 ,1% (G('[

1. M/R. E$ C*KK D$ a/4+/1 W$ ]7/,.4* W$ <.1P34 M$ U3-P342*1 <H A1
/00/)7/K-3 2.-534Y.+,43P1/03; )6OO O*4 ,435310.*1 *O .1O3)0.*1
Q.07 )3104/- 531*62 )/0730342% / ,4*2,3)0.53 4/1;*+.83;
+6-0.)31034 04./-H $0 # +', GIVV9 /0% ("&'G#

10 M/R. E$ ]0*-8 ]$ @733-34 ]$ M34+3- DH `435310.*1 *O )3104/-
531*62 )/073034Y43-/03; K-**;2043/+ .1O3)0.*1 KT 623 *O /1
/10.23,0.)Y.+,43P1/03; )/073034H $%% <%)'"% +', GII&9 +"-% !N&'
[[

11 M/R. E$ @3.23 C$ ]/4/i1 UH A 23+.:6/10.0/0.53 )6-0643 +307*;
O*4 .;310.OT.1P .104/531*62 )/073034 43-/03; .1O3)0.*1H 6 5%/3 #
+', GI&&9 "!1% G("N'I

1- M344.-- ]$ `3/04*22 ^$ a4*22+/1 M$ ]6--.5/1 W$ U/4R34 @H
`34.,734/--T .123403; )3104/- 531*62 )/0730342H D*QY4.2R
/-0341/0.532 O*4 *1P*.1P 531*62 /))322H G'() # +', GII#9 +12%
!N'("

1/ M*--34 W$ <3.22 ?$ ])7/.K-3 BH >/2)6-/4 /))322 .1 13*1/032 /1;
.1O/102 ' .1;.)/0.*12$ 4*6032$ 03)71.:632 /1; ;35.)32$
)*+,-.)/0.*12H <%)'%(9=' 4&"' G."3, GIIN9 +"% #V'N(

1! M*143/- M$ A-/20463 A$ <6-- M$ ') &3H d,,34 3j043+.0T ;33,
531*62 074*+K*2.2 .1 )/1)34 ,/0.3102 Q.07 531*62 /))322
;35.)32Y,4*,7T-/j.2 Q.07 / -*Q +*-3)6-/4 Q3.P70 73,/4.1
bf4/P+.1cH 8*".0D E&'0.() GII[9 -0% !NG'(

-2 M**4+/1 E$ U*4/00/2 M$ @4.P70 E$ \/6O+/1 \$ <6O @H
U.)R+/1 )/073034 ;.2-*;P3+310 ;63 0* ,31;6-*62 K43/202H
# -&"'%)'" 5%)'"&3 62)" GIV&9 ++% N"!'#

-+ M*22 W$ @/P+/1 D$ <..7.+/R. E$ B348 WH C3104/- 531*62
074*+K*2.2 43-/03; 0* 073 ].-/20.) U.)R+/1'^4*5./) )/0730342
.1 /1 *1)*-*P.) ,*,6-/0.*1H # -&"'%)'" 5%)'"&3 62)" GIVI9 +,%
(I&'#""

-" M67+ MH d-04/2*61; P6.;3; )3104/- 531*62 /))322H !+# !""!9
,"0% G(&('#

-, e/;4** A$ a-/22 <$ D.1 W$ a4331 <$ U*-8+/1 ?H C7/1P32 .1 6,,34
3j043+.0T ,*2.0.*1 )/623 +.P4/0.*1 *O ,34.,734/--T .123403;
)3104/- )/0730342 .1 13*1/032H -',9&)"9:( !""!9 ++2% G(G'[

-. e/8/4./1 a$ ^L/41/2*1 U$ E.308 C$ ^341/;/2 C$ U61034 EH
C7/1P32 .1 06113--3; )/073034 0., ,*2.0.*1 Q731 / ,/0.310 .2
6,4.P70H # ;&(: <%)'"= >&,9.3 GII&9 /% #(&'#G

-0 e3Q+/1 ^$ C**13T E$ \/4, M$ W3Q300 BH B73 .1034)*20/- 53.1%
/1 /-0341/0.53 4*603 O*4 )3104/- 531*62 /-.+310/0.*1H # -',9&)"
12"/ GIV(9 +/% &(!'(
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Practical aspects of long-term venous
access

L Hudman MRCP FRCA
A Bodenham FRCA

Long-term venous access is increasing in all

ages due to an increasing dialysis population,

advances in cancer therapy, and increasing use

of parenteral nutrition. Catheters should be

managed by a dedicated, structured, multidis-

ciplinary service,1 including specialist nurses,

but all anaesthetists should have sufficient

knowledge to allow perioperative/emergency

use and troubleshooting when necessary. Some

anaesthetists will wish to develop further skills

in inserting and removing such devices. In this

review, reasonable knowledge of short-term

catheters is assumed with issues relevant to

long-term devices highlighted.

Choice of catheter

Indications for long-term venous access include

cancer chemotherapy, long-term antibiotics,

total parenteral nutrition (TPN), and haemodi-

alysis.1,2 The indication, treatment duration,

aftercare capabilities, and individual patient

factors will guide the catheter choice.

Principles of catheter design

Short-term central venous access devices

(0–10 days) are commonly made from polyur-

ethane, making them stiff enough to insert over

a guidewire. They soften at body temperature

to reduce vessel damage. The high-tensile

strength allows multiple thin-walled lumens

within one narrow catheter.3

Long-term venous access devices are pre-

dominantly made from more flexible silicone to

reduce vessel damage and thrombosis.3 They gen-

erally require insertion via a splitting sheath and

can be single, double, or triple lumen. Stronger

catheters are available to allow high-pressure

X-ray contrast delivery for computed tomography

(CT) imaging (e.g. rated 300þ PSI for rupture).

Catheter tips can be preformed, for

example, with tapered tips or staggered holes

or open/straight ended (Fig. 1). Open-ended

catheters can be cut to length but are easily

blocked by blood backflow, especially with in-

creasing gauge.2,3 Preformed tips can incorpor-

ate a valve (e.g. Groshong devices) to avoid

backflow unless negative pressure is applied

and may reduce occlusive and infective compli-

cations. If a valve is present, then central venous

pressure cannot be measured and positive pres-

sure is required to deliver fluids.2 Catheters may

also have a valve at the proximal hub.4

Lumens: Narrow bore devices will restrict

delivery of fast flow rates or more viscous con-

centrated blood products. Multiple lumens are

required for dialysis and infusion of incompat-

ible products.

Types of catheter

Peripherally inserted central catheters (PICCs)

are small bore and typically inserted with ultra-

sound guidance via the basilic or brachial vein

in the upper arm to end in the lower part of

the superior vena cava (SVC). Many centres

perform such procedures on wards without

X-ray screening.

Tunnelled cuffed catheters exit the skin

distant to the site of venepuncture (typically in-

ternal jugular or subclavian). They have a sub-

cutaneous Dacron anchoring cuff, for example,

Hickman and Broviac types. Tissue growth into

the cuff anchors it after about 3 weeks, and is a

barrier to the tracking of skin micro-organisms

along the catheter.

Port catheters have a thick self-sealing sili-

cone diaphragm over a titanium or plastic reser-

voir at the proximal end.3,5 They are sutured into

a subcutaneous pocket necessitating a larger in-

cision. Once healed, the intact skin barrier

means that they carry the lowest infection risk

and allow bathing and swimming.5 Access is via

a non-coring needle. Dislodgement of such

needles can occur, risking extravasation.

Dialysis catheters are large bore, relatively

stiff catheters designed to withstand both positive

and negative pump pressures.3 Typical inflow/

Key points

Large numbers of patients
undergoing anaesthesia and
critical care have long-term
vascular access devices in
situ.

Anaesthetists increasingly
insert such devices.

Particular long-term
complications include
thrombosis, occlusion,
fracture, fibrin sheaths, and
bacterial colonization.

Anaesthetists require a
basic knowledge of
insertion, care, and removal
of such catheters.
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outflow pressures are up to +300 mm Hg. Designs include two sep-

arate catheters or a dual-lumen catheter with staggered tip positions to

prevent blood recirculation. The tip must be in the lower SVC, right

atrium (RA), or inferior vena cava to obtain sufficient blood flow past

it. Clotted blood easily occludes the large lumens when not in use so

heparin (1000 units ml21) is usually used to fill the dead space (the

volume required is printed on the catheter).

Other considerations
Coagulopathy, poor limb or vein condition, musculoskeletal abnor-

malities, and cosmetic aspects should be considered when choos-

ing an insertion site. Blocked central veins from previous catheters

may be evident from the presence of chest wall collaterals that are

visible externally or on ultrasound, or an unusually engorged vein

at the site of intended puncture. Internal appearances are shown in

Figure 2.

Catheter survival is patient and disease specific. In the absence

of complications, devices can last up to 5 yr. Eventually, as plasti-

cisers leech out, catheters will fail mechanically, typically exter-

nally, or become infected or thrombosed.

Practicalities of line insertion

Catheters are typically passed through a splitting (peel away)

sheath, with an image intensifier or ECG guidance to verify central

guidewire/catheter position.

For tunnelled catheters and ports, wide infiltration is used with

0.5–1% lidocaine with 1/200 000 epinephrine across the vein entry

site, tunnelling tract, and skin exit site using a 22 gauge spinal

needle;6 !30–60 ml in total is necessary. Epinephrine-containing

solutions cause vasospasm and should be avoided when inserting

PICCs. Midazolam (2–5 mg) and fentanyl (50–100 mg) sedation

with supplemental oxygen is useful for anxious patients. General

anaesthesia is reserved for children and adults with communication

problems or severe needlephobia.6 Wounds are typically closed

with absorbable deeper and subcuticular sutures.

Choice of access site

Common sites include: the arm veins (brachial, cephalic, basilic),

internal jugular, and subclavian/axillary veins. The internal jugular

is easily accessible and has a direct line to the central veins, but

tunnelling the catheter can be difficult and leaves a visible protu-

berance under the skin. For direct-access short-term catheters,

there is a higher infection rate than the subclavian route, but it is

unclear if this is true for tunnelled lines.2 Ultrasound-guided infra-

clavicular axillary vein puncture is increasingly used with easier

tunnelling to this site.

PICCs are less invasive to insert, but achieving an optimal

central position can be problematic2 if screening is not used.

Misplaced PICCs will sometimes relocate with time, a change in

position, or after forceful flushing with saline.6

Tunnelling techniques

Small incisions are made at the skin exit and venepuncture sites

and deepened with blunt dissection. A curved tunnelling rod

attached to the catheter is advanced from the exit site to the vene-

puncture site (Fig. 3). Some clinicians insert a buried suture

around the tunnelling rod which, when tied off, reduces early

outward movement of the Dacron cuff.

Sharp tunnelling rods are easier to pass but risk damage to sur-

rounding structures, for example, the carotid artery. Safer blunt

introducers need significant controlled force to advance and often

require fascial tissue to be cut away to exit at the venepuncture site.

Fig 2 Contrast venogram via a sheath in the left external jugular vein (left
internal jugular blocked), demonstrating blood flow to the SVC via
engorged tortuous collaterals, secondary to innominate vein thrombosis
after prolonged parenteral nutrition. This tortuous vein could not be
traversed even with specialized guidewires and screening. Venous collaterals
were seen on the left chest wall.

Fig 1 Catheter tips. Left: open dual lumen, cut to length by the operator.
Right: preformed, single lumen.

Practical aspects of long-term venous access
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Large-bore catheters will kink around a tight angle. A wider

curve is formed with an additional puncture site and short tunnel

to avoid this.6 Small artery forceps are useful for these additional

short tunnels in the neck.

Catheter tip positioning

Guidewires and catheters generally pass centrally but occasionally

may deviate, coil, or be unable to pass a tight angle, thrombosis,

or stenosis. Filling the catheter with contrast aids X-ray visualiza-

tion, and contrast venography can identify stenoses or abnormal

anatomy (Fig. 2).6 Teflon-coated nitinol guidewires (e.g. Terumo

type) can give the catheter some rigidity and aid passage.2,6

Catheter tip positioning is generally easiest from the right internal

jugular vein, followed by the right subclavian and then the

left side.

The optimal catheter tip position is in the long axis of the

lower SVC or upper RA ideally outside the pericardial reflection.

A tip too far into the RA risks arrhythmias, or cardiac tamponade

if vessel perforation occurs. Hydrothorax, thrombosis, and vessel

puncture are more common if the tip lies too high, with predictable

catheter failure on longer-term use.2 If the tip lies in the innomin-

ate or brachiocephalic vein, then it can be used for non-irritant

infusions in the short term.

Measuring the screened guidewire length from the venepunc-

ture site to the desired tip position in the SVC can estimate the

required internal catheter length. The measurement of the approxi-

mate path across the chest wall is an alternative.2

Catheter tips move with changes in patient position. PICC line

tips move with the patient’s arm. This can be more than 2–3 rib

spaces in children.7 Sitting up or inspiring deeply causes the dia-

phragm to fall and the catheter tip to move upwards relative to the

Fig 3 Series demonstrating tunnelling of a cuffed catheter. (A) The tunnelling rod is advanced subcutaneously from the exit site to the venepuncture site
(right subclavian area). (B) A subcutaneous buried purse string suture is placed around the rod (and subsequently catheter) by some clinicians to help
maintain initial cuff position. (C) The catheter is pulled through until the cuff lies beyond the suture (ends held by forceps). The catheter is cut from the rod
and to the appropriate length before the splitting sheath is advanced into the vein. (D) The guidewire and dilator are removed and the catheter inserted
through the sheath. (E) The sheath is split and removed, the catheter is buried, and the purse string sutured and buried. (F) Skin wounds are sutured and
dressed, and the catheter secured with a ‘Statlock’ adhesive device for 3 weeks.

Practical aspects of long-term venous access
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cavoatrial junction. If fixed to mobile breast area tissue, the cath-

eter will withdraw on sitting up, in extreme cases causing complete

malposition or extravasation.2

Port pockets

Small, low profile ports can be inserted over the upper arm. Larger

ports are sited on the chest wall, above or below the breast, with

underlying support from the ribs (Fig. 4).5

Dissection below the subcutaneous fat creates a pocket with the

incision to one side. The port is sutured to the underlying fascia to

stop it turning over. Insertion sites are painful initially, so if early

access is required, a needle is left in situ.5

Securing catheters

External anchorage is with adhesive ‘Statlock’ devices or sutured

wings. PICC lines require permanent fixation, but tunnelled lines

are secure once the cuff has sufficient tissue ingrowth (around 3

weeks). Catheter exit sites should initially be covered with an IV-

dedicated occlusive transparent dressing or gauze and tape.

Aftercare
All patients should receive education and information about catheter

care.8 Many trusts provide such information, but there are also some

excellent web-based information resources, for example, Macmillan

Cancer Support (www.macmillan.org.uk/Cancerinformation/Cancer

treatment/Treatmenttypes/Chemotherapy/Linesports/Centrallines.

aspx).

Complications particular to long-term
venous access

Catheter tip malposition

This may follow initial misplacement or subsequent migration and

result in catheter occlusion, vessel damage or thrombosis, cardiac

arrhythmias, or extravasation, depending on the problem. If there

is doubt regarding catheter position or pain on injection, then a

chest X-ray, linogram (contrast injected down catheter with X-ray

screening), or occasionally CT is required before further use.

Phlebitis

Irritation of small arm veins by PICC lines can cause phlebitis.4

Some centres advise keeping the limb warm and relatively immobile

post-insertion to minimize this. Heat application in early phlebitis

can help dilate the veins, but the catheter may have to be removed.

Thrombosis

Thrombosis can occur at the point of vein entry or where a catheter

tip irritates the vein intima. It can surround the catheter, occlude

the tip or the entire vessel, and lead to pulmonary embolus. There

is no definite evidence that rates differ between insertion sites, but

Fig 4 Chest wall port placement (after pocket creation and tunnelling the catheter to venous access site). (A) The sutures are placed in the pocket and
through the port anchor holes. Note the port has a thick diaphragm over a reservoir. (B) The port is slid over the sutures into the pocket and secured. (C)
The catheter is cut to length and inserted through a splitting sheath as in Figure 3. The wounds are sutured to implant the device. (D) For access, a
non-coring needle is pushed into the port membrane and secured. Aspiration of blood confirms placement.

Practical aspects of long-term venous access
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incorrect tip position and infection are thought to increase the

risk.2,9 Diagnosis of thrombosis by ultrasound has shown rates of

33–67% at 1 week post-insertion, but clinically significant throm-

bosis is much less frequent.2

Therapeutic dose low molecular weight heparin2 or intermittent

thrombolytic flushes9 can be considered to reduce the risk, espe-

cially if there is a history of previous thrombosis.

Clinically significant catheter-related thrombosis requires full

anticoagulation followed by early catheter removal.9 It is not

usually necessary to reverse anticoagulation for removal, but pro-

longed pressure or extra sutures may be required.

Infection

Catheter-related bloodstream infections (CRBSIs) and catheter mi-

crobial colonization are thought to occur in three ways; by ‘track-

ing’ from the skin exit site (most common in short-term catheters),

by intraluminal/hub contamination (most common in catheters in

situ .30 days), and by seeding from haematogenous spread (in

immunocompromised patients).8

The incidence of CRBSIs varies depending on the sterility at

insertion, catheter type, intended use (e.g. TPN), frequency of

access, and underlying patient pathology. The presence of throm-

bosis also increases the incidence of infection.

Catheters with an antimicrobial coating or bonding are available

and may reduce CRBSIs, but further research is awaited. Isolated

exit site infections and some bloodstream infections can occasional-

ly be managed with antibiotics alone. Notable exceptions to this are

Staphylococcus aureus bacteraemia and Candidaemia due to high

treatment failure rates and complications, for example, endocarditis.2

In all cases, if initial treatment fails, catheters need removal.

Complicated cases need multidisciplinary review.

Catheter occlusion

Impaired catheter patency can be due to mechanical obstruction by

a kink or ‘pinch-off’ (between the clavicle and first rib), clotted

blood, TPN or drug precipitation, fibrin sheaths, catheter malposi-

tion, or venous thrombosis.8

Early management of impaired patency caused by blood, lipids,

or drugs, with thrombolytics, alcohol, or other solvents, respective-

ly, may avoid complete failure. If the catheter flushes well but

blood cannot be aspirated, then this suggests clot or a fibrin sleeve

which can be potentially thrombolysed. Two to three millilitres of

a low dose of thrombolytic (e.g. urokinase 5000 units) can be

injected to fill the catheter lumen and any clot/fibrin sleeve around

it. This should be left for a number of hours before attempting as-

piration and flushing.8 Forceful flushing with a small syringe must

be avoided as it may result in catheter rupture.8

Fibrin sheaths

Protein and fibrin deposition, and platelet activation occurs within

5–7 days of catheter insertion. In time, this develops into a fibrin

sheath that runs the full length of the catheter. This may be incon-

sequential but can allow mixing and precipitation of infusates,

backtracking of infusates to the skin, extravasation, or impaired

patency. Instillation of thrombolytics can be used to unblock cathe-

ters as described above.

Catheter fracture

Catheter fracture can occur due to repeated pinching of the catheter

between the first rib and clavicle (pinch off ),8 kinking, damage at

the time of insertion or removal, or when a catheter is flushed

under high pressure. Urgent removal of the catheter by radiological

or surgical techniques is necessary to prevent embolization and all

infusions should be stopped to limit extravasation.8 If an external

fracture occurs, then a clamp or knot can prevent bleeding and air

entry.

Ongoing care

This is best managed by a specialist, dedicated team, and trained

staff.8 Daily inspection of the exit site with dressings changed at

least every 7 days10 (or when wet or dislodged) and cleaning with

an antiseptic such as chlorhexidine gluconate 2% in 70% isopropyl

is required.8 Alcohol-free chlorhexidine/aqueous solutions are

needed if a statlock securing device is present.

Most catheters need to be flushed at least weekly (monthly for

an implanted port)10 and after each use. Saline will suffice, except

in large-bore dialysis catheters and infrequently accessed ports

where heparin may be more appropriate.8

Wound sutures can be removed at 7–10 days, but those anchor-

ing the cuff should remain for around 3 weeks. Healed port and

tunnelled cuffed catheter sites do not need a dressing after 3

weeks.

Using such devices (including perioperatively)

Handling should be with gloves and an aseptic/no-touch technique.

The hub should be cleaned and the patency of the catheter checked

by aspiration and flushing with at least twice its internal volume or

5–10 ml of saline.8 The aspirated fluid should be discarded to

avoid injection of any heparin left in the device.

To ensure that blood does not enter the catheter tip when the

syringe is removed, the catheter should be clamped under positive

pressure (i.e. during flushing).8 Pulsatile flushing (delivery of the

flush volume in a rapid series of small boluses) generates turbulent

flow to reduce lumen deposits.

Ports are accessed aseptically via non-coring/‘Huber’ needles

after skin cleaning with 2% chlorhexidine.5 The port is palpated

with two fingers and the needle inserted through the thick resilient

membrane until its tip hits the back wall of the chamber.

Aspirating blood and flushing with saline verifies needle position.

A gauze dressing helps support the needle, which can remain in

situ for several days. In an emergency, any small-bore standard

needle can be used for access.

Practical aspects of long-term venous access
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Removal of devices

Removal or reinsertion of devices is not without risk, so careful

consideration is required. Indications for removal include: finished

treatment, unresolved catheter-related infection, ongoing throm-

bosis or occlusion, or a device fault.11 Review of all the options by

a multidisciplinary team may allow salvage of precious catheters

where revision is difficult.

Removal risks include air embolism, catheter fracture and em-

bolization, dislodgement of thrombosis or fibrin sheath, haemor-

rhage, infection, and a poor cosmetic result.11

Basic principles for removal

Catheters should be removed under aseptic conditions in the head-

down position to reduce the risk of air embolus. Alternatively, the

patient can be asked to perform a Valsalva manoeuvre.11 The

removed catheter must be inspected for damage and completeness.

Anchoring cuffs

These require surgical release. Early removal or removal of cathe-

ters with infection near the cuff may be possible under gentle trac-

tion alone.12

Cuff position is identified by palpation or pulling on the cath-

eter to pucker the skin, or by measuring from the outside hub

(fixed length for individual catheters). Local anaesthetic is infil-

trated and a small incision made above the cuff. Blunt dissection is

used to free and lift the catheter from the tissues. The fibrin sheath

is rubbed free or divided to allow the venous end of the catheter to

be withdrawn.11 Pressure is applied over the tunnel and vein entry

site.

The cuff can then be dissected free to remove the remaining

catheter via the exit site. The cuff site is sutured, but the skin exit

site is left to granulate. The well-formed tract is a potential site for

air entry or bleeding, so an initial occlusive dressing is

applied.11,12

Removing a port

This can be done under local anaesthetic unless heavily infected5

and follows similar principles with reopening of the original inci-

sion, dissection into the fibrous pocket, and release of the sutures.

Difficulties removing catheters

Longstanding catheters can become firmly adherent due to dense

contracted adhesions along their length in the tissues or vein. In

such situations, careful traction on the catheter reduces its diameter

and generally allows removal. Alternatively, catheters may be

knotted or attached to the wall of the vein by thrombus through

side holes. Catheters can fracture with the loss of the catheter tip.

If in doubt do not persist, seek specialist advice.11

Conclusions

Long-term venous catheters carry specific complications in add-

ition to those of short-term catheters. They can become increasing-

ly difficult to insert with repeated episodes and all necessitate

experienced care to maximize their longevity. Dedicated multidis-

ciplinary teams provide a package of care from insertion to

removal but inevitably anaesthetists outside this service will en-

counter these patients and be expected to manage them appropri-

ately. This review has highlighted some of the key principles of

insertion and removal, management of complications, and safety in

their use but is not intended as a substitute for practical experience.

The advice or assistance of local dedicated services or experienced

colleagues should be consulted if in doubt.
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