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Introduction

There is a wide consensus that a central venous line – if 
usĞĚ ĚiscŽntinuŽuslǇ ʹ shŽulĚ bĞ ƉĞƌiŽĚicĂllǇ ŇushĞĚ ǁiƚh 
nŽƌŵĂl sĂlinĞ͕ sŽ ƚŽ ƌĞŵŽǀĞ ƚƌĂcĞs ŽĨ ƚhĞ ƉƌĞǀiŽuslǇ inĨusĞĚ 
sŽlutiŽns͖ ĂlsŽ͕ Ăs ƚhĞ linĞ is clŽsĞĚ͕ iƚ shŽulĚ bĞ ĮllĞĚ ǁiƚh Ă 
͚lŽcŬ sŽlutiŽn͕͛  ǁhich ŵĂǇ hĂǀĞ ĂnticŽĂgulĂnƚ ĂctiŽn͕ ĂnĚͬŽƌ 
Ăn ĂntibĂcƚĞƌiĂl ĂctiŽn͕ Žƌ ʹ Ăs in ƚhĞ cĂsĞ ŽĨ nŽƌŵĂl sĂlinĞ ʹ 
nŽ sƉĞciĮc ĂctiŽn Ăƚ Ăll͘
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ABSTRACT
Background: dhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ lŽcŬ sŽlutiŽn ĨŽƌ cĞnƚƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞs is still ƚŽ bĞ ĚĞĮnĞĚ͘ 
'�sĞ�Ğ>d ʹ ƚhĞ /ƚĂliĂn gƌŽuƉ ĨŽƌ ǀĞnŽus ĂccĞss ĚĞǀicĞs ʹ hĂs ĚĞǀĞlŽƉĞĚ Ă cŽnsĞnsus Žn ƚhĞ ĞǀiĚĞncĞͲbĂsĞĚ 
cƌiƚĞƌiĂ ĨŽƌ ƚhĞ chŽicĞ ĂnĚ ƚhĞ clinicĂl usĞ ŽĨ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ lŽcŬ sŽlutiŽn ĨŽƌ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs 
;ĞǆcluĚing ĚiĂlǇsis cĂƚhĞƚĞƌsͿ͘
Method: �ŌĞƌ ƚhĞ cŽnstiƚutiŽn ŽĨ Ă ƉĂnĞl ŽĨ ĞǆƉĞƌƚs͕ Ă sǇsƚĞŵĂtic cŽllĞctiŽn ĂnĚ ƌĞǀiĞǁ ŽĨ ƚhĞ liƚĞƌĂƚuƌĞ hĂs bĞĞn 
ƉĞƌĨŽƌŵĞĚ͕ ĨŽcusing Žn clinicĂl sƚuĚiĞs ĚĞĂling ǁiƚh lŽcŬ sŽlutiŽns usĞĚ ĨŽƌ ƉƌĞǀĞntiŽn ŽĨ ŽcclusiŽn ;hĞƉĂƌin͕ ciͲ
ƚƌĂƚĞ͕ uƌŽŬinĂsĞ͕ ƌĞcŽŵbinĂnƚ tissuĞ ƉlĂsŵinŽgĞn ĂctiǀĂƚŽƌ ΀ƌͲdP�΁͕ nŽƌŵĂl sĂlinĞͿ Žƌ ĨŽƌ ƉƌĞǀĞntiŽn ŽĨ inĨĞctiŽn 
;ciƚƌĂƚĞ͕ ĞƚhĂnŽl͕ ƚĂuƌŽliĚinĞ͕ ĞƚhǇlĞnĞͲĚiĂŵinĞͲƚĞƚƌĂͲĂcĞtic ĂciĚ ΀��d�΁͕ ǀĂncŽŵǇcin͕ linĞǌŽliĚ ĂnĚ ŽƚhĞƌ ĂntibiŽƚͲ
icsͿ͕ in bŽƚh ĂĚulƚs ĂnĚ in ƉĞĚiĂƚƌic ƉĂtiĞnƚs͘ ^ƚuĚiĞs Žn cĞnƚƌĂl linĞs usĞĚ ĨŽƌ ĚiĂlǇsis Žƌ ƉhĞƌĞsis͕ Žn ƉĞƌiƉhĞƌĂl 
ǀĞnŽus linĞs ĂnĚ Žn ĂƌƚĞƌiĂl linĞs ǁĞƌĞ ĞǆcluĚĞĚ ĨƌŽŵ ƚhis ĂnĂlǇsis͘ ^ƚuĚiĞs Žn lŽcŬ sŽlutiŽns usĞĚ ĨŽƌ ƚƌĞĂƚŵĞnƚ 
ŽĨ ŽbsƚƌuctiŽn Žƌ inĨĞctiŽn ǁĞƌĞ nŽƚ cŽnsiĚĞƌĞĚ͘ dhĞ cŽnsĞnsus hĂs bĞĞn cĂƌƌiĞĚ Žuƚ ĂccŽƌĚing ƚŽ ƚhĞ �ĞlƉhi 
ŵĞƚhŽĚ͘
Results: dhĞ ƉĂnĞl hĂs cŽncluĚĞĚ ƚhĂƚ͗ ;ĂͿ ƚhĞƌĞ is nŽ ĞǀiĚĞncĞ suƉƉŽƌting ƚhĞ hĞƉĂƌin lŽcŬ͖ ;bͿ ƚhĞ ƉƌĞǀĞntiŽn ŽĨ 
ŽcclusiŽn is bĂsĞĚ Žn ƚhĞ ƉƌŽƉĞƌ Ňushing ĂnĚ lŽcŬing ƚĞchniƋuĞ ǁiƚh nŽƌŵĂl sĂlinĞ͖ ;cͿ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ lŽcŬ 
sŽlutiŽn ĨŽƌ inĨĞctiŽn ƉƌĞǀĞntiŽn shŽulĚ incluĚĞ ciƚƌĂƚĞ ĂnĚͬŽƌ ƚĂuƌŽliĚinĞ͕ ǁhich hĂǀĞ bŽƚh ĂntiͲbĂcƚĞƌiĂl ĂnĚ 
ĂntiͲbiŽĮlŵ ĂctiǀiƚǇ͕  ǁiƚh nĞgligiblĞ unĚĞsiƌĞĚ ĞīĞcƚs iĨ cŽŵƉĂƌĞĚ ƚŽ ĂntibiŽtics͖ ;ĚͿ ƚhĞ ƉĂtiĞnƚ ƉŽƉulĂtiŽns ŵŽsƚ 
liŬĞlǇ ƚŽ bĞnĞĮƚ ĨƌŽŵ ciƚƌĂƚĞͬƚĂuƌŽliĚinĞ lŽcŬ ĂƌĞ ǇĞƚ ƚŽ bĞ ĚĞĮnĞĚ͘
Conclusions: dhĞ ĂcƚuĂl ǀĂluĞ ŽĨ hĞƉĂƌiniǌĂtiŽn ĨŽƌ nŽnͲĚiĂlǇsis cĂƚhĞƚĞƌs shŽulĚ bĞ ƌĞcŽnsiĚĞƌĞĚ͘ �lsŽ͕ ƚhĞ usĞ 
ŽĨ lŽcŬ ǁiƚh subsƚĂncĞs ǁiƚh ĂntiͲbĂcƚĞƌiĂl ĂnĚ ĂntiͲbiŽĮlŵ ĂctiǀiƚǇ ;such Ăs ciƚƌĂƚĞ Žƌ ƚĂuƌŽliĚinĞͿ shŽulĚ bĞ ƚĂŬĞn 
inƚŽ cŽnsiĚĞƌĂtiŽn in sĞlĞcƚĞĚ ƉŽƉulĂtiŽns ŽĨ ƉĂtiĞnƚs͘
Keywords: �ĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs͕ �iƚƌĂƚĞ͕ &lushing͕ ,ĞƉĂƌin͕ >ŽcŬ sŽlutiŽn͕ dĂuƌŽliĚinĞ
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ZĞcŽŵŵĞnĚĂtiŽns ĂbŽuƚ Ňushing ĂnĚ lŽcŬing ƚhĞ ǀĞnŽus 
ĂccĞss ĚĞǀicĞ in ƚhĞ inƚĞƌǀĂl bĞƚǁĞĞn inĨusiŽns ĂƌĞ incluĚĞĚ in 
Ăll sƚĂnĚĂƌĚ ŵĂnĂgĞŵĞnƚ ƉŽliciĞs͕ Ăs Ă ƌĞlĞǀĂnƚ issuĞ in ƉƌĞͲ
ǀĞnting cŽŵƉlicĂtiŽns͘ &Žƌ Ă bĞƩĞƌ unĚĞƌsƚĂnĚing ŽĨ ƚhĞ ĚĞͲ
ƚĂils ŽĨ such ƉƌŽcĞĚuƌĞs͕ Ă clĞĂƌ ĚĞĮnitiŽn ŽĨ ƚhĞ ƚĞƌŵs ͚Ňush͛ 
ĂnĚ ͚lŽcŬ͛ is ƉĂƌticulĂƌlǇ iŵƉŽƌƚĂnƚ͘ �s Ă ŵĂƩĞƌ ŽĨ ĨĂcƚ͕ ƚhĞ 
ƚĞƌŵs ͚Ňush͛ ĂnĚ ͚lŽcŬ͛ ĂƌĞ sŽŵĞtiŵĞs ŵuƚuĂllǇ ĞǆchĂngĞĚ 
ĂnĚ ĂŵbiguŽuslǇ ĚĞĮnĞĚ in guiĚĞlinĞs ĂnĚ liƚĞƌĂƚuƌĞ͕ ƚhus 
lĞĂĚing ƚŽ cŽnĨusiŽn ĂnĚ ŵisunĚĞƌsƚĂnĚing͘ dhĞ ͚Ňush͛ in Ăn 
inƚƌĂǀĂsculĂƌ cĂƚhĞƚĞƌ is ĚĞĮnĞĚ Ăs ƚhĞ ŵĂnuĂl inũĞctiŽn ŽĨ Ă 
sŽlutiŽn͕ gĞnĞƌĂllǇ nŽƌŵĂl sĂlinĞ͕ ǁiƚh ƚhĞ ƉuƌƉŽsĞ ŽĨ clĞĂnͲ
ing ƚhĞ innĞƌ luŵĞn ŽĨ ƚhĞ cĂƚhĞƚĞƌ͕  ƌĞŵŽǀing ƌĞŵnĂnƚs ŽĨ 
inĨusĞĚ subsƚĂncĞs ĂnĚ ŵĂinƚĂining iƚs ƉĂƚĞncǇ͘ dhĞ ͚lŽcŬ͛ is 
gĞnĞƌĂllǇ ĚĞĮnĞĚ Ăs ƚhĞ inƚƌĂluŵinĂl inũĞctiŽn ŽĨ Ă liŵiƚĞĚ ǀŽlͲ
uŵĞ ŽĨ ŇuiĚ͕ ĂŌĞƌ ƚhĞ cĂƚhĞƚĞƌ Ňush͕ in ƚhĞ inƚĞƌǀĂls ŽĨ tiŵĞ 
ǁhĞn ƚhĞ cĂƚhĞƚĞƌ is nŽƚ in usĞ͕ ǁiƚh ƚhĞ ƉuƌƉŽsĞ ŽĨ ƉƌĞǀĞnƚͲ
ing luŵĞn ŽcclusiŽn ĂnĚͬŽƌ bĂcƚĞƌiĂl cŽlŽniǌĂtiŽn ;1Ϳ͘ dhĞƌĞ 
ĂƌĞ sĞǀĞƌĂl ŵĞƚhŽĚŽlŽgiĞs ŽĨ Ňushing ĂnĚ lŽcŬing buƚ nŽnĞ ŽĨ 
ƚhĞŵ is uniǀĞƌsĂllǇ ĂccĞƉƚĞĚ Ăs Ă sƚĂnĚĂƌĚ ŽĨ ƉƌĂcticĞ͘

WhilĞ ĞǀĞƌǇŽnĞ ĂgƌĞĞs ƚhĂƚ ƚhĞ ͚Ňush͛ ŽĨ ĂnǇ ǀĞnŽus ĂcͲ
cĞss ĚĞǀicĞ is ŵĂnĚĂƚŽƌǇ ĂŌĞƌ iƚs usĞ ĂnĚ ƚhĂƚ such Ňush 
shŽulĚ bĞ ĚŽnĞ ǁiƚh nŽƌŵĂl sĂlinĞ͕ ƚhĞ ŽƉtiŵĂl ͚lŽcŬ͛ ŽĨ ƚhĞ 
ǀĞnŽus ĂccĞss is still lĂƌgĞlǇ cŽnƚƌŽǀĞƌsiĂl͕ ĚĞƉĞnĚing Žn ƚhĞ 
ƚǇƉĞ ŽĨ ǀĞnŽus ĂccĞss ĂnĚ Žn iƚs usĞ͕ ƚhĞ ŵĂin ĚiīĞƌĞncĞs 
bĞing͕ ĨŽƌ ĞǆĂŵƉlĞ͕ bĞƚǁĞĞn ƉĞƌiƉhĞƌĂl ǀĞnŽus ĂccĞss ĚĞͲ
ǀicĞs ;Ps�sͿ ĂnĚ cĞnƚƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞs ;�s�sͿ͕ Žƌ bĞͲ
ƚǁĞĞn cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs inƚĞƌŵiƩĞnƚlǇ usĞĚ ĨŽƌ blŽŽĚ 
ĞǆchĂngĞ ƉƌŽcĞĚuƌĞs͕ such Ăs ĚiĂlǇsis Žƌ ĂƉhĞƌĞsis ;ĚiĂlǇsis 
cĞnƚƌĂl ǀĞnŽus ĂccĞss͕ ΀��s�΁Ϳ ĂnĚ cĞnƚƌĂl ǀĞnŽus linĞs usĞĚ 
nŽƚ ĨŽƌ ĚiĂlǇsis Žƌ ĂƉhĞƌĞsis buƚ ĨŽƌ inƚƌĂǀĞnŽus Ěƌug inĨusiŽn͕ 
ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn͕ chĞŵŽƚhĞƌĂƉǇ͕  blŽŽĚ sĂŵƉling Žƌ hĞͲ
ŵŽĚǇnĂŵic ŵŽniƚŽƌing ;nŽnͲĚiĂlǇsis cĞnƚƌĂl ǀĞnŽus ĂccĞss͕ 
E��s�Ϳ͘

dhĞƌĞ is sƚƌŽng sciĞntiĮc ĞǀiĚĞncĞ ƚhĂƚ ��s� shŽulĚ bĞ 
lŽcŬĞĚ ǁiƚh Ăn ĂnticŽĂgulĂnƚ sŽlutiŽn͕ sŽ ƚŽ ƉƌĞǀĞnƚ ƚhĞ ƌisŬ ŽĨ 
luŵĞn ŽcclusiŽn ĚuĞ ƚŽ clŽƚs͗ ƚhis is ƚƌuĞ ĨŽƌ ĂnǇ ĚiĂlǇsis cĂƚhͲ
ĞƚĞƌ͕  ĞiƚhĞƌ nŽnͲƚunnĞlĞĚ Žƌ cuīĞĚͲƚunnĞlĞĚ͕ ĞiƚhĞƌ insĞƌƚĞĚ 
in ƚhĞ cĞƌǀicŽͲƚhŽƌĂcic ĂƌĞĂ ;inƚĞƌnĂl ũugulĂƌ ǀĞin͕ innŽŵiͲ
nĂƚĞ ǀĞin͕ Ğƚc͘Ϳ Žƌ in ƚhĞ gƌŽin ;ĨĞŵŽƌĂl ǀĞinͿ͘ dhĞ lŽcŬ sŽluͲ
tiŽns ƚǇƉicĂllǇ usĞĚ ĨŽƌ ƚhis ƉuƌƉŽsĞ cŽnƚĂin ĞiƚhĞƌ hĞƉĂƌin Žƌ 
sŽĚiuŵ ciƚƌĂƚĞ͕ ǁhilĞ sŽŵĞ cŽnƚƌŽǀĞƌsiĞs still Ğǆisƚ ĂbŽuƚ ƚhĞ 
ŽƉtiŵĂl cŽncĞnƚƌĂtiŽn ŽĨ ĂnticŽĂgulĂnƚ ;ƌĂnging ĨƌŽŵ ϱ00 ƚŽ 
ϱ000 uniƚsͬŵ> in ƚhĞ cĂsĞ ŽĨ hĞƉĂƌin ĂnĚ ĨƌŽŵ ϰй ƚŽ ϰ0й ĨŽƌ 
ciƚƌĂƚĞͿ͘ �iƚƌĂƚĞ lŽcŬ is cuƌƌĞnƚlǇ usĞĚ in ŵĂnǇ �uƌŽƉĞĂn hŽsƉiͲ
ƚĂls Ăs Ăn ĞīĞctiǀĞ sƚƌĂƚĞgǇ ĨŽƌ ƉƌĞǀĞnting luŵĞn ŽcclusiŽn ŽĨ 
ĚiĂlǇsis cĂƚhĞƚĞƌs Ăs ǁĞll Ăs ĨŽƌ ƉƌĞǀĞnting ƚhĞ ƌisŬ ŽĨ inĨĞctiŽn 
ĚuĞ inƚƌĂluŵinĂl cŽnƚĂŵinĂtiŽn ŽĨ ƚhĞ linĞ͖ in ĨĂcƚ͕ ciƚƌĂƚĞ hĂs 
ƌĞlĞǀĂnƚ ĂntiͲbiŽĮlŵ ĂnĚ ĂntiͲbĂcƚĞƌiĂl ĞīĞcƚs͕ ǁhich hĞƉĂƌin 
hĂs nŽƚ͘ �lsŽ͕ ĚiĂlǇsis cĂƚhĞƚĞƌs ĂƌĞ sŽŵĞtiŵĞs lŽcŬĞĚ ǁiƚh 
cŽŵbinĞĚ sŽlutiŽns incluĚing bŽƚh ciƚƌĂƚĞ ĂnĚ ƚĂuƌŽliĚinĞ  
;ĂnŽƚhĞƌ Ěƌug ǁiƚh ĂntibĂcƚĞƌiĂl ĂctiǀiƚǇͿ͘

Kn ƚhĞ ŽƚhĞƌ hĂnĚ͕ ƚhĞ ĞǀiĚĞncĞ suƉƉŽƌting ƚhĞ usĞ ŽĨ 
ĂnticŽĂgulĂnƚ ĂnĚͬŽƌ ĂntibĂcƚĞƌiĂl lŽcŬ sŽlutiŽns is scĂƌcĞ in 
ƚhĞ ĂƌĞĂ ŽĨ E��s�͘ dhĞƌĞ is nŽ cŽnǀincing ĞǀiĚĞncĞ ƚhĂƚ sƉĞͲ
ciĮc lŽcŬ sŽlutiŽns ŵighƚ hĂǀĞ clinicĂl ĂĚǀĂnƚĂgĞ ŽǀĞƌ sĂlinĞ in 
ƉƌĞǀĞnting luŵĞn ŽcclusiŽn ŽĨ shŽƌƚͲƚĞƌŵ͕ ŵĞĚiuŵͲƚĞƌŵ Žƌ 
lŽngͲƚĞƌŵ cĞnƚƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞs such Ăs nŽnͲƚunnĞlĞĚ  
cĞnƚƌĂllǇ insĞƌƚĞĚ cĞnƚƌĂl cĂƚhĞƚĞƌs ;�/��Ϳ͕ ƉĞƌiƉhĞƌĂllǇ insĞƌƚĞĚ 
cĞnƚƌĂl cĂƚhĞƚĞƌs ;P/��Ϳ͕ ĨĞŵŽƌĂllǇ insĞƌƚĞĚ cĞnƚƌĂl cĂƚhĞƚĞƌs 
;&/��Ϳ͕ ƚŽƚĂllǇ iŵƉlĂnƚĂblĞ ǀĞnŽus ĚĞǀicĞs ;ƉŽƌƚͿ Žƌ lŽngͲƚĞƌŵ 

cuīĞĚͲƚunnĞlĞĚ cĞnƚƌĂl cĂƚhĞƚĞƌs͘ dhŽugh sŽŵĞ guiĚĞlinĞs ;2͕ 
ϯͿ hĂǀĞ ƌĞcŽŵŵĞnĚĞĚ ƚhĞ usĞ ŽĨ hĞƉĂƌin lŽcŬ ĨŽƌ ŵĞĚiuŵ ĂnĚ 
lŽngͲƚĞƌŵ ǀĞnŽus ĂccĞss ĚĞǀicĞs ;P/��͕ ƉŽƌƚs͕ cuīĞĚͲƚunnĞlĞĚ 
cĂƚhĞƚĞƌsͿ ǁhich ĂƌĞ nŽƚ in usĞ͕ such ƌĞcŽŵŵĞnĚĂtiŽns ǁĞƌĞ 
nŽƚ bĂsĞĚ Žn cŽnǀincing clinicĂl ĞǀiĚĞncĞ͘ �lsŽ͕ sŽŵĞ sƉĞͲ
ciĮc lŽcŬ sŽlutiŽns ;ciƚƌĂƚĞ͕ ƚĂuƌŽliĚinĞ͕ ĞƚhĂnŽl͕ ĂntibiŽtics͕ 
Ğƚc͘Ϳ hĂǀĞ bĞĞn ƉƌŽƉŽsĞĚ nŽƚ ĨŽƌ ƉƌĞǀĞnting luŵĞn ŽcclusiŽn 
buƚ ĨŽƌ ƌĞĚucing ƚhĞ ƌisŬ ŽĨ cĂƚhĞƚĞƌͲcŽlŽniǌĂtiŽn Žƌ cĂƚhĞƚĞƌͲ 
ƌĞlĂƚĞĚ blŽŽĚ sƚƌĞĂŵ inĨĞctiŽn ;�Z�^/Ϳ͖ ƚhŽugh͕ ŽbǀiŽuslǇ͕  ƉƌĞͲ
ǀĞntiŽn ŽĨ inĨĞctiŽn is ŵĂinlǇ bĂsĞĚ Žn bunĚlĞs ŽĨ inƚĞƌǀĞntiŽns 
ǁhich shŽulĚ bĞ ĂĚŽƉƚĞĚ Ěuƌing cĞnƚƌĂl linĞ insĞƌtiŽn ĂnĚ ĚuƌͲ
ing ƚhĞ cĂƌĞ ŽĨ ƚhĞ Ğǆiƚ siƚĞ ;1͕ 2Ϳ͕ still iƚ is bĞliĞǀĞĚ ƚhĂƚ sŽŵĞ 
ŬinĚ ŽĨ ĂntibĂcƚĞƌiĂl lŽcŬ ŵighƚ bĞ ĞīĞctiǀĞ in ƌĞĚucing ƚhĞ ƌisŬ 
ŽĨ inƚƌĂluŵinĂl bĂcƚĞƌiĂl cŽnƚĂŵinĂtiŽn ŽĨ ƚhĞ ĚĞǀicĞ͕ ƉĂƌticuͲ
lĂƌlǇ in highͲƌisŬ ƉĂtiĞnƚs͘ dhĞ ĚĂƚĂ ĂǀĂilĂblĞ ĨƌŽŵ ƚhĞ liƚĞƌĂƚuƌĞ 
ĂƌĞ still nŽƚ cŽnclusiǀĞ ĂnĚ nŽ ƌĞcŽŵŵĞnĚĂtiŽn is ŽīĞƌĞĚ bǇ 
ŵŽsƚ guiĚĞlinĞs͘

dhĞ Ăiŵ ŽĨ ƚhis cŽnsĞnsus is ƚŽ ƌĞǀiĞǁ sǇsƚĞŵĂticĂllǇ ƚhĞ 
ĞǀiĚĞncĞ ĨŽƌ ƚhĞ chŽicĞ ĂnĚ clinicĂl usĞ ŽĨ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiͲ
ĂƚĞ lŽcŬ sŽlutiŽns ĨŽƌ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs nŽƚ usĞĚ ĨŽƌ 
ĚiĂlǇsis Žƌ ĂƉhĞƌĞsis͕ sŽ ƚŽ ƉƌŽǀiĚĞ Ăn ĞǀiĚĞncĞͲbĂsĞĚ sĞƚ ŽĨ 
ƌĞcŽŵŵĞnĚĂtiŽns ĨŽƌ ƚhĞ cuƌƌĞnƚ clinicĂl ƉƌĂcticĞ Ăs ǁĞll Ăs 
ĨŽƌ ĨuƚuƌĞ ƌĞsĞĂƌch in ƚhis ĮĞlĚ͘

Methods

dhĞƌĞ ĂƌĞ sĞǀĞƌĂl guiĚĞlinĞs ĂnĚ sƚĂƚĞŵĞnƚs ĂĚĚƌĞssing 
ƚhĞ issuĞ ŽĨ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ lŽcŬ sŽlutiŽn ĨŽƌ nŽnͲĚiͲ
ĂlǇsis cĞnƚƌĂl ǀĞnŽus ĂccĞss ;E��s�Ϳ͕ buƚ ŵŽsƚ ŽĨ ƚhĞŵ ĂƌĞ 
bĂsĞĚ Žn ƉŽŽƌͲƋuĂliƚǇ ĞǀiĚĞncĞ͕ sincĞ ŽnlǇ ĨĞǁ ƌĂnĚŽŵiǌĞĚ 
clinicĂl ƚƌiĂls ĂƌĞ ĂǀĂilĂblĞ in ƚhis ĂƌĞĂ͘ Kn ƚhĞ ŽƚhĞƌ hĂnĚ͕ 
ƌĞƚƌŽsƉĞctiǀĞ ĂnĚ ƉƌŽsƉĞctiǀĞ sƚuĚiĞs͕ ƌĞǀiĞǁs ĂnĚ ŵĞƚĂͲ
ĂnĂlǇsĞs ĨŽcusĞĚ Žn ƚhis ĂsƉĞcƚ ŽĨ clinicĂl ƉƌĂcticĞ hĂǀĞ lĞĚ 
ƚŽ cŽnƚƌŽǀĞƌsiĂl cŽnclusiŽns͖ Ăs Ă ƌĞsulƚ͕ ƉƌŽƚŽcŽls ŽĨ lŽcŬ 
ƚhĞƌĂƉǇ ĨŽƌ E��s� ĂƌĞ ƋuiƚĞ ĚiǀĞƌgĞnƚ ĂnĚ ŽŌĞn bĂsĞĚ Žn 
ƉĞƌsŽnĂl ƉƌĞĨĞƌĞncĞ Žƌ hisƚŽƌicĂl ƚƌĂĚitiŽn͘

�ŽnsiĚĞƌing ƚhĞ nĂƚuƌĞ ŽĨ ƚhĞ ƉƌŽblĞŵ ĂnĚ ƚhĞ scĂƌciƚǇ ŽĨ 
sƚƌŽng ĞǀiĚĞncĞ ĨƌŽŵ high ƋuĂliƚǇ sciĞntiĮc sƚuĚiĞs͕ Ă cŽnsĞnͲ
sus ǁĂs cŽnsiĚĞƌĞĚ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ ƚŽŽl ĨŽƌ ƉƌŽǀiĚing 
ƌĞcŽŵŵĞnĚĂtiŽns in ƚhis ĂƌĞĂ͘

dhis cŽnsĞnsus ǁĂs ĚĞǀĞlŽƉĞĚ bǇ '�sĞ�Ğ>d ʹ ƚhĞ /ƚĂlͲ
iĂn 'ƌŽuƉ ŽĨ >Žng dĞƌŵ sĞnŽus �ccĞss �ĞǀicĞs͘ � ƉĂnĞl ŽĨ 
ĞǆƉĞƌƚs ǁĂs chŽsĞn͕ cŽnsisting ŽĨ Ğighƚ ǀŽting ƉĂnĞlisƚs͕ ŽnĞ 
inĚĞƉĞnĚĞnƚ chĂiƌƉĞƌsŽn ǁiƚh ĞǆƉĞƌtisĞ in cŽnsĞnsus ŵĞƚhͲ
ŽĚŽlŽgǇ ;D>Ϳ͕ ĂnĚ ŽnĞ nŽnͲǀŽting ŽbsĞƌǀĞƌ ;��>Ϳ͘ PĂnĞlisƚs 
ǁĞƌĞ sĞlĞcƚĞĚ ĨŽƌ ƚhĞiƌ ĞǆƉĞƌtisĞ in cĞnƚƌĂl ǀĞnŽus ĂccĞss 
ĚĞǀicĞs ĂnĚͬŽƌ Ăs ĂuƚhŽƌs ŽĨ ƌĞlĞǀĂnƚ ƉĂƉĞƌs ƉublishĞĚ Žn 
ƚhis ƚŽƉic͘ dhĞ ŵĞĞting ǁĂs nŽƚ sƉŽnsŽƌĞĚ ĚiƌĞcƚlǇ Žƌ inĚiͲ
ƌĞcƚlǇ bǇ ĂnǇ cŽŵŵĞƌciĂl cŽŵƉĂnǇ͕  buƚ ĞǆclusiǀĞlǇ suƉƉŽƌƚĞĚ 
bǇ '�sĞ�Ğ>d͘  /ƚ ǁĂs cŽnĚucƚĞĚ in ƚǁŽ sƚĂgĞs͕ bŽƚh ǁiƚh ĨŽƌͲ
ŵĂl ĂnĚ ǁĞbͲbĂsĞĚ ŵĞĞtings͘ �ĞĨŽƌĞ ƚhĞ ĨŽƌŵulĂtiŽn ŽĨ ƚhĞ 
sƚĂƚĞŵĞnƚs ƚŽ bĞ ĚiscussĞĚ bǇ ƚhĞ ƉĂnĞl͕ Ă liƚĞƌĂƚuƌĞ sĞĂƌch 
ǁĂs ƉĞƌĨŽƌŵĞĚ͕ ǁiƚh ƚhĞ ĂssisƚĂncĞ ŽĨ ƚhĞ ŵĞƚhŽĚŽlŽgisƚ͕ Žn 
Ăll �nglish lĂnguĂgĞ ĂƌticlĞs ĨƌŽŵ 1ϵϵϵ ƚŽ 201ϰ ƌĞƉŽƌƚĞĚ in 
PubDĞĚ͕ �ŵbĂsĞ ĂnĚ KǀiĚ͕ using sƉĞciĮc ƚĞƌŵs ĂnĚ DĞ^, 
hĞĂĚings Ăs ͞cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌ͕͟  ͞lŽcŬ͕͟  ͞ƚhƌŽŵbŽsis͕͟  
͞inĨĞctiŽn͕͟  ͞ĂntibiŽtic͕͟  ͞cŽŵƉlicĂtiŽn͕͟  ͞ĂnticŽĂgulĂnƚ͕͟  
͞nŽƌŵĂl sĂlinĞ͕͟  ͞cŽŵƉlicĂtiŽns͕͟  ĂnĚ ŵĂnǇ ŽƚhĞƌs͘ KnlǇ huͲ
ŵĂn clinicĂl sƚuĚiĞs Žn lŽcŬ sŽlutiŽns ŽĨ E��s� ǁĞƌĞ cŽnsiĚͲ
ĞƌĞĚ͕ ƌĞgĂƌĚlĞss ŽĨ ƚhĞ ĞnĚƉŽinƚs ;ƉƌĞǀĞntiŽn ŽĨ ŽcclusiŽn 
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ĂnĚͬŽƌ ƉƌĞǀĞntiŽn ŽĨ inĨĞctiŽnͿ͘ �Žƚh sƚuĚiĞs in ĂĚulƚs ĂnĚ in 
ƉĞĚiĂƚƌic ƉĂtiĞnƚs ǁĞƌĞ incluĚĞĚ͘ PĂƉĞƌs Žn lŽcŬ sŽlutiŽns ĨŽƌ 
ƉĞƌiƉhĞƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞs ;Ps�sͿ ĂnĚ cĞnƚƌĂl ǀĞnŽus 
ĂccĞss cĂƚhĞƚĞƌs ĨŽƌ ĚiĂlǇsis ;��s�Ϳ ǁĞƌĞ nŽƚ cŽnsiĚĞƌĞĚ͘ 
�lsŽ͕ sƚuĚiĞs Žn lŽcŬ sŽlutiŽns ĨŽƌ ƚƌĞĂƚŵĞnƚ ŽĨ ŽcclusiŽn ĂnĚͬ
Žƌ ŽĨ inĨĞctiŽn ǁĞƌĞ ĞǆcluĚĞĚ bǇ ƚhĞ ĂnĂlǇsis͕ ƚhĞ ĨŽcus bĞing 
ĞǆclusiǀĞlǇ Žn ƉƌĞǀĞntiŽn͘

dhĞ cŽnsĞnsus ƉƌŽcĞss ǁĂs cĂƌƌiĞĚ Žuƚ ĂccŽƌĚing ƚŽ ƚhĞ 
ĨŽƌŵĂl Z�E�ͬhniǀĞƌsiƚǇ ŽĨ �ĂliĨŽƌniĂ Ăƚ >Žs �ngĞlĞs ;h�>�Ϳ 
�ƉƉƌŽƉƌiĂƚĞnĞss DĞƚhŽĚŽlŽgǇ Ăs Ă ƚǁŽͲsƚĂgĞ cŽnsĞnsus ƉƌŽͲ
cĞss ;ϰͿ͘ dhĞ ŵĞƚhŽĚ is Ă ŵŽĚiĮcĂtiŽn ŽĨ ƚhĞ �ĞlƉhi ŵĞƚhŽĚ͕ 
Ă sƚƌucƚuƌĞĚ ƉƌŽcĞss ĨŽƌ cŽllĞcting ĂnĚ cŽnĚĞnsing ŬnŽǁlĞĚgĞ 
ĨƌŽŵ Ă gƌŽuƉ ŽĨ ĞǆƉĞƌƚs ƚhƌŽugh Ă sĞƌiĞs ŽĨ ƋuĞstiŽnnĂiƌĞs͘ 
dhĞ Z�E�ͬh�>� ŵĞƚhŽĚ ǁĂs ŽƌiginĂllǇ usĞĚ ƚŽ Ăssisƚ in ĚĞͲ
ƚĞƌŵining ƚhĞ ƌĞlĂtiǀĞ ǁĞighƚ ŽĨ bĞnĞĮƚs ĂnĚ Ăƌŵs ŽĨ ŵĞĚicĂl 
ƉƌŽgƌĞss ;ϱͿ buƚ hĂs ĂlsŽ bĞĞn usĞĚ ƚŽ ĚĞǀĞlŽƉ ŽƚhĞƌ ŵĞĚiͲ
cĂl guiĚĞlinĞs ĂnĚ ƌĞcŽŵŵĞnĚĂtiŽns ;6͕ ϳͿ͘ � lisƚ ŽĨ issuĞs 
ĂnĚ sƚĂƚĞŵĞnƚs ǁĂs ĚĞĮnĞĚ ĂnĚ Ăll ƉĂƌticiƉĂnƚs ǁĞƌĞ ĂsŬĞĚ 
ƚŽ inĚĞƉĞnĚĞnƚlǇ scŽƌĞ ƚhĞsĞ sƚĂƚĞŵĞnƚs using Ă ϵͲƉŽinƚ  
>iŬĞƌƚ scĂlĞ Žn Ă scĂlĞ ƌĂnging ĨƌŽŵ 1 ;sƚƌŽnglǇ ĚisĂgƌĞĞͿ ƚŽ ϵ 
;sƚƌŽnglǇ ĂgƌĞĞͿ͘ �ŌĞƌ ƚhis initiĂl ĂssĞssŵĞnƚ͕ Ěuƌing Ă ĨŽƌŵĂl 
ĨĂcĞͲƚŽͲĨĂcĞ ŵĞĞting͕ ƚhĞ ǁhŽlĞ ƉĂnĞl ĚiscussĞĚ ƚhĞ ƌĞsulƚs 
ŽĨ Ă Įƌsƚ ƋuĞstiŽnnĂiƌĞ͘ � sĞcŽnĚ ƋuĞstiŽnnĂiƌĞ ǁĂs ĚĞǀĞlͲ
ŽƉĞĚ͕ incluĚing nĞǁ issuĞs iĚĞntiĮĞĚ Ěuƌing ƚhĞ Įƌsƚ ƌŽunĚ͘ 
dhĞ ƌĞsulƚs ŽĨ ƚhĞ sĞcŽnĚ ƋuĞstiŽnnĂiƌĞ ǁĞƌĞ cusƚŽŵiǌĞĚ ĂnĚ 
ƉƌĞsĞnƚĞĚ ƚŽ ƚhĞ ƉĂnĞl ĨŽƌ ĮnĂl ĂƉƉƌŽǀĂl͘ �gƌĞĞŵĞnƚ lĞǀĞls 
;ĚisĂgƌĞĞ͕ uncĞƌƚĂin͕ ĂgƌĞĞͿ ĨŽƌ ĞĂch sƚĂƚĞŵĞnƚ ǁĞƌĞ cĂlcuͲ
lĂƚĞĚ Ăs ƚhĞ ŵĞĚiĂn ƉĂnĞl scŽƌĞ͘ � ŵĞĚiĂn ŽĨ 1Ͳϯ inĚicĂƚĞĚ 
ĚisĂgƌĞĞŵĞnƚ ǁiƚh ƚhĞ sƚĂƚĞŵĞnƚ͖ ϰͲ6͕ uncĞƌƚĂinƚǇ͖ ĂnĚ ϳͲϵ͕ 
ĂgƌĞĞŵĞnƚ͘ dhĞ lĞǀĞl ŽĨ cŽnsĞnsus ĨŽƌ ĞĂch sƚĂƚĞŵĞnƚ ;inƚĞƌͲ
ƉĂnĞl scŽƌĞ ǀĂƌiĂtiŽnͿ ǁĂs cĂlculĂƚĞĚ bǇ ƚhĞ /nƚĞƌͲPĞƌcĞntilĞ 
ZĂngĞ �ĚũusƚĞĚ ĨŽƌ ^ǇŵŵĞƚƌǇ ;/PZ�^Ϳ ŵĞƚhŽĚ ;ϰͿ͘ �n /PZ�^ 
scŽƌĞ х0 inĚicĂƚĞs cŽnsĞnsus ĂŵŽng ƚhĞ gƌŽuƉ͕ ǁiƚh highĞƌ 
scŽƌĞs inĚicĂting Ă sƚƌŽngĞƌ cŽnsĞnsus lĞǀĞl͘ KnlǇ sƚĂƚĞŵĞnƚs 
ƌĞĂching ĂgƌĞĞŵĞnƚ Žƌ ĚisĂgƌĞĞŵĞnƚ ǁĞƌĞ incluĚĞĚ in ƚhĞsĞ 
ƌĞcŽŵŵĞnĚĂtiŽns͘ �ŌĞƌ ƚhĞ cŽnĨĞƌĞncĞ͕ ƚhĞ ƌĞcŽŵŵĞnĚĂͲ
tiŽns ĂnĚ suŵŵĂƌǇ ŽĨ ƚhĞ cŽnsĞnsus ǁĂs ciƌculĂƚĞĚ ƚŽ ƚhĞ 
ƉĂnĞl ĨŽƌ ƌĞǀiĞǁ ĂnĚ ĮnĂl ĂƉƉƌŽǀĂl͘

dhĞ ƌĞsulƚs ĂƌĞ ƉƌĞsĞnƚĞĚ Ăs sƚĂƚĞŵĞnƚs sƚĞŵŵing ĨƌŽŵ 
ƚhĞ ĨŽllŽǁing sĞǀĞn ŵĂin ƋuĞstiŽns ĚiscussĞĚ bǇ ƚhĞ ƉĂnĞl͗

1͘ /s ƚhĞƌĞ Ă ƌŽlĞ ĨŽƌ ĂnƚicŽĂgulĂnƚ lŽcŬ in ƚhĞ ŵĂnĂgĞͲ
ŵĞnƚ ŽĨ nŽnͲĚiĂlǇsis cĞnƚƌĂl ǀĞnŽus ĂccĞss ;E��s�Ϳ͕ Ăs 
Ă ŵĞƚhŽĚ ĨŽƌ ƉƌĞǀĞnƚiŽn ŽĨ luŵĞn ŽcclusiŽn͍

2͘ Which Ěƌug ;hĞƉĂƌin͕ ciƚƌĂƚĞ͕ uƌŽŬinĂsĞ͕ ƌĞcŽŵbinĂnƚ 
ƚissuĞ ƉlĂsŵinŽgĞn ĂcƚiǀĂƚŽƌ ΀ƌͲdP�΁͕ Ğƚc͘Ϳ ŵĂǇ hĂǀĞ Ă 
ƉƌiŵĂƌǇ ƌŽlĞ in ƚhis ŬinĚ ŽĨ lŽcŬ͍

ϯ͘ /s ƚhĞƌĞ ĞǀiĚĞncĞ ƚhĂƚ lŽcŬ ǁiƚh nŽƌŵĂl sĂlinĞ ŵighƚ bĞ 
Ăs ĂƉƉƌŽƉƌiĂƚĞ Ăs Ăn ĂnƚicŽĂgulĂnƚ lŽcŬ͕ in ƚĞƌŵs ŽĨ ƉƌĞͲ
ǀĞnƚiŽn ŽĨ luŵĞn ŽcclusiŽn͍

ϰ͘ /s ƚhĞƌĞ ĂnǇ ĞǀiĚĞncĞ ĂbŽuƚ ƚhĞ ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ ĨlushͲ
ing ŵĞƚhŽĚ ǁiƚh sĂlinĞ bĞĨŽƌĞ ĂnǇ ŬinĚ ŽĨ lŽcŬ͍

ϱ͘ /s ƚhĞƌĞ Ă ƌŽlĞ ĨŽƌ ĂnƚiŵicƌŽbiĂl ĂgĞnƚs in ƚhĞ lŽcŬ ŽĨ E��Ͳ
s�͕ Ăs Ă ŵĞƚhŽĚ ĨŽƌ ƉƌĞǀĞnƚiŽn ŽĨ cĂƚhĞƚĞƌ cŽlŽniǌĂƚiŽn Žƌ 
cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚ sƚƌĞĂŵ inĨĞcƚiŽn͍

6͘ Which ĂnƚiŵicƌŽbiĂl ĂgĞnƚs ;ĂnƚibiŽƚics͕ ciƚƌĂƚĞ͕ ƚĂuƌŽͲ
liĚinĞ͕ ĞƚhĂnŽl͕ ĞƚhǇlĞnĞͲĚiĂŵinĞͲƚĞƚƌĂͲĂcĞƚic ĂciĚ ΀��d�΁͕ 
Ğƚc͘Ϳ ŵĂǇ hĂǀĞ Ă ƉƌiŵĂƌǇ ƌŽlĞ in ƚhis ƌĞgĂƌĚ͍

ϳ͘ /s ƚhĞƌĞ ĂnǇ ĂnƚicŽĂgulĂnƚͬĂnƚiŵicƌŽbiĂl ĂssŽciĂƚiŽn ƚhĂƚ 
ŵĂǇ hĂǀĞ Ă ƌŽlĞ ĨŽƌ ƚhĞ lŽcŬ ŽĨ E��s�͍

Results

Q1 – Is there a role for anticoagulant lock in the manage-
ment of non-dialysis central venous access (NDCVA), as a 
method for prevention of lumen occlusion?

>uŵĞn ŽcclusiŽn is Ă sĞƌiŽus cŽncĞƌn ǁiƚh ĂnǇ ŬinĚ ŽĨ 
cĞnƚƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞ͖ iƚ ƌĞƉƌĞsĞnƚs ŽnĞ ŽĨ ƚhĞ ŵŽƌĞ 
ĨƌĞƋuĞnƚ ĂĚǀĞƌsĞ ĞǀĞnƚs lĞĂĚing ƚŽ �s� ĨĂiluƌĞ͘ PƌŽƉhǇlĂctic 
sƚƌĂƚĞgiĞs ƚŽ ƉƌĞǀĞnƚ ƚhis cŽŵƉlicĂtiŽn ĂƌĞ ŵĂinlǇ bĂsĞĚ Žn 
ƚhĞ usĞ ŽĨ sƚĂnĚĂƌĚiǌĞĚ ƉƌŽƚŽcŽls ĨŽƌ Ňushing ĂnĚ lŽcŬing �s� 
in ƚhĞ inƚĞƌǀĂl bĞƚǁĞĞn inĨusiŽns͘ dhĞ usĞ ŽĨ ĂnticŽĂgulĂnƚ 
lŽcŬ ƚŽ ƉƌĞǀĞnƚ ŽcclusiŽn ŽĨ E��s� hĂs ƚƌĂĚitiŽnĂllǇ bĞĞn 
usĞĚ in ƚhĞ ƉĂsƚ͕ Žn ƚhĞ bĂsis ŽĨ Ă lĞgitiŵĂƚĞ susƉiciŽn ŽĨ ĞĨͲ
ĨĞctiǀĞnĞss͖ iƚ ǁĂs initiĂllǇ ĚĞscƌibĞĚ bĂcŬ in ƚhĞ 1ϵϳ0s͕ ǁiƚh 
liƩlĞ Žƌ nŽ ĞǀiĚĞncĞ͕ ŵĂinlǇ inĨĞƌƌĞĚ bǇ ƚhĞ ĞǆƉĞƌiĞncĞ ǁiƚh 
��s�͘ ̂ incĞ ƚhĞn͕ ŵĂnǇ ĚiīĞƌĞnƚ lŽcŬing ƉƌŽƚŽcŽls hĂǀĞ bĞĞn 
ĚĞscƌibĞĚ ǁiƚh ƚhĞ usĞ ŽĨ Ă hĞƚĞƌŽgĞnĞŽus ǀĂƌiĞƚǇ ŽĨ hĞƉĂƌin 
cŽncĞnƚƌĂtiŽns͘ 

dhĞ ƉƌŽcĞss ŽĨ ͞in ǀiǀŽ͟ cĂƚhĞƚĞƌ ŽcclusiŽn is cŽŵƉlĞǆ ĂnĚ 
ŵultiĨĂcƚŽƌiĂl͕ nŽƚ siŵƉlǇ bĂsĞĚ Žn blŽŽĚ clŽƫng ĂnĚͬŽƌ ĚĞͲ
ƉŽsiƚ ŽĨ blŽŽĚ ƉƌŽƚĞins Žƌ blŽŽĚ cĞlls͗ in ĨĂcƚ͕ ƚhĞ inƚƌĂluŵinĂl 
ŽcclusiŽn is ŽŌĞn sĞcŽnĚĂƌǇ ƚŽ ƚhĞ siŵulƚĂnĞŽus ĚĞƉŽsiƚ ŽĨ 
ƌĞŵnĂnƚs ŽĨ ƚhĞƌĂƉĞutic sŽlutiŽns ;Ěƌug ƉƌĞciƉiƚĂƚĞs͕ cŽnƚƌĂsƚ 
ŵĞĚiĂ͕ blŽŽĚͲĚĞƌiǀĞĚ ƉƌŽĚucƚs͕ liƉiĚs ŽĨ ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn͕ 
Ğƚc͘Ϳ inƚĞƌĂcting ǁiƚh bĂcƚĞƌiĂͲĚĞƌiǀĞĚ biŽĮlŵ ĂnĚ bĂcƚĞƌiĂl 
ĚĞbƌis͘ dhus͕ ĞǀĞn ĨƌŽŵ ƚhĞ ƚhĞŽƌĞticĂl ƉŽinƚ ŽĨ ǀiĞǁ͕ ƚhĞƌĞ 
ĂƌĞ ĨĞǁ chĂncĞs ƚhĂƚ hĞƉĂƌin lŽcŬ ŵĂǇ bĞ ƌĞĂllǇ ĞīĞctiǀĞ͕ Ăs 
iƚ ǁŽulĚ Ăcƚ ŽnlǇ Žn ƚhĞ blŽŽĚͲĚĞƌiǀĞĚ ƉŽƌtiŽn ŽĨ ƚhĞ ŵĂƚĞͲ
ƌiĂl ƉƌĞsĞnƚ insiĚĞ ƚhĞ luŵĞn͖ ĨuƌƚhĞƌŵŽƌĞ͕ iƚ ǁŽulĚ suƌĞlǇ bĞ 
inĞīĞctiǀĞ ǁhĞn Ă cŽnsisƚĞnƚ blŽŽĚ ƌĞŇuǆ Žccuƌs in ƚhĞ sǇsͲ
ƚĞŵ͘ dhis ŵĂǇ ĞǆƉlĂin ƚhĞ ĂbsĞncĞ ŽĨ ĞǀiĚĞncĞ ŽĨ ĞĸcĂcǇ ŽĨ 
hĞƉĂƌin sŽlutiŽn in ƉƌĞǀĞnting luŵĞn ŽcclusiŽn in E��s�͕ Ăs 
ƚĞstiĮĞĚ bǇ ƚhĞ cuƌƌĞnƚ liƚĞƌĂƚuƌĞ͘ �lsŽ͕ ƚhĞƌĞ is nŽ ĞǀiĚĞncĞ 
ƚhĂƚ ƚhĞ ĞĸcĂcǇ ŽĨ ƚhĞ hĞƉĂƌin lŽcŬ ŵighƚ bĞ ĚŽsĞ Žƌ cŽnͲ
cĞnƚƌĂtiŽn ĚĞƉĞnĚĞnƚ͘ Kn ƚhĞ ŽƚhĞƌ hĂnĚ͕ ƚhĞ ĂĚŽƉtiŽn ŽĨ 
hĞƉĂƌin Žƌ ŽƚhĞƌ ĂnticŽĂgulĂnƚ Ěƌugs ŵĂǇ incƌĞĂsĞ ƚhĞ ƌisŬ 
ŽĨ unĚĞsiƌĞĚ siĚĞ ĞīĞcƚs ĂnĚͬŽƌ sĞǀĞƌĞ iĂƚƌŽgĞnic cŽŵƉlicĂͲ
tiŽns ;ϴͲ1ϰͿ͘ dhĞ ƌisŬ ŽĨ ŽcclusiŽn is cuƌƌĞnƚlǇ cŽnsiĚĞƌĞĚ ƚŽ 
bĞ ƌĞlĂƚĞĚ ƚŽ inĂƉƉƌŽƉƌiĂƚĞ ƉŽliciĞs ŽĨ Ňushing ĂnĚͬŽƌ inĂƉͲ
ƉƌŽƉƌiĂƚĞ usĞ ŽĨ ƚhĞ linĞ sŽ ƚŽ ĂllŽǁ blŽŽĚ ƌĞŇuǆ inƚŽ ƚhĞ ĚĞͲ
ǀicĞ ;ƚǇƉicĂllǇ͗ inĂƉƉƌŽƉƌiĂƚĞ usĞ ŽĨ nĞĞĚlĞͲĨƌĞĞ cŽnnĞcƚŽƌsͿ͖ 
ŵŽsƚ guiĚĞlinĞs ƌĞcŽŵŵĞnĚ ƚhĞ usĞ ŽĨ nĞĞĚlĞͲĨƌĞĞ cŽnnĞcͲ
ƚŽƌs ǁiƚh nĞuƚƌĂl Žƌ ƉŽsitiǀĞ ĚisƉlĂcĞŵĞnƚ͕ ĂĚŽƉtiŽn ŽĨ Ă ͚nŽͲ
ƌĞŇuǆ͛ sƚƌĂƚĞgǇ͕  ĂǀŽiĚĂncĞ ŽĨ siŵulƚĂnĞŽus inĨusiŽn ŽĨ incŽŵͲ
ƉĂtiblĞ Ěƌugs ĂnĚ ĂƉƉƌŽƉƌiĂƚĞ Ňushing ǁiƚh sĂlinĞ bĞĨŽƌĞ ĂnĚ 
ĂŌĞƌ ĞĂch inĨusiŽn ;sĞĞ bĞlŽǁͿ͕ ǁhilĞ ƚhĞƌĞ is nŽ ĞǀiĚĞncĞ 
ƚhĂƚ ǀĂlǀĞĚ �s� ŵĂǇ ƌĞĚucĞ ƚhĞ ƌisŬ ŽĨ ŽcclusiŽn ;1ϱ͕ 16Ϳ͘

In the last two decades, several studies have shown that 
nŽƌŵĂl sĂlinĞ is Ă sĂĨĞ ĂnĚ ĞīĞctiǀĞ ĂlƚĞƌnĂtiǀĞ ŽƉtiŽn ƚŽ hĞƉͲ
Ăƌin lŽcŬ in ƉĞƌiƉhĞƌĂl ǀĂsculĂƌ ĂccĞss ĚĞǀicĞs ;Ps�Ϳ ĂnĚ in 
�s� usĞĚ ĨŽƌ ƉĞĚiĂƚƌic ƉĂtiĞnƚs ;1ϳͲ20Ϳ͘ ^iŵilĂƌ ƌĞsulƚs hĂǀĞ 
bĞĞn ƌĞƉŽƌƚĞĚ ĨŽƌ ŵĞĚiuŵ ĂnĚ lŽngͲƚĞƌŵ E��s� in ĂĚulƚs 
;21Ϳ͘ /n ƉĂƌticulĂƌ͕  Ă ƌĞcĞnƚ ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂl suƉͲ
ƉŽƌƚs ƚhĞ cŽnclusiŽn ƚhĂƚ nŽƌŵĂl sĂlinĞ is ƚhĞ bĞsƚ chŽicĞ Ăs Ă 
lŽcŬing sŽlutiŽn ĨŽƌ ƉŽƌƚs͕ iĨ cŽŵbinĞĚ ǁiƚh Ă sƚƌicƚ ĂĚhĞƌĞncĞ 
ƚŽ Ă ƉƌŽƚŽcŽl ĨŽƌ ĚĞǀicĞ insĞƌtiŽn ĂnĚ ŵĂinƚĞnĂncĞ ;22Ϳ͘

KƚhĞƌ ĂnticŽĂgulĂnƚ lŽcŬ sŽlutiŽns ;ƚƌisŽĚiuŵ ciƚƌĂƚĞ Ăƚ 
ĚiīĞƌĞnƚ cŽncĞnƚƌĂtiŽns͕ ƚhƌŽŵbin inhibiƚŽƌs͕ ĮbƌinŽlǇtic 
Ěƌugs ĂnĚ ƉlĂsŵin ĂctiǀĂƚŽƌsͿ͕ hĂǀĞ bĞĞn ƌĞƉŽƌƚĞĚ ƚŽ hĂǀĞ 



�ŽnsĞnsus Žn lŽcŬ sŽlutiŽns ĨŽƌ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs4 
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ϯ0Ϳ͘ /n 2000͕ ƚhĞ &�� ƌĞcŽŵŵĞnĚĞĚ ĂgĂinsƚ usĞ ŽĨ high 
cŽncĞnƚƌĂtiŽn ciƚƌĂƚĞ ;ϰ6͘ϳйͿ Ăs Ă cĂƚhĞƚĞƌ ĂnticŽĂgulĂnƚ͕ 
ĚuĞ ƚŽ Ă cĂsĞ ƌĞƉŽƌƚ ŽĨ Ă ƉĂtiĞnƚ ǁhŽ ĞǆƉĞƌiĞncĞĚ cĂƌĚiͲ
Ăc ĂƌƌĞsƚ͕ ƉŽssiblǇ sĞcŽnĚĂƌǇ ƚŽ hǇƉŽcĂlcĞŵiĂ͕ ĨŽllŽǁing 
Ă ĨullͲsƚƌĞngƚh inũĞctiŽn inƚŽ Ă nĞǁlǇ ƉlĂcĞĚ hĞŵŽĚiĂlǇsis 
cĂƚhĞƚĞƌ͘  �ĚĚitiŽnĂl sĞƌiŽus ĂĚǀĞƌsĞ ĞīĞcƚs ĂssŽciĂƚĞĚ ǁiƚh 
high cŽncĞnƚƌĂtiŽns ŽĨ ciƚƌĂƚĞ lŽcŬ sŽlutiŽns cŽntinuĞ ƚŽ bĞ 
ƌĞƉŽƌƚĞĚ ǁŽƌlĚǁiĚĞ͕ ĂnĚ ƚhĞ &�� cuƌƌĞnƚlǇ ƌĞcŽŵŵĞnĚs 
ciƚƌĂƚĞ cŽncĞnƚƌĂtiŽns ŽĨ nŽ ŵŽƌĞ ƚhĂn ϰй ĨŽƌ usĞ Ăs cĂƚhͲ
ĞƚĞƌ lŽcŬ͘ dhĞ �Z�P ĂlsŽ ƌĞcŽŵŵĞnĚs ϰй ciƚƌĂƚĞ sŽlutiŽn͕ 
ǁhich is ĂssŽciĂƚĞĚ ǁiƚh Ă ƉƌĞĨĞƌĂblĞ bĞnĞĮƚͬƌisŬ ƌĂtiŽ iĨ 
cŽŵƉĂƌĞĚ ƚŽ highĞƌ cŽncĞnƚƌĂtiŽns͘ ^ŽŵĞ ciƚƌĂƚĞ sŽlutiŽns 
Ăƚ high cŽncĞnƚƌĂtiŽn ŵĂǇ bĞ inĚicĂƚĞĚ ĨŽƌ usĞ in ĂƉhĞƌĞsis 
ƉƌŽcĞĚuƌĞs͘

dhĞsĞ clinicĂl ĂĚǀĂnƚĂgĞs ŽĨ ciƚƌĂƚĞ in ��s� hĂǀĞ 
sƉĂƌŬĞĚ Ăn incƌĞĂsing inƚĞƌĞsƚ ĨŽƌ ciƚƌĂƚĞ usĞ ĂlsŽ in E��Ͳ
s�͕ ĞsƉĞciĂllǇ cŽnsiĚĞƌing ƚhĞ siŵulƚĂnĞŽus ĞĸcĂcǇ Žn ƚhĞ 
ŵĂinƚĞnĂncĞ ŽĨ ƉĂƚĞncǇ ĂnĚ ƉŽƚĞntiĂl ƌĞĚuctiŽn ŽĨ �Z�^/͘ 
WhilĞ ƚhĞ incƌĞĂsing ĂƩĞntiŽn ĂŵŽng ƌĞsĞĂƌchĞƌs Žn iƚs 
usĞ ĨŽƌ E��s�s is ũustiĮĞĚ͕ ƚhĞ ŵĂin ƉƌŽblĞŵ ĂƉƉĞĂƌs ƚŽ 
bĂlĂncĞ ƚhĞ ĞĸcĂcǇ ĂnĚ sĂĨĞƚǇ ŽĨ ƚhĞ ĚiīĞƌĞnƚ sŽlutiŽns 
cuƌƌĞnƚlǇ ĂǀĂilĂblĞ͘

�ŽnǀĞƌsĞlǇ͕ ƚhĞƌĞ is scĂnƚ liƚĞƌĂƚuƌĞ ĞǀiĚĞncĞ Žn ƚhĞ usĞ 
ŽĨ ĮbƌinŽlǇtics ĂnĚ ƌͲdP� in ƉƌĞǀĞnting cĂƚhĞƚĞƌ ŽcclusiŽn͘ 
WhĞn ĂĚŽƉƚĞĚ Ăs ĂnticŽĂgulĂnƚ lŽcŬ in ��s�͕ ƚhĞǇ ǁĞƌĞ 
lĞss ĞīĞctiǀĞ ƚhĂn hĞƉĂƌin Žƌ ciƚƌĂƚĞ͕ bĞing ŵĂƌŬĞĚlǇ ŵŽƌĞ 
ĞǆƉĞnsiǀĞ ĂnĚ ŵŽƌĞ liŬĞlǇ ƚŽ bĞ ĂssŽciĂƚĞĚ ǁiƚh unĚĞsiƌĞĚ 
ĞīĞcƚs Žƌ hĞŵŽƌƌhĂgic cŽŵƉlicĂtiŽns͘ 'iǀĞn ƚhĞsĞ liŵiƚĂͲ
tiŽns͕ in ƚhĞ cĂsĞ ŽĨ E��s�͕ ƚhĞiƌ clinicĂl usĞ shŽulĚ bĞ liŵͲ
iƚĞĚ ƚŽ ƚhĞ ƚƌĞĂƚŵĞnƚ ŽĨ ŽcclusiŽn ĂnĚ nŽƚ ƚŽ iƚs ƉƌĞǀĞntiŽn 
;ϯ1Ϳ͗ ƚhĞǇ ǁill bĞ ŽbǀiŽuslǇ inĚicĂƚĞĚ ŽnlǇ ĨŽƌ ƚhĞ ƚƌĞĂƚŵĞnƚ 
ŽĨ ŽcclusiŽn sĞcŽnĚĂƌǇ ƚŽ blŽŽĚ clŽƚs͕ sincĞ ŽcclusiŽns ĚuĞ 
ƚŽ Ěƌug ƉƌĞciƉiƚĂƚĞs͕ cŽnƚƌĂsƚ ŵĞĚiuŵ Žƌ liƉiĚ ĂggƌĞgĂƚĞs 
ǁill nŽƚ bĞ ĂīĞcƚĞĚ bǇ ĮbƌinŽlǇtics͘ ZĞgĂƌĚing uƌŽŬinĂsĞ͕ 
ŵŽsƚ ƌĞƉŽƌƚs ĚĞĂl ǁiƚh iƚs usĞ in ƚƌĞĂting clŽƚͲƌĞlĂƚĞĚ ŵĂlͲ
ĨunctiŽn͕ ĞsƉĞciĂllǇ in hĞŵŽĚiĂlǇsis ƉĂtiĞnƚs͕ ŵŽƌĞ ƚhĂn 
lŽcŬ ƚƌĞĂƚŵĞnƚ͘ �ĞclŽƫng cĂn bĞ ĚŽnĞ ǁiƚh ͞highͲĚŽsĞ͟ 
Žƌ ͞lŽǁͲĚŽsĞ͕͟  buƚ nŽ cŽnsĞnsus Ğǆisƚs Žn ƚhĞ ĂĚĞƋuĂƚĞ 
ĚŽsĞ ƚŽ ŽbƚĂin ƚhƌŽŵbŽlǇsis ;ϯ2Ϳ͘ �gĂin͕ ƚhĞ ǀĂsƚ ŵĂũŽƌiƚǇ 
ŽĨ ĂǀĂilĂblĞ ĞǀiĚĞncĞ cŽŵĞs ĨƌŽŵ ƚhĞ ��s� clinicĂl sĞƫng͕ 
ĂnĚ ŵŽƌĞ sƚuĚiĞs ĂƌĞ nĞĞĚĞĚ ƚŽ clĂƌiĨǇ ƚhĞ cŽsƚ ĞīĞctiǀĞͲ
nĞss ŽĨ ƚhƌŽŵbŽlǇtic ĂgĞnƚs in ƉƌĞǀĞnting cĂƚhĞƚĞƌ clŽƫng 
ĂnĚ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ bĂcƚĞƌĞŵiĂ in E��s�͘ dhĞ ƌĞcĞnƚ /E^ 
guiĚĞlinĞs suggĞsƚ ƚhĞ usĞ ŽĨ ƌͲdP� ƚŽ lŽcŬ ��s� ŽncĞ ƉĞƌ 
ǁĞĞŬ Ăs Ă sƚƌĂƚĞgǇ ƚŽ ƌĞĚucĞ �Z�^/ ;1Ϳ͘

&inĂllǇ͕  ƚhĞƌĞ ĂƌĞ scĂƌcĞ clinicĂl ĚĂƚĂ ƌĞgĂƌĚing ƚhĞ usĞ ŽĨ 
��d� in cĂƚhĞƚĞƌ lŽcŬs ;ŵĂinlǇ Ăs ƉƌĞǀĞntiǀĞ ƚŽŽlͿ͕ buƚ ƚhĞ 
ƉƌĞliŵinĂƌǇ ƌĞsulƚs ĂƌĞ ƉƌŽŵising͕ ĂnĚ ĨuƌƚhĞƌ inǀĞstigĂtiŽns 
ĂĚĚƌĞssing ƚhis ƚŽƉic ĂƌĞ ƌĞƋuiƌĞĚ͕ cŽnsiĚĞƌing ƚhĞ sƉĞciĮc  
ĂctiŽn ŽĨ ��d� ĂgĂinsƚ biŽĮlŵ͘

Panel recommendation

Heparin lock and citrate lock both guarantee an effective 
anticoagulant action, which is proven to be useful in DCVA 
rather than in NDCVA.

Thrombolytic/fibrinolytic drugs, as currently available, are 
neither safe nor cost effective for prevention of occlusion of 
NDCVA, while they have a definite role in the treatment of 
lumen occlusion due to blood clots.

siŵilĂƌ ĞĸcĂcǇ in ƉƌĞǀĞnting ŽcclusiŽn cŽŵƉĂƌĞĚ ƚŽ hĞƉĂƌin 
in E��s� ;2ϯ͕ 2ϰͿ͘ �lƚhŽugh͕ ƚhĞǇ hĂǀĞ nĞǀĞƌ bĞĞn cŽŵƉĂƌĞĚ 
ƚŽ nŽƌŵĂl sĂlinĞ͘ /n ƉĂƌticulĂƌ͕  nŽ sƚuĚǇ hĂs ĞǀĞƌ ƚĞsƚĞĚ ƚhĞ 
ĞĸcĂcǇ ŽĨ ciƚƌĂƚĞ ǀĞƌsus sĂlinĞ in ƚhĞ ƉƌĞǀĞntiŽn ŽĨ luŵĞn ŽcͲ
clusiŽn ŽĨ E��s�͘ ^uch sƚuĚiĞs ŵighƚ bĞ ƉĂƌticulĂƌlǇ ĚĞsiƌͲ
ĂblĞ in sĞlĞcƚĞĚ cĂƚĞgŽƌiĞs ŽĨ ƉĂtiĞnƚs ǁiƚh E��s� Ăƚ high 
ƌisŬ ŽĨ inĨĞctiŽn͕ cŽnsiĚĞƌing ƚhĞ ƉŽƚĞntiĂl ƌŽlĞ ŽĨ ciƚƌĂƚĞ in 
ĚĞcƌĞĂsing inƚƌĂluŵinĂl bĂcƚĞƌiĂl cŽnƚĂŵinĂtiŽn͘

Panel recommendation

The role of anticoagulant lock is only marginally impor-
tant in the management of NDCVA, in terms of prevention of 
lumen occlusion.

Future assessment of the role of citrate lock in NDCVA is 
desirable and considered to be of increasing importance. The 
benefit of citrate might be more focused on its action against 
biofilm and against bacteria rather than on its anticoagulant 
effect.

Q2 – Which drug (heparin, citrate, urokinase, rTPA, etc.) 
may have a primary role in this kind of lock?

&iǀĞ ĚiīĞƌĞnƚ ĂnticŽĂgulĂnƚ ĂgĞnƚs ǁĞƌĞ cŽnsiĚĞƌĞĚ͗ hĞƉͲ
Ăƌin͕ uƌŽŬinĂsĞ͕ ƚƌisŽĚiuŵ ciƚƌĂƚĞ͕ ƌͲdP�͕ ��d�͘

dhĞƌĞ ĂƌĞ ƌĞlĞǀĂnƚ clinicĂl sƚuĚiĞs ƚŽ suƉƉŽƌƚ ƚhĞ ĂnticŽͲ
ĂgulĂnƚ ĞĸcĂcǇ ŽĨ hĞƉĂƌin Žƌ ciƚƌĂƚĞ͕ ĨŽƌ lŽcŬing ƉuƌƉŽsĞs͕ 
sƉĞciĮcĂllǇ in ��s�͘ dhĞ guiĚĞlinĞs ŽĨ ƚhĞ /nĨusiŽn Euƌsing 
^ŽciĞƚǇ ;/E^Ϳ ʹ in ƚhĞ ƌĞcĞnƚlǇ ƉublishĞĚ 2016 ĞĚitiŽn ʹ ƌĞcͲ
ŽŵŵĞnĚ ƚŽ lŽcŬ Ăll ��s� ǁiƚh hĞƉĂƌin ;1000 uniƚsͬŵ> in s�� 
ĨŽƌ ĚiĂlǇsis͕ 100 uniƚsͬŵ> in s�� ĨŽƌ ĂƉhĞƌĞsisͿ Žƌ ϰй ciƚƌĂƚĞ 
;1Ϳ͘ �s suggĞsƚĞĚ bǇ ƚhĞ �ŵĞƌicĂn ^ŽciĞƚǇ ŽĨ �iĂgnŽstic ĂnĚ 
/nƚĞƌǀĞntiŽnĂl EĞƉhƌŽlŽgǇ ;�^�/EͿ ;2ϱͿ͕ ƚhĞ usĞ ŽĨ ϰй ciͲ
ƚƌĂƚĞ lŽcŬ ĂƉƉĞĂƌs ƚŽ bĞ Ă sĂĨĞ ĂlƚĞƌnĂtiǀĞ ƚŽ 1000 uniƚsͬŵ> 
hĞƉĂƌin lŽcŬ in ��s�͘ � ƌĞcĞnƚ ŵĞƚĂͲĂnĂlǇsis ŽĨ 1ϯ ƌĂnĚŽŵͲ
iǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂls suggĞsƚĞĚ ƚhĂƚ ciƚƌĂƚĞ lŽcŬs ĂƌĞ suƉĞƌiŽƌ 
ƚŽ hĞƉĂƌin lŽcŬs in ƉƌĞǀĞnting �Z�^/ in ƉĂtiĞnƚs ǁiƚh ��s� 
;ƌisŬ ƌĂtiŽ ΀ZZ΁͗ 0͘ϯϵ͕ Ɖф0͘001Ϳ ;26Ϳ͘ �iƚƌĂƚĞ lŽcŬs ǁĞƌĞ ĂlsŽ 
ĂssŽciĂƚĞĚ ǁiƚh signiĮcĂnƚlǇ lŽǁĞƌ ƌisŬ ŽĨ blĞĞĚing ĞǀĞnƚs 
cŽŵƉĂƌĞĚ ƚŽ hĞƉĂƌin lŽcŬs in ƚhis ƉĂtiĞnƚ ƉŽƉulĂtiŽn ;ZZ͗ 
0͘ϰϴ͕ Ɖ с 0͘002Ϳ͕ ǁhilĞ ŽuƚcŽŵĞs ƌĞgĂƌĚing cĂƚhĞƚĞƌ ƉĂƚĞncǇ 
ǁĞƌĞ cŽŵƉĂƌĂblĞ͘ /n Ă 2010 ƉŽsitiŽn sƚĂƚĞŵĞnƚ Žn ƚhĞ ŵĂnͲ
ĂgĞŵĞnƚ ŽĨ ��s�͕ ƚhĞ �uƌŽƉĞĂn ZĞnĂl �Ğsƚ PƌĂcticĞ ;�Z�PͿ 
suƉƉŽƌƚĞĚ ciƚƌĂƚĞ ϰй ƚŽ ƉƌĞǀĞnƚ �Z�^/ ;2ϳͿ͘ /n ĂĚĚitiŽn ƚŽ  
iƚs ĂnticŽĂgulĂnƚ ƉƌŽƉĞƌtiĞs͕ ciƚƌĂƚĞ hĂs ƚhĞ ĂĚǀĂnƚĂgĞ ŽĨ ĂnͲ
tiŵicƌŽbiĂl ĂctiǀiƚǇ ĂnĚ ƌĞĚuctiŽn ŽĨ biŽĮlŵ ĨŽƌŵĂtiŽn ;2ϴͿ͘ 
�ǀĂilĂblĞ sŽlutiŽns ŽĨ ciƚƌĂƚĞ hĂǀĞ cŽncĞnƚƌĂtiŽns ƌĂnging 
ĨƌŽŵ ϰй ƚŽ ϰ6й͗ ƚhĞ ĞĸcĂcǇ Žn ƉƌĞǀĞnting luŵĞn ŽcclusiŽn 
ĂƉƉĞĂƌs ƚŽ bĞ ĚŽsĞ ƌĞlĂƚĞĚ͕ Ăs highĞƌ cŽncĞnƚƌĂtiŽns ǇiĞlĚ 
bĞƩĞƌ ƌĞsulƚs͘ dhĞ ĞīĞcƚs ŽĨ ciƚƌĂƚĞ ĂƌĞ sĞcŽnĚĂƌǇ ƚŽ iƚs cĂlͲ
ciuŵͲchĞlĂting ƉƌŽƉĞƌtiĞs͕ ǁhich ĂccŽunƚs ĨŽƌ bŽƚh ƚhĞ ĂnͲ
tiŵicƌŽbiĂl ĂnĚ ƚhĞ ĂnticŽĂgulĂnƚ ĞīĞcƚ͘ dhĞ ĚĞcƌĞĂsĞĚ ƌisŬ 
ŽĨ blĞĞĚing ĞǀĞnƚs is liŬĞlǇ ƚŽ bĞ sĞcŽnĚĂƌǇ ƚŽ ƚhĞ ƌĂƉiĚ ŵĞͲ
ƚĂbŽlisŵ ŽĨ ciƚƌĂƚĞ in ƚhĞ blŽŽĚsƚƌĞĂŵ͘ dhis lĂƩĞƌ ƉƌŽƉĞƌƚǇ 
is iŵƉŽƌƚĂnƚ in ƚhĞ ĞǀĞnƚ ŽĨ ƚhĞ ciƚƌĂƚĞͲcŽnƚĂining lŽcŬ bĞing 
inĂĚǀĞƌƚĞnƚlǇ ŇushĞĚ inƚŽ ƚhĞ sǇsƚĞŵic ciƌculĂtiŽn͘

EĞǀĞƌƚhĞlĞss͕ ciƚƌĂƚĞ ĨŽƌŵulĂtiŽns hĂǀĞ ŵĞƚ sĂĨĞƚǇ cŽnͲ
cĞƌns͘ ,igh ciƚƌĂƚĞ cŽncĞnƚƌĂtiŽns ŵusƚ bĞ usĞĚ cĂutiŽuslǇ 
bĞcĂusĞ ŽĨ ƉŽƚĞntiĂl ĂĚǀĞƌsĞ ĞīĞcƚ such Ăs ƉĞƌiƉhĞƌĂl ƉĂƌͲ
ĞsƚhĞsiĂ͕ ŵĞƚĂllic ƚĂsƚĞ ĂnĚ ĞǀĞn sĞƌiŽus ĂƌƌhǇƚhŵiĂs ;2ϵ͕ 
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Q3 – Is there evidence that lock with normal saline might 
be as appropriate as an anticoagulant lock, in terms of 
prevention of lumen occlusion?

WhĞn using hĞƉĂƌin lŽcŬ͕ sĞǀĞƌĂl ƉhĂƌŵĂcŽlŽgicĂl ĂnĚ 
clinicĂl issuĞs ŵusƚ bĞ ƚĂŬĞn in ĂccŽunƚ͘ ,ĞƉĂƌin bǇ iƚsĞlĨ is 
nŽƚ Ă ƚhƌŽŵbŽlǇtic subsƚĂncĞ ĂnĚ iƚ ĚŽĞs nŽƚ ĂctiǀĞlǇ cĂusĞ 
ƚhĞ lǇsis ŽĨ ƚhĞ inƚƌĂluŵinĂl blŽŽĚ clŽƚ͖ iƚ ŵĞƌĞlǇ ƉƌĞǀĞnƚs 
ƚhĞ ƉƌŽgƌĞssiŽn ŽĨ ƚhĞ ŽbsƚƌuctiŽn bǇ inhibiting ĨuƌƚhĞƌ clŽƚ 
ĨŽƌŵĂtiŽn ĂnĚ ĂllŽǁing ƚhĞ ĂctiǀĂtiŽn ŽĨ nĂƚuƌĂl clŽƚ lǇsis͘ 
DŽƌĞŽǀĞƌ͕  hĞƉĂƌin hĂs Ă ǀĞƌǇ shŽƌƚ hĂlĨͲliĨĞ͕ ĨƌŽŵ 60 ƚŽ  
ϵ0 ŵinuƚĞs͕ ĂnĚ ƚhĞƌĞ is nŽ ĞǀiĚĞncĞ ŽĨ ƚhĞ ƉĞƌsisƚĞncĞ ŽĨ iƚs 
ĞĸcĂcǇ insiĚĞ ƚhĞ cĂƚhĞƚĞƌ ĨŽƌ lŽngĞƌ tiŵĞs͘

,ĞƉĂƌin hĂs ĂlsŽ ƌĞlĞǀĂnƚ siĚĞ ĞīĞcƚs͗ iƚ ŵĂǇ bĞ ĂssŽciͲ
ĂƚĞĚ ƚŽ Ěƌug hǇƉĞƌsĞnsitiǀiƚǇ͕  Ěƌug incŽŵƉĂtibilitiĞs ĂnĚ 
cĂusĞ hĞƉĂƌinͲinĚucĞĚ ƚhƌŽŵbŽcǇƚŽƉĞniĂ͕ ĞsƉĞciĂllǇ in ĚiͲ
ĂlǇsis ĂnĚ cĂncĞƌ ƉĂtiĞnƚ͕ ǁhĞƌĞ sĞƌiŽus Žƌ liĨĞͲƚhƌĞĂƚĞning 
cŽŵƉlicĂtiŽns ŵĂǇ Žccuƌ͘  �ƌƌŽƌs in ƚhĞ ĚŽsĂgĞ Žƌ in ƚhĞ cŽnͲ
cĞnƚƌĂtiŽn ŵĂǇ bĞ ĂssŽciĂƚĞĚ ǁiƚh iĂƚƌŽgĞnic hĞŵŽƌƌhĂgĞs͕ 
suggĞsting ƚhĞ ŽƉƉŽƌƚuniƚǇ ŽĨ lĂbĞling hĞƉĂƌin ǀiĂls Ăs Ă ͞ high 
ĂlĞƌƚ ŵĞĚicĂtiŽn͟ ;1ϰͿ͘ /n ĂĚĚitiŽn͕ ĞƉisŽĚĞs ŽĨ �Z�^/ ĚuĞ ƚŽ 
cŽnƚĂŵinĂtiŽn ŽĨ hĞƉĂƌiniǌĞĚ sŽlutiŽn hĂǀĞ bĞĞn ƌĞƉŽƌƚĞĚ 
;ϯϯ͕ ϯϰͿ͕ ĞsƉĞciĂllǇ ǁhĞn ƚhĞ hĞƉĂƌin sŽlutiŽn is nŽƚ ƉƌŽƉĞƌlǇ 
ŵĂniƉulĂƚĞĚ͘

dhĞ ƉŽssibiliƚǇ ŽĨ using Ă sĂlinĞ lŽcŬ ƌĂƚhĞƌ ƚhĂn Ă hĞƉĂͲ
ƌin lŽcŬ hĂs bĞĞn ĞǆƚĞnsiǀĞlǇ inǀĞstigĂƚĞĚ sincĞ ƚhĞ 1ϵϵ0s in 
ƉĂƌticulĂƌ ĨŽƌ ƉĞĚiĂƚƌic ƉĂtiĞnƚs͕ Ps� ĂnĚͬŽƌ shŽƌƚͲ Žƌ ŵĞĚiͲ
uŵͲƚĞƌŵ �s�͘ dhĞ ŵĂũŽƌiƚǇ ŽĨ ƚhĞsĞ ƌĞƉŽƌƚs ĨĂilĞĚ ƚŽ shŽǁ Ă 
suƉĞƌiŽƌiƚǇ ŽĨ hĞƉĂƌin ǁhĞn cŽŵƉĂƌĞĚ ƚŽ sĂlinĞ in ƉƌĞǀĞnting 
cĂƚhĞƚĞƌ ŵĂlĨunctiŽn Žƌ ĨĂiluƌĞ ĨŽƌ ŽcclusiǀĞ ĞǀĞnƚs͘ DŽƌĞͲ
ŽǀĞƌ͕  ƚhĞ ƌŽutinĞ usĞ ŽĨ Ă nŽƌŵĂl sĂlinĞ lŽcŬ ǁĂs nŽƚ shŽǁn 
ƚŽ incƌĞĂsĞ ƚhĞ inciĚĞncĞ ŽĨ inĨĞctiǀĞ cŽŵƉlicĂtiŽns ;1ϴͲ20͕ 
ϯϱͿ͗ ƚhis ǁĂs Ăn ĞǆƉĞcƚĞĚ ĮnĚing͕ cŽnsiĚĞƌing ƚhĂƚ hĞƉĂƌin 
hĂs nŽ ĂntibĂcƚĞƌiĂl ĂctiǀiƚǇ͘

^incĞ ƚhĞn͕ cĂƚhĞƚĞƌ lŽcŬ ǁiƚh nŽƌŵĂl sĂlinĞ ;i͘Ğ͕͘ ƉƌĞsĞƌǀĂͲ
tiǀĞͲĨƌĞĞ 0͘ϵй sŽĚiuŵ chlŽƌiĚĞͿ hĂs bĞĞn usĞĚ ĨŽƌ ŵĂnǇ ƚǇƉĞs 
ŽĨ ŵĞĚiuŵͲ ĂnĚ lŽngͲƚĞƌŵ �s�͘ ZĞcĞnƚ ƚƌiĂls hĂǀĞ ĚĞŵŽnsƚƌĂƚͲ
ĞĚ ƚhĞ nŽnͲinĨĞƌiŽƌiƚǇ ŽĨ sĂlinĞ ǀĞƌsus hĞƉĂƌin ĂnĚ iƚs ĞĸcĂcǇ in 
ƉƌĞǀĞnting ŽcclusiŽn in ƉŽƌƚs ĂnĚ P/��s ;21͕ 22͕ ϯ6Ϳ͘

dhĞ ƌĞcĞnƚ sƚĂnĚĂƌĚs ƌĞlĞĂsĞĚ bǇ /E^ ;1Ϳ cŽncluĚĞ ƚhĂƚ 
sincĞ ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂls hĂǀĞ shŽǁn ĞƋuiǀĂlĞnƚ 
ŽuƚcŽŵĞs ǁiƚh hĞƉĂƌin ĂnĚ sĂlinĞ lŽcŬ sŽlutiŽns ĨŽƌ �/��s͕ 
P/��s ĂnĚ ƉŽƌƚs͕ ƚhĞƌĞ is insuĸciĞnƚ ĞǀiĚĞncĞ ƚŽ ƌĞcŽŵŵĞnĚ 
ŽnĞ lŽcŬ sŽlutiŽn ŽǀĞƌ ƚhĞ ŽƚhĞƌ͘  dhĞ sĂŵĞ guiĚĞlinĞs ƌĞcŽŵͲ
ŵĞnĚ sĂlinĞ lŽcŬ ĨŽƌ ƉĞƌiƉhĞƌĂl s�� in ĂĚulƚs͕ buƚ ĚŽ nŽƚ ŽīĞƌ 
sƚƌŽng ƌĞcŽŵŵĞnĚĂtiŽns in nĞŽnĂƚĞs ĂnĚ chilĚƌĞn͕ cŽnsiĚĞƌͲ
ing ƚhĂƚ ĞǀiĚĞncĞ Žn ƚhĞ ƉƌĞĨĞƌĞncĞ ŽĨ sĂlinĞ ǀĞƌsus hĞƉĂƌin 
ĨŽƌ ƉĞƌiƉhĞƌĂl s��s is cŽnƚƌŽǀĞƌsiĂl in ƚhĞsĞ ƉĂtiĞnƚ ƉŽƉulĂͲ
tiŽns ;1Ϳ͘ /nƚĞƌĞstinglǇ͕  ƚhĞ 2016 /E^ guiĚĞlinĞs ƌĞcŽŵŵĞnĚ 
ƚhĂƚ ƚhĞ ǀŽluŵĞ ŽĨ sĂlinĞ ĨŽƌ Ňushing shŽulĚ bĞ Ăƚ lĞĂsƚ ƚǁicĞ 
ƚhĞ inƚĞƌnĂl ǀŽluŵĞ ŽĨ ƚhĞ sǇsƚĞŵ ;cĂƚhĞƚĞƌ Ɖlus ĂĚĚͲŽn ĚĞͲ
ǀicĞsͿ͕ ǁhilĞ ƚhĞ ǀŽluŵĞ ŽĨ sĂlinĞ lŽcŬ shŽulĚ bĞ Ăƚ lĞĂsƚ ƚhĞ 
inƚĞƌnĂl ǀŽluŵĞ Ɖlus 20й͘

/n cŽnclusiŽn͕ ƚhĞƌĞ is ǁiĚĞ cŽnǀĞƌgĞncĞ ƚŽ sƚĂƚĞ ƚhĂƚ lŽcŬ 
ǁiƚh nŽƌŵĂl sĂlinĞ sŽlutiŽn is Ăs ĂƉƉƌŽƉƌiĂƚĞ Ăs lŽcŬ ǁiƚh ĂntiͲ
cŽĂgulĂnƚs in ƚĞƌŵs ŽĨ ƉƌĞǀĞntiŽn ŽĨ luŵĞn ŽcclusiŽn in E��Ͳ
s�͘ dhĞ ƉĂnĞl cŽnsiĚĞƌĞĚ ƚhis sƚĂƚĞŵĞnƚ ƚŽ bĞ ǀĂliĚ ĨŽƌ ĂnǇ 
ƚǇƉĞ ŽĨ E��s� ;shŽƌƚͲƚĞƌŵ �/��s ĂnĚ &/��s͕ P/��s͕ cuīĞĚͲ
ƚunnĞlĞĚ cĂƚhĞƚĞƌs͕ ƉŽƌƚsͿ͕ in Ăll ƉŽƉulĂtiŽn ŽĨ ƉĂtiĞnƚs ;bŽƚh 
ĂĚulƚs ĂnĚ ƉĞĚiĂƚƌicsͿ͘

Panel recommendation

Saline lock is as appropriate as anticoagulant lock in  
prevention of occlusion of NDCVA͘

Q4 – Is there any evidence about the most appropriate  
flushing method with saline before any kind of lock?

&lushing is ŽĨ ƉƌiŵĂƌǇ iŵƉŽƌƚĂncĞ ƚŽ ĂchiĞǀĞ Ă cŽƌƌĞcƚ inͲ
ƚƌĂluŵinĂl clĞĂnsing͕ in ĂnǇ ƉĞƌiƉhĞƌĂl ǀĞnŽus ĂccĞss ;Ps�Ϳ͕ 
Ăs ǁĞll Ăs in ĂnǇ E��s� ;ƚunnĞlĞĚ ĂnĚ nŽnͲƚunnĞlĞĚ �/��s͕ 
P/��s͕ ƉŽƌƚs͕ Ğƚc͘Ϳ͘ dhĞƌĞ is Ăn incƌĞĂsing ĂƩĞntiŽn ƚŽ ƉƌŽcĞͲ
ĚuƌĞs ĂnĚ ƚĞchnŽlŽgǇ ĚĞǀĞlŽƉŵĞnƚs cŽncĞƌning ƚhis ŵĂnĞuͲ
ǀĞƌ͘  ZĞlĞǀĂnƚ issuĞs ĂƌĞ tiŵing͕ ƚǇƉĞ ŽĨ sŽlutiŽn͕ ǀŽluŵĞs͕ 
ƉƌĞssuƌĞ ĂnĚ ƚĞchniƋuĞ ŽĨ Ňushing͘

DŽsƚ inƚĞƌnĂtiŽnĂl ƌĞcŽŵŵĞnĚĂtiŽns sƚĂƚĞ ƚhĂƚ Ňushing 
shŽulĚ bĞ ƉĞƌĨŽƌŵĞĚ bĞĨŽƌĞ ĂnĚ ĂŌĞƌ ƚhĞ ĂĚŵinisƚƌĂtiŽn ŽĨ 
ĂnǇ ŬinĚ ŽĨ inƚƌĂǀĞnŽus inĨusiŽn ;sŽͲcĂllĞĚ ͚^�^͛ sĞƋuĞncĞ͕ 
i͘Ğ͕͘ ^ĂlinĞͲ�ĚŵinisƚƌĂtiŽnͲ^ĂlinĞͿ ĂnĚ bĞĨŽƌĞ ĂnĚ ĂŌĞƌ blŽŽĚ 
sĂŵƉling͘ &Žƌ Ňushing ƉuƌƉŽsĞs͕ nŽƌŵĂl sĂlinĞ ;0͘ϵй EĂ�lͿ is 
ƚhĞ ƌĞcŽŵŵĞnĚĞĚ sŽlutiŽn ĨŽƌ ĂnǇ ŬinĚ ŽĨ ĚĞǀicĞ in sƚĂnĚĂƌĚ 
clinicĂl ƉƌĂcticĞ͘ � ǀŽluŵĞ ŽĨ 10 ŵ> is gĞnĞƌĂllǇ cŽnsiĚĞƌĞĚ ƚŽ 
bĞ suĸciĞnƚ ĨŽƌ ƚhĞ ŵĂũŽƌiƚǇ ŽĨ ĂĚulƚ ƉĂtiĞnƚs ǁiƚh E��s�͕ 
sŽ ƚŽ guĂƌĂnƚĞĞ ƚhĞ ƌĞŵŽǀĂl ŽĨ ŵŽsƚ inƚƌĂluŵinĂl ĚĞƉŽsiƚs ŽĨ 
Ěƌug ƉƌĞciƉiƚĂƚĞs ;ϯ͕ 21͕ ϯϳ͕ ϯϴͿ͘ sŽluŵĞs highĞƌ ƚhĂn 10 ŵ> 
;ƚǇƉicĂllǇ͗ 20 ŵ> ŽĨ nŽƌŵĂl sĂlinĞͿ shŽulĚ bĞ ŇushĞĚ in ĂĚulƚ 
ƉĂtiĞnƚs ĂŌĞƌ ƚhĞ inĨusiŽn ŽĨ ǀiscŽus sŽlutiŽns ;ƌĂĚiŽlŽgic cŽnͲ
ƚƌĂsƚ ŵĞĚiĂ͕ blŽŽĚ ƉƌŽĚucƚs͕ liƉiĚͲbĂsĞĚ ƉĂƌĞnƚĞƌĂl nuƚƌitiŽnͿ 
;ϯϵͿ͖ ĂlƚhŽugh͕ ƚhĞƌĞ is Ă lĂcŬ ŽĨ clinicĂl sƚuĚiĞs suƉƉŽƌting ƚhĞ 
ŵĂũŽƌ ĞĸcĂcǇ ŽĨ ƚhis ĂƉƉƌŽĂch͘ /n �s� ŽĨ ƉĞĚiĂƚƌic ƉĂtiĞnƚs͕ 
lŽǁĞƌ ǀŽluŵĞs ĂƌĞ usĞĚ ;ϱ ŵ> ĨŽƌ sƚĂnĚĂƌĚ Ňushing ĂnĚ 10 ŵ> 
ƚŽ clĞĂƌ ǀiscŽus sŽlutiŽnsͿ͘ /n ĂĚulƚ ƉĂtiĞnƚs͕ ϱ ŵl Ňushing ŽĨ 
Ps� is usuĂllǇ ƌĞcŽŵŵĞnĚĞĚ͘ dhĞ ƌĞcĞnƚlǇ ƉublishĞĚ /E^ 
^ƚĂnĚĂƌĚs ƌĞcŽŵŵĞnĚ ƚhĂƚ ƚhĞ Ňushing ǀŽluŵĞ shŽulĚ nŽƚ 
bĞ inĨĞƌiŽƌ ƚŽ ƚhĞ ĚŽublĞ ŽĨ ƚhĞ Ɖƌiŵing ǀŽluŵĞ ŽĨ ƚhĞ linĞ ƚŽ 
bĞ ŇushĞĚ ;i͘Ğ͕͘ ĂlsŽ incluĚing ƉŽssiblĞ ĞǆƚĞnsiŽnsͿ ;1Ϳ͘

dhĞ ƚĞchniƋuĞ ŽĨ Ňushing is gĞnĞƌĂllǇ cŽnsiĚĞƌĞĚ ƚŽ bĞ 
ƌĞlĞǀĂnƚ ƚŽ ŽbƚĂin Ă cŽƌƌĞcƚ clĞĂnsing ŽĨ ƚhĞ cĂƚhĞƚĞƌ luŵĞn͘ 
&lushing shŽulĚ bĞ cĂƌƌiĞĚ Žuƚ bǇ hĂnĚͲŽƉĞƌĂƚĞĚ sǇƌingĞ͕ 
sincĞ gƌĂǀiƚǇ inĨusiŽns Žƌ ƉuŵƉͲĚƌiǀĞn inĨusiŽns ĂƌĞ nŽƚ ĞĨͲ
ĨĞctiǀĞ in ƚhis ƌĞgĂƌĚ͘ WhĞn Ňushing silicŽnĞ cĂƚhĞƚĞƌs ĂnĚͬ
Žƌ nŽnͲƉŽǁĞƌͲinũĞcƚĂblĞ ĚĞǀicĞs͕ 10 ŵ> ǀŽluŵĞ sǇƌingĞs ĂƌĞ 
ƌĞcŽŵŵĞnĚĞĚ͕ sŽ ƚŽ ƉƌĞǀĞnƚ ƉƌĞssuƌĞ ĚĂŵĂgĞ ƚŽ ƚhĞ cĂƚhͲ
ĞƚĞƌ ;ϯ͕ ϯϳ͕ ϰ0Ϳ͘ �ŽntinuŽus hĂnĚͲŽƉĞƌĂƚĞĚ inĨusiŽn ŽĨ 10 ŵ>  
sĂlinĞ ĂƉƉĞĂƌs ƚŽ bĞ lĞss ĞīĞctiǀĞ ƚhĂn ĚǇnĂŵic ƉulsĂtilĞ inͲ
ĨusiŽn ;ƚhĞ sŽͲcĂllĞĚ ͞Ɖush ĂnĚ ƉĂusĞ͟ Žƌ ͞sƚĂƌƚ ĂnĚ sƚŽƉ͟ 
ŵĞƚhŽĚͿ͕ Ăs ƚhĞ lĂƩĞƌ cƌĞĂƚĞs ƚuƌbulĞncĞ insiĚĞ ƚhĞ cĂƚhĞƚĞƌ͗ 
such ŵĂnĞuǀĞƌ is ǁiĚĞlǇ ƌĞcŽŵŵĞnĚĞĚ in ƚhĞ liƚĞƌĂƚuƌĞ ĂnĚ 
in ŵŽsƚ inƚĞƌnĂtiŽnĂl guiĚĞlinĞs ;ϯ͕ 22͕ ϯϳ͕ ϯϵͲϰ1Ϳ͘ /n ǀiƚƌŽ 
sƚuĚiĞs Žn ƚhĞ ĚǇnĂŵic Ňush ĞĸcĂcǇ ŽĨ ƚhĞ ĚiscŽntinuŽus 
ŇŽǁ inĨusiŽn ĚĞŵŽnsƚƌĂƚĞĚ iƚs suƉĞƌiŽƌiƚǇ in ƉƌĞǀĞnting ƚhĞ 
inƚƌĂluŵinĂl ĚĞƉŽsiƚ ŽĨ subsƚĂncĞs iĨ cŽŵƉĂƌĞĚ ƚŽ cŽntinuŽus 
lĂŵinĂƌ ŇŽǁ inĨusiŽn ;ϰ2Ϳ͘ /n ƚhĞ liƚĞƌĂƚuƌĞ͕ ĨĞǁ sƚuĚiĞs Žn 
Ňushing hǇĚƌŽĚǇnĂŵics hĂǀĞ bĞĞn ƉƌŽǀiĚĞĚ ;ϰϯͿ͕ ĂnĚ ƚhĞƌĞ 
is liŵiƚĞĚ ĞǀiĚĞncĞ ŽĨ ƚhĞ ĂntiŵicƌŽbiĂl ĞĸcĂcǇ ŽĨ ƚhĞ ƉulsĂͲ
tilĞ Ňushing ƚĞchniƋuĞ ĨŽƌ cĂƚhĞƚĞƌs ;ϰϰͿ͘ ,ŽǁĞǀĞƌ͕  bĂsĞĚ Žn 
ƚhĞ ƉŽƚĞntiĂl ĂĚǀĂnƚĂgĞs ŽĨ ĚǇnĂŵic Ňush ĂnĚ ƚhĞ ĂbsĞncĞ ŽĨ 
siĚĞ ĞīĞcƚs ŽĨ ƚhĞ ƚĞchniƋuĞ͕ iƚs usĞ is ǁiĚĞlǇ ƌĞcŽŵŵĞnĚĞĚ 
ĨŽƌ Ăll Ňushing ƉƌŽcĞĚuƌĞs ĂnĚ in ƉĂƌticulĂƌ ĨŽƌ ĂnǇ ŬinĚ ŽĨ 
�s�͘ /ƚ is iŵƉŽƌƚĂnƚ ƚhĂƚ ƚhĞ ͚ƉĂusĞ͛ ƉhĂsĞ Ěuƌing ƚhĞ ͚Ɖush 
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ĂnĚ ƉĂusĞ͛ ŵĂnĞuǀĞƌ shŽulĚ nŽƚ bĞ ĂssŽciĂƚĞĚ ǁiƚh Ăn ĂcͲ
ciĚĞnƚĂl blŽŽĚ ƌĞŇuǆ ĚuĞ ƚŽ Ă bĂcŬ ŵŽǀĞŵĞnƚ ŽĨ ƚhĞ ƉisƚŽn 
ŽĨ ƚhĞ sǇƌingĞ͘

&Žƌ lŽngͲƚĞƌŵ �s�s ƚhĂƚ ĂƌĞ nŽƚ in usĞ͕ ƚhĞ ŵŽsƚ ƉŽƉuͲ
lĂƌ inƚĞƌǀĂl tiŵing ĨŽƌ Ňushing is 2 ǁĞĞŬs ;ĨŽƌ ƚunnĞlĞĚͲcuīĞĚ 
�s�sͿ Žƌ ϰͲ6 ǁĞĞŬs ;ĨŽƌ ƚŽƚĂllǇ iŵƉlĂnƚĂblĞ ƉŽƌƚsͿ͘ � ϯͲĚĂǇ Žƌ 
ϳͲĚĂǇ inƚĞƌǀĂl hĂs bĞĞn suggĞsƚĞĚ ĨŽƌ P/��s ;ϯϴͿ͘ ,ŽǁĞǀĞƌ͕  
ƚhĞƌĞ is scĂnƚ ĞǀiĚĞncĞ in liƚĞƌĂƚuƌĞ ĂbŽuƚ ƚhĞ iĚĞĂl inƚĞƌǀĂl in 
ƚĞƌŵs ŽĨ ĞĸcĂcǇ in ŵĂinƚĂining ƉĂƚĞncǇ ĂnĚ iƚ is ƋuiƚĞ liŬĞlǇ 
ƚhĂƚ lŽngĞƌ inƚĞƌǀĂls ŵĂǇ bĞ ĂĚŽƉƚĞĚ͘ �s ƌĞcŽŵŵĞnĚĞĚ bǇ 
,/�P�� guiĚĞlinĞs͕ Ă ƉƌŽƉĞƌ ĂsĞƉtic ƚĞchniƋuĞ Ěuƌing �s� 
Ňushing is Ăn iŵƉŽƌƚĂnƚ ĂsƉĞcƚ ŽĨ bunĚlĞ sƚƌĂƚĞgǇ ƚŽ ƉƌĞǀĞnƚ 
�>��^/ ;ϯϳͿ͘

dhĞƌĞ ĂƌĞ sŽŵĞ liƚĞƌĂƚuƌĞ ĞǀiĚĞncĞs Žn ƚhĞ ĞĸcĂcǇ ŽĨ 
ƚhĞ usĞ ŽĨ ƉƌĞĮllĞĚ sǇƌingĞs ǀĞƌsus ŵĂnuĂllǇ ĮllĞĚ sǇƌingĞs 
ƚŽ ƌĞĚucĞ ŵĂniƉulĂtiŽns ĂnĚ ƚhus ƚhĞ ƌisŬ ŽĨ inĨĞctiŽn ;ϰϱ͕ 
ϰ6Ϳ͘ dhĞ ƌĞcĞnƚlǇ ƉublishĞĚ /E^ ^ƚĂnĚĂƌĚs ;1Ϳ ƌĞcŽŵŵĞnĚ 
using singlĞͲĚŽsĞ sǇsƚĞŵs ;Ğ͘g͕͘ singlĞͲĚŽsĞ ǀiĂls Žƌ ƉƌĞĮllĞĚ 
lĂbĞlĞĚ sǇƌingĞsͿ ĨŽƌ Ăll s�� Ňushing ĂnĚ lŽcŬing͘ /n ĂĚĚiͲ
tiŽn͕ sŽŵĞ ƉƌĞĮllĞĚ sĂlinĞ sǇƌingĞs ĂƌĞ sƉĞciĂllǇ ĚĞsignĞĚ 
ƚŽ guĂƌĂnƚĞĞ ƚhĞ ŵĂinƚĞnĂncĞ ŽĨ Ă ƉŽsitiǀĞ ƉƌĞssuƌĞ Ăƚ ƚhĞ 
ĞnĚ ŽĨ ƚhĞ inĨusiŽn͕ ƚhus ƉƌĞǀĞnting bĂcŬͲŇŽǁ ŽĨ blŽŽĚ inƚŽ 
ƚhĞ cĂƚhĞƚĞƌ͘  &uƌƚhĞƌ clinicĂl ƚƌiĂls ĂƌĞ ĂĚǀisĂblĞ ƚŽ suƉƉŽƌƚ 
Ă ǁiĚĞsƉƌĞĂĚ usĞ ŽĨ ƚhĞsĞ sǇƌingĞs͕ ǁhich ŵĂǇ ƉlĂǇ Ăn iŵͲ
ƉŽƌƚĂnƚ ƌŽlĞ in Ă ŵĂinƚĞnĂncĞ ƉŽlicǇ ĂĚŽƉting Ă ͚nŽͲƌĞŇuǆ͛ 
sƚƌĂƚĞgǇ͘

Panel recommendation

A pulsatile positive “push and pause” (“start and stop”) 
technique is the most appropriate methodology of flushing.

Q5 – Is there a role for antimicrobial agents in the lock of 
NDCVA, as a method for prevention of catheter colonization 
or catheter-related blood stream infection?

�ŽlŽniǌĂtiŽn ŽĨ Ă ǀĂsculĂƌ cĂƚhĞƚĞƌ is ƚhĞ Įƌsƚ sƚĞƉ ŽĨ  
inĨĞctiŽn͘ �ĂƚhĞƚĞƌs ĂƌĞ ŵĂinlǇ cŽlŽniǌĞĚ ǀiĂ ƚhĞ ĞǆƚƌĂͲ
luŵinĂl Žƌ bǇ ƚhĞ inƚƌĂͲluŵinĂl ƌŽuƚĞ ;ϰϳͿ͘ &Žƌ shŽƌƚͲƚĞƌŵ 
�s�s ;ŵĞĂn ĚuƌĂtiŽn фϳͲ10 ĚĂǇsͿ͕ ƚhĞ sŬin ĂƌŽunĚ ƚhĞ cĂƚhͲ
ĞƚĞƌ insĞƌtiŽn siƚĞ is ƚhĞ ŵŽsƚ cŽŵŵŽn sŽuƌcĞ ŽĨ ŵicƌŽͲ
ŽƌgĂnisŵs ;ϰϴ͕ ϰϵͿ͗ sŬin ŇŽƌĂ ŵigƌĂƚĞs ĂlŽng ƚhĞ ĞǆƚĞƌnĂl 
siĚĞ ŽĨ ƚhĞ cĂƚhĞƚĞƌ͕  inƚŽ ƚhĞ subcuƚĂnĞŽus ƚƌĂcƚ ;sŽ cĂllĞĚ 
͚ĞǆƚƌĂͲluŵinĂl cŽlŽniǌĂtiŽn͛Ϳ͘ &Žƌ ŵĞĚiuŵͲ ĂnĚ lŽngͲƚĞƌŵ 
�s�͕ cŽnƚĂŵinĂƚĞĚ cĂƚhĞƚĞƌ hubs ĂƌĞ ƚhĞ ŵŽsƚ cŽŵŵŽn 
sŽuƌcĞ ŽĨ ĞnƚƌĂncĞ ŽĨ ŵicƌŽŽƌgĂnisŵs͕ bǇ ŵigƌĂtiŽn ǀiĂ ƚhĞ 
inƚĞƌnĂl suƌĨĂcĞ ŽĨ ƚhĞ cĂƚhĞƚĞƌ ;͚inƚƌĂͲluŵinĂl cŽlŽniǌĂͲ
tiŽn͛Ϳ ;ϱ0͕ ϱ1Ϳ͘

�ĂcƚĞƌiĂ ĂnĚ Ĩungi cŽlŽniǌĞ Ps� ĂnĚ �s� in Ă clusƚĞƌĞĚ 
ĨŽƌŵ͕ cƌĞĂting ĂggƌĞgĂƚĞs ŽĨ cĞlls ;biŽĮlŵͿ͘ � ŵicƌŽbiĂl biŽͲ
Įlŵ is ͞Ă sƚƌucƚuƌĞĚ cŽnsŽƌtiuŵ ŽĨ ŵicƌŽbiĂl cĞlls suƌƌŽunĚͲ
ĞĚ bǇ Ă sĞlĨͲƉƌŽĚucĞĚ ƉŽlǇŵĞƌ ŵĂƚƌiǆ͟ ;ϱ2Ϳ͘ /n ĂĚĚitiŽn ƚŽ 
bĂcƚĞƌiĂ ĂnĚ Ĩungi͕ ƚhĞ biŽĮlŵ ŵĂƚƌiǆ ĂlsŽ incluĚĞs cŽŵͲ
ƉŽnĞnƚs ĨƌŽŵ ƚhĞ hŽsƚ ;Įbƌin͕ ƉlĂƚĞlĞƚs͕ iŵŵunĞͲglŽbulins͕ 
Ğƚc͘Ϳ͘ �iŽĮlŵs cĂn bĞ ŵŽnŽͲ Žƌ ƉŽlǇͲŵicƌŽbiĂl ;ϱ2ͲϱϱͿ͘

�iŽĮlŵ ŵĂǇ ĨĂǀŽƌ chƌŽnic inĨĞctiŽns͕ sincĞ iƚ shiĞlĚs bĂcͲ
ƚĞƌiĂ ĨƌŽŵ ƚhĞ ĞǆƉŽsuƌĞ ƚŽ ĂntibiŽtic Ěƌugs ĂnĚ ƚŽ ƚhĞ hŽsƚ s͛ 
ĂntibŽĚiĞs ĂnĚ ŵĂcƌŽƉhĂgĞs͕ sŽ ƚhĂƚ ƚhĞ inĨĞctiŽn ŵĂǇ ƉĞƌsisƚ 
ĚĞsƉiƚĞ ĂĚĞƋuĂƚĞ ĂntibiŽtic ƚhĞƌĂƉǇ ĂnĚ ĚĞsƉiƚĞ ƚhĞ hŽsƚ s͛ ĚĞͲ
ĨĞnsĞ ŵĞchĂnisŵs͘ �ntibiŽtic ĨĂiluƌĞ Ěuƌing �Z�^/ ƚƌĞĂƚŵĞnƚs 

is ŽŌĞn ĚuĞ ƚŽ ƉĞƌsisƚĞncĞ ŽĨ gĞƌŵs insiĚĞ ƚhĞ biŽĮlŵ͘ /n such 
cĂsĞs͕ cĂƚhĞƚĞƌ ƌĞŵŽǀĂl is cŽnsiĚĞƌĞĚ ƚhĞ bĞsƚ chŽicĞ ŽĨ ƚƌĞĂƚͲ
ŵĞnƚ ;ϱ6Ϳ͘

/n sŽŵĞ cĂsĞs͕ cĂƚhĞƚĞƌ sĂlǀĂgĞ cŽulĚ bĞ Ă highlǇ ĚĞsiƌͲ
ĂblĞ ŽƉtiŽn͕ ƉĂƌticulĂƌlǇ in ƉĂtiĞnƚs ǁiƚh liŵiƚĞĚ ĂǀĂilĂbiliƚǇ ŽĨ 
ǀĞins ĨŽƌ nĞǁ ǀĞnŽus ĂccĞssĞs ĂnĚͬŽƌ ǁiƚh high ƌisŬ ŽĨ inĨĞcͲ
tiŽn͕ such Ăs ŽncŽͲhĞŵĂƚŽlŽgicĂl ƉĂtiĞnƚs Žƌ ƉĂtiĞnƚs ƌĞcĞiǀͲ
ing ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn ;ϱϳ͕ ϱϴͿ͘

If Staphylococcus aureus or Candida spp͘ ĂƌĞ inǀŽlǀĞĚ Ăs 
ĞtiŽlŽgic ĂgĞnƚs͕ cĂƚhĞƚĞƌ ƌĞŵŽǀĂl is ƚhĞ Įƌsƚ ŽƉtiŽn͕ ǁhilĞ 
cŽnsĞƌǀĂtiǀĞ ƚƌĞĂƚŵĞnƚ ŵĂǇ bĞ ĂĚŽƉƚĞĚ ǁhĞn �Z�^/ is ĚuĞ ƚŽ 
ŽƚhĞƌ ŵicƌŽŽƌgĂnisŵs such Ăs cŽĂgulĂsĞͲnĞgĂtiǀĞ ^ƚĂƉhǇlŽͲ
cŽcci ĂnĚ 'ƌĂŵͲnĞgĂtiǀĞ bĂcilli ;ϱϳ͕ ϱϴͿ͘ WhĞn ƚƌǇing ƚŽ sĂǀĞ 
ƚhĞ ĚĞǀicĞ͕ ƚhĞ bĞsƚ ŽƉtiŽn is ƚhĞ cŽŵbinĂtiŽn ŽĨ sǇsƚĞŵic ĂnͲ
tibiŽtics Ɖlus ĂntiŵicƌŽbiĂl lŽcŬ ƚhĞƌĂƉǇ͘

dhĞ ĂntibiŽtic lŽcŬ ƚĞchniƋuĞ ǁĂs Įƌsƚ ĚĞscƌibĞĚ ĂlŵŽsƚ ϯ0 
ǇĞĂƌs ĂgŽ ĨŽƌ ƚhĞ ƚƌĞĂƚŵĞnƚ ŽĨ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ sĞƉsis ǁiƚhŽuƚ 
Ă ƚunnĞl Žƌ Ğǆiƚ siƚĞ inĨĞctiŽn ĂnĚ ǁiƚhŽuƚ ŵĞƚĂsƚĂtic cŽŵƉliͲ
cĂtiŽns in ƚunnĞlĞĚ cĂƚhĞƚĞƌs͕ in hŽŵĞ ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn 
ƉĂtiĞnƚs ;ϱϵͿ͘ �ntibiŽtic lŽcŬ ƚĞchniƋuĞ cŽnsisƚs in ĂĚŵinisͲ
ƚƌĂting Ăn ĂntibiŽtic sŽlutiŽn inƚŽ ƚhĞ hub ĂnĚ inƚŽ ƚhĞ luŵĞn 
ŽĨ Ă �s� ƚhĂƚ is nŽƚ in usĞ͕ sŽ ƚŽ ĂchiĞǀĞ Ă ǀĞƌǇ high cŽncĞnͲ
ƚƌĂtiŽn͕ ĨĂƌ highĞƌ ƚhĂn ƚhĞ ŵiniŵĂl inhibiƚŽƌǇ cŽncĞnƚƌĂtiŽn 
ĨŽƌ ƚhĞ bĂcƚĞƌiĂ inǀŽlǀĞĚ ;2͕ 60Ϳ͘ dhĞ ĂntibiŽtic sŽlutiŽn ŵusƚ 
ƌĞŵĂin in ƚhĞ luŵĞn ĨŽƌ Ă lŽng ƉĞƌiŽĚ ŽĨ tiŵĞ ;ĨƌŽŵ hŽuƌs ƚŽ 
ĚĂǇsͿ͘ ^uch sƚƌĂƚĞgǇ is ŽŌĞn ǀĞƌǇ ĞīĞctiǀĞ͕ ĞsƉĞciĂllǇ ;ĂͿ iĨ ƚhĞ 
ĂntibiŽtic sŽlutiŽn sƚĂǇs insiĚĞ ƚhĞ luŵĞn ĨŽƌ Ă lŽng ƉĞƌiŽĚ͕ 
;bͿ iĨ ƚhĞ gĞƌŵs ĂƌĞ �KE^ ;uƉ ƚŽ 100й ŽĨ succĞssͿ Žƌ 'ƌĂŵͲ
nĞgĂtiǀĞ ;uƉ ƚŽ ϳϱй ŽĨ succĞssͿ͕ ĂnĚ ;cͿ iĨ ƚhĞ lŽcŬ is ĂssŽciͲ
ĂƚĞĚ ǁiƚh ƚhĞ sǇsƚĞŵic ĂĚŵinisƚƌĂtiŽn ŽĨ ĂntibiŽtics͘ ^ǇsƚĞŵic 
ĂntibiŽtic ĂĚŵinisƚƌĂtiŽn ǁiƚhŽuƚ lŽcŬ is ŵuch lĞss ĞīĞctiǀĞ͗ 
in 1ϰ ŽƉĞn ƚƌiĂls ĚĞĂling ǁiƚh sĂlǀĂgĞ ŽĨ lŽngͲƚĞƌŵ cĂƚhĞƚĞƌs 
bǇ ĂĚŵinisƚƌĂtiŽn ŽĨ sƚĂnĚĂƌĚ ƉĂƌĞnƚĞƌĂl ƚhĞƌĂƉǇ ŽnlǇ͕  ƚhĞ 
ŵĞĂn succĞss ƌĂƚĞ in ƚƌĞĂting �Z�^/ ǁĂs 6ϳй͖ ƚhis ƉƌŽbĂblǇ 
ƌĞŇĞcƚs ƚhĞ inĂbiliƚǇ ŽĨ ŵŽsƚ ĂntibiŽtics ƚŽ ĂchiĞǀĞ ƚhĞƌĂƉĞuͲ
tic cŽncĞnƚƌĂtiŽns ǁhĞn ŵicƌŽŽƌgĂnisŵs ĂƌĞ clusƚĞƌĞĚ insiĚĞ 
ƚhĞ biŽĮlŵ ;61Ͳ66Ϳ͘ dhĞ ĂntiŵicƌŽbiĂl lŽcŬ ƚĞchniƋuĞ is ƌĞcͲ
ŽŵŵĞnĚĞĚ bǇ cuƌƌĞnƚ guiĚĞlinĞs Ăs Ă ƉĂƌƚ ŽĨ ŵĂnĂgĞŵĞnƚ 
ŽĨ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ inĨĞctiŽns in Ă ĨĞǁ ǁĞllͲ ĚĞĮnĞĚ ciƌcuŵͲ
sƚĂncĞs ;nŽƚ cŽŵƉlicĂƚĞĚ͕ nŽnͲŵĞƚĂsƚĂtic inĨĞctiŽns͕ ǁhĞn 
ƚhĞ sĂlǀĂgĞ ŽĨ cĂƚhĞƚĞƌ is highlǇ ƌĞƋuiƌĞĚͿ ;ϱ6Ϳ͘

Kn ƚhĞ ŽƚhĞƌ hĂnĚ͕ ƚhĞ usĞ ŽĨ ĂntiŵicƌŽbiĂl lŽcŬ sŽlutiŽns 
Ăs Ă ƉƌŽƉhǇlĂǆis ŽĨ inĨĞctiŽn is ŵuch ŵŽƌĞ cŽnƚƌŽǀĞƌsiĂl͘ KǀĞƌ 
ƚhĞ ƉĂsƚ ǇĞĂƌs͕ sĞǀĞƌĂl ƌĂnĚŽŵiǌĞĚ ƚƌiĂls hĂǀĞ ĂĚĚƌĞssĞĚ ƚhis 
issuĞ͕ ǁiƚh ĞncŽuƌĂging ƌĞsulƚs ;6ϳ͕ 6ϴͿ͘ ,ŽǁĞǀĞƌ͕  cŽncĞƌns 
still Ğǆisƚ ĂbŽuƚ ƚhĞ ƉŽssiblĞ ĞŵĞƌgĞncĞ ŽĨ ĂntiŵicƌŽbiĂlͲ
ƌĞsisƚĂnƚ bĂcƚĞƌiĂ ;6ϵͿ ĂnĚ ĂbŽuƚ ƚhĞ ƌisŬ ŽĨ nŽnͲinĨĞctiǀĞ 
cŽŵƉlicĂtiŽns ;ϳ0Ϳ͖ ĂlsŽ͕ sŽŵĞ sƚuĚiĞs hĂǀĞ suggĞsƚĞĚ ƚhĂƚ 
ĂntiŵicƌŽbiĂl lŽcŬ ƉƌŽƉhǇlĂǆis ŵĂǇ hĂǀĞ liƩlĞ Žƌ nŽ ĂĚǀĂnƚĂgͲ
Ğs iĨ cŽŵƉĂƌĞĚ ƚŽ sƚĂnĚĂƌĚ ƉƌĞǀĞntiŽn sƚƌĂƚĞgiĞs such Ăs ĂƉͲ
ƉƌŽƉƌiĂƚĞ ŵĂinƚĞnĂncĞ bunĚlĞs ;ϳ1Ϳ͘ dhĞƌĞĨŽƌĞ͕ ĂntiŵicƌŽbiĂl 
lŽcŬ ƉƌŽƉhǇlĂǆis is nŽƚ ƌĞcŽŵŵĞnĚĞĚ Ăs Ă ƌŽutinĞ ƚĞchniƋuĞ 
ƚŽ ƉƌĞǀĞnƚ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ inĨĞctiŽns ;2͕ ϳ2͕ ϳϯͿ͘

�ĞnƚĞƌs ĨŽƌ �isĞĂsĞ �ŽnƚƌŽl ĂnĚ PƌĞǀĞntiŽn ;���Ϳ guiĚĞͲ
linĞs ƌĞcŽŵŵĞnĚ ĂntiŵicƌŽbiĂl lŽcŬ sŽlutiŽns ƚŽ ƉƌĞǀĞnƚ 
�Z�^/ ŽnlǇ in ĨĞǁ sƉĞciĂl ciƌcuŵsƚĂncĞs ;ƉĂtiĞnƚs ǁiƚh lŽngͲ
ƚĞƌŵ �s�͕ Žƌ ƉĂtiĞnƚs ǁiƚh Ă hisƚŽƌǇ ŽĨ ŵultiƉlĞ �Z�^/ in 
sƉiƚĞ ŽĨ ĂĚhĞƌĞncĞ ƚŽ sƚƌicƚ ĂsĞƉtic ƚĞchniƋuĞsͿ ;2Ϳ͘

�ccŽƌĚing ƚŽ ƚhĞ ^,��ͬ/�^� guiĚĞlinĞs ;ϳϯͿ ĂntiŵicƌŽͲ
biĂl lŽcŬ sŽlutiŽns shŽulĚ nŽƚ bĞ usĞĚ ƌŽutinĞlǇ ƚŽ ƉƌĞǀĞnƚ 
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cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns in E��s�͕ ĨŽƌ sĞǀͲ
ĞƌĂl ƌĞĂsŽns͗ ;ĂͿ bĞcĂusĞ ƚhĞ ŵĂũŽƌiƚǇ ŽĨ ƚhĞ sƚuĚiĞs Žn ƚhis 
issuĞ hĂǀĞ bĞĞn cŽnĚucƚĞĚ in hĞŵŽĚiĂlǇsis ƉĂtiĞnƚs ĂnĚ 
ƚhĞƌĞĨŽƌĞ cĂnnŽƚ bĞ gĞnĞƌĂliǌĞĚ͖ ;bͿ bĞcĂusĞ ƚhĞ sciĞntiĮc 
ĞǀiĚĞncĞ ĨŽƌ ƚhĞ ĞīĞctiǀĞnĞss ŽĨ ƚhĞ ƌŽutinĞ usĞ ŽĨ ĂntibiͲ
ŽticͲbĂsĞĚ lŽcŬ sŽlutiŽns is ǁĞĂŬ ;ϳϯͿ ĂnĚ ;cͿ bĞcĂusĞ ŽĨ ƚhĞ 
cŽncĞƌn ƚhĂƚ ƚhĞ usĞ ŽĨ such sŽlutiŽns ŵĂǇ incƌĞĂsĞ ƚhĞ ĂnͲ
tiŵicƌŽbiĂl ƌĞsisƚĂncĞ ;2Ϳ͘

�s Ă ŵĂƩĞƌ ŽĨ ĨĂcƚ͕ cŽnsiĚĞƌing ƚhĞ ƌisŬ ŽĨ ĂntiŵicƌŽbiĂl 
ƌĞsisƚĂncĞ͕ ƚhĞ ^,��ͬ/�^� guiĚĞlinĞs ;ϳϯͿ suggĞsƚ ƚŽ usĞ ĂntiͲ
biŽtic lŽcŬ sŽlutiŽns Ăs Ă ƉƌĞǀĞntiǀĞ sƚƌĂƚĞgǇ ŽnlǇ in ĨĞǁ siƚuĂͲ
tiŽns͗ ;ĂͿ ƉĂtiĞnƚs ǁiƚh lŽngͲƚĞƌŵ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌs͖ ;bͿ 
ƉĂtiĞnƚs ǁiƚh liŵiƚĞĚ ǀĞnŽus ĂccĞss ĂnĚ Ă hisƚŽƌǇ ŽĨ ƌĞcuƌƌĞnƚ 
cĞnƚƌĂl linĞͲĂssŽciĂƚĞĚ blŽŽĚ sƚƌĞĂŵ inĨĞctiŽn ;�>��^/Ϳ͖ ;cͿ ƉĂͲ
tiĞnƚs ǁhŽ ĂƌĞ Ăƚ hĞighƚĞnĞĚ ƌisŬ ŽĨ sĞǀĞƌĞ sĞƋuĞlĂĞ ĨƌŽŵ Ă 
�>��^/ ;Ğ͘g͕͘ ƉĂtiĞnƚ ǁiƚh ƌĞcĞnƚlǇ iŵƉlĂnƚĞĚ inƚƌĂǀĂsculĂƌ ĚĞͲ
ǀicĞs͕ such Ăs ƉƌŽsƚhĞtic hĞĂƌƚ ǀĂlǀĞ Žƌ ĂŽƌtic gƌĂŌͿ͘ � siŵilĂƌ 
cŽnclusiŽn is ŽīĞƌĞĚ bǇ ƚhĞ ƌĞcĞnƚ /E^ guiĚĞlinĞs ;1Ϳ͕ ǁhich 
suggĞsƚ ƚhĞ usĞ ŽĨ ĂntiŵicƌŽbiĂl lŽcŬing sŽlutiŽns ĨŽƌ inĨĞctiŽn 
ƉƌĞǀĞntiŽn in ƉĂtiĞnƚs ǁiƚh lŽngͲƚĞƌŵ E��s�s͕ in ƉĂtiĞnƚs 
ǁiƚh Ă hisƚŽƌǇ ŽĨ ŵultiƉlĞ �Z�^/͕ in highͲƌisŬ ƉĂtiĞnƚ ƉŽƉulĂͲ
tiŽns͕ ĂnĚ in ĨĂcilitiĞs ǁiƚh unĂccĞƉƚĂblǇ high ƌĂƚĞs �>��^/͕ 
ĚĞsƉiƚĞ ĂƉƉlicĂtiŽn ŽĨ ŽƚhĞƌ ŵĞƚhŽĚs ŽĨ inĨĞctiŽn ƉƌĞǀĞntiŽn͘ 
/n ƚhĂƚ sĂŵĞ ĚŽcuŵĞnƚ͕ ŵĂnǇ ƉŽssiblĞ ĂntiŵicƌŽbiĂl sŽlutiŽns 
ĂƌĞ ƚĂŬĞn inƚŽ cŽnsiĚĞƌĂtiŽn͕ such Ăs ĂntibiŽtic lŽcŬ sŽlutiŽns 
cŽnƚĂin suƉƌĂƚhĞƌĂƉĞutic cŽncĞnƚƌĂtiŽns ŽĨ ĂntibiŽtics͕ Žƌ ĂnͲ
tisĞƉtic lŽcŬing sŽlutiŽns ;ĞƚhĂnŽl͕ ƚĂuƌŽliĚinĞ͕ ciƚƌĂƚĞ͕ 26й 
sŽĚiuŵ chlŽƌiĚĞ͕ ŵĞƚhǇlĞnĞ bluĞ͕ ĨusiĚic ĂciĚ͕ Žƌ ��d�Ϳ ;1Ϳ͘

�ccŽƌĚing ƚŽ ƚhĞ cŽnclusiŽns ŽĨ Ă ǀĞƌǇ ƌĞcĞnƚ ŵĞƚĂͲ ĂnĂlǇsis 
;ϳϰͿ ŽĨ ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂls Žn ĂntiŵicƌŽbiĂl lŽcŬ sŽluͲ
tiŽns Ăs Ă ŵĞƚhŽĚ ƚŽ ƉƌĞǀĞnƚ �>��^/͕ ͞ usĞ ŽĨ ĂntiŵicƌŽbiĂl lŽcŬ 
sŽlutiŽns is Ăn ĞīĞctiǀĞ ƉƌĞǀĞntiŽn sƚƌĂƚĞgǇ ƚŽ ƌĞĚucĞ ƚhĞ ƌisŬ 
ŽĨ �s� inĨĞctiŽns͘ �lƚhŽugh ƚhĞ liŵiƚĞĚ nuŵbĞƌ ŽĨ ƉƌŽsƉĞctiǀĞ͕ 
ƌĂnĚŽŵiǌĞĚ sƚuĚiĞs in ƉĞĚiĂƚƌic ĂnĚ hĞŵĂƚŽlŽgǇ ƉĂtiĞnƚs ŵĂǇ 
ƉƌĞcluĚĞ Ăn iŵŵinĞnƚ chĂngĞ in ƉŽlicǇ in ƚhĞsĞ subgƌŽuƉs bĞͲ
ĨŽƌĞ lĂƌgĞƌ ƚƌiĂls ĂƌĞ ƉĞƌĨŽƌŵĞĚ͕ Ğǆisting ĞǀiĚĞncĞ in ƉĂtiĞnƚs 
ƌĞcĞiǀing hĞŵŽĚiĂlǇsis suggĞsƚs ƚhĂƚ iŵƉlĞŵĞnƚĂtiŽn ŽĨ ĂntiͲ
ŵicƌŽbiĂl lŽcŬ ƉƌŽƉhǇlĂǆis shŽulĚ bĞ cŽnsiĚĞƌĞĚ͘͟  

&uƌƚhĞƌŵŽƌĞ͕ iƚ is ƉŽssiblĞ ƚhĂƚ ƚhĞ usĞ ŽĨ ĂntiŵicƌŽbiĂl 
lŽcŬ sŽlutiŽns ǁhich ĚŽ nŽƚ cŽnƚĂin ĂntibiŽtics ŵĂǇ ĞliŵiͲ
nĂƚĞ ƚhĞ ƌisŬ ŽĨ ĂntiŵicƌŽbiĂl ƌĞsisƚĂncĞ ĂnĚ ĮnĚ Ă ƌŽlĞ in ƚhĞ  
ĨuƚuƌĞ clinicĂl ƉƌĂcticĞ͘

Panel recommendation

While antibacterial lock (specifically with antibiotics) 
has a clear role in clinical practice as a treatment of some 
selected CRBSIs, the use of antibacterial lock for the purpose 
of prevention of catheter colonization and/or infection is a 
new field which demands further research, as it may prove 
to have an important clinical role in some selected popula-
tions of high-risk patients where the standard bundles of 
infection prevention appear to be ineffective or insufficient.

Q6 – Is there a role for antimicrobial agents in the lock of 
NDCVA, as a method for prevention of catheter colonization 
or catheter-related blood stream infection?

dhis ƋuĞstiŽn ǁĂs ŵĂinlǇ ĂĚĚƌĞssĞĚ ĨŽƌ ĮǀĞ ĚiīĞƌĞnƚ 
ƚǇƉĞs ŽĨ ĂntibĂcƚĞƌiĂl ĂgĞnƚs͗ ĂntibiŽtics͕ ƚĂuƌŽliĚinĞ͕ ciƚƌĂƚĞ͕ 

ĞƚhĂnŽl͕ ��d�͘ �ŽnsiĚĞƌing ƚhĞ ƌisŬ ŽĨ ĂllĞƌgǇ ƌĞĂctiŽns ĂnĚ 
ƚhĞ ƉŽƚĞntiĂl ĞŵĞƌgĞncĞ ŽĨ bĂcƚĞƌiĂl ƌĞsisƚĂncĞ͕ ĂntibĂcƚĞƌiĂl 
lŽcŬ ǁiƚh ĂntibiŽtic Ěƌugs ŵĂǇ nŽƚ bĞ ƌĞgĂƌĚĞĚ Ăs Ăn inƚĞƌĞsƚͲ
ing ĂƌĞĂ ŽĨ ĚĞǀĞlŽƉŵĞnƚ in ƚhĞ ĨuƚuƌĞ͕ ǁhilĞ ƚhĞ usĞ ŽĨ nŽnͲ
ĂntibiŽtic lŽcŬ sŽlutiŽns ǁill ĂƩƌĂcƚ ŵŽƌĞ inƚĞƌĞsƚ͘

dhĞ ƌŽlĞ ŽĨ ciƚƌĂƚĞ lŽcŬ hĂs bĞĞn ĚiscussĞĚ ĂbŽǀĞ ;ƋuĞstiŽn 
2 ƚŽ ƚhĞ ƉĂnĞlͿ͘ KƚhĞƌ nŽnͲĂntibiŽtic lŽcŬ sŽlutiŽns incluĚĞ ƚĂuͲ
ƌŽliĚinĞ͕ ĞƚhĂnŽl ĂnĚ chĞlĂting ĂgĞnƚs ;sŽĚiuŵ ciƚƌĂƚĞ͕ ��d�Ϳ͘

dĂuƌŽliĚinĞ͕ Ă ĚĞƌiǀĂtiǀĞ ŽĨ ƚhĞ ĂŵinŽ ĂciĚ ƚĂuƌinĞ͕ is Ăn 
ĂntiŵicƌŽbiĂl ĂgĞnƚ ǁiƚh Ă bƌŽĂĚ sƉĞcƚƌuŵ ĂctiǀiƚǇ ĂgĂinsƚ 
bĂcƚĞƌiĂ ĂnĚ Ĩungi͘ dhĞ ŵĞƚhǇl ĚĞƌiǀĂtiǀĞs inƚĞƌĂcƚ ǁiƚh bĂcͲ
ƚĞƌiĂl cĞll ǁĂll cĂusing Ăn iƌƌĞǀĞƌsiblĞ inũuƌǇ͘ ZĞsisƚĂncĞ ƚŽ 
ƚĂuƌŽliĚinĞ hĂs nĞǀĞƌ bĞĞn ƌĞƉŽƌƚĞĚ Ăƚ ƚhis tiŵĞ ;ϳϱͿ͘ ^ĞǀͲ
ĞƌĂl sƚuĚiĞs Žn ƚhĞ ĞīĞcƚ ŽĨ ƚĂuƌŽliĚinĞ in ƉƌĞǀĞnting �Z�^/ 
hĂǀĞ bĞĞn ƉublishĞĚ ;ϳϱͲϴϳͿ͘ � ŵĞƚĂͲĂnĂlǇsis Žn sŽŵĞ ŽĨ 
ƚhĞsĞ sƚuĚiĞs ;ϴϴͿ ĨŽunĚ ƚhĂƚ ƚhĞ usĞ ŽĨ ƚĂuƌŽliĚinĞ ǁĂs ĂsͲ
sŽciĂƚĞĚ ǁiƚh Ă ƌĞĚucĞĚ �Z�^/ ƌĂƚĞ cŽŵƉĂƌĞĚ ƚŽ ŽƚhĞƌ cŽnƚƌŽl 
lŽcŬ sŽlutiŽns͕ ĂlsŽ in highͲƌisŬ ƉĂtiĞnƚs͘ DŽƌĞŽǀĞƌ͕  Ăs ĂlƌĞĂĚǇ 
ŵĞntiŽnĞĚ͕ ƌĞsisƚĂncĞ ƚŽ ƚĂuƌŽliĚinĞ is ĂƉƉĂƌĞnƚlǇ ĂbsĞnƚ͕ 
ƉƌŽbĂblǇ bĞcĂusĞ ƚhis Ěƌug Ăcƚs Ăs Ă biŽciĚĞ ĂnĚ nŽƚ Ăs Ăn 
ĂntibiŽtic ;ϴϵͿ͘ dhis is ƌĞĂllǇ Ăn iŵƉŽƌƚĂnƚ issuĞ͕ ƚhĂƚ ĂllŽǁs 
ŽǀĞƌcŽŵing ƚhĞ cŽncĞƌn ŽĨ ƉŽƚĞntiĂl ĂntiŵicƌŽbiĂl ƌĞsisƚĂncĞ 
inĚucĞĚ bǇ ĂntibiŽtic lŽcŬ sŽlutiŽns͘ dhĞ usuĂl cŽncĞnƚƌĂtiŽns 
ŽĨ ƚĂuƌŽliĚinĞ ;1͘ϯϱйͲ2йͿ ĂƌĞ Ăƚ lĞĂsƚ 10 tiŵĞs highĞƌ ŽĨ ƚhĞ 
D/�ϱ0 ŽĨ ƚhĞ ŵĂũŽƌiƚǇ ŽĨ 'ƌĂŵͲƉŽsitiǀĞ ĂnĚ 'ƌĂŵͲnĞgĂtiǀĞ 
ŵicƌŽŽƌgĂnisŵs͕ ǁiƚhŽuƚ signiĮcĂnƚ ĚiīĞƌĞncĞs bĞƚǁĞĞn ƚhĞ 
ƚǁŽ ;ϵ0Ϳ͘

DŽƌĞŽǀĞƌ͕  nŽ ĂĚǀĞƌsĞ ĞīĞcƚs hĂǀĞ ĞǀĞƌ bĞĞn ƌĞƉŽƌƚĞĚ 
ǁiƚh ƚhĞ usĞ ŽĨ ƚĂuƌŽliĚinĞ͘ �ƚ ƚhis tiŵĞ͕ sƚuĚiĞs ĂƌĞ nĞĞĚĞĚ 
ƚŽ clĂƌiĨǇ ƚhĞ ĂƉƉƌŽƉƌiĂƚĞ inĚicĂtiŽn ŽĨ ƚĂuƌŽliĚinĞ ;ŽnĞ ƉŽssiͲ
blĞ inĚicĂtiŽn bĞing͕ ĨŽƌ ĞǆĂŵƉlĞ͕ ƌĞcuƌƌĞnƚ ĞƉisŽĚĞs ŽĨ �Z�^/ 
in ƉĂtiĞnƚs Žn hŽŵĞ ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn ĚĞsƉiƚĞ Ă gŽŽĚ ĂĚͲ
hĞƌĞncĞ ƚŽ hĂnĚ ǁĂshing͕ ĂsĞƉtic ƚĞchniƋuĞ͕ Ğƚc͘Ϳ ĂnĚ iƚs cŽsƚ 
ĞīĞctiǀĞnĞss ;ϵ0Ϳ͘

�ƚhĂnŽl lŽcŬ sŽlutiŽns cĂn ĂlsŽ ƌĞĚucĞ ƚhĞ ƌisŬ ŽĨ �Z�^/͕ 
Ăs ƉƌŽǀĞn ŵŽsƚlǇ in ƉĞĚiĂƚƌic ƉĂtiĞnƚs ĂnĚ in ƚhĞ sĞƫng ŽĨ 
ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn͘ � ƌĞcĞnƚ ƌĞƉŽƌƚ ĨƌŽŵ dĂn Ğƚ Ăl ;ϵ1Ϳ ĞǀĂluͲ
ĂƚĞĚ 1ϯ ĞƚhĂnŽl lŽcŬ ƉƌŽƉhǇlĂǆis sƚuĚiĞs ĂnĚ 61ϳ ƉĂtiĞnƚs͘ �ll 
sƚuĚiĞs ƌĞƉŽƌƚĞĚ ĚĞcƌĞĂsĞĚ ƌĂƚĞs ŽĨ inĨĞctiŽn ĂnĚ ŽĨ cĂƚhĞƚĞƌ 
ƌĞŵŽǀĂl͘ dhĞ ŵŽsƚ ĞīĞctiǀĞ ĞƚhĂnŽl cŽncĞnƚƌĂtiŽn ǁĂs ϳ0й͘ 
/n ƚhĞ sĂŵĞ ƉĂƉĞƌ͕  ninĞ sƚuĚiĞs ŽĨ ĞƚhĂnŽl ƚƌĞĂƚŵĞnƚ ǁĞƌĞ 
ĂlsŽ ĞǀĂluĂƚĞĚ͘ �ƚhĂnŽl lŽcŬ ǁĂs ĂcƚuĂllǇ ĞīĞctiǀĞ ĂlsŽ Ăs 
Ă ƚƌĞĂƚŵĞnƚ ŽĨ �Z�^/͕ ǁiƚh ϵ0й cuƌĞ ĂnĚ ϴϰй linĞ sĂlǀĂgĞ͕ 
ǁhĞn ĂssŽciĂƚĞĚ ǁiƚh sǇsƚĞŵic ĂĚŵinisƚƌĂtiŽn ŽĨ ĂntibiŽtics͘ 
^till͕ ƚhĞƌĞ ĂƌĞ sŽŵĞ cŽncĞƌns ĂbŽuƚ sĂĨĞƚǇ ŽĨ ĞƚhĂnŽl͘ �buͲ
�lͲ,ĂiũĂ Ğƚ Ăl ;ϵ2Ϳ ĨŽunĚ Ă ƌĞĚuctiŽn ŽĨ inĨĞctiŽn ƌĂƚĞ buƚ ĂlsŽ 
Ă nĞgĂtiǀĞ ĞīĞcƚ ŽĨ ĞƚhĂnŽl Žn cĂƚhĞƚĞƌ inƚĞgƌiƚǇ͘ DĞƌŵĞl ĂnĚ 
�lĂng ;ϵϯͿ ĨŽunĚ ƚhĂƚ ƚhĞ usĞ ŽĨ ĞƚhĂnŽl lŽcŬ ŵĂǇ bĞ ĂssŽͲ
ciĂƚĞĚ ǁiƚh sƚƌucƚuƌĂl chĂngĞs in cĂƚhĞƚĞƌs ;ŵŽsƚlǇ sƚĂnĚĂƌĚ 
ƉŽlǇuƌĞƚhĂnĞ͕ buƚ ĂlsŽ silicŽnĞ ĂnĚ cĂƌbŽƚhĂnĞ cĂƚhĞƚĞƌsͿ 
ĂnĚ ǁiƚh incƌĞĂsĞĚ ƌisŬ ŽĨ cĂƚhĞƚĞƌ ŽcclusiŽn ĂnĚ ŽĨ sǇsƚĞŵic 
ƚŽǆiciƚǇ ;Ğ͘g͕͘ ĂbnŽƌŵĂlitiĞs ŽĨ liǀĞƌ ĨunctiŽn ƚĞsƚͿ͘ &uƌƚhĞƌ 
sƚuĚiĞs ĂƌĞ nĞĞĚĞĚ ƚŽ clĂƌiĨǇ ƚhĞ ƉŽƚĞntiĂl nĞgĂtiǀĞ ĞīĞcƚs ŽĨ 
ĞƚhĂnŽl Žn ƉĂtiĞnƚs ĂnĚ ǀĂsculĂƌ ĚĞǀicĞs͘ 

�hĞlĂting ĂgĞnƚs ;sŽĚiuŵ ciƚƌĂƚĞ͕ ��d�Ϳ ĂƌĞ ĂlsŽ ƉƌŽŵising 
Ăs nŽnͲĂntibiŽtic ĂntiŵicƌŽbiĂl lŽcŬ sŽlutiŽns ƚŽ ƉƌĞǀĞnƚ �Z�^/͕ 
ĂlŽnĞ Žƌ ǁiƚh ŽƚhĞƌ subsƚĂncĞs ;Ğ͘g͕͘ ƚĂuƌŽliĚinĞͿ͘ � ĨĞǁ sƚuĚͲ
iĞs suggĞsƚ ƚhĞiƌ ĞīĞctiǀĞnĞss͘ dhĞǇ ŵighƚ hĂǀĞ sŽŵĞ ĂĚǀĂnͲ
ƚĂgĞs ŽǀĞƌ ĂntibiŽtic lŽcŬs͗ nŽ ƌĞƉŽƌƚĞĚ bĂcƚĞƌiĂl ƌĞsisƚĂncĞ͕ 
lŽǁ inĚusƚƌiĂl cŽsƚs͕ ĂbiliƚǇ ƚŽ ƉƌĞǀĞnƚ cĂƚhĞƚĞƌ ŽcclusiŽn͘
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Panel recommendation

Non-antibiotic antibacterial lock will have a major future 
role for prevention of catheter colonization and infection. 
While ethanol lock is highly effective, due to concerns about 
its safety, the drugs most likely to be used as antibacterial lock 
are taurolidine and citrate, which have optimal characteris-
tics in terms of safety, efficacy and cost effectiveness.

Q7 – Is there any anticoagulant/antimicrobial association 
that may have a role for the lock of NDCVA?

�ŵŽng ƚhĞ ĂntiŵicƌŽbiĂlͲĂnticŽĂgulĂnƚ ĂssŽciĂtiŽns ƚhĂƚ 
ĂƉƉĞĂƌ ƚŽ bĞ usĞĨul ĨŽƌ ƚhĞ lŽcŬ ŽĨ E��s�͕ ƉƌŽbĂblǇ ƚhĞ ŵŽsƚ 
ĞīĞctiǀĞ ĂnĚ ƉƌŽŵising is ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ͘

/ƚ hĂs bĞĞn shŽǁn ƚhĂƚ ƚhis cŽŵbinĂtiŽn is ĞīĞctiǀĞ ;ĂnĚ 
ŵŽƌĞ ĞīĞctiǀĞ ƚhĂn hĞƉĂƌin ĂlŽnĞ Žƌ ƚhĂn ƚhĞ cŽŵbinĂtiŽn 
ƚĂuƌŽliĚinĞͲhĞƉĂƌinͿ in ƉƌĞǀĞnting bŽƚh �Z�^/ ĂnĚ cĂƚhĞƚĞƌ 
ŽcclusiŽn in ƉĂtiĞnƚs ǁiƚh cĂncĞƌ ĂnĚ in ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn͕ 
Ăs ǁĞll Ăs in hĞŵŽĚiĂlǇsis͘

^incĞ 2002͕ ^hĂh Ğƚ Ăl ;ϳϱͿ ƌĞƉŽƌƚĞĚ ƚhĞ high ĂctiǀiƚǇ ŽĨ 
ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ lŽcŬ ĂgĂinsƚ ƉlĂnŬƚŽnic ŵicƌŽbĞs͕ Ă ƌĞlĞǀĂnƚ 
ĂntiŵicƌŽbiĂl ĂctiǀiƚǇ in Ă cĂƚhĞƚĞƌ ŵŽĚĞl ĂnĚ Ă signiĮcĂnƚ 
ĞƌĂĚicĂtiŽn ŽĨ biŽĮlŵ͘ ^iŵŽn Ğƚ Ăl ;ϳ6Ϳ in Ă singlĞͲcĞnƚĞƌ ƉƌŽͲ
sƉĞctiǀĞ ƉĞĚiĂƚƌic ϰϴͲŵŽnƚh cŽhŽƌƚ sƚuĚǇ͕  cŽŵƉĂƌĞĚ ƉĂtiĞnƚs 
ƌĞcĞiǀing chĞŵŽƚhĞƌĂƉǇ in 200ϯͲ200ϱ ;hĞƉĂƌin lŽcŬͿ ĂnĚ in 
200ϱͲ200ϳ ;ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ lŽcŬͿ͘ /n ƚhĞ lĂƩĞƌ gƌŽuƉ͕ ƚhĞ 
usĞ ŽĨ ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ signiĮcĂnƚlǇ ƌĞĚucĞĚ �Z�^/͘ /n Ă ƉŽƉͲ
ulĂtiŽn ŽĨ ƉĞĚiĂƚƌic ƉĂtiĞnƚs ǁiƚh hĞŵĂƚŽlŽgicĂl ŵĂlignĂnciĞs͕ 
ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ hĂs bĞĞn shŽǁn ƚŽ bĞ suƉĞƌiŽƌ ƚŽ hĞƉĂƌin 
;ϴ2Ϳ͘ � ŵĞƚĂͲĂnĂlǇsis ĨƌŽŵ >iu Ğƚ Ăl ;ϵ0Ϳ shŽǁĞĚ ƚhĂƚ ƚĂuƌŽͲ
liĚinĞͲciƚƌĂƚĞ is ĞīĞctiǀĞ in ƉƌĞǀĞnting �Z�^/͕ ĂlƚhŽugh ƚhĞ ƌisŬ 
ŽĨ cĂƚhĞƚĞƌ ŽcclusiŽn ŵĂǇ ĂlsŽ bĞ incƌĞĂsĞĚ͘ /n ƚhis ĞǆƉlŽƌĂƚŽƌǇ 
ŵĞƚĂͲĂnĂlǇsis͕ ƚhƌĞĞ sƚuĚiĞs inǀŽlǀing 2ϯ6 ƉĂtiĞnƚs ǁiƚh Ă ƚŽƚĂl 
ŽĨ ϯϰ͕ϵϴϰ cĂƚhĞƚĞƌ ĚĂǇs ǁĞƌĞ incluĚĞĚ͘ dhĞ usĞ ŽĨ ƚĂuƌŽliĚinĞͲ
ciƚƌĂƚĞ signiĮcĂnƚlǇ ƌĞĚucĞĚ ƚhĞ ƌisŬ ŽĨ �Z�^/ ;ZZ с 0͘ϰϳ͕ ϵϱй 
�/͗ 0͘2ϱͲ0͘ϴϵͿ ĂnĚ ŽĨ 'ƌĂŵͲnĞgĂtiǀĞ bĂcƚĞƌiĂl inĨĞctiŽn͘ dhĞƌĞ 
ǁĂs nŽ signiĮcĂnƚ ĚiīĞƌĞncĞ in 'ƌĂŵͲƉŽsitiǀĞ inĨĞctiŽns ĂnĚ 
ĞǆiƚͲsiƚĞ inĨĞctiŽns͘

/n ƚhĞ ĨuƚuƌĞ͕ ĨuƌƚhĞƌ sƚuĚiĞs ĂƌĞ nĞĞĚĞĚ ƚŽ iĚĞntiĨǇ ƚhĞ 
ŵŽsƚ ĂƉƉƌŽƉƌiĂƚĞ cŽncĞnƚƌĂtiŽns ŽĨ ƚĂuƌŽliĚinĞ ;ĂcƚuĂllǇ 
1͘ϯϱйͲ2йͿ ĂnĚ ŽĨ ciƚƌĂƚĞ ;ĂcƚuĂllǇ ϰйͿ ƚŽ ƉƌĞǀĞnƚ bŽƚh inĨĞcͲ
tiŽn ĂnĚ ŽcclusiŽn͘

Panel recommendation

The association that is most promising as antibacte-
rial/anticoagulant lock, in NDCVA as in DCVA, is taurolidine- 
citrate.

Further studies should clarify which populations of pa-
tients might benefit from this association, and which concen-
trations of taurolidine and of citrate might be associated with 
the best outcome in terms of safety and efficacy.

Conclusions and call for further research

The role of lock in preventing occlusion of NDCVA

dhis ƉĂnĞl hĂs sƚƌĞssĞĚ ƚhĞ liŵiƚĞĚ ǀĂluĞ ŽĨ ĂǀĂilĂblĞ 
ĞǀiĚĞncĞ suƉƉŽƌting ƚhĞ usĞ ŽĨ hĞƉĂƌin Ăs Ă lŽcŬing ĂgĞnƚ 

in E��s�͘ �lƚhŽugh hĞƉĂƌin lŽcŬ hĂs bĞĞn usĞĚ ĨŽƌ ǇĞĂƌs 
in E��s� ʹ ĞsƉĞciĂllǇ in ƚŽƚĂllǇ iŵƉlĂnƚĂblĞ ǀĞnŽus ĂccĞss 
ĚĞǀicĞs ʹ iƚ is nŽǁ ĞǀiĚĞnƚ ƚhĂƚ iƚ is nŽƚ suƉĞƌiŽƌ ƚŽ sĂlinĞ 
lŽcŬ ĨŽƌ ƚhĞ ƉƌĞǀĞntiŽn ŽĨ luŵĞn ŽcclusiŽn ĂnĚͬŽƌ cĂƚhĞƚĞƌ 
cŽlŽniǌĂtiŽn ĂnĚͬŽƌ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚ sƚƌĞĂŵ inĨĞcͲ
tiŽns ;�Z�^/Ϳ͘

dhĞ ŵĂinƚĞnĂncĞ ŽĨ ƚhĞ ƉĂƚĞncǇ ŽĨ E��s� ĂƉƉĞĂƌs ƚŽ 
bĞ ŵĂinlǇ bĂsĞĚ Žn ŽƚhĞƌ ĨĂcƚŽƌs͕ such Ăs Ăn ĂƉƉƌŽƉƌiĂƚĞ 
Ňushing ƉŽlicǇ incluĚing ƚhĞ ŵĂnuĂl ƉulsĂtilĞ Ňush ƚĞchͲ
niƋuĞ͕ ƚhĞ ĂĚŽƉtiŽn ŽĨ nĞĞĚlĞͲĨƌĞĞ cŽnnĞcƚŽƌs ǁiƚh ƉŽsiͲ
tiǀĞ Žƌ nĞuƚƌĂl ĚisƉlĂcĞŵĞnƚ͕ Ă ͚nŽͲƌĞŇuǆ͛ sƚƌĂƚĞgǇ ǁhich 
ŵĂǇ incluĚĞ nŽͲƌĞŇuǆ sǇƌingĞs ĂnĚ clŽsuƌĞ ŽĨ ƚhĞ sǇsƚĞŵ 
ŵĂinƚĂining Ăn innĞƌ ƉŽsitiǀĞ ƉƌĞssuƌĞ͕ ĂnĚ ʹ lĂsƚ buƚ nŽƚ 
lĞĂsƚ ʹ Ăn ĂƉƉƌŽƉƌiĂƚĞ ĞĚucĂtiŽn ŽĨ ƚhĞ sƚĂī cĂƌing ĨŽƌ ƚhĞ 
cĞnƚƌĂl linĞ͘

KbǀiŽuslǇ͕  ĨuƌƚhĞƌ ƌĞsĞĂƌch is nĞĞĚĞĚ͕ Ăs Ă singlĞ ƌĂnͲ
ĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂl ŵĂǇ nŽƚ ĂllŽǁ ĨŽƌ Ă ŵĞƚĂͲĂnĂlǇsis 
ĂnĚ ĚĞĮnitiǀĞ cŽnclusiŽns͕ ĂnĚ ŵŽsƚ ƉublicĂtiŽns ĂƌĞ ĞiƚhĞƌ 
cĂsĞͲcŽnƚƌŽl Žƌ cŽhŽƌƚ sƚuĚiĞs͕ ǁhich ŵĂǇ ĂīĞcƚ ƚhĞ ƋuĂliƚǇ 
ŽĨ ƚhĞ ĞǀiĚĞncĞ ƉƌŽǀiĚĞĚ͘ dhĞƌĞĨŽƌĞ͕ iƚ ŵĂǇ still bĞ Ěiĸculƚ ƚŽ 
ƉƌŽǀiĚĞ highͲƋuĂliƚǇ ƌĞcŽŵŵĞnĚĂtiŽns ĨŽƌ schĞĚulĞ ĂnĚ ĨƌĞͲ
ƋuĞncǇ ŽĨ sĂlinĞ lŽcŬ in ƚhĞ ĚiīĞƌĞnƚ ƚǇƉĞs ŽĨ ĚĞǀicĞs ĂnĚ in 
ĚiīĞƌĞnƚ clinicĂl sĞƫngs͘

^till͕ ƚhĞ ƌŽutinĞ usĞ ŽĨ hĞƉĂƌin lŽcŬ in E��s� shŽulĚ bĞ 
sƚƌŽnglǇ ƋuĞstiŽnĞĚ͕ cŽnsiĚĞƌing ƚhĞ lĂcŬ ŽĨ ĞǀiĚĞncĞ ŽĨ ĞĨͲ
ĮcĂcǇ ĂnĚ iƚs ƉŽƚĞntiĂl cŽsƚs ĂnĚ ƌisŬs͕ Ăs cŽŵƉĂƌĞĚ ǁiƚh sĂͲ
linĞ͕ ǁhich is ĂbsŽluƚĞlǇ sĂĨĞ͘

&uƌƚhĞƌŵŽƌĞ ƚhis ƉĂnĞl hĂs sƚƌĞssĞĚ ƚhĞ nĞĞĚ ĨŽƌ ƌigͲ
ŽƌŽuslǇ ĚĞsignĞĚ͕ highͲƋuĂliƚǇ ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiͲ
Ăls ĂnĚ biŽlŽgicĂl sƚuĚiĞs ĂĚĚƌĞssing ŽƚhĞƌ ĂgĞnƚs ;such Ăs 
ciƚƌĂƚĞͿ ĂnĚ ŽƚhĞƌ ĞnĚͲƉŽinƚs ;ĂntiŵicƌŽbiĂl ĞīĞcƚͿ͕ sŽ ƚŽ 
ƉƌŽǀiĚĞ ŵŽƌĞ ĚĞĮnitiǀĞ ĂnĚ ƉƌĞcisĞ ĞǀiĚĞncĞ ŽĨ ĞĸcĂcǇ ĨŽƌ 
ƚƌĂnslĂtiŽn ƚŽ clinicĂl ƉƌĂcticĞ͘ �iƚƌĂƚĞ hĂs bĞĞn ƉƌŽƉŽsĞĚ 
bǇ ƚhĞ ƉĂnĞlisƚs Ăs Ă ǀĞƌǇ ƉƌŽŵising ĂgĞnƚ ƚŽ bĞ inǀĞstigĂƚͲ
ĞĚ in ƚhĞ nĞĂƌ ĨuƚuƌĞ͕ bĂsing ƚhis ƉŽsitiŽn ŵĂinlǇ Žn ĮnĚͲ
ings ĨƌŽŵ ��s�͘

PĂnĞl hĂs ĂgƌĞĞĚ ƚhĂƚ ƚhĞƌĞ is suĸciĞnƚ ĞǀiĚĞncĞ ƚŽ suƉͲ
ƉŽƌƚ ƚhĞ usĞ ŽĨ nŽƌŵĂl sĂlinĞ Ăs lŽcŬing ĂgĞnƚ ĨŽƌ ƉƌĞǀĞnting 
luŵĞn ŽcclusiŽn͕ in shŽƌƚͲƚĞƌŵ Ăs ǁĞll Ăs in ŵiĚͲ ĂnĚ lŽngͲ
ƚĞƌŵ cĂƚhĞƚĞƌs nŽƚ usĞĚ ĨŽƌ ĚiĂlǇsis Žƌ ĂƉhĞƌĞsis͘ &uƚuƌĞ ƌĞͲ
sĞĂƌch shŽulĚ bĞ ĨŽcusĞĚ Žn ĂĚŵinisƚƌĂtiŽn schĞĚulĞ ĂnĚ 
ĨƌĞƋuĞncǇ ŽĨ nŽƌŵĂl sĂlinĞ lŽcŬ͕ ĂnĚ Žn ƉŽssiblĞ iŵƉĂcting 
ĨĂcƚŽƌs such Ăs ĚiīĞƌĞnƚ Ňushing ŵĞƚhŽĚs͘

&lushing ƚĞchniƋuĞ is ũuĚgĞĚ ŽĨ ƉĂƌĂŵŽunƚ iŵƉŽƌƚĂncĞ͘ 
͚PushͲƉĂusĞ͛ ;Žƌ ͚sƚĂƌƚͲsƚŽƉ͛Ϳ ŵĞƚhŽĚ is ƚhĞ ŵŽsƚ ƌĞcŽŵͲ
ŵĞnĚĞĚ͕ ĞsƉĞciĂllǇ ǁiƚh P/�� ĂnĚ lŽngͲƚĞƌŵ �s�͕ ǁhĞƌĞ sigͲ
niĮcĂnƚ tiŵĞ inƚĞƌǀĂls bĞƚǁĞĞn ĞĂch usĞ ŵĂǇ Žccuƌ͘

PĂnĞlisƚs hĂǀĞ sƚƌŽnglǇ suggĞsƚĞĚ ƚhĂƚ ŵŽƌĞ sƚuĚiĞs 
Žn hǇĚƌŽĚǇnĂŵics ŽĨ Ňushing ƚĞchniƋuĞs shŽulĚ bĞ cĂƌͲ
ƌiĞĚ Žuƚ͕ Ăs ƉƌŽƉĞƌ Ňushing is cƌiticĂl ĨŽƌ ƌĞŵŽǀing ƉƌŽͲ
ƚĞins͕ cĞlls ĂnĚ ĚĞbƌis ĨƌŽŵ ƚhĞ luŵĞn ŽĨ ƚhĞ cĂƚhĞƚĞƌ͘  
&inĂllǇ͕ usĞ ŽĨ ƉƌĞĮllĞĚ sǇƌingĞs ĂnĚ ƉƌĞcisĞ ĚĞĮnitiŽn ŽĨ 
tiŵĞ inƚĞƌǀĂls hĂǀĞ bĞĞn cŽnĮƌŵĞĚ Ăs hŽƚ issuĞs ĨŽƌ ĨuƚuƌĞ  
ƌĞsĞĂƌch͘

The role of lock in preventing infection of NDCVA

dhĞ ƉĂnĞl cŽnsiĚĞƌĞĚ ƚhis Ă ǀĞƌǇ iŵƉŽƌƚĂnƚ issuĞ͕ clĂiŵing 
ĨuƌƚhĞƌ inǀĞstigĂtiŽn͘ WhilĞ ŽǀĞƌĂll �Z�^/ ƌĂƚĞs ĂƉƉĞĂƌ ƚŽ hĂǀĞ 
ĚĞcƌĞĂsĞĚ in ƚhĞ lĂsƚ 10Ͳ1ϱ ǇĞĂƌs͕ ƚhĞǇ ƌĞŵĂin Ă subsƚĂntiĂl 
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sŽuƌcĞ ŽĨ ŵŽƌbiĚiƚǇ ĂnĚ ŵŽƌƚĂliƚǇ in ĂnǇ hĞĂlƚhͲcĂƌĞ sǇsƚĞŵ͘ 
'uiĚĞlinĞs ĨƌŽŵ ƚhĞ �ĞnƚĞƌs ĨŽƌ �isĞĂsĞ �ŽnƚƌŽl ĂnĚ PƌĞǀĞnͲ
tiŽn ;2Ϳ ƌĞcŽŵŵĞnĚ ĂntiŵicƌŽbiĂl lŽcŬ ŽĨ E��s� Ăs ƉƌŽƉhǇlĂǆͲ
is ĨŽƌ ƉĂtiĞnƚs ǁiƚh lŽngͲƚĞƌŵ cĂƚhĞƚĞƌs ĂnĚ hisƚŽƌǇ ŽĨ ŵultiƉlĞ 
�Z�^/ ĚĞsƉiƚĞ ŵĂǆiŵĂl ĞīŽƌƚs ƚŽ ĨŽllŽǁ ĂsĞƉtic ƚĞchniƋuĞs͘ 
dhĞ ĞǆĂcƚ ŵĞchĂnisŵs ŽĨ ĂntibiŽtic ƌĞsisƚĂncĞ ǁiƚhin biŽĮlŵ 
ƌĞŵĂin unclĞĂƌ͕  ǇĞƚ Ă cŽŵŵŽn hǇƉŽƚhĞsis is subͲƚhĞƌĂƉĞutic 
ĞǆƉŽsuƌĞ ŽĨ biŽĮlŵ cĞlls ƚŽ ĂntibiŽtics͘ hsĞ ŽĨ ĂntibiŽtics is 
still Ă cƌiticĂl issuĞ͕ Ăs lŽǁͲlĞǀĞl ĞǆƉŽsuƌĞ ŽĨ ĂntibiŽtics ŵĂǇ 
ƉŽƚĞntiĂllǇ incƌĞĂsĞ ƚhĞ ƌisŬ ŽĨ bĂcƚĞƌiĂl ƌĞsisƚĂncĞ͘ �ǀĂilĂbiliƚǇ 
ŽĨ nĞǁ͕ ŵŽƌĞ ĞīĞctiǀĞ ĂnĚ sĂĨĞƌ Ěƌugs ŵighƚ chĂngĞ ƚhis scĞͲ
nĂƌiŽ in ƚhĞ nĞĂƌ ĨuƚuƌĞ͕ clĂiŵing ĞĸcĂcǇ ĂnĚ cŽsƚͬĞīĞctiǀĞͲ
nĞss ĞǀiĚĞncĞ͘

�hĂƌĂcƚĞƌistics ŽĨ ƚhĞ iĚĞĂl ĂntiŵicƌŽbiĂl lŽcŬ sŽlutiŽn ĂƌĞ 
ĨĂƌ ĨƌŽŵ bĞing ƌĞĂchĞĚ͘ dhĞǇ incluĚĞ ĂbiliƚǇ ƚŽ ƉĞnĞƚƌĂƚĞ Žƌ 
ĚisƌuƉƚ Ă biŽĮlŵ͕ ǁiĚĞ sƉĞcƚƌuŵ ŽĨ ĂctiǀiƚǇ͕  ƉƌŽlŽngĞĚ sƚĂbilͲ
iƚǇ͕  lŽǁ ƌisŬ ŽĨ ƚŽǆiciƚǇ ĂnĚ ĂĚǀĞƌsĞ ĞǀĞnƚs͕ lŽǁ ƉŽƚĞntiĂl ĨŽƌ 
bĂcƚĞƌiĂl ƌĞsisƚĂncĞ͕ Ăs ǁĞll Ăs cŽsƚ ĞīĞctiǀĞnĞss͘ �ccŽƌĚing 
ƚŽ Ă ƌĞcĞnƚ sǇsƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlǇsis ;ϵϰͿ͕ ĞƚhĂͲ
nŽl͕ ƚĂuƌŽliĚinĞ ĂnĚ sŽŵĞ ĂntibiŽtics ;ĚĂƉƚŽŵǇcin͕ tigĞcǇͲ
clinĞͿ ĂƉƉĞĂƌ ƚŽ bĞ ƚhĞ bĞsƚ cuƌƌĞnƚ ŽƉtiŽns Ăs ĂntibĂcƚĞƌiĂl 
lŽcŬ ĨŽƌ ƚƌĞĂting �Z�^/͕ ǁhĞƌĞĂs ĞǀiĚĞncĞ ĨŽƌ ĂntibĂcƚĞƌiĂl 
lŽcŬ ĨŽƌ inĨĞctiŽn ƉƌĞǀĞntiŽn is still scĂƌcĞ͘

EŽnͲĂntibiŽtic ĂntisĞƉtics͕ such Ăs ĞƚhĂnŽl͕ ƚĂuƌŽliĚinĞ 
ĂnĚ ciƚƌĂƚĞ͕ hĂǀĞ bĞĞn usĞĚ in Ă lŽcŬ sŽlutiŽn ĨŽƌ ƚhĞ ƉƌĞǀĞnͲ
tiŽn ŽĨ �Z�^/͕ ǁiƚh ĞǀiĚĞncĞ ŽĨ ĞĸcĂcǇ͖ ĂlƚhŽugh͕ Ăll ƚhĞsĞ 
ĂgĞnƚs ƌĞƋuiƌĞ ĨuƌƚhĞƌ ƌĞsĞĂƌch in ŽƌĚĞƌ ƚŽ ĚĞĮnĞ ƚhĞiƌ 
sĂĨĞƚǇ ĂnĚ cŽsƚ ĞīĞctiǀĞnĞss in ĚiīĞƌĞnƚ ƉŽƉulĂtiŽns ǁiƚh 
E��s�͘

�ccŽƌĚing ƚŽ ƚhĞ ƉĂnĞl͕ ciƚƌĂƚĞ ĂnĚ ƚĂuƌŽliĚinĞ ĂƌĞ ƚhĞ 
ŵŽsƚ ƉƌŽŵising ĂgĞnƚs ƚŽ bĞ inǀĞstigĂƚĞĚ in ƚhĞ nĞĂƌ ĨuƚuƌĞ͕ 
ĚuĞ ƚŽ ƚhĞiƌ ĂbiliƚǇ ƚŽ ƉĞnĞƚƌĂƚĞ Ă biŽĮlŵ ĂnĚ ƚŽ Ăcƚ ĂgĂinsƚ 
iƚs cĞlls ;ϵϱͿ͘ 

dhĞ ƉĂnĞl unĚĞƌscŽƌĞĚ ƚhĞ ĂssŽciĂtiŽn ŽĨ ƚĂuƌŽliĚinĞͲ
ciƚƌĂƚĞ lŽcŬ sŽlutiŽn Ăs ƚhĞ ŵĂin ĂssŽciĂtiŽn ƚŽ bĞ ĨuƌƚhĞƌ 
inǀĞstigĂƚĞĚ͘

PĂnĞl ƌĞcŽŵŵĞnĚĂtiŽns ĂƌĞ ƌĞƉŽƌƚĞĚ in dĂblĞ /͘

Disclosures
&inĂnciĂl suƉƉŽƌƚ͗ EŽ gƌĂnƚs Žƌ ĨunĚing hĂǀĞ bĞĞn ƌĞcĞiǀĞĚ ƌĞlĂƚĞĚ 
ƚŽ ƚhis sƚuĚǇ͘
�ŽnŇicƚ ŽĨ inƚĞƌĞsƚ͗ EŽnĞ ŽĨ ƚhĞ ĂuƚhŽƌs hĂs ĮnĂnciĂl inƚĞƌĞsƚ ƌĞͲ
lĂƚĞĚ ƚŽ ƚhis sƚuĚǇ ƚŽ ĚisclŽsĞ͘
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TABLE I - PĂnĞl ƌĞcŽŵŵĞnĚĂtiŽns

The role of lock in preventing occlusion of NDCVA

  The role of anticoagulant lock is only marginally important in the management of NDCVA, in terms of prevention of lumen occlusion.
   Future assessment of the role of citrate lock in NDCVA is desirable and considered of increasing importance. The benefit of citrate might 

be more focused on its action against biofilm and against bacteria rather than on its anticoagulant effect.

Heparin lock and citrate lock both guarantee an effective anticoagulant action, which is proven to be useful in DCVA rather than in NDCVA.

Trombolytic/fibrinolytic drugs, as currently available, are neither safe nor cost-effective for prevention of occlusion of NDCVA, while they 
have a definite role in the treatment of lumen occlusion due to blood clots.

Saline lock is as appropriate as anticoagulant lock in prevention of occlusion of NDCVA.

A pulsatile positive “push and pause” (“start and stop”) technique is the most appropriate methodology of flushing.

The role of lock in preventing infection of NDCVA

While antibacterial lock (specifically with antibiotics) has a clear role in clinical practice as a treatment of some selected catheter-related 
blood stream infection, the use of antibacterial lock for the purpose of prevention of catheter colonization and/or infection is a new field 
which demands further research, as it may prove to have an important clinical role in some selected populations of high risk patients where 
the standard bundles of infection prevention appear to be ineffective or insufficient.

Non-antibiotic antibacterial lock will have a major future role for prevention of catheter colonization and infection. While ethanol lock is 
highly effective, due to concerns about its safety, the drugs most likely to be used as antibacterial lock are taurolidine and citrate, which have 
optimal characteristics in terms of safety, efficacy and cost-effectiveness.

The association that is most promising as antibacterial/anticoagulant lock, in NDCVA as in DCVA, is taurolidine/citrate. Further studies should 
clarify which populations of patients might benefit of this association, and which concentrations of taurolidine and of citrate might be as-
sociated with the best outcome in terms of safety and efficacy.
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6͘ ^ĞiĚĞl :^͕ ,ĞnĚĞƌsŽn �͕ diƩlĞ ^͕ Ğƚ Ăl͘ PƌiŽƌitiĞs ĨŽƌ ƌĞsĞĂƌch in 
ĞŵĞƌgĞncǇ ŵĞĚicĂl sĞƌǀicĞs ĨŽƌ chilĚƌĞn͗ ƌĞsulƚs ŽĨ Ă cŽnsĞnͲ
sus cŽnĨĞƌĞncĞ͘ �nn �ŵĞƌg DĞĚ͘ 1ϵϵϵ͖ϯϯ;2Ϳ͗206Ͳ210͘

ϳ͘ ^ĞiĚĞl :͖ ^ĞiĚĞl :1͘ 'uiĚĞlinĞs ĨŽƌ ƉĞĚiĂƚƌic ĞƋuiƉŵĞnƚ ĂnĚ 
suƉƉliĞs ĨŽƌ ĞŵĞƌgĞncǇ ĚĞƉĂƌƚŵĞnƚs͘ �ŽŵŵiƩĞĞ Žn PĞĚiĂƚƌic 
�ƋuiƉŵĞnƚ ĂnĚ ^uƉƉliĞs ĨŽƌ �ŵĞƌgĞncǇ �ĞƉĂƌƚŵĞnƚs͕ EĂtiŽnĂl 
�ŵĞƌgĞncǇ DĞĚicĂl ^ĞƌǀicĞs ĨŽƌ �hilĚƌĞn ZĞsŽuƌcĞ �lliĂncĞ͘ 
PĞĚiĂƚƌ �ŵĞƌg �ĂƌĞ͘ 1ϵϵϴ͖1ϰ;1Ϳ͗62Ͳ6ϰ͘

ϴ͘ PĂssĂnnĂnƚĞ �͕ DĂciŬ �'͘ dhĞ hĞƉĂƌin Ňush sǇnĚƌŽŵĞ͗ Ă cĂusĞ 
ŽĨ iĂƚƌŽgĞnic hĞŵŽƌƌhĂgĞ͘ �ŵ : DĞĚ ^ci͘ 1ϵϴϴ͖2ϵ6;1Ϳ͗ϳ1Ͳϳϯ͘

ϵ͘ PĞƉƉĞƌ Z:͕ 'ĂlĞ �P͕  WĂũĞĚ :͕ Ğƚ Ăl͘ /nĂĚǀĞƌƚĞnƚ ƉŽsƚĚiĂlǇͲ
sis ĂnticŽĂgulĂtiŽn ĚuĞ ƚŽ hĞƉĂƌin linĞ lŽcŬs͘ ,ĞŵŽĚiĂl /nƚ͘ 
200ϳ͖11;ϰͿ͗ϰϯ0Ͳϰϯϰ͘

10͘ WĂƌŬĞntin d�͘ ,ĞƉĂƌinͲinĚucĞĚ ƚhƌŽŵbŽcǇƚŽƉĞniĂ͘ ,ĞŵĂƚŽl 
KncŽl �lin EŽƌƚh �ŵ͘ 200ϳ͖21;ϰͿ͗ϱϴϵͲ60ϳ͕ ǀ͘

11͘ sŽƌǁĞg D͕ DŽnĂcĂ �͕ �ŽĞhn D͕ WĂƉƉlĞƌ &͘  dhĞ ͚hĞƉĂƌin 
lŽcŬ͛͗ cĂusĞ ĨŽƌ iĂƚƌŽgĞnic cŽĂgulŽƉĂƚhǇ͘ �uƌ : �nĂĞsƚhĞsiŽl͘ 
2006͖2ϯ;1Ϳ͗ϱ0Ͳϱϯ͘

12͘ �iƌchĞƌ �:͕ ,Ăƌƌ d͕  ,ŽhĞnsƚĞin >͕ dsĂŬiƌis ��͘ ,ǇƉĞƌsĞnsitiǀiƚǇ 
ƌĞĂctiŽns ƚŽ ĂnticŽĂgulĂnƚ Ěƌugs͗ ĚiĂgnŽsis ĂnĚ ŵĂnĂgĞŵĞnƚ 
ŽƉtiŽns͘ �llĞƌgǇ͘ 2006͖61;12Ϳ͗1ϰϯ2Ͳ1ϰϰ0͘

1ϯ͘ dŽŌ �͘ dhĞ ĚĂngĞƌs ŽĨ hĞƉĂƌin ŇushĞs͘ PŽsƚgƌĂĚ DĞĚ :͘ 
2010͖ϴ6;1012Ϳ͗6ϱͲ66͘

1ϰ͘ EiccŽlĂi �^͕ ,icŬs ZW͕ KĞƌƚĞl >͕ &ƌĂncis :>͕ �ŽnsĞnsus 'ƌŽuƉ d,͖ 
,ĞƉĂƌin �ŽnsĞnsus 'ƌŽuƉ͘ hnĨƌĂctiŽnĂƚĞĚ hĞƉĂƌin͗ ĨŽcus Žn Ă 
highͲĂlĞƌƚ Ěƌug͘ PhĂƌŵĂcŽƚhĞƌĂƉǇ͘ 200ϰ͖2ϰ;ϴ Pƚ 2Ϳ͗1ϰ6^Ͳ1ϱϱ^͘

1ϱ͘ :ŽhnsƚŽn �:͕ ^ƚƌĞĂƚĞƌ �d͕  EŽŽƌĂni Z͕ �ƌŽŌs :>͕ �Ğl DunĚŽ ��͕ 
PĂƌŬĞƌ Z�͘ dhĞ ĞīĞcƚ ŽĨ ƉĞƌiƉhĞƌĂllǇ insĞƌƚĞĚ cĞnƚƌĂl cĂƚhͲ
ĞƚĞƌ ;P/��Ϳ ǀĂlǀĞ ƚĞchnŽlŽgǇ Žn cĂƚhĞƚĞƌ ŽcclusiŽn ƌĂƚĞs Ͳ dhĞ 
͚�>Ğ�dZi�͛ sƚuĚǇ͘ : sĂsc �ccĞss͘ 2012 KcƚͲ�Ğc͖ 1ϯ;ϰͿ͗ϰ21Ͳϱ͘

16͘ Piƫƌuti D͕ �ŵŽli �͕ PŽƌƚĂ P͕  DĂƌchĞ �͕ �Ğ�ngĞlis Z͕ ^cŽƉͲ
ƉĞƩuŽlŽ '͘ � ƉƌŽsƉĞctiǀĞ͕ ƌĂnĚŽŵiǌĞĚ cŽŵƉĂƌisŽn ŽĨ ƚhƌĞĞ 
ĚiīĞƌĞnƚ ƚǇƉĞs ŽĨ ǀĂlǀĞĚ ĂnĚ nŽnͲǀĂlǀĞĚ ƉĞƌiƉhĞƌĂllǇ insĞƌƚĞĚ 
cĞnƚƌĂl cĂƚhĞƚĞƌs͘ : sĂsc �ccĞss͘ 201ϰ͖1ϱ;6Ϳ͗ϱ1ϵͲϱ2ϯ͘

1ϳ͘ 'ŽŽĚĞ �:͕ diƚlĞƌ D͕ ZĂŬĞl �͕ Ğƚ Ăl͘ � ŵĞƚĂͲĂnĂlǇsis ŽĨ ĞīĞcƚs ŽĨ 
hĞƉĂƌin Ňush ĂnĚ sĂlinĞ Ňush͗ ƋuĂliƚǇ ĂnĚ cŽsƚ iŵƉlicĂtiŽns͘ 
Euƌs ZĞs͘ 1ϵϵ1͖ϰ0;6Ϳ͗ϯ2ϰͲϯϯ0͘

1ϴ͘ PĞƚĞƌsŽn &z͕  <iƌchhŽī <d͘  �nĂlǇsis ŽĨ ƚhĞ ƌĞsĞĂƌch ĂbŽuƚ hĞƉĂͲ
ƌiniǌĞĚ ǀĞƌsus nŽnhĞƉĂƌiniǌĞĚ inƚƌĂǀĂsculĂƌ linĞs͘ ,ĞĂƌƚ >ung͘ 
1ϵϵ1͖20;6Ϳ͗6ϯ1Ͳ6ϰ0͘

1ϵ͘ Dc�llisƚĞƌ ��͕ >ĞnĂghĂn P�͕ dŽsŽnĞ E�͘ �hĂnging ĨƌŽŵ hĞƉĂͲ
ƌin ƚŽ sĂlinĞ Ňush sŽlutiŽns͗ Ă ƌĞsĞĂƌch utiliǌĂtiŽn ŵŽĚĞl ĨŽƌ 
iŵƉlĞŵĞnƚĂtiŽn͘ : �ŵĞƌg Euƌs͘ 1ϵϵϯ͖1ϵ;ϰͿ͗ϯ06Ͳϯ12͘

20͘ >Ğ�uc <͘ �ĸcĂcǇ ŽĨ nŽƌŵĂl sĂlinĞ sŽlutiŽn ǀĞƌsus hĞƉĂƌin sŽͲ
lutiŽn ĨŽƌ ŵĂinƚĂining ƉĂƚĞncǇ ŽĨ ƉĞƌiƉhĞƌĂl inƚƌĂǀĞnŽus cĂƚhͲ
ĞƚĞƌs in chilĚƌĞn͘ : �ŵĞƌg Euƌs͘ 1ϵϵϳ͖2ϯ͗ϯ06Ͳϯ0ϵ͘

21͘ �ĞƌƚŽgliŽ ^͕ ^ŽlĂƌi E͕ DĞsǌĂƌŽs P͕  Ğƚ Ăl͘ �ĸcĂcǇ ŽĨ nŽƌŵĂl sĂlinĞ 
ǀĞƌsus hĞƉĂƌiniǌĞĚ sĂlinĞ sŽlutiŽn ĨŽƌ lŽcŬing cĂƚhĞƚĞƌs ŽĨ ƚŽͲ
ƚĂllǇ iŵƉlĂnƚĂblĞ lŽngͲƚĞƌŵ cĞnƚƌĂl ǀĂsculĂƌ ĂccĞss ĚĞǀicĞs in 
ĂĚulƚ cĂncĞƌ ƉĂtiĞnƚs͘ �ĂncĞƌ Euƌs͘ 2012͖ϯϱ;ϰͿ͗�ϯϱͲ�ϰ2͘

22͘ 'ŽŽssĞns '�͕ :ĠƌƀŵĞ D͕ :ĂnssĞns �͕ Ğƚ Ăl͘ �ŽŵƉĂƌing nŽƌŵĂl 
sĂlinĞ ǀĞƌsus ĚiluƚĞĚ hĞƉĂƌin ƚŽ lŽcŬ nŽnͲǀĂlǀĞĚ ƚŽƚĂllǇ iŵƉlĂnƚͲ
ĂblĞ ǀĞnŽus ĂccĞss ĚĞǀicĞs in cĂncĞƌ ƉĂtiĞnƚs͗ Ă ƌĂnĚŽŵisĞĚ͕ 
nŽnͲinĨĞƌiŽƌiƚǇ͕  ŽƉĞn ƚƌiĂl͘ �nn KncŽl͘ 201ϯ͖2ϰ;ϳͿ͗1ϴϵ2Ͳ1ϴϵϵ͘

2ϯ͘ ,ŽƌnĞ D< ///͕ Dc�lŽsŬĞǇ �:͕ �Ălis <͕ WĞslĞǇ Z͕ �hilĚs Z͕ <ĂsƚĞnͲ
^ƉŽƌƚĞs �͘ hsĞ ŽĨ hĞƉĂƌin ǀĞƌsus lĞƉiƌuĚin ŇushĞs ƚŽ ƉƌĞǀĞnƚ 
ǁiƚhĚƌĂǁĂl ŽcclusiŽn ŽĨ cĞnƚƌĂl ǀĞnŽus ĂccĞss ĚĞǀicĞs͘ PhĂƌͲ
ŵĂcŽƚhĞƌĂƉǇ͘ 2006͖26;ϵͿ͗1262Ͳ126ϳ͘

2ϰ͘ �illŽn PW͕ :ŽnĞs 'Z͕ �ĂgnĂllͲZĞĞb ,�͕ �ucŬlĞǇ :�͕ WiĞnĞƌ �^͕ 
,ĂĂsĞ 'D͖ �hilĚƌĞn s͛ KncŽlŽgǇ 'ƌŽuƉ͘ PƌŽƉhǇlĂctic uƌŽŬiͲ
nĂsĞ in ƚhĞ ŵĂnĂgĞŵĞnƚ ŽĨ lŽngͲƚĞƌŵ ǀĞnŽus ĂccĞss ĚĞǀicĞs 
in chilĚƌĞn͗ Ă �hilĚƌĞn s͛ KncŽlŽgǇ 'ƌŽuƉ sƚuĚǇ͘ : �lin KncŽl͘ 
200ϰ͖22;1ϯͿ͗2ϳ1ϴͲ2ϳ2ϯ͘

2ϱ͘ DŽƌĂn :�͕ �sh ^Z͖ �^�/E �linicĂl PƌĂcticĞ �ŽŵŵiƩĞĞ͘ >ŽcŬing 
sŽlutiŽns ĨŽƌ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌs͖ hĞƉĂƌin ĂnĚ ciƚƌĂƚĞͶĂ 
ƉŽsitiŽn ƉĂƉĞƌ bǇ �^�/E͘ ^Ğŵin �iĂl͘ 200ϴ͖21;ϱͿ͗ϰϵ0Ͳϰϵ2͘

26͘ �hĂŽ z͕  >i �͕ �hĂng >͕ Ğƚ Ăl͘ �iƚƌĂƚĞ ǀĞƌsus hĞƉĂƌin lŽcŬ ĨŽƌ hĞŵŽͲ
ĚiĂlǇsis cĂƚhĞƚĞƌs͗ Ă sǇsƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlǇsis ŽĨ ƌĂnͲ
ĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂls͘ �ŵ : <iĚnĞǇ �is͘ 201ϰ͖6ϯ;ϯͿ͗ϰϳϵͲϰϵ0͘

2ϳ͘ sĂnhŽlĚĞƌ Z͕ �ĂnĂuĚ �͕ &lucŬ Z͕ Ğƚ Ăl͘ �iĂgnŽsis͕ ƉƌĞǀĞntiŽn 
ĂnĚ ƚƌĞĂƚŵĞnƚ ŽĨ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ 
inĨĞctiŽns ;�Z�^/Ϳ͗ Ă ƉŽsitiŽn sƚĂƚĞŵĞnƚ ŽĨ �uƌŽƉĞĂn ZĞnĂl 
�Ğsƚ PƌĂcticĞ ;�Z�PͿ͘ E�d Plus͘ 2010͖ϯ;ϯͿ͗2ϯϰͲ2ϰ6͘

2ϴ͘ �ŽsŵĂ :W͕ ̂ iĞgĞƌƚ ��͕ PĞĞƌbŽŽŵs P,͕ WĞiũŵĞƌ D�͘ ZĞĚuctiŽn 
ŽĨ biŽĮlŵ �ŽŵƉĂƌisŽn ŽĨ ŽcclusiŽn ƌĂƚĞs bǇ Ňushing sŽlutiŽns 
ĨŽƌ ǁiƚh ƚƌisŽĚiuŵ ciƚƌĂƚĞ in hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌs͗ Ă ƌĂnͲ
ĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂl͘ EĞƉhƌŽl �iĂl dƌĂnsƉlĂnƚ͘ 2010͖2ϱ͗ 
121ϯͲ121ϳ͘

2ϵ͘ WĞiũŵĞƌ D�͕ ǀĂn ĚĞn �ŽƌƉĞl D�͕ sĂn ĚĞ sĞn P:͕ Ğƚ Ăl͖  
�/dZ�d� ^ƚuĚǇ 'ƌŽuƉ͘ ZĂnĚŽŵiǌĞĚ͕ clinicĂl ƚƌiĂl cŽŵƉĂƌisŽn 
ŽĨ ƚƌisŽĚiuŵ ciƚƌĂƚĞ ϯ0й ĂnĚ hĞƉĂƌin Ăs cĂƚhĞƚĞƌͲlŽcŬing sŽluͲ
tiŽn in hĞŵŽĚiĂlǇsis ƉĂtiĞnƚs͘ : �ŵ ^Žc EĞƉhƌŽl͘ 200ϱ͖16;ϵͿ͗ 
2ϳ6ϵͲ2ϳϳϳ͘

ϯ0͘ PŽlĂschĞgg ,�͕ ^ŽĚĞŵĂnn <͘ ZisŬs ƌĞlĂƚĞĚ ƚŽ cĂƚhĞƚĞƌ lŽcŬing 
sŽlutiŽns cŽnƚĂining cŽncĞnƚƌĂƚĞĚ ciƚƌĂƚĞ͘ EĞƉhƌŽl �iĂl dƌĂnsͲ
ƉlĂnƚ͘ 200ϯ͖1ϴ;12Ϳ͗26ϴϴͲ26ϵ0͘

ϯ1͘ ,ĞŵŵĞlgĂƌn �Z͕ DŽisƚ >D͕ >ŽŬ ��͕ Ğƚ Ăl͖ PƌĞǀĞntiŽn ŽĨ �iĂlǇͲ
sis �ĂƚhĞƚĞƌ >uŵĞn KcclusiŽn ǁiƚh ƌƚͲP� ǀĞƌsus ,ĞƉĂƌin ^ƚuĚǇ 
'ƌŽuƉ͘ PƌĞǀĞntiŽn ŽĨ ĚiĂlǇsis cĂƚhĞƚĞƌ ŵĂlĨunctiŽn ǁiƚh ƌĞcŽŵͲ
binĂnƚ tissuĞ ƉlĂsŵinŽgĞn ĂctiǀĂƚŽƌ͘  E �ngl : DĞĚ͘ 2011͖ϯ6ϰ;ϰͿ͗ 
ϯ0ϯͲϯ12͘

ϯ2͘ ^hĂǀiƚ >͕ >iĨschiƚǌ D͕ PlĂŬsin :͕ 'ƌĞnĂĚĞƌ d͕  ̂ lŽƚŬi /͘ ,igh ĚŽsĞ uƌŽͲ
ŬinĂsĞ ĨŽƌ ƌĞsƚŽƌĂtiŽn ŽĨ ƉĂƚĞncǇ ŽĨ ŽccluĚĞĚ ƉĞƌŵĂnĞnƚ cĞnƚƌĂl 
ǀĞnŽus cĂƚhĞƚĞƌs in hĞŵŽĚiĂlǇsis ƉĂtiĞnƚs͘ �lin EĞƉhƌŽl͘ 2010͖ 
ϳϰ;ϰͿ͗2ϵϳͲϯ02͘

ϯϯ͘ ^ŽuǌĂ �iĂs D�͕ ,ĂbĞƌƚ ��͕ �ŽƌƌĂscĂ s͕ Ğƚ Ăl͘ ^ĂlǀĂgĞ ŽĨ lŽngͲ
ƚĞƌŵ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs Ěuƌing Ăn ŽuƚbƌĞĂŬ ŽĨ PsĞuĚŽͲ
ŵŽnĂs ƉutiĚĂ ĂnĚ ^ƚĞnŽƚƌŽƉhŽŵŽnĂs ŵĂlƚŽƉhiliĂ inĨĞctiŽns 
ĂssŽciĂƚĞĚ ǁiƚh cŽnƚĂŵinĂƚĞĚ hĞƉĂƌin cĂƚhĞƚĞƌͲlŽcŬ sŽlutiŽn͘ 
/nĨĞcƚ �ŽnƚƌŽl ,ŽsƉ �ƉiĚĞŵiŽl͘ 200ϴ͖2ϵ;2Ϳ͗12ϱͲ1ϯ0͘

ϯϰ͘ >iu �͕ �hĂng >P͕  ,uĂng ^&͕  Ğƚ Ăl͘ KuƚbƌĞĂŬ ŽĨ ^ĞƌƌĂtiĂ ŵĂƌcĞsͲ
cĞns inĨĞctiŽn ĚuĞ ƚŽ cŽnƚĂŵinĂtiŽn ŽĨ ŵultiƉlĞͲĚŽsĞ ǀiĂl ŽĨ 
hĞƉĂƌinͲsĂlinĞ sŽlutiŽn usĞĚ ƚŽ Ňush ĚĞĞƉ ǀĞnŽus cĂƚhĞƚĞƌs Žƌ 
ƉĞƌiƉhĞƌĂl ƚƌŽcĂƌs͘ : ,ŽsƉ /nĨĞcƚ͘ 2011͖ϳϳ;2Ϳ͗1ϳϱͲ1ϳ6͘

ϯϱ͘ 'ŽŽĚĞ �:͕ diƚlĞƌ D͕ ZĂŬĞl �͕ Ğƚ Ăl͘ � ŵĞƚĂͲĂnĂlǇsis ŽĨ ĞīĞcƚs ŽĨ 
hĞƉĂƌin Ňush ĂnĚ sĂlinĞ Ňush͗ ƋuĂliƚǇ ĂnĚ cŽsƚ iŵƉlicĂtiŽns͘ 
Euƌs ZĞs͘ 1ϵϵ1͖ϰ0;6Ϳ͗ϯ2ϰͲϯϯ0͘

ϯ6͘ >ǇŽns D'͕ PhĂlĞn �'͘ � ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ cŽŵƉĂƌisŽn ŽĨ 
Ňushing ƉƌŽƚŽcŽls in hŽŵĞ cĂƌĞ ƉĂtiĞnƚs ǁiƚh ƉĞƌiƉhĞƌĂllǇ inͲ
sĞƌƚĞĚ cĞnƚƌĂl cĂƚhĞƚĞƌs͘ : /nĨus Euƌs͘ 201ϰ͖ϯϳ;ϰͿ͗2ϳ0Ͳ2ϴ1͘

ϯϳ͘ ^chiīĞƌ ��͕ DĂngu P�͕ WĂĚĞ :�͕ Ğƚ Ăl͘ �ĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌ 
cĂƌĞ ĨŽƌ ƚhĞ ƉĂtiĞnƚ ǁiƚh cĂncĞƌ͗ �ŵĞƌicĂn ^ŽciĞƚǇ ŽĨ �linicĂl 
KncŽlŽgǇ clinicĂl ƉƌĂcticĞ guiĚĞlinĞ͘ : �lin KncŽl͘ 201ϯ͖ϯ1;10Ϳ͗ 
1ϯϱϳͲ1ϯϳ0͘

ϯϴ͘ YuĞĞnslĂnĚ �linicĂl 'uiĚĞlinĞ͘ sĞnŽus ƚhƌŽŵbŽĞŵbŽlisŵ ;sd�Ϳ 
ƉƌŽƉhǇlĂǆis in ƉƌĞgnĂncǇ ĂnĚ ƚhĞ ƉuĞƌƉĞƌiuŵ͘ 201ϰ͘ &Ğb͘ 'uiĚĞͲ
linĞ nŽ͗ DE1ϰ͘ϵͲsϱͲZ1ϵ͘ �ǀĂilĂblĞ ĨƌŽŵ͗ hƩƉs͗ͬͬǁǁǁ͘hĞĂlƚh͘
ƋlĚ͘gŽǀ͘ ĂuͬƋcgͬĚŽcuŵĞnƚsͬgͲǀƚĞ͘ƉĚĨ͘  �ccĞssĞĚ DĂǇ 1ϯ͕ 2016͘

ϯϵ͘ PĞnĞl E͕ EĞu :Ͳ�͕ �lisĂnƚ ^͕ ,ŽƉƉĞ ,͕ �ĞǀŽs P͕  zĂǌĚĂnƉĂnĂh z͘  
ZisŬ ĨĂcƚŽƌs ĨŽƌ ĞĂƌlǇ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ inĨĞctiŽns in cĂncĞƌ ƉĂͲ
tiĞnƚs͘ �ĂncĞƌ͘  200ϳ͖110;ϳͿ͗1ϱϴ6Ͳ1ϱϵ2͘

ϰ0͘ �lĞǆĂnĚĞƌ D͕ ĞĚ͘ /nĨusiŽn ƚhĞƌĂƉǇ sƚĂnĚĂƌĚs ŽĨ ƉƌĂcticĞ͘ : 
/nĨus Euƌs͘ 2011 :ĂnͲ&Ğb͖ϯϰ;1^Ϳ͗^1Ͳ^110͘ �ǀĂilĂblĞ ĨƌŽŵ͗ 
hƩƉ͗ͬͬĞngĂgĞ͘ĂhiŵĂ͘Žƌgͬ,ighĞƌ>Žgicͬ^ǇsƚĞŵͬ�ŽǁnlŽĂĚͲ
�ŽcuŵĞnƚ&ilĞ͘Ăshǆ͍�ŽcuŵĞnƚ&ilĞ<ĞǇс22ϯϴĞĞ0ĂͲc2ĚĨͲϰĚ1ĂͲ
ĂīĂͲĨ6ϵĨ2cĞϰ1ϴϱ6͘ �ccĞssĞĚ DĂǇ 1ϯ͕ 2016͘

ϰ1͘ 'uiīĂnƚ '͕ �uƌussĞl ::͕ DĞƌcŬǆ :͕ &lĂuĚ P͕  sigiĞƌ :P͕  DŽussĞƚ 
P͘  &lushing ŽĨ inƚƌĂǀĂsculĂƌ ĂccĞss ĚĞǀicĞs ;/s��sͿ Ͳ ĞĸcĂcǇ ŽĨ 
ƉulsĞĚ ĂnĚ cŽntinuŽus inĨusiŽns͘ : sĂsc �ccĞss͘ 2012͖1ϯ;1Ϳ͗ 
ϳϱͲϳϴ͘

ϰ2͘ sigiĞƌ :P͕  DĞƌcŬǆ :͕ �ŽƋuin :z͕  &lĂuĚ P͕  'uiīĂnƚ '͘ dhĞ usĞ ŽĨ Ă 
hǇĚƌŽĚǇnĂŵic bĞnch ĨŽƌ ĞǆƉĞƌiŵĞnƚĂl siŵulĂtiŽn ŽĨ Ňushing 
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ǀĞnŽus cĂƚhĞƚĞƌs͗ iŵƉĂcƚ Žn ƚhĞ ƚĞchniƋuĞ͘ ZĞǀuĞ �uƌŽƉĠĞnnĞ 
ĚĞ dĞchnŽlŽgiĞ �iŽŵĞĚicĂlĞ͘ 200ϱ͖26͗1ϰϳͲ1ϰϵ͘

ϰϯ͘ 'uiīĂnƚ '͕ �uƌussĞl ::͕ DĞƌcŬǆ :͕ &lĂuĚ P͕  sigiĞƌ :P͕  DŽussĞƚ 
P͘  &lushing ŽĨ inƚƌĂǀĂsculĂƌ ĂccĞss ĚĞǀicĞs ;/s��sͿ Ͳ ĞĸcĂcǇ ŽĨ 
ƉulsĞĚ ĂnĚ cŽntinuŽus inĨusiŽns͘ : sĂsc �ccĞss͘ 2012͖1ϯ;1Ϳ͗ϳϱͲϳϴ͘

ϰϰ͘ &ĞƌƌŽni �͕ 'ĂuĚin &͕  'uiīĂnƚ '͕ Ğƚ Ăl͘ PulsĂtiǀĞ Ňushing Ăs Ă 
sƚƌĂƚĞgǇ ƚŽ ƉƌĞǀĞnƚ bĂcƚĞƌiĂl cŽlŽniǌĂtiŽn ŽĨ ǀĂsculĂƌ ĂccĞss 
ĚĞǀicĞs͘ DĞĚ �ĞǀicĞs ;�ucŬlͿ͘ 201ϰ͖ϳ͗ϯϳϵͲϯϴϯ͘

ϰϱ͘ �ĞƌƚŽgliŽ ^͕ ZĞǌǌŽ Z͕ DĞƌlŽ &�͕ Ğƚ Ăl͘ PƌĞͲĮllĞĚ nŽƌŵĂl sĂlinĞ 
sǇƌingĞs ƚŽ ƌĞĚucĞ ƚŽƚĂllǇ iŵƉlĂnƚĂblĞ ǀĞnŽus ĂccĞss ĚĞǀicĞͲ
ĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽn͗ Ă singlĞ instiƚutiŽn ƉilŽƚ 
sƚuĚǇ͘ : ,ŽsƉ /nĨĞcƚ͘ 201ϯ͖ϴϰ;1Ϳ͗ϴϱͲϴϴ͘

ϰ6͘ <ĞŽgh ^͕ DĂƌsh E͕ ,iggins E͕ �ĂǀiĞs <͕ ZicŬĂƌĚ �͘ � tiŵĞ ĂnĚ 
ŵŽtiŽn sƚuĚǇ ŽĨ ƉĞƌiƉhĞƌĂl ǀĞnŽus cĂƚhĞƚĞƌ Ňushing ƉƌĂcticĞ 
using ŵĂnuĂllǇ ƉƌĞƉĂƌĞĚ ĂnĚ ƉƌĞĮllĞĚ Ňush sǇƌingĞs͘ : /nĨus 
Euƌs͘ 201ϰ͖ϯϳ;2Ϳ͗ϵ6Ͳ101͘

ϰϳ͘ �ĂƌŽuichĞ ZK͘ EŽsŽcŽŵiĂl blŽŽĚsƚƌĞĂŵ inĨĞctiŽns ĂnĚ sĞcŽnĚ 
gĞnĞƌĂtiŽn ǀĂsculĂƌ cĂƚhĞƚĞƌs͘ /n͗ WĞnǌĞl ZP͕  ĞĚiƚŽƌ͘  PƌĞǀĞnͲ
tiŽn ĂnĚ cŽnƚƌŽl ŽĨ nŽsŽcŽŵiĂl inĨĞctiŽns͘ ϰƚh ĞĚ͘ �ĂltiŵŽƌĞ͗ 
>iƉƉincŽƩ WilliĂŵs Θ WilŬins͖ 200ϯ͘

ϰϴ͘ 'uiĚĞƚ �͕ EicŽlĂ /͕ �ĂƌĂŬĞƩ s͕ Ğƚ Ăl͘ ^Ŭin ǀĞƌsus hub culƚuƌĞs ƚŽ 
ƉƌĞĚicƚ cŽlŽniǌĂtiŽn ĂnĚ inĨĞctiŽn ŽĨ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌ in 
inƚĞnsiǀĞ cĂƌĞ ƉĂtiĞnƚs͘ /nĨĞctiŽn͘ 1ϵϵϰ͖22;1Ϳ͗ϰϯͲϰϴ͘

ϰϵ͘ DĂŬi �'͕ �Žbb >͕ 'ĂƌŵĂn :<͕ ^hĂƉiƌŽ :D͕ ZingĞƌ D͕ ,ĞlgĞƌsŽn 
Z�͘ �n ĂƩĂchĂblĞ silǀĞƌͲiŵƉƌĞgnĂƚĞĚ cuī ĨŽƌ ƉƌĞǀĞntiŽn ŽĨ inͲ
ĨĞctiŽn ǁiƚh cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs͗ Ă ƉƌŽsƉĞctiǀĞ ƌĂnĚŽŵͲ
iǌĞĚ ŵulticĞnƚĞƌ ƚƌiĂl͘ �ŵ : DĞĚ͘ 1ϵϴϴ͖ϴϱ;ϯͿ͗ϯ0ϳͲϯ1ϰ͘

ϱ0͘ ^ĂlǌŵĂn D�͕ /sĞnbĞƌg ,�͕ ^hĂƉiƌŽ :&͕  >iƉsiƚǌ P:͕ Zubin >'͘ � 
ƉƌŽsƉĞctiǀĞ sƚuĚǇ ŽĨ ƚhĞ cĂƚhĞƚĞƌ hub Ăs ƚhĞ ƉŽƌƚĂl ŽĨ ĞnƚƌǇ ĨŽƌ 
ŵicƌŽŽƌgĂnisŵs cĂusing cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ sĞƉsis in nĞŽnĂƚĞs͘ : 
/nĨĞcƚ �is͘ 1ϵϵϯ͖16ϳ;2Ϳ͗ϰϴϳͲϰϵ0͘

ϱ1͘ ^ĂlǌŵĂn D�͕ Zubin >'͘ ZĞlĞǀĂncĞ ŽĨ ƚhĞ cĂƚhĞƚĞƌ hub Ăs Ă ƉŽƌͲ
ƚĂl ĨŽƌ ŵicƌŽŽƌgĂnisŵs cĂusing cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ 
inĨĞctiŽns͘ EuƚƌitiŽn͘ 1ϵϵϳ͖1ϯ;ϰͿ;^uƉƉlͿ͗1ϱ^Ͳ1ϳ^͘

ϱ2͘ ,ĂllͲ^ƚŽŽĚlĞǇ >͕ ^ƚŽŽĚlĞǇ P͕  <Ăƚhũu ^͕ Ğƚ Ăl͘ dŽǁĂƌĚs ĚiĂgnŽsͲ
tic guiĚĞlinĞs ĨŽƌ biŽĮlŵͲĂssŽciĂƚĞĚ inĨĞctiŽns͘ &�D^ /ŵŵunŽl 
DĞĚ DicƌŽbiŽl͘ 2012͖6ϱ;2Ϳ͗12ϳͲ1ϰϱ͘

ϱϯ͘ ZĂŵĂgĞ '͕ ZŽbĞƌƚsŽn ^E͕ WilliĂŵs �͘ ^ƚƌĞngƚh in nuŵbĞƌs͗ 
ĂntiĨungĂl sƚƌĂƚĞgiĞs ĂgĂinsƚ ĨungĂl biŽĮlŵs͘ /nƚ : �ntiŵicƌŽb 
�gĞnƚs͘ 201ϰ͖ϰϯ;2Ϳ͗11ϰͲ120͘

ϱϰ͘ >ĞbĞĂuǆ �͕ �hĂuhĂn �͕ ZĞnĚuĞlĞs K͕ Ğƚ Ăl͘ &ƌŽŵ in ǀiƚƌŽ ƚŽ in 
ǀiǀŽ ŵŽĚĞls ŽĨ bĂcƚĞƌiĂl biŽĮlŵͲƌĞlĂƚĞĚ inĨĞctiŽns͘ PĂƚhŽgĞns͘ 
201ϯ DĂǇ 1ϯ͖2;2Ϳ͗2ϴϴͲϯϱ6͘

ϱϱ͘ �ũĂƌnshŽlƚ d͕  �iŽĨu K͕ DŽlin ^͕ 'iǀsŬŽǀ D͕ ,ƆibǇ E͘ �ƉƉlǇing 
insighƚs ĨƌŽŵ biŽĮlŵ biŽlŽgǇ ƚŽ Ěƌug ĚĞǀĞlŽƉŵĞnƚ Ͳ cĂn Ă nĞǁ 
ĂƉƉƌŽĂch bĞ ĚĞǀĞlŽƉĞĚ͍ EĂƚ ZĞǀ �ƌug �iscŽǀ͘  201ϯ͖12;10Ϳ͗ 
ϳϵ1Ͳϴ0ϴ͘

ϱ6͘ DĞƌŵĞl >�͕ �llŽn D͕ �ŽuǌĂ �͕ Ğƚ Ăl͘ �linicĂl ƉƌĂcticĞ guiĚĞlinĞs 
ĨŽƌ ƚhĞ ĚiĂgnŽsis ĂnĚ ŵĂnĂgĞŵĞnƚ ŽĨ inƚƌĂǀĂsculĂƌ cĂƚhĞƚĞƌͲ
ƌĞlĂƚĞĚ inĨĞctiŽn͗ 200ϵ hƉĚĂƚĞ bǇ ƚhĞ /nĨĞctiŽus �isĞĂsĞs ^ŽciͲ
ĞƚǇ ŽĨ �ŵĞƌicĂ͘ �lin /nĨĞcƚ �is͘ 200ϵ͖ϰϵ;1Ϳ͗1Ͳϰϱ͘

ϱϳ͘ &unĂllĞƌĂs '͕ &ĞƌnĄnĚĞǌͲ,iĚĂlgŽ E͕ �ŽƌƌĞgŽ �͕ Ğƚ Ăl͘ �īĞctiǀĞͲ
nĞss ŽĨ ĂntibiŽticͲlŽcŬ ƚhĞƌĂƉǇ ĨŽƌ lŽngͲƚĞƌŵ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ 
bĂcƚĞƌĞŵiĂ ĚuĞ ƚŽ 'ƌĂŵͲnĞgĂtiǀĞ bĂcilli͗ Ă ƉƌŽsƉĞctiǀĞ ŽbsĞƌͲ
ǀĂtiŽnĂl sƚuĚǇ͘ �lin /nĨĞcƚ �is͘ 2011͖ϱϯ;ϵͿ͗Ğ12ϵͲĞ1ϯ2͘

ϱϴ͘ EĞshĞƌ >͕ ZŽlsƚŽn <s͘  dhĞ cuƌƌĞnƚ sƉĞcƚƌuŵ ŽĨ inĨĞctiŽn in cĂnͲ
cĞƌ ƉĂtiĞnƚs ǁiƚh chĞŵŽƚhĞƌĂƉǇ ƌĞlĂƚĞĚ nĞuƚƌŽƉĞniĂ͘ /nĨĞcͲ
tiŽn͘ 201ϰ͖ϰ2;1Ϳ͗ϱͲ1ϯ͘

ϱϵ͘ DĞssing �͕ PĞiƚƌĂͲ�ŽhĞn ^͕ �ĞbuƌĞ �͕ �ĞliĂh D͕ �ĞƌniĞƌ ::͘ �nͲ
tibiŽticͲlŽcŬ ƚĞchniƋuĞ͗ Ă nĞǁ ĂƉƉƌŽĂch ƚŽ ŽƉtiŵĂl ƚhĞƌĂƉǇ ĨŽƌ 
cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ sĞƉsis in hŽŵĞͲƉĂƌĞnƚĞƌĂl nuƚƌitiŽn ƉĂtiĞnƚs͘ 
:P�E : PĂƌĞnƚĞƌ �nƚĞƌĂl Euƚƌ͘  1ϵϴϴ͖12;2Ϳ͗1ϴϱͲ1ϴϵ͘

60͘ K͛,ŽƌŽ :�͕ ^ilǀĂ '>D͕ ^ĂĨĚĂƌ E͘ �ntiͲinĨĞctiǀĞ lŽcŬs ĨŽƌ ƚƌĞĂƚͲ
ŵĞnƚ ŽĨ cĞnƚƌĂl linĞͲĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽn͗ Ă sǇsͲ
ƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlǇsis͘ �ŵ : EĞƉhƌŽl͘ 2011͖ϯϰ;ϱͿ͗ 
ϰ1ϱͲϰ22͘

61͘ 'ĂillĂƌĚ :>͕ DĞƌlinŽ Z͕ PĂũŽƚ E͕ Ğƚ Ăl͘ �ŽnǀĞntiŽnĂl ĂnĚ nŽnͲ
cŽnǀĞntiŽnĂl ŵŽĚĞs ŽĨ ǀĂncŽŵǇcin ĂĚŵinisƚƌĂtiŽn ƚŽ ĚĞcŽnͲ
taminate the internal surface of catheters colonized with 
cŽĂgulĂsĞͲnĞgĂtiǀĞ sƚĂƉhǇlŽcŽcci͘ :P�E : PĂƌĞnƚĞƌ �nƚĞƌĂl 
Euƚƌ͘  1ϵϵ0͖1ϰ;6Ϳ͗ϱϵϯͲϱϵϳ͘

62͘ ^iŵŽn s�͕ ^iŵŽn D͘ �ntibĂcƚĞƌiĂl ĂctiǀiƚǇ ŽĨ ƚĞicŽƉlĂnin ĂnĚ 
ǀĂncŽŵǇcin in cŽŵbinĂtiŽn ǁiƚh ƌiĨĂŵƉicin͕ ĨusiĚic ĂciĚ Žƌ ĨŽsͲ
ĨŽŵǇcin ĂgĂinsƚ sƚĂƉhǇlŽcŽcci Žn ǀĞin cĂƚhĞƚĞƌs͘ ^cĂnĚ : /nĨĞcƚ 
�is ^uƉƉl͘ 1ϵϵ0͖ϳ2;suƉƉlͿ͗1ϰͲ1ϵ͘

6ϯ͘ 'uggĞnbichlĞƌ :P͕  �ĞƌchƚŽlĚ �͕ �llĞƌbĞƌgĞƌ &͕  Ğƚ Ăl͘ /n ǀiƚƌŽ ĂnĚ 
in ǀiǀŽ ĞīĞcƚ ŽĨ ĂntibiŽtics Žn cĂƚhĞƚĞƌs cŽlŽniǌĞĚ bǇ sƚĂƉhǇlŽͲ
cŽcci͘ �uƌ : �lin DicƌŽbiŽl /nĨĞcƚ �is͘ 1ϵϵ2͖11;ϱͿ͗ϰ0ϴͲϰ1ϱ͘

6ϰ͘ ZĂŵiƌĞǌ ĚĞ �ƌĞllĂnŽ �͕ PĂscuĂl �͕ DĂƌtinĞǌͲDĂƌtinĞǌ >͕ PĞƌĞĂ 
�:͘ �ctiǀiƚǇ ŽĨ Ğighƚ ĂntibĂcƚĞƌiĂl ĂgĞnƚs Žn ^ƚĂƉhǇlŽcŽccus ĞƉiͲ
ĚĞƌŵiĚis ĂƩĂchĞĚ ƚŽ dĞŇŽn cĂƚhĞƚĞƌs͘ : DĞĚ DicƌŽbiŽl͘ 1ϵϵϰ͖ 
ϰ0;1Ϳ͗ϰϯͲϰϳ͘

6ϱ͘ <ƌŽƉĞc �͕ ,uĞbnĞƌ :͕ WuƌsƚhŽƌn D͕ �ĂschnĞƌ &�͘ /n ǀiƚƌŽ ĂctiǀͲ
iƚǇ ŽĨ ǀĂncŽŵǇcin ĂnĚ ƚĞicŽƉlĂnin ĂgĂinsƚ ̂ ƚĂƉhǇlŽcŽccus ĂuƌĞus 
ĂnĚ ^ƚĂƉhǇlŽcŽccus ĞƉiĚĞƌŵiĚis cŽlŽniǌing cĂƚhĞƚĞƌs͘ �uƌ : �lin 
DicƌŽbiŽl /nĨĞcƚ �is͘ 1ϵϵϯ͖12;ϳͿ͗ϱϰϱͲϱϰϴ͘

66͘ PĂscuĂl �͕ ZĂŵiƌĞǌ ĚĞ �ƌĞllĂnŽ �͕ DĂƌơnĞǌ DĂƌơnĞǌ >͕ PĞƌĞĂ 
�:͘ �īĞcƚ ŽĨ ƉŽlǇuƌĞƚhĂnĞ cĂƚhĞƚĞƌs ĂnĚ bĂcƚĞƌiĂl biŽĮlŵs Žn 
ƚhĞ inͲǀiƚƌŽ ĂctiǀiƚǇ ŽĨ ĂntiŵicƌŽbiĂls ĂgĂinsƚ ^ƚĂƉhǇlŽcŽccus 
ĞƉiĚĞƌŵiĚis͘ : ,ŽsƉ /nĨĞcƚ͘ 1ϵϵϯ͖2ϰ;ϯͿ͗211Ͳ21ϴ͘

6ϳ͘ :ĂŵĞs Dd͕  �ŽnlĞǇ :͕ dŽnĞlli D͕ DĂnns �:͕ DĂcZĂĞ :͕ ,ĞŵŵĞlgĂƌn 
�Z͖ �lbĞƌƚĂ <iĚnĞǇ �isĞĂsĞ EĞƚǁŽƌŬ͘ DĞƚĂͲĂnĂlǇsis͗ ĂntibiŽtics 
ĨŽƌ ƉƌŽƉhǇlĂǆis ĂgĂinsƚ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ inĨĞctiŽns͘ 
�nn /nƚĞƌn DĞĚ͘ 200ϴ͖1ϰϴ;ϴͿ͗ϱϵ6Ͳ60ϱ͘

6ϴ͘ zĂhĂǀ �͕ ZŽǌĞnͲ�ǀi �͕ 'ĂŌĞƌͲ'ǀili �͕ >ĞibŽǀici >͕ 'ĂŌĞƌ h͕  
PĂul D͘ �ntiŵicƌŽbiĂl lŽcŬ sŽlutiŽns ĨŽƌ ƚhĞ ƉƌĞǀĞntiŽn ŽĨ inͲ
ĨĞctiŽns ĂssŽciĂƚĞĚ ǁiƚh inƚƌĂǀĂsculĂƌ cĂƚhĞƚĞƌs in ƉĂtiĞnƚs 
unĚĞƌgŽing hĞŵŽĚiĂlǇsis͗ sǇsƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlͲ
Ǉsis ŽĨ ƌĂnĚŽŵiǌĞĚ͕ cŽnƚƌŽllĞĚ ƚƌiĂls͘ �lin /nĨĞcƚ �is͘ 200ϴ͖ 
ϰϳ;1Ϳ͗ϴϯͲϵϯ͘

6ϵ͘ EiǇǇĂƌ s�͕ >ŽŬ ��͘ PƌŽs ĂnĚ cŽns ŽĨ cĂƚhĞƚĞƌ lŽcŬ sŽlutiŽns͘ 
�uƌƌ KƉin EĞƉhƌŽl ,ǇƉĞƌƚĞns͘ 201ϯ͖22;6Ϳ͗66ϵͲ6ϳϰ͘

ϳ0͘ DŽŬƌǌǇcŬi D,͘ hsĞ ŽĨ ƉƌŽƉhǇlĂctic ƚŽƉicĂl Žƌ inƚƌĂluŵinĂl ĂnͲ
tibiŽtics ĨŽƌ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌs͘ EĂƚ �lin PƌĂcƚ EĞƉhƌŽl͘ 
200ϴ͖ϰ;ϵͿ͗ϰϳϴͲϰϳϵ͘

ϳ1͘ �ĞƚũĞs D'͘ PƌĞǀĞntiŽn ŽĨ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inͲ
ĨĞctiŽn in ƉĂtiĞnƚs Žn hĞŵŽĚiĂlǇsis͘ EĂƚ ZĞǀ EĞƉhƌŽl͘ 2011͖ 
ϳ;ϱͿ͗2ϱϳͲ26ϱ͘

ϳ2͘ ^chiīĞƌ ��͕ DĂngu P�͕ WĂĚĞ :�͕ Ğƚ Ăl͘ �ĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌ 
cĂƌĞ ĨŽƌ ƚhĞ ƉĂtiĞnƚ ǁiƚh cĂncĞƌ͗ �ŵĞƌicĂn ^ŽciĞƚǇ ŽĨ �linicĂl 
KncŽlŽgǇ clinicĂl ƉƌĂcticĞ guiĚĞlinĞ͘ : �lin KncŽl͘ 201ϯ͖ϯ1;10Ϳ͗ 
1ϯϱϳͲ1ϯϳ0͘

ϳϯ͘ DĂƌschĂll :͕ DĞƌŵĞl >�͕ &ĂŬih D͕ Ğƚ Ăl͖ ^ŽciĞƚǇ ĨŽƌ ,ĞĂlƚhͲ
cĂƌĞ �ƉiĚĞŵiŽlŽgǇ ŽĨ �ŵĞƌicĂ͘ ^ƚƌĂƚĞgiĞs ƚŽ ƉƌĞǀĞnƚ cĞnƚƌĂl 
linĞͲĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns in ĂcuƚĞ cĂƌĞ hŽsƉiͲ
ƚĂls͗ 201ϰ uƉĚĂƚĞ͘ /nĨĞcƚ �ŽnƚƌŽl ,ŽsƉ �ƉiĚĞŵiŽl͘ 201ϰ͖ϯϱ;ϳͿ͗ 
ϳϱϯͲϳϳ1͘

ϳϰ͘ �ĂchĂƌiŽuĚĂŬis /D͕ �ĞƌǀŽu &E͕ �ƌǀĂnitis D͕ �iĂŬĂs P�͕ DĞƌͲ
ŵĞl >�͕ DǇlŽnĂŬis �͘ �ntiŵicƌŽbiĂl lŽcŬ sŽlutiŽns Ăs Ă ŵĞƚhŽĚ 
ƚŽ ƉƌĞǀĞnƚ cĞnƚƌĂl linĞͲĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns͗ Ă 
ŵĞƚĂͲĂnĂlǇsis ŽĨ ƌĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ ƚƌiĂls͘ �lin /nĨĞcƚ �is͘ 
201ϰ͖ϱϵ;12Ϳ͗1ϳϰ1Ͳ1ϳϰϵ͘

ϳϱ͘ ^hĂh ��͕ DiƩĞlŵĂn DW͕ �ŽsƚĞƌƚŽn :W͕ Ğƚ Ăl͘ �ntiŵicƌŽbiĂl  
ĂctiǀiƚǇ ŽĨ Ă nŽǀĞl cĂƚhĞƚĞƌ lŽcŬ sŽlutiŽn͘ �ntiŵicƌŽb �gĞnƚs 
�hĞŵŽƚhĞƌ͘  2002͖ϰ6;6Ϳ͗16ϳϰͲ16ϳϵ͘

ϳ6͘ ^iŵŽn �͕ �ŵŵĂnn Z�͕ WisǌniĞǁsŬǇ '͕ �ŽĚĞ h͕ &lĞischhĂcŬ '͕ 
�ĞsuĚĞn DD͘ dĂuƌŽliĚinĞͲciƚƌĂƚĞ lŽcŬ sŽlutiŽn ;dĂuƌŽ>ŽcŬͿ sigͲ
niĮcĂnƚlǇ ƌĞĚucĞs �s��ͲĂssŽciĂƚĞĚ gƌĂŵƉŽsitiǀĞ inĨĞctiŽns in 
ƉĞĚiĂƚƌic cĂncĞƌ ƉĂtiĞnƚs͘ �D� /nĨĞcƚ �is͘ 200ϴ͖ϴ;1Ϳ͗102͘

ϳϳ͘ dĂǇlŽƌ �͕ �Ăhill :͕ 'Ğƌƌish D͕ >iƩlĞ :͘ � nĞǁ hĂĞŵŽĚiĂlǇsis 
cĂƚhĞƚĞƌͲlŽcŬing ĂgĞnƚ ƌĞĚucĞs inĨĞctiŽns in hĂĞŵŽĚiĂlǇsis ƉĂͲ
tiĞnƚs͘ : ZĞn �ĂƌĞ͘ 200ϴ͖ϯϰ;ϯͿ͗116Ͳ120͘
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ϳϴ͘ �issĞling dD͕ WillĞŵs D�͕ sĞƌslĞiũĞn DW͕ ,ĞnĚƌiŬs :�͕ sissĞƌs 
Z<͕ WĂnƚĞn ':͘ dĂuƌŽliĚinĞ lŽcŬ is highlǇ ĞīĞctiǀĞ in ƉƌĞǀĞnting 
cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns in ƉĂtiĞnƚs Žn hŽŵĞ 
ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn͗ Ă hĞƉĂƌinͲcŽnƚƌŽllĞĚ ƉƌŽsƉĞctiǀĞ ƚƌiĂl͘ 
�lin Euƚƌ͘  2010͖2ϵ;ϰͿ͗ϰ6ϰͲϰ6ϴ͘

ϳϵ͘ ^ŽlŽŵŽn >Z͕ �hĞĞsbƌŽugh :^͕ �bĂh >͕ Ğƚ Ăl͘ � ƌĂnĚŽŵiǌĞĚ ĚŽuͲ
blĞͲblinĚ cŽnƚƌŽllĞĚ ƚƌiĂl ŽĨ ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ cĂƚhĞƚĞƌ lŽcŬs 
ĨŽƌ ƚhĞ ƉƌĞǀĞntiŽn ŽĨ bĂcƚĞƌĞŵiĂ in ƉĂtiĞnƚs ƚƌĞĂƚĞĚ ǁiƚh hĞͲ
ŵŽĚiĂlǇsis͘ �ŵ : <iĚnĞǇ �is͘ 2010͖ϱϱ;6Ϳ͗1060Ͳ106ϴ͘

ϴ0͘ &iliŽƉŽulŽs s͕ ,ĂĚũiǇĂnnĂŬŽs �͕ <Žutis /͕ Ğƚ Ăl͘ �ƉƉƌŽĂchĞs ƚŽ 
ƉƌŽlŽng ƚhĞ usĞ ŽĨ uncuīĞĚ hĞŵŽĚiĂlǇsis cĂƚhĞƚĞƌs͗ ƌĞsulƚs ŽĨ 
Ă ƌĂnĚŽŵiǌĞĚ ƚƌiĂl͘ �ŵ : EĞƉhƌŽl͘ 2011͖ϯϯ;ϯͿ͗260Ͳ26ϴ͘

ϴ1͘ �hu ,P͕  �ƌinĚ :͕ dŽŵĂƌ Z͕ ,ill ^͘ ^igniĮcĂnƚ ƌĞĚuctiŽn in cĞnƚƌĂl 
ǀĞnŽus cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns in chilĚƌĞn Žn 
,PE ĂŌĞƌ sƚĂƌting ƚƌĞĂƚŵĞnƚ ǁiƚh ƚĂuƌŽliĚinĞ linĞ lŽcŬ͘ : PĞĚiͲ
Ăƚƌ 'ĂsƚƌŽĞnƚĞƌŽl Euƚƌ͘  2012͖ϱϱ;ϰͿ͗ϰ0ϯͲϰ0ϳ͘

ϴ2͘ �ƺŵichĞn D:͕ ̂ ĞĞgĞƌ <͕ >ŽĚĞ ,E͕ Ğƚ Ăl͘ ZĂnĚŽŵiǌĞĚ cŽnƚƌŽllĞĚ 
ƚƌiĂl ŽĨ ƚĂuƌŽliĚinĞ ciƚƌĂƚĞ ǀĞƌsus hĞƉĂƌin Ăs cĂƚhĞƚĞƌ lŽcŬ sŽluͲ
tiŽn in ƉĂĞĚiĂƚƌic ƉĂtiĞnƚs ǁiƚh hĂĞŵĂƚŽlŽgicĂl ŵĂlignĂnciĞs͘ : 
,ŽsƉ /nĨĞcƚ͘ 2012͖ϴ0;ϰͿ͗ϯ0ϰͲϯ0ϵ͘

ϴϯ͘ ^ŽlŽŵŽn >Z͕ �hĞĞsbƌŽugh :^͕ �hĂƌgĂǀĂ Z͕ Ğƚ Ăl͘ KbsĞƌǀĂtiŽnĂl 
sƚuĚǇ ŽĨ nĞĞĚ ĨŽƌ ƚhƌŽŵbŽlǇtic ƚhĞƌĂƉǇ ĂnĚ inciĚĞncĞ ŽĨ bĂcƚĞͲ
ƌĞŵiĂ using ƚĂuƌŽliĚinĞͲciƚƌĂƚĞͲhĞƉĂƌin͕ ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ ĂnĚ 
hĞƉĂƌin cĂƚhĞƚĞƌ lŽcŬs in ƉĂtiĞnƚs ƚƌĞĂƚĞĚ ǁiƚh hĞŵŽĚiĂlǇsis͘ 
^Ğŵin �iĂl͘ 2012͖2ϱ;2Ϳ͗2ϯϯͲ2ϯϴ͘

ϴϰ͘ dŽuƌĠ �͕ >ĂuǀĞƌũĂƚ D͕ PĞƌĂlĚi �͕ Ğƚ Ăl͘ dĂuƌŽliĚinĞ lŽcŬ sŽluͲ
tiŽn in ƚhĞ sĞcŽnĚĂƌǇ ƉƌĞǀĞntiŽn ŽĨ cĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌͲ
ĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽn in hŽŵĞ ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn 
ƉĂtiĞnƚs͘ �lin Euƚƌ͘  2012͖ϯ1;ϰͿ͗ϱ6ϳͲϱϳ0͘

ϴϱ͘ ,ĂnĚƌuƉ DD͕ DƆllĞƌ :<͕ ^chƌƆĚĞƌ ,͘ �ĞnƚƌĂl ǀĞnŽus cĂƚhĞƚĞƌs 
ĂnĚ cĂƚhĞƚĞƌ lŽcŬs in chilĚƌĞn ǁiƚh cĂncĞƌ͗ Ă ƉƌŽsƉĞctiǀĞ ƌĂnͲ
ĚŽŵiǌĞĚ ƚƌiĂl ŽĨ ƚĂuƌŽliĚinĞ ǀĞƌsus hĞƉĂƌin͘ PĞĚiĂƚƌ �lŽŽĚ �ĂnͲ
cĞƌ͘  201ϯ͖60;ϴͿ͗12ϵ2Ͳ12ϵϴ͘

ϴ6͘ �ǁiĞch Z͕ �ĚĞlƚ D͕ �hƌul ^͘ � dĂuƌŽliĚinĞͲ�iƚƌĂƚĞͲ,ĞƉĂƌin >ŽcŬ 
^ŽlutiŽn �īĞctiǀĞlǇ �ƌĂĚicĂƚĞs PĂƚhŽgĞns &ƌŽŵ ƚhĞ  �ĂƚhĞƚĞƌ 

�iŽĮlŵ in ,ĞŵŽĚiĂlǇsis PĂtiĞnƚs͘ �ŵ : dhĞƌ͘  2016͖2ϯ;2Ϳ͗ 
Ğϯ6ϯͲĞϯ6ϴ͘

ϴϳ͘ �lͲ�ŵin �͘,͕͘ ^ĂƌǀĞsǁĂƌĂn :͕͘ WŽŽĚ :͘D͕͘ �uƌŬĞ �͘�͕͘ �ŽnnĞlͲ
lĂn �͘&͘  �ĸcĂcǇ ŽĨ ƚĂuƌŽliĚinĞ Žn ƚhĞ ƉƌĞǀĞntiŽn ŽĨ cĂƚhĞƚĞƌͲ
ƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns in ƉĂtiĞnƚs Žn hŽŵĞ ƉĂƌĞnƚĞƌĂl 
nuƚƌitiŽn͘ : sĂsc �ccĞss͘ 201ϯ KcƚͲ�Ğc͖1ϰ;ϰͿ͗ϯϳϵͲϴ2͘

ϴϴ͘ >iu z͕  �hĂng �Y͕ �ĂŽ >͕ yiĂ ,d͕  DĂ ::͘ dĂuƌŽliĚinĞ lŽcŬ sŽlutiŽns 
ĨŽƌ ƚhĞ ƉƌĞǀĞntiŽn ŽĨ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns͗ 
Ă sǇsƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlǇsis ŽĨ ƌĂnĚŽŵiǌĞĚ cŽnͲ
ƚƌŽllĞĚ ƚƌiĂls͘ P>Ž^ KE�͘ 201ϯ͖ϴ;11Ϳ͗Ğϳϵϰ1ϳ͘

ϴϵ͘ KlƚhŽĨ ��͕ ZĞnƚĞnĂĂƌ Z:͕ Ziũs �:͕ WĂnƚĞn ':͘ �bsĞncĞ ŽĨ 
ŵicƌŽbiĂl ĂĚĂƉƚĂtiŽn ƚŽ ƚĂuƌŽliĚinĞ in ƉĂtiĞnƚs Žn hŽŵĞ 
ƉĂƌĞnƚĞƌĂl nuƚƌitiŽn ǁhŽ ĚĞǀĞlŽƉ cĂƚhĞƚĞƌ ƌĞlĂƚĞĚ blŽŽĚͲ
sƚƌĞĂŵ inĨĞctiŽns ĂnĚ usĞ ƚĂuƌŽliĚinĞ lŽcŬs͘ �lin Euƚƌ͘  201ϯ͖ 
ϯ2;ϰͿ͗ϱϯϴͲϱϰ2͘

ϵ0͘ >iu ,͕ >iu ,͕ �Ğng :͕ �hĞn >͕ zuĂn >͕ Wu z͘  PƌĞǀĞnting cĂƚhĞƚĞƌͲ
ƌĞlĂƚĞĚ bĂcƚĞƌĞŵiĂ ǁiƚh ƚĂuƌŽliĚinĞͲciƚƌĂƚĞ cĂƚhĞƚĞƌ lŽcŬs͗ Ă 
sǇsƚĞŵĂtic ƌĞǀiĞǁ ĂnĚ ŵĞƚĂͲĂnĂlǇsis͘ �lŽŽĚ PuƌiĨ͘  201ϰ͖ϯϳ;ϯͿ͗ 
1ϳϵͲ1ϴϳ͘

ϵ1͘ dĂn D͕ >Ău :͕ 'ugliĞlŵŽ �:͘ �ƚhĂnŽl lŽcŬs in ƚhĞ ƉƌĞǀĞntiŽn 
ĂnĚ ƚƌĞĂƚŵĞnƚ ŽĨ cĂƚhĞƚĞƌͲƌĞlĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns͘ �nn 
PhĂƌŵĂcŽƚhĞƌ͘  201ϰ͖ϰϴ;ϱͿ͗60ϳͲ61ϱ͘

ϵ2͘ �buͲ�lͲ,ĂiũĂ D͕ ^chulƚǌ :͕ ZĂhhĂl ZD͘ �īĞcƚs ŽĨ ϳ0й ĞƚhĂnŽl 
lŽcŬs Žn ƌĂƚĞs ŽĨ cĞnƚƌĂl linĞ inĨĞctiŽn͕ ƚhƌŽŵbŽsis͕ bƌĞĂŬĂgĞ͕ 
ĂnĚ ƌĞƉlĂcĞŵĞnƚ in ƉĞĚiĂƚƌic inƚĞstinĂl ĨĂiluƌĞ͘ : PĞĚiĂƚƌ 'ĂsͲ
ƚƌŽĞnƚĞƌŽl Euƚƌ͘  201ϰ͖ϱϴ;6Ϳ͗ϳ0ϯͲϳ0ϴ͘

ϵϯ͘ DĞƌŵĞl >�͕ �lĂng E͘ �ĚǀĞƌsĞ ĞīĞcƚs ĂssŽciĂƚĞĚ ǁiƚh ĞƚhĂnŽl 
cĂƚhĞƚĞƌ lŽcŬ sŽlutiŽns͗ Ă sǇsƚĞŵĂtic ƌĞǀiĞǁ͘ : �ntiŵicƌŽb �hĞͲ
ŵŽƚhĞƌ͘  201ϰ͖6ϵ;10Ϳ͗2611Ͳ261ϵ͘

ϵϰ͘ sĂssĂllŽ D͕ �unĂis �͕ ZŽgĞƌ PD͘ �ntiŵicƌŽbiĂl lŽcŬ ƚhĞƌĂƉǇ in 
cĞnƚƌĂlͲlinĞ ĂssŽciĂƚĞĚ blŽŽĚsƚƌĞĂŵ inĨĞctiŽns͗ Ă sǇsƚĞŵĂtic 
ƌĞǀiĞǁ͘ /nĨĞctiŽn͘ 201ϱ͖ϰϯ;ϰͿ͗ϯϴϵͲϯϵϴ͘

ϵϱ͘ KlƚhŽĨ ��͕ WĂnƚĞn ':͘ ZĞsƉŽnsĞ ƚŽ ƚhĞ lĞƩĞƌ ƚŽ ƚhĞ ĞĚiƚŽƌ Ͳ 
ƉƌĂcticĂl cŽnsiĚĞƌĂtiŽns in chŽŽsing Ă ƚĂuƌŽliĚinĞ cŽnƚĂining 
cĂƚhĞƚĞƌ lŽcŬ sŽlutiŽn͘ �lin Euƚƌ͘  201ϰ͖ϯϯ;2Ϳ͗ϯϳ1͘


