
CVAD	Lock	Solutions	– 	
Finding	a	Solution	to	Fight	the	Triple	Threat	of		
Clot	Formation,	Bacterial	Colonization	and		

Biofilm	Formation		

Jocelyn	Hill	–	MN,	RN,	CVAA(c),	VA-BC™	
Providence	Health	Care,	Vancouver,	BC	–		Canada	
Nurse	Educator,	IV	Therapy/Vascular	Access,	Home	Infusion,	OPAT	
Practice	Consultant	for	BC	Home	TPN	Program	–	Vascular	access		



Disclosures	

•  Nurse	Educator	–	IV	Therapy	,	Vascular	Access,	and	Home	Infusion	
Programs,	Providence	Health	Care,	Vancouver,	BC	Canada	

	

•  Past	President	–	the	Canadian	Vascular	Access	Association	(CVAA)	
Board	of	Directors	

	

•  Director	at	Large	–	Association	of	Vascular	Access	(AVA)	
	

•  Clinical	Consultant	(Canada)–	Angiodynamics,	BD	Medical,	Cook	
Medical		

	



Objectives	

1.  Describe	the	elements	of	a	Home	TPN	Program	and	the	risk	profile	of	
patients	with	CVADs	in	the	program.	

	

2.  Discuss	and	compare	currently	used	catheter	lock	solutions	and	current	
literature	on	the	topic.	

	

3.  Describe	patient	outcomes	with	the	implementation	of	a	lock	solution	to	
prevent	the	"triple	threat"	of	CVAD	clot	formation,	bacterial	colonization	
and	biofilm	formation.	



Our	patients:	n=	105	
BC	HPN	PROGRAM	-	ADULT	DIVISION	–	ACTIVE	PATIENT	SUMMARY 

	 
2013/2014	

P13 
2014/2015	

P13 2015/2016	P13 

	 
(on	Mar	
31/14) 

(on	Mar	
31/15) (on	Mar	31/16) 

PATIENTS 	 	 	 
			Male 27	(36%) 31	(38%) 34	(38%) 
			Female 47	(64%) 50	(62%) 56	(62%) 
			Total 74 81 90 
AGE 	 	 	 
			Average	(y) 58 56 57 
			Range	(y) 30-83 18-84 19-84 
DURATION	ON	
HPN 	 	 	 
			Average	(y) 8 8 7 
			Range* 1m-38y 1m-39y 1m-40y 



Patient	diagnoses	
BC	HPN	PROGRAM	-	ADULT	DIVISION	–	ACTIVE	PATIENT	SUMMARY	 		
PRIMARY	DIAGNOSIS	FOR	HPN	 2013/2014	P13	 2014/2015	P13	 2015/2016	P13	
		 (on	Mar	31/14)	 (on	Mar	31/15)	 (on	Mar	31/16)	
Short	Bowel	Syndrome	(SBS)	 		 		 		
					Crohn's	Disease	 35	 35	 38	(42%)	
					Ischemic	Bowel	 8	 8	 8	(9%)	
					Cancer:	Intestinal/Gynecological	 4	 3	 10	(11%)	
					Chronic	Intestinal	Pseudo	Obstruction	 3	 3	 3	(3%)	
					Other*	 6	 6	 7	(8%)	

Intestinal	Dysmotility	-	Chronic	Intestinal	
Pseudo	Obstruction	(without	SBS)	 5	 6	 8	(9%)	
Intestinal	Fistulas	 4	 8	 9	(10%)	
Malabsorption	 4	 5	 5	(5%)	
Gastroparesis	 1	 3	 3	(3%)	
Mechanical	Obstructions	 0	 1	 2	(2%)	
Scleroderma	 2	 2	 2	(2%)	
Chronic	Pancreatitis	 1	 1	 2	(2%)	
Ischemic	Bowel	(without	SBS)	 0	 0	 1	(1%)	
Hyperemesis	Gravidarum	 1	 0	 1	(1%)	
Food	Protein	Intolerance,	Pregnancy	 0	 0	 1	(1%)	
Note:	some	patients	have	multiple	diagnoses	with	complex	GI	tracts	 	
*	Other:	Behcet's	syndrome,	Neurofibromatosis,	Scleroderma,	Gardner	syndrome,	MVA,		
			Volvulus,	Bariatric	Surgery,	etc.	 	 	 	

 

Short	Bowel	Syndrome	=		
majority	of	patients	(73%)	



CVAD	complications	and	risks	

CVADs:		
–  Tunneled:	silicone,	IVAD:	silicone	and	polyurethane	
–  	PICC:	proximal	valve,	polyurethane	

•  Occlusion	
•  Repair	–	silicone	lines	
•  Infection	–	site,	intraluminal,	systemic	

RISKS:		
High	and	ongoing	due	to	

chronic	illness	and		
dependence	on	TPN	



Program	goals	

Prevention	of/Decreased	CVAD	complications:	
•  Hospital	admissions	for	CVAD	complications	
•  Clinical	interventions	for	CVAD	complications	

–  No	occlusion,	repair,	infection,	removal,	exchange	or	
replacement	

–  Vessel	preservation/catheter	salvage	



Save	the	line	

CATHETER	SALVAGE	
	
•  Not	just	your	basic	“CVC	insertion”	–	azygous,	IVC,	smaller	

vessels,	tunneled	on	abdomen/non-conventional	
•  Vessel	depletion	–	venous	stenosis,	multiple	thromboses,	

compromised	circulation		
•  IR,	vascular	surgery	
•  +/-	anesthesia	
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Biofilm	–	the	matrix2,9,10
	
	

Biofilm	=		
#smartslime	



Strategies	

•  Skin	antisepsis	–	targets	site	infection	
•  Antiseptic	cap	–	targets	infection	(intraluminal,	PROTECTIVE	

cover)	
	
WHAT	WE	PUT	IN	THE	LINES:	
•  Taurolidine	lock	–	targets	infection	(intraluminal)	
•  Heparin	lock	–	targets	occlusion	(anticoagulant)	
•  T-EDTA	lock	–	targets	infection,	occlusion	+	biofilm		
	



New	strategy	

Tetrasodium	EDTA	4%	
•  Current	patients:	History	of	2	or	more	CLABSIs	while	on	home	

TPN	(“high	risk”)	
•  Lock	CVAD	for	approx.	8	hours/day	(more	if	not	on	daily	TPN)	



What	is	EDTA?		

Ethylene	diamine	tetra	acetic	acid		
	

•  Chemical	used	for	industrial	and	medical	purposes	=	anti-biofilm	
(eradicates	and	prevents)	

•  Amino-carboxylic	acid	that	is	colourless,	water-soluble		
•  “Industrial”	=	i.e.	keeps	pipes/plumbing	clean	of	biofilm;	works	against	“hard	

water”	(calcium++,	chelates);	common	in	shampoo,	soap,	cleaning	agents;	
preservative	/	antioxidant	in	canned	foods	to	prevent	oxidation	

•  “Medical”	=	i.e.	anticoagulant	in	lavender-top	tubes	for	blood	sampling	(CBC-diff);	
chelation	therapy	for	heavy	metals	(lead	or	aluminum	toxicity)	



CVAD	Lock	Solutions1-4,7-11		

	Product		 Anticoagulant	 	Antimicrobial	
Antibiofilm	

(prevent)	
Antibiofilm	

(eradicate)	

Saline	 	X	 	X	 X	 X		

Heparin	 √	 X		 X	 X		

Citrate	4%	 √	 √	 √	 X		

Citrate	4%	w/	30%	ethanol	 √	 √	 √	 X		

Ethanol	70%	 X		 √	 √	 X		

Antibiotic	cocktail*	 X		 √	 √	 X		

Taurolidine	 X		 √	 √	 X	

CathFlo	(tPA)	 X	 X	 X	 X	

Tetrasodium	EDTA		4%	 √	 √	 √	 √	
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Introduction

There is a wide consensus that a central venous line – if 
useĚ ĚŝscontinuouslǇ ʹ shoulĚ ďe ƉerŝoĚŝcallǇ ŇusheĚ ǁŝth 
norŵal salŝne͕ so to reŵove traces of the ƉrevŝouslǇ ŝnfuseĚ 
solutions͖ also͕ as the lŝne ŝs closeĚ͕ ŝt shoulĚ ďe ĮlleĚ ǁŝth a 
͚lock solution͕͛  ǁhŝch ŵaǇ have anticoaŐulant action͕ anĚͬor 
an antiďacterŝal action͕ or ʹ as ŝn the case of norŵal salŝne ʹ 
no sƉecŝĮc action at all͘

�K/͗ ϭϬ͘ϱϯϬϭͬũva͘ϱϬϬϬϱϳϲ

Evidence-based criteria for the choice and the clinical 
use of the most appropriate lock solutions for central 
venous catheters (excluding dialysis catheters):  
a GAVeCeLT consensus
Mauro Pittiruti1, Sergio Bertoglio2, Giancarlo Scoppettuolo1, Roberto Biffi3, Massimo Lamperti4, Alberto Dal Molin5,  
Nicola Panocchia1, Nicola Petrosillo6, Mario Venditti7, Carla Rigo8, Enrico DeLutio9

1 &onĚaǌŝone Wolŝclŝnŝco hnŝversŝtarŝo ͞�͘ 'eŵellŝ͕͟  Zoŵe Ͳ /talǇ
2 �eƉartŵent of ^urŐŝcal ^cŝences͕ hnŝversŝtă ĚeŐlŝ ^tuĚŝ͕ 'enova Ͳ /talǇ
3 /stituto �uroƉeo Ěŝ KncoloŐŝa͕ Dŝlan Ͳ /talǇ
4 ClevelanĚ Clŝnŝc ,osƉŝtal͕ �ďu �haďŝ Ͳ hnŝteĚ �raď �ŵŝrates
5 hnŝversŝtă Ěel Wŝeŵonte Krŝentale͕ �ŝella Ͳ /talǇ
6 /stituto Eaǌŝonale Dalaƫe /nfeƫve ͞>͘ ^Ɖallanǌanŝ͕͟  Zoŵe Ͳ /talǇ
7 hnŝversŝtă ͞>a ^aƉŝenǌa͕͟  Zoŵe Ͳ /talǇ
8 �ǌŝenĚa KsƉeĚalŝera hnŝversŝtarŝa ͞DaŐŐŝore Ěella Carŝtă͕͟  Eovara Ͳ /talǇ
9 sascular �ccess ^Ɖecŝalŝst͕ Zoŵe Ͳ /talǇ

ABSTRACT
Background: dhe ŵost aƉƉroƉrŝate lock solution for central venous access Ěevŝces ŝs still to ďe ĚeĮneĚ͘ 
'�seCe>d ʹ the /talŝan ŐrouƉ for venous access Ěevŝces ʹ has ĚeveloƉeĚ a consensus on the evŝĚenceͲďaseĚ 
crŝterŝa for the choŝce anĚ the clŝnŝcal use of the ŵost aƉƉroƉrŝate lock solution for central venous catheters 
;eǆcluĚŝnŐ ĚŝalǇsŝs cathetersͿ͘
Method: �Ōer the constitution of a Ɖanel of eǆƉerts͕ a sǇsteŵatic collection anĚ revŝeǁ of the lŝterature has ďeen 
ƉerforŵeĚ͕ focusŝnŐ on clŝnŝcal stuĚŝes ĚealŝnŐ ǁŝth lock solutions useĚ for Ɖrevention of occlusŝon ;heƉarŝn͕ cŝ-
trate͕ urokŝnase͕ recoŵďŝnant tissue ƉlasŵŝnoŐen activator ΀rͲdW�΁͕ norŵal salŝneͿ or for Ɖrevention of ŝnfection 
;cŝtrate͕ ethanol͕ taurolŝĚŝne͕ ethǇleneͲĚŝaŵŝneͲtetraͲacetic acŝĚ ΀��d�΁͕ vancoŵǇcŝn͕ lŝneǌolŝĚ anĚ other antiďŝot-
ŝcsͿ͕ ŝn ďoth aĚults anĚ ŝn ƉeĚŝatrŝc Ɖatients͘ ^tuĚŝes on central lŝnes useĚ for ĚŝalǇsŝs or Ɖheresŝs͕ on ƉerŝƉheral 
venous lŝnes anĚ on arterŝal lŝnes ǁere eǆcluĚeĚ froŵ thŝs analǇsŝs͘ ^tuĚŝes on lock solutions useĚ for treatŵent 
of oďstruction or ŝnfection ǁere not consŝĚereĚ͘ dhe consensus has ďeen carrŝeĚ out accorĚŝnŐ to the �elƉhŝ 
ŵethoĚ͘
Results: dhe Ɖanel has concluĚeĚ that͗ ;aͿ there ŝs no evŝĚence suƉƉortinŐ the heƉarŝn lock͖ ;ďͿ the Ɖrevention of 
occlusŝon ŝs ďaseĚ on the ƉroƉer ŇushŝnŐ anĚ lockŝnŐ technŝƋue ǁŝth norŵal salŝne͖ ;cͿ the ŵost aƉƉroƉrŝate lock 
solution for ŝnfection Ɖrevention shoulĚ ŝncluĚe cŝtrate anĚͬor taurolŝĚŝne͕ ǁhŝch have ďoth antiͲďacterŝal anĚ 
antiͲďŝoĮlŵ activŝtǇ͕  ǁŝth neŐlŝŐŝďle unĚesŝreĚ eīects ŝf coŵƉareĚ to antiďŝotics͖ ;ĚͿ the Ɖatient ƉoƉulations ŵost 
lŝkelǇ to ďeneĮt froŵ cŝtrateͬtaurolŝĚŝne lock are Ǉet to ďe ĚeĮneĚ͘
Conclusions: dhe actual value of heƉarŝnŝǌation for nonͲĚŝalǇsŝs catheters shoulĚ ďe reconsŝĚereĚ͘ �lso͕ the use 
of lock ǁŝth suďstances ǁŝth antiͲďacterŝal anĚ antiͲďŝoĮlŵ activŝtǇ ;such as cŝtrate or taurolŝĚŝneͿ shoulĚ ďe taken 
ŝnto consŝĚeration ŝn selecteĚ ƉoƉulations of Ɖatients͘
Keywords: Central venous catheters͕ Cŝtrate͕ &lushŝnŐ͕ ,eƉarŝn͕ >ock solution͕ daurolŝĚŝne
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Review Article

Central venous catheters and biofilms: where do we

stand in 2017?
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Gominet M, Compain F, Beloin C, Lebeaux D. Central venous catheters and biofilms: where do we stand in
2017? APMIS 2017; 125: 365–375.

The use of central venous catheters (CVC) is associated with a risk of microbial colonization and subsequent poten-
tially severe infection. Microbial contamination of the catheter leads to the development of a microbial consortia asso-
ciated with the CVC surface and embedded in an extracellular matrix, named biofilm. This biofilm provides bacterial
cells the ability to survive antimicrobial agents and the host immune system and to disseminate to other sites of the
body. The best preventive strategy is to avoid any unnecessary catheterization or to reduce indwelling duration when a
CVC is required. Beside aseptic care and antibiotic-impregnated catheters (like minocycline/rifampin), preventive locks
can be proposed in some cases, whereas non-biocidal approaches are under active research like anti-adhesive or com-
petitive interactions strategies. When the diagnosis of catheter-related bloodstream infection (CRBSI) is suspected on
clinical symptoms, it requires a microbiological confirmation by paired blood cultures in order to avoid unnecessary
catheter removal. The treatment of CRBSI relies on catheter removal and systemic antimicrobials. However, antibiotic
lock technique (ALT) can be used as an attempt to eradicate biofilm formed on the inside lumen of the catheter in case
of uncomplicated long-term catheter-related BSI caused by coagulase-negative staphylococci (CoNS) or Enterobacteri-
aceae. Recently, promising strategies have been developed to improve biofilm eradication; they rely on matrix degrada-
tion or destabilization or the development of anti-persister compounds, targeting the most tolerant bacterial cells inside
the biofilm. Understanding biofilm formation at the molecular level may help us to develop new approaches to prevent
or treat these frequent infections.

Key words: Catheter-related bloodstream infections; antimicrobial lock therapy; persisters; skin antisepsis.

David Lebeaux, Service de Microbiologie, Hôpital Europ!een Georges POMPIDOU, 20 rue Leblanc, 75015 Paris,
France. e-mail: david.lebeaux@aphp.fr

A central venous catheter (CVC) is a device
inserted in a large vein, used to inject parenteral
nutrition, blood products or fluids that would harm
a smaller peripheral vein, such as antineoplastic
chemotherapy. CVC can also be used to perform
haemodialysis, obtain blood tests (specifically the
“central venous oxygen saturation”) and measure
central venous pressure. Main types of CVC include
non-tunnelled and tunnelled catheters, totally
implantable venous access ports (TIVAP) and
PICC-lines (peripherally inserted central catheters).
As they improve patients’ care, the use of CVC and
other implanted devices is constantly increasing in

modern medicine. In the United States, 15 million
CVC-days (i.e. the total number of days of expo-
sure to CVCs for all patients in the selected popula-
tion during the selected time period) are recorded
in intensive care units (ICUs) each year (1).

The use of CVC is associated with a risk of colo-
nization and subsequent infection (2). In a French
nationwide study led in 2012 by the Institut
National de Veille Sanitaire (INVS), bloodstream
infections (BSIs) were the fourth cause of hospital-
acquired infections, and 33% of them were related
to a CVC (3). With an average incidence of CVC-
associated BSIs in the United States of 5.3 per 1000
catheter-days in the ICU, approximately 80 000
CVC-related BSIs occur in ICUs each year in the
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On	EDTA:	“… some	advantages	over	antibiotic	locks:	
no	reported	bacterial	resistance,	low	industrial	costs,	

ability	to	prevent	catheter	occlusion.”	

On	biofilm	eradication:	
	“Another	strategy	relies	on	the	use	of	
cation	chelators	(such	as	EDTA)	that	
destabilizes	the	(biofilm)	matrix.	“	
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On	CVAD	locking	for	therapeutic	and	prophylactic	purposes	(for	
CLABSI):	Use	in	patients	with	long-term	CVADs,	patients	

with	a	history	of	multiple	CRBSIs,	high-risk	
patient	populations...	(I)	

Antiseptic	locking	solutions	
include	ethanol,	taurolidine,	citrate,	26%	
sodium	chloride,	methylene	blue,	fusidic	
acid,	and	ethylenedia-	minetetra-acetic	

acid	(EDTA)	used	alone	or		
in	numerous	combinations.	(I)	



What	T-EDTA	4%	strikes4,5,7	

Organism ID  
Gram negative	

T-EDTA                   
% conc.	

Tri Sod.Citrate 
% conc.	

Organism ID  
Gram positive	

T-EDTA                    
% conc.	

Tri Sod.Citrate 
% conc.	

68 Klebsiella	 0.05	 > 6	 S24 Staph epidermidis	 0.05	 5	

128 Klebsiella	 0.05	 > 6	 31 Staph epidermidis	 0.05	 5	

17 Klebsiella	 2	 > 6	 301 Staph xylosis 	 2	 4	

250 E.coli	 1	 > 6	 300 Staph capitis	 1	 5	
137 E.coli	 0.05	 > 6	 J46 Staph lentis	 0.05	 6	

292 Enterobacter	 0.05	 > 6	 S24 Staph capitis	 0.05	 6	
190 Enterobacter	 0.1	 > 6	 R8 Staph simulans	 0.1	 3	
J22 Enterobacter	 0.05	 > 6	 72S Staph aureus	 0.05	 2	

J20 Ps aeruginosa	 0.8	 > 6	 R57 Staph aureus	 0.8	 >6	
J26 Ps aeruginosa	 0.05	 > 6	 S13 Staph aureus	 0.05	 5	

177 Acinetobacter	 0.05	 > 6	 R64 MRSA	 0.05	 6	
J44 Acinetobacter	 0.05	 > 6	 R51 MRSA	 0.05	 3	

R16 Proteus mirabilis	 1.5	 > 6	 R92 MRSA	 0.05	 >6	

R81 Proteus vulgaris	 0.8	 > 6	 S93 MRSA	 0.05	 2	
R26 Proteus mirabilis	 1.5	 > 6	 J67 MRSA	 0.05	 4	
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Outcomes	so	far	
n=	23	 HPN	standard	care	

Mean	(range)	
T-EDTA	4%	
mean	(range)	

Time	on	therapy	 8.5	years		
(7mth-25	yrs)	

12.3	mths		
(1-12.3mths)	

#	lines	in	past	12mths	 19	(1-2)	 2	

#	infections	in	past	12mths	 16	(0-4)	 7		

#	occlusions	part	12mths	
(*required	alteplase)	

11	(0-4)	 0	

#	inpatient	days	past	12mths	 161	(0-90)	 40	(3-37)	

#	patients	on	Swab	Cap	 11	 23	

#	patients	on	Taurolidine	 6	 ---	



Outcomes	so	far	
n=	23	 Blood	Culture	Report	

Female	-	Jan.	3	
July	3	

Staph	aureus	(exit	site,	skin	only)	
Staph	aureus	

Female	-	Feb.	27	 Wickerhamomyces	anomalus	
Klebsiella	pneumonia	

Male	-	April	12	
	
June	26	

Enterobacter	clocae	complex	(peripheral	only,	CVC	not	
removed)	
Esherichia	hermanii,	yeast,	stenotrophomas	maltophilia	
(CVC	removed,	replaced)	

Male	-	July	13	 Pseudomonas	aeruginosa	(exit	site,	skin	only)	

Female	-	July	25	 Enterobacter	cloacae	
Klebsiella	oxytoca	



Limitations	

•  How	sick	they	are	–	chronic	illnesses,	high	risk	for	infection	
(non	TPN-related),	other	primary	source	of	infection	(MBI-
LCBI)	

•  Compliance,	general	hygiene	
•  Effect	of	strength	and	dexterity	–not	available	in	pre-filled	

syringes	currently	
•  Use	of	other	IV	meds	in	CVADs	–	multiple	access	
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Summary	

	

•  There	is	evidence	to	support	the	strategy	of	T-EDTA	4%	for	a	
lock	solution	to	combat	the	Triple	Threat	of	occlusion,	
bacterial	colonization	and	biofilm	formation	.		

	

•  Current	results	are	promising	–	data	tracked	prospectively	on	
incidents	of	occlusion	and	infection,		+/-	intervention	and	
removal/replacement	of	the	CVAD.		

•  T-EDTA	4%	is	useful	for	all	patients	with	CVADs	–	bacteria	
does	not	make	the	differentiation	between	patients	or	types	
of	CVADs	





THANK	YOU	
jocelyngrecia@hotmail.com		
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