
Prevention of Prevention of 
CatheterCatheter--related Bloodstream related Bloodstream 

InfectionInfection

jenny tong may geokjenny tong may geokjenny tong may geokjenny tong may geok

15.4.200815.4.2008

langkawilangkawi



CVCCVC Central venous catheterCentral venous catheter

CRCR--BSIBSI CatheterCatheter--related bloodstream infectionrelated bloodstream infection



IntroductionIntroduction

�� CVC play integral role in management of critically ill patientsCVC play integral role in management of critically ill patients

�� CVC disrupt the integrity of skin, making introduction of infectious CVC disrupt the integrity of skin, making introduction of infectious 
agent. This leads to sepsis and possibly lead to deathagent. This leads to sepsis and possibly lead to death

�� Potential morbidity and mortality associated with CRPotential morbidity and mortality associated with CR--BSIBSI

�� CRCR--BSI preventable if evidenceBSI preventable if evidence--based infection control practices based infection control practices 
are adheredare adhered

Berenholtz CCM 2004Berenholtz CCM 2004

Provonovost NEJM 2006Provonovost NEJM 2006



IntroductionIntroduction

� US :15 million CVC days
: 80 000 CR-BSIs / year

Mermel Ann Intern Med 2000

O’Grady MMWR 2002

� Exact cost difficult to quantify
-Expenditure

US$11,971 per episode of CR-BSI Warren CCM 2006

US$56,167 per episode of CR-BSIUS$56,167 per episode of CR-BSI Dimick Arch Surg 2001

-Increased Length of stay
ICU-average increase of 2.41 days Warren CCM 2006

Hospital stay-average increase of 7.54 days Warren CCM 2006

-Mortality
Attributable mortality controversial
Unadjusted mortality rates 16-25% Higuera CCM 2005 

Rosenthal AJMC 2003

Adjusted mortality rates 0-17% Blot Clin Infect Dis 2005

Digiovine AJRCCM 1999

Diekema JCM 2003



IntroductionIntroduction

�� > 3,500 CR> 3,500 CR--BSI per yearBSI per year

�� CVCCVC--BSI rate of 23 per 1000 cathetersBSI rate of 23 per 1000 catheters

6 infections per 1,000 catheter days in ICU6 infections per 1,000 catheter days in ICU�� 6 infections per 1,000 catheter days in ICU6 infections per 1,000 catheter days in ICU VICNISS 2003VICNISS 2003--20042004

�� Prolong hospital LOS by 7 daysProlong hospital LOS by 7 days ICHE 1999ICHE 1999

�� Attributable cost per BSI $3,700Attributable cost per BSI $3,700--$29,000$29,000 ICHE 1999ICHE 1999

�� Attributable mortality for all BSIsAttributable mortality for all BSIs : 12%: 12% Aust Prescriber 2003Aust Prescriber 2003



Prevention strategiesPrevention strategiesPrevention strategiesPrevention strategies



�� Prior to placement of CVCPrior to placement of CVC

�� CVC remains indwelling in patient till removalCVC remains indwelling in patient till removal



Prior to placement of CVC

1. Education

2. Hand hygiene

3. Maximal barrier precautions3. Maximal barrier precautions

4. Chlorhexidine skin antisepsis

5. Catheter site selection

6. Type of CVC

-antibiotic/antiseptic-impregnated

-multi-lumen



CVC indwelling in patient

1. Dressing care

2. Catheter securement devices

3. Daily review

4. Changing CVCs

5. Change of administration sets

6. Type of hubs

7. Prophylactic antibiotics

8. In-line filters

9. Prompt / Early removal



Education (1A)Education (1A)

� Cornerstone of efforts to decrease CR-BSIs

� Aim at entire healthcare team

Implementation in single-centre studies have shown marked � Implementation in single-centre studies have shown marked 
decrease in CR-BSI 

Coppersmith CCM 2002

Coppersmith Arch Surg 2004

Sherertz Lancet 2000

Eggimann Lancet 2000

� Need to repeat programs regularly to cater for staff turnover



EducationEducation

�� Pre and post intervention observational studyPre and post intervention observational study

�� Program directed towards nurses in 18Program directed towards nurses in 18--bedded surgical ICUbedded surgical ICU�� Program directed towards nurses in 18Program directed towards nurses in 18--bedded surgical ICUbedded surgical ICU

�� Pre and post testPre and post test

�� 10 page self10 page self--study module related to CRstudy module related to CR--BSI (epidemiology, risk factors, BSI (epidemiology, risk factors, 
prevention strategies etc) prevention strategies etc) 

�� Verbal inVerbal in--service at staff meetingsservice at staff meetings

�� Posters pasted in the ICUPosters pasted in the ICU

�� Decrease of 10.8 to 3.7 per 1000 catheter days Decrease of 10.8 to 3.7 per 1000 catheter days 
p<0.0001p<0.0001



Hand Hygiene (1A)Hand Hygiene (1A)

�� First step First step 

�� Simplest Simplest 

Despite repeated reminders, HCW repeatedly fail in this simple taskDespite repeated reminders, HCW repeatedly fail in this simple task�� Despite repeated reminders, HCW repeatedly fail in this simple taskDespite repeated reminders, HCW repeatedly fail in this simple task

�� Chlorhexidine in alcohol or alcohol hand rubChlorhexidine in alcohol or alcohol hand rub

�� Personal responsibility of the HCW inserting CVCPersonal responsibility of the HCW inserting CVC



Maximal barrier precautions (1A)Maximal barrier precautions (1A)

� ICU needs to be treated like it is an operating room

� Studies have confirmed reduction in CR-BSI rates with full 
barrier precautions compared with less stringent precautions

� Cost effective

Long-term savings from decreased morbidity and mortality 
outweighing small incremental costs associated with 
purchasing barrier supplies

Hu KK Clin Infect Dis 2004



Chlorhexidine skin antisepsis (1A)Chlorhexidine skin antisepsis (1A)

�� Pathogenesis of CRPathogenesis of CR--BSI related to catheter contamination BSI related to catheter contamination 

at time of insertionat time of insertion

Skin antisepsis is crucialSkin antisepsis is crucial�� Skin antisepsis is crucialSkin antisepsis is crucial

�� Chlorhexidine 2% is preferredChlorhexidine 2% is preferred



Catheter site Selection

�� Optimal site is subclavian veinOptimal site is subclavian vein

CDC Grade 1A recommendationCDC Grade 1A recommendation�� CDC Grade 1A recommendationCDC Grade 1A recommendation

�� ExceptionsExceptions



Type of CVC Type of CVC –– Impregnated CVCImpregnated CVC

�� Developed to reduce CRDeveloped to reduce CR--BSIBSI

�� Use for prevention of CVC microbial colonisation and CRUse for prevention of CVC microbial colonisation and CR--BSI BSI 
remains controversialremains controversial

�� 3 types of impregnated CVC3 types of impregnated CVC

�� AntisepticAntiseptic--impregnated impregnated 

Chlorhexidine/silver sulfadiazineChlorhexidine/silver sulfadiazine

�� AntibioticAntibiotic--impregnated impregnated 

Minocycline/rifampicinMinocycline/rifampicin

�� Coated with silver/platinium/carbonCoated with silver/platinium/carbon



Type of CVC Type of CVC 

AntisepticAntiseptic--impregnatedimpregnated

�� Impregnated with Impregnated with Chlorhexidine/silver sulfadiazineChlorhexidine/silver sulfadiazine

�� May be less susceptible to bacterial resistanceMay be less susceptible to bacterial resistance

�� MetaMeta--analyses of 11 studies including 2603 CVCs analyses of 11 studies including 2603 CVCs 

Standard CVC compared with chlorhexidine/silver sulfadiazine CVC Standard CVC compared with chlorhexidine/silver sulfadiazine CVC Standard CVC compared with chlorhexidine/silver sulfadiazine CVC Standard CVC compared with chlorhexidine/silver sulfadiazine CVC 

Incidence of CRIncidence of CR--BSI : OR = 0.56BSI : OR = 0.56 95% CI = 0.3795% CI = 0.37--0.840.84

Incidence of colonisation: OR = 0.44 95% CI = 0.36Incidence of colonisation: OR = 0.44 95% CI = 0.36--0.540.54

Favouring antisepticFavouring antiseptic--impregnated CVCimpregnated CVC

Only 1 study was sufficiently poweredOnly 1 study was sufficiently powered

Veenstra JAMA 1999Veenstra JAMA 1999

�� 1st generation1st generation--Coated on external surfaceCoated on external surface

t1/2 against S epidermidis is 3 dayst1/2 against S epidermidis is 3 days

Antimicrobial activity decreases over time (useful for first 14 days)Antimicrobial activity decreases over time (useful for first 14 days)



Type of CVCType of CVC
AntisepticAntiseptic--impregnated impregnated 

�� External surface has 3X more chlorhexidine and combined with silver External surface has 3X more chlorhexidine and combined with silver 
sulfadiazine Internal also coated with chlorhexidine. Has prolonged antisulfadiazine Internal also coated with chlorhexidine. Has prolonged anti--sulfadiazine Internal also coated with chlorhexidine. Has prolonged antisulfadiazine Internal also coated with chlorhexidine. Has prolonged anti--
infectivity propertiesinfectivity properties

�� 780 patients780 patients

�� Colonisation : Colonisation : 13.3 s 24.1 per 1000 catheter days p<0.0113.3 s 24.1 per 1000 catheter days p<0.01

�� CRCR--BSI : BSI : 0.42 vs 1.24 per 1000 catheter days p=0.60.42 vs 1.24 per 1000 catheter days p=0.6

�� Conclusion : Conclusion : Reduce microbial colonisation compared with uncoated Reduce microbial colonisation compared with uncoated 
catheter and well toleratedcatheter and well tolerated



Type of CVCType of CVC
AntibioticAntibiotic--impregnatedimpregnated

� Minocycline / rifampicin most common

� Luminal and external surfaces 

� T1/2 against S epidermidis is 25 days

� Antimicrobial activity is present on both the external and the internal surfaces of the � Antimicrobial activity is present on both the external and the internal surfaces of the 
catheter

� Theoretically, provide continuous antimicrobial activity for 14 days

� Antimicrobial resistance is an issue of potential concern

� 1 multicentre RCT 
Minocycline/rifampicin vs chlorhexidine/silver sulfadiazine (older generation) CVC
738 catheters in 698 patients
CR-BSI : 0.3% vs 3.4
Catheter colonisation : 7.9% vs 22.8%

Darouiche NEJM 1999



Type of CVCType of CVC
AntibioticAntibiotic--impregnatedimpregnated

� Meta-analysis of 7 RCT 1997-2006

Minocycline/rifampicin CVC vs CVC without mino/rifam 
impregnation

CR-BSI OR = 0.23 95% CI 0.14-0.40

Catheter colonisation OR = 0.46 95% CI 0.31-0.69

Conclusion: CVC impregnated with minocycline/rifampicin 
was effective in reducing CR-BSI and catheter colonisation

Antimicrobial and chemotherapy 2006



Type of CVC Type of CVC 

Coated with silver/platinium/carbonCoated with silver/platinium/carbon

�� Recently developedRecently developed

�� Provides continuous release of silver ions (bactericidal, viracidal, Provides continuous release of silver ions (bactericidal, viracidal, 
fungicidal)fungicidal)

�� Several studiesSeveral studies (Corral J Hosp Infect 2003, Bong J Clin Patho 2003, Ranucci CCM (Corral J Hosp Infect 2003, Bong J Clin Patho 2003, Ranucci CCM 

2003) 2003) evaluating CRevaluating CR--BSI and catheter colonisation have been BSI and catheter colonisation have been 
neutral to favourableneutral to favourable

�� Fraenkel Fraenkel (CCM 2006)(CCM 2006) compared with minocycline/rifampicincompared with minocycline/rifampicin

No difference in CRNo difference in CR--BSI BSI 

Lower colonisation with minocycline/rifampicinLower colonisation with minocycline/rifampicin



Conclusion:Conclusion:

�� Definite benefit in reducing CRDefinite benefit in reducing CR--BSI and catheter colonisationBSI and catheter colonisation

�� Concerns about bacterial resistance not demonstratedConcerns about bacterial resistance not demonstrated

CDC recommendation (1B)CDC recommendation (1B)�� CDC recommendation (1B)CDC recommendation (1B)

--Use antiseptic or antibioticUse antiseptic or antibiotic--impregnated CVC in impregnated CVC in 
adults whose CVC is expected to remain in place > adults whose CVC is expected to remain in place > 
5 days, if after implementing a comprehensive 5 days, if after implementing a comprehensive 
strategy to reduce rates of CRstrategy to reduce rates of CR--BSI and CRBSI and CR--BSI rates BSI rates 
remain above the goal set by individual institution remain above the goal set by individual institution 
based on benchmark ratesbased on benchmark rates (1B)(1B)
(Burns patients, neutropenic patients)(Burns patients, neutropenic patients)



Type of CVCType of CVC
MultiMulti--lumenlumen

�� Results of studies between single, double or tripleResults of studies between single, double or triple--lumen lumen 
catheters on rates of  CRcatheters on rates of  CR--BSI not consistentBSI not consistent

�� Ma et al Ma et al (Clin Infect Dis1998)(Clin Infect Dis1998) demonstrated that TPN via multidemonstrated that TPN via multi--
lumen catheters (double and triple) does not increase risk of lumen catheters (double and triple) does not increase risk of lumen catheters (double and triple) does not increase risk of lumen catheters (double and triple) does not increase risk of 
CRCR--BSI BSI 

�� Conclusion:Conclusion:

No increase in CRNo increase in CR--BSI with use of multiBSI with use of multi--lumen CVClumen CVC

�� CDC:CDC: Use CVC with minimum number of ports or Use CVC with minimum number of ports or 
lumens essential for the management of the lumens essential for the management of the 
patient (1B)patient (1B)



Dressing careDressing care

�� Transparent semipermeable polyurethrane dressings are popularTransparent semipermeable polyurethrane dressings are popular

Reliably secure deviceReliably secure device

Permit continuous visual inspection of catheter sitePermit continuous visual inspection of catheter site

Permit patients to bathe without saturating dressingsPermit patients to bathe without saturating dressings

Require less changesRequire less changesRequire less changesRequire less changes

� RCT of PAC

EOD change of gauze dressings vs 5-day change of transparent dressings

No difference in CR-BSI Maki CCM 1994Maki CCM 1994

� RCT of peripheral catheters

Rate of catheter colonisation using transparent vs sterile gauze dressing 
was comparable (5.7% vs 4.6%)

Maki JAMA 1987



Dressing careDressing care

�� Use sterile gauze or transparent semiUse sterile gauze or transparent semi--permeable polyurethrane permeable polyurethrane 
dressings according to institutional preferencedressings according to institutional preference

�� Bleeding : gauze dressings preferredBleeding : gauze dressings preferred

�� Change grossly soiled dressings once visibleChange grossly soiled dressings once visible

�� CCMS: Change transparent dressings every 7 days (II)CCMS: Change transparent dressings every 7 days (II)

Change gauze dressings every 2 days (II)Change gauze dressings every 2 days (II)



Dressing careDressing care

�� Chlorhexidine dressings (Biopatch) demonstrated decrease in exit site Chlorhexidine dressings (Biopatch) demonstrated decrease in exit site 
colonisation but no change in CRcolonisation but no change in CR--BSI rates (unresolved)BSI rates (unresolved)

�� Antibiotic ointment at dressing siteAntibiotic ointment at dressing site

--1 RCT of 129 HD catheters1 RCT of 129 HD catheters--1 RCT of 129 HD catheters1 RCT of 129 HD catheters

PovidonePovidone--iodine ointment applied at site of insertion iodine ointment applied at site of insertion 
demonstrated reduced incidence of exitdemonstrated reduced incidence of exit--site site infections, catheter infections, catheter 
tip colonisation and BSItip colonisation and BSI

--Mupirocin ointment Mupirocin ointment ––can reduce risk of CRcan reduce risk of CR--BSI but associated BSI but associated 
with resistancewith resistance

--Risk of cutaneous fungal infectionRisk of cutaneous fungal infection



Catheter securement devicesCatheter securement devices

�� Sutureless securement devices advantageous over suture in Sutureless securement devices advantageous over suture in 
preventing CRpreventing CR--BSIBSI

�� 1 study compared sutureless (Statlock) vs suture securement for PICC1 study compared sutureless (Statlock) vs suture securement for PICC

CRCR--BSI = 2 vs 10 p<0.032BSI = 2 vs 10 p<0.032

Small population (170) and underpoweredSmall population (170) and underpowered

�� No recommendation (Unresolved issue)No recommendation (Unresolved issue)



Daily review and SurveillanceDaily review and Surveillance

�� Risk of CRRisk of CR--BSI increases the longer the CVC stays in placeBSI increases the longer the CVC stays in place

�� The necessity of a CVC must be assessed daily for its continued useThe necessity of a CVC must be assessed daily for its continued use

�� If no indication If no indication –– remove itremove it

�� Monitor catheter sites visually / palpation (1B)Monitor catheter sites visually / palpation (1B)



Changing CVCChanging CVC

�� CVC replacement at scheduled time intervals has CVC replacement at scheduled time intervals has 
not reduced CRnot reduced CR--BSI ratesBSI rates

2 trials comparing a strategy of changing every 7 2 trials comparing a strategy of changing every 7 �� 2 trials comparing a strategy of changing every 7 2 trials comparing a strategy of changing every 7 
days vs a strategy of changing as neededdays vs a strategy of changing as needed
No difference in CRNo difference in CR--BSI ratesBSI rates

Uldall Lancet 1981,Uldall Lancet 1981, Eyer CCM1990Eyer CCM1990

�� CDC : Do not routinely replace CVC, PAC, HD CDC : Do not routinely replace CVC, PAC, HD 
catheters to prevent CRcatheters to prevent CR--BSI ( 1B )BSI ( 1B )



Changing CVCChanging CVC
Guidewire exchangeGuidewire exchange

�� Guidewire exchange is associated with increased Guidewire exchange is associated with increased 

infectious risk and should not be performed routinelyinfectious risk and should not be performed routinely

Cook 1997Cook 1997

�� CDC:CDC: --Do not use guidewire exchanges Do not use guidewire exchanges 
routinely for nontunneled catheters to routinely for nontunneled catheters to 
prevent infection (1B)prevent infection (1B)

--Use guidewire exchane to replace a Use guidewire exchane to replace a 
malfunctioning nontunneled catheter if no malfunctioning nontunneled catheter if no 
evidence of infection is present (1B)evidence of infection is present (1B)



Change of administration setsChange of administration sets

�� Should be changed no more frequently than 96 hoursShould be changed no more frequently than 96 hours

�� Blood/products/lipidBlood/products/lipid--change dailychange daily

Cochrane Database Sys Rev 2005Cochrane Database Sys Rev 2005

CCMS (2004) :CCMS (2004) :�� CCMS (2004) :CCMS (2004) :

Not more frequently than 72 hours is safe and costNot more frequently than 72 hours is safe and cost--
effective unless CReffective unless CR--BSI suspected  (1A)BSI suspected  (1A)



Needleless, open and closed hubsNeedleless, open and closed hubs

�� Have not been demonstrated to change CRHave not been demonstrated to change CR--BSI ratesBSI rates

�� CCMS : CCMS : Wipe access port with alcohol wipe (1B)Wipe access port with alcohol wipe (1B)

Change needless components no more Change needless components no more 
frequently than 72 hr (II)frequently than 72 hr (II)



Prophylactic antibioticsProphylactic antibiotics

�� No studies have demonstrated that oral or parenteral No studies have demonstrated that oral or parenteral 
antibiotics reduce incidence of CRantibiotics reduce incidence of CR--BSI among adultsBSI among adults

�� LBW infantsLBW infants--2 studies , vancomycin reduced CR2 studies , vancomycin reduced CR--BSI but not BSI but not 
mortalitymortalitymortalitymortality

�� NO ROLENO ROLE



InIn--line filtersline filters

�� Reduce incidence of infusionReduce incidence of infusion--related phlebitisrelated phlebitis

�� No data to support efficacy in preventing CRNo data to support efficacy in preventing CR--BSIBSI

�� CDC: No recommendation for using inCDC: No recommendation for using in--line filtersline filters



AntiAnti--coagulantscoagulants

�� Anticoagulant flush solutions to prevent catheter thrombosis, Anticoagulant flush solutions to prevent catheter thrombosis, 
which serve as nidus for microbial colonisationwhich serve as nidus for microbial colonisation

Heparin reduced CV thrombosis but not CRHeparin reduced CV thrombosis but not CR--BSIBSI�� Heparin reduced CV thrombosis but not CRHeparin reduced CV thrombosis but not CR--BSIBSI

�� HeparinHeparin--bonded coating with benzalkonium chloride (antibonded coating with benzalkonium chloride (anti--
thrombotic and antimicrobial)thrombotic and antimicrobial)


