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Highlights from 2002 GuidelineHighlights from 2002 Guideline
WhatWhat’’s new since 2002s new since 2002



From the Institute of Medicine: From the Institute of Medicine: 
““Nosocomial Infections = Adverse EventsNosocomial Infections = Adverse Events””

Preventable adverse Preventable adverse 44 44 -- 98,000 deaths  98,000 deaths  
events:events:
CostCost $29 billion$29 billion
Nosocomial infectionsNosocomial infections 5 5 -- 15% in15% in--patientspatients

25 25 -- 50% ICU patients50% ICU patients
ICU InfectionsICU Infections DeviceDevice--relatedrelated

Institute of Medicine, 1999Institute of Medicine, 1999
Bates DW, 1999Bates DW, 1999



Intravascular Catheters in the United StatesIntravascular Catheters in the United States
Purchased per year:Purchased per year: 150 million150 million
Peripheral catheters:Peripheral catheters: 145 million145 million
Central cathetersCentral catheters 5 million5 million

Blood stream infections in hospitalized Blood stream infections in hospitalized 
patients per year:patients per year: 200,000200,000
Related to catheters:Related to catheters: 90%90%
Case fatality rate:Case fatality rate: 14%14%
Morbidity attributed to catheter related BSI:       Morbidity attributed to catheter related BSI:       19%19%

Deaths per year due to catheter related BSI:Deaths per year due to catheter related BSI: 50005000

Maki and Mermel, 1998Maki and Mermel, 1998



Central Venous Catheter Related Blood Central Venous Catheter Related Blood 
Stream Infections in ICUs, United StatesStream Infections in ICUs, United States

Central catheter days per year               15 million         Central catheter days per year               15 million         

Blood stream infection rate                    5.3/1000 daysBlood stream infection rate                    5.3/1000 days

Central catheter related BSI/year           80,000Central catheter related BSI/year           80,000

Deaths/year                                              10,000 Deaths/year                                              10,000 -- 20,00020,000

Cost/year                                                  $0.29Cost/year                                                  $0.296 6 -- 2.3 billion2.3 billion

AJIC 1998; Mermel, Ann Int Med 2000AJIC 1998; Mermel, Ann Int Med 2000



Bloodstream Infection Rates by ICU  Type and Bloodstream Infection Rates by ICU  Type and 
Year Year ------ NNIS, United States, 1990 NNIS, United States, 1990 --20042004

CoronaryCoronary
MedicalMedical
PediatricPediatric
SurgicalSurgical
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Strategies to Reduce Strategies to Reduce 
CatheterCatheter--Related InfectionsRelated Infections



Healthcare Worker Healthcare Worker 
Education and TrainingEducation and Training

Educate healthcare workers regarding Educate healthcare workers regarding 
indications, proper procedure and indications, proper procedure and 
appropriate infection control measures to appropriate infection control measures to 
prevent catheter prevent catheter -- related bloodstream related bloodstream 
infection.infection.



Quality Assurance and EducationQuality Assurance and Education

Sherertz et al. Ann Intern Med 2000;132:645Sherertz et al. Ann Intern Med 2000;132:645



Effect of Effect of ““Procedure CourseProcedure Course”” on Risk for BSIon Risk for BSI

7/957/95--12/9512/95 1/961/96--6/966/96 7/967/96--12/9612/96 1/971/97--6/976/97 7/977/97--12/9712/97

Second CourseSecond Course

CatheterCatheter--related infectionrelated infection Blood Stream InfectionBlood Stream Infection55

44

33

22

11

00Pa
tie

nt
s 

In
fe

ct
ed

/1
00

0 
Pa

tie
nt

Pa
tie

nt
s 

In
fe

ct
ed

/1
00

0 
Pa

tie
nt

-- D
ay

s
D

ay
s

Sherertz et al. Ann Intern Med 2000;132:645Sherertz et al. Ann Intern Med 2000;132:645

First CourseFirst Course
(p=.01)(p=.01)



Quality Assurance and EducationQuality Assurance and Education

Davis et al. JAMA 1999;282:870Davis et al. JAMA 1999;282:870



Interactive CME Effect Change in Interactive CME Effect Change in 
Professional Practice and OutcomesProfessional Practice and Outcomes

Boissel et al, 1995Boissel et al, 1995
Browner et al, 1994Browner et al, 1994
Dietrich et al, 1992Dietrich et al, 1992
Levinson, 1993Levinson, 1993
Kottke et al, 1989Kottke et al, 1989
White et al, 1985White et al, 1985
Wilson et al, 1992Wilson et al, 1992

Didactic sessionDidactic session
SeminarSeminar
Small group didacticSmall group didactic
4.5h didactic presentation4.5h didactic presentation
3h interactive session3h interactive session
2h workshop2h workshop
2h workshop2h workshop

0.07(0.07(--0.17 to 0.30)0.17 to 0.30)
--0.31 (0.31 (--0.71 to 0.11)0.71 to 0.11)
0.36 (0.36 (--0.36 to 0.77)0.36 to 0.77)
0.17 (0.17 (--0.54 to 0.88)0.54 to 0.88)
0.88 (0.46 to 1.29)*0.88 (0.46 to 1.29)*
0.83 (0.19 to 1.45)*0.83 (0.19 to 1.45)*
1.59 (0.60 to 2.54)*1.59 (0.60 to 2.54)*

SourceSource InterventionIntervention Effect Size (95% CI)Effect Size (95% CI)

Davis et al. JAMA 1999;282:870Davis et al. JAMA 1999;282:870



Education and ImplementationEducation and Implementation

Eggimann et al. Lancet 2000; 355:1864Eggimann et al. Lancet 2000; 355:1864--6868



Comparison of Guidelines Used During Comparison of Guidelines Used During 
Control and Intervention PeriodsControl and Intervention Periods

Positioning of patientPositioning of patient

Skin prepSkin prep
Barrier precautionBarrier precaution

TechniqueTechnique

Various                             Nurse mandatoryVarious                             Nurse mandatory

Povidone iodine              ChlorhexidinePovidone iodine              Chlorhexidine
Sterile gloves, small       Full barrier Sterile gloves, small       Full barrier 

fenestrated drape         precautionsfenestrated drape         precautions

No specific training           Didactic session    No specific training           Didactic session    
required                           bedside teachingrequired                           bedside teaching

GuidelineGuideline Control periodControl period Intervention periodIntervention period

Eggimann et al. Lancet 2000; 355:1864Eggimann et al. Lancet 2000; 355:1864--6868



Incidence of Nosocomial Infections Before Incidence of Nosocomial Infections Before 
and After Interventionsand After Interventions

RespiratoryRespiratory
BloodstreamBloodstream
Exit siteExit site
UTIUTI

121 / 13.5121 / 13.5
101 / 11.3101 / 11.3
82 / 9.282 / 9.2
47 / 5.347 / 5.3

54 / 12.754 / 12.7
16 / 3.816 / 3.8
14 / 3.314 / 3.3
22 / 5.222 / 5.2

Eggimann et al. Lancet 2000; 355:1864Eggimann et al. Lancet 2000; 355:1864--6868

NosocomialNosocomial
InfectionInfection

ControlControl InterventionIntervention
RRRR ppNumber/DensityNumber/Density Number/DensityNumber/Density

.93 (.68.93 (.68--1.29)1.29)

.33 (.20.33 (.20--.56).56)

.03 (.20.03 (.20--.63).63)

.98 (059.98 (059--1.63)1.63)

.75.75

.0001.0001

.0001.0001

1.01.0



Cutaneous Antisepsis Before Cutaneous Antisepsis Before 
Catheter InsertionCatheter Insertion

Disinfect clean skin with an appropriate Disinfect clean skin with an appropriate 
antiseptic. A 2% chlorhexidineantiseptic. A 2% chlorhexidine--based based 
preparation is preferred. Alternatively, preparation is preferred. Alternatively, 
tincture of iodine, an iodophor, or 70% tincture of iodine, an iodophor, or 70% 
alcohol could be used.alcohol could be used.



Efficacy of Aqueous Chlorhexidine for Efficacy of Aqueous Chlorhexidine for 
Cutaneous AntisepsisCutaneous Antisepsis

Maki, 1991Maki, 1991

Sheehan, Sheehan, 
19931993

Mimoz, Mimoz, 
19961996

Humar, Humar, 
20002000

Chlorhexidine (2%)Chlorhexidine (2%)
Pov Iod (10%) or AlcPov Iod (10%) or Alc

Chlorhexidine (2%)Chlorhexidine (2%)
Povidone Iodine (10%)Povidone Iodine (10%)

Chlorhex 0.25/Benz 0.25Chlorhex 0.25/Benz 0.25
Povidone IodinePovidone Iodine

Chlorhexidine (0.5%)Chlorhexidine (0.5%)
Povidone iodinePovidone iodine

0.3 (0.10.3 (0.1--0.8)0.8)

0.3 (0.10.3 (0.1--0.9)0.9)

0.4 (0.20.4 (0.2--0.8)0.8)

1.2 (0.81.2 (0.8--1.9)1.9)

0.2 (0.00.2 (0.0--1.9)1.9)

------

0.9 (0.20.9 (0.2--4.2)4.2)

------

ReferenceReference DisinfectantDisinfectant RR Catheter RR Catheter 
ColonizationColonization

RR BSIRR BSI



Barrier Precautions During Barrier Precautions During 
Catheter InsertionCatheter Insertion

Use maximal barrier precautions, including Use maximal barrier precautions, including 
a mask, cap, sterile gown, sterile gloves a mask, cap, sterile gown, sterile gloves 
and a large sterile drape for the insertion of and a large sterile drape for the insertion of 
central venous catheters and guidewire central venous catheters and guidewire 
exchanges.exchanges.



Reduced  Risk of CRReduced  Risk of CR--BSI BSI 
Using Full Barrier PrecautionsUsing Full Barrier Precautions

297 pulmonary artery catheters studied297 pulmonary artery catheters studied
91 catheters inserted in the ICU using full 91 catheters inserted in the ICU using full 
barrier precautionsbarrier precautions
206 catheters inserted in OR without large 206 catheters inserted in OR without large 
sterile sheet or sterile gownsterile sheet or sterile gown
Analysis of risk by logistic regressionAnalysis of risk by logistic regression

Mermel et al. Am J Med 1991; 201Mermel et al. Am J Med 1991; 201--44



Risk Factors for CRRisk Factors for CR--BSIBSI

Relative RiskRelative Risk 95% CI95% CI p Valuep ValueFactorFactor

Site colonizationSite colonization
> 100 CFU> 100 CFU

IJ placementIJ placement

Duration > 3 daysDuration > 3 days

Placement in ORPlacement in OR

Mermel et al. Am J Med 1991; 201Mermel et al. Am J Med 1991; 201--44

5.55.5 2.92.9--10.510.5 < 0.001< 0.001

4.34.3 1.11.1--16.916.9 < 0.01< 0.01

3.13.1 1.61.6--6.06.0 < 0.01< 0.01

2.12.1 1.11.1--5.25.2 < 0.03< 0.03



Comparability of Catheters Inserted in Comparability of Catheters Inserted in 
the ICU vs Operating Roomthe ICU vs Operating Room

Location of Catheters (%)Location of Catheters (%)
••Internal JugularInternal Jugular
••SubclavianSubclavian
••FemoralFemoral

4444
3232
1313

9393**
66
11

Use of catheter for TPN (%)Use of catheter for TPN (%) 5555** 33

Duration catheter in place (hrs)Duration catheter in place (hrs) 9292** 7070

Infection of catheterInfection of catheter 13 (15.1%)13 (15.1%) 52 (24.6%)52 (24.6%)

ICUICU
n = 86n = 86

Operating RoomOperating Room
n = 211n = 211

Mermel et al. Am J Med 1991; 201Mermel et al. Am J Med 1991; 201--44**p < 0.01p < 0.01



Routine Replacement of Routine Replacement of 
Central Venous CathetersCentral Venous Catheters

Do not routinely replace central venous Do not routinely replace central venous 
catheters as a method of preventing catheters as a method of preventing 
catheter related infectionscatheter related infections



Routine Replacement StrategiesRoutine Replacement Strategies

Cook et al. Crit Care Med 1997; 25:1417Cook et al. Crit Care Med 1997; 25:1417--2424



Summary of Randomized TrialsSummary of Randomized Trials

Pettigrew et al. 1985Pettigrew et al. 1985 3838 NSR vs GWXNSR vs GWX
Michel et al. 1988Michel et al. 1988 5454 NSR vs GWXNSR vs GWX
Snyder et al. 1988Snyder et al. 1988 303303 NSR vs GWX q 3dNSR vs GWX q 3d
Eyer et al. 1990Eyer et al. 1990 294294 NSR vs GWX q 7d vs prnNSR vs GWX q 7d vs prn
Kowalewska et al. 1991Kowalewska et al. 1991 3131 NSR q 7d vs GWX q 3d NSR q 7d vs GWX q 3d 
Cobb et al. 1992Cobb et al. 1992 523523 NSR q3d vs GWX q3d vs prnNSR q3d vs GWX q3d vs prn
Senegore et al. 1987Senegore et al. 1987 2525 NSR vs GWX  NSR vs GWX  
Bach et al. 1992Bach et al. 1992 148148 NSR vs GWX NSR vs GWX 
Kealey et al. 1995Kealey et al. 1995 264264 NSR q 2d vs GWX q 2d NSR q 2d vs GWX q 2d 
Powell et al. 1988Powell et al. 1988 126126 GWX q 3 d vs GWX prn GWX q 3 d vs GWX prn 
Bock et al. 1990Bock et al. 1990 107107 NSR q 3d vs NSR prn  NSR q 3d vs NSR prn  
Uldall et al. 1981Uldall et al. 1981 NRNR GWX q 7 d vs NSR prn GWX q 7 d vs NSR prn 

AuthorAuthor # Catheters# Catheters InterventionIntervention



Antibiotic/Antiseptic CathetersAntibiotic/Antiseptic Catheters

Use an antimicrobial or antisepticUse an antimicrobial or antiseptic--impregnated CVC impregnated CVC 
in  adults whose catheter is expected to remain in in  adults whose catheter is expected to remain in 
place >5 days if, after implementing a comprehensive place >5 days if, after implementing a comprehensive 
strategy to reduce rates of CRstrategy to reduce rates of CR--BSI, the rate has not BSI, the rate has not 
sufficiently decreased. The comprehensive strategy sufficiently decreased. The comprehensive strategy 
should include the following 3 components: should include the following 3 components: 
educating persons who insert and maintain educating persons who insert and maintain 
catheters,  use of maximal barrier precautions, and  a catheters,  use of maximal barrier precautions, and  a 
2% chlorhexidine preparation for skin antisepsis 2% chlorhexidine preparation for skin antisepsis 
during central venous catheter insertion.during central venous catheter insertion.



Efficacy of ChlorhexidineEfficacy of Chlorhexidine--Silver Sulfadiazine Silver Sulfadiazine 
Catheters for Prevention of CRCatheters for Prevention of CR--BSIBSI

Maki, 1997Maki, 1997
van Heerden, 1997van Heerden, 1997
Heard, 1998Heard, 1998
Bach,1996Bach,1996
Collin, 1999Collin, 1999
George, 1999George, 1999
Pemberton, 1996 Pemberton, 1996 
Logghe, 1997Logghe, 1997

0.56 (0.360.56 (0.36--0.89)*0.89)*
0.4 (0.10.4 (0.1--1.0)*1.0)*

0.59 (0.340.59 (0.34--0.97)*0.97)*
0.6 (0.40.6 (0.4--0.9)*0.9)*
0.1 (0.00.1 (0.0--0.7)*0.7)*
0.3 (0.20.3 (0.2--0.6)*0.6)*

----
----

0.2 (0.030.2 (0.03--0.95)*0.95)*
----
----

0.5 (0.40.5 (0.4--0.7)*0.7)*
0.5 (0.40.5 (0.4--0.7)*0.7)*

----
0.8 (0.20.8 (0.2--4.7)4.7)
1.2 (0.61.2 (0.6--2.3)2.3)

Mermel, Ann Intern Med 2000; 132:391Mermel, Ann Intern Med 2000; 132:391--402402
Eggimann and Pittet, Advances in Sepsis, 2000Eggimann and Pittet, Advances in Sepsis, 2000

ReferenceReference ColonizationColonization
RRRR

Blood Stream Blood Stream 
Infection RRInfection RR



Efficacy of ChlorhexidineEfficacy of Chlorhexidine--Silver Sulfadiazine Silver Sulfadiazine 
Catheters for Prevention of Catheter ColonizationCatheters for Prevention of Catheter Colonization

Collin, 1999Collin, 1999

George, 1999George, 1999

van Heerden, 1997van Heerden, 1997

Maki, 1997Maki, 1997

Heard, 1998Heard, 1998

Bach, 1996Bach, 1996

--0.20.2 00 0.20.2 0.40.4 0.60.6 0.80.8 11 1.21.2

Odds ratio, 95% CIOdds ratio, 95% CI Decreasing risk         Increasing riskDecreasing risk         Increasing risk



Efficacy of ChlorhexidineEfficacy of Chlorhexidine--Silver Sulfadiazine Silver Sulfadiazine 
Catheters for Prevention of CRCatheters for Prevention of CR--BSIBSI

Odds ratio, 95% CIOdds ratio, 95% CIDecreasing risk         Increasing riskDecreasing risk         Increasing risk

--11 00 11 22 33 44 55

Maki, 1997Maki, 1997

Bach, 1996Bach, 1996

Pemberton, 1996Pemberton, 1996

Logghe, 1997Logghe, 1997

Collin, 1999Collin, 1999



Time to Occurrence of CRTime to Occurrence of CR--BSI with BSI with 
MinocylineMinocyline--Rifampin CatheterRifampin Catheter

MinocyclineMinocycline--rifampin rifampin 
catheterscatheters

Raad, Annals Intern Raad, Annals Intern 
Med 1997Med 1997

Catheters (n)      266     170           50          11         Catheters (n)      266     170           50          11         6            1            06            1            0
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UncoatedUncoated cathetercatheter

00

1.01.0
0.90.9
0.80.8
0.70.7
0.60.6
0.50.5
0.40.4
0.30.3
0.10.1
0.00.0

55 1010 1515 2020 2525 3030
Duration of Catheterization (Days)Duration of Catheterization (Days)



Risk of Bloodstream Infections Using Two Risk of Bloodstream Infections Using Two 
Types of Impregnated CathetersTypes of Impregnated Catheters

00

1.01.0
0.90.9
0.80.8
0.70.7
0.60.6
0.50.5
0.40.4
0.30.3
0.10.1
0.00.0

55 1010 1515 2020 2525 3030

MinocyclineMinocycline--rifampin rifampin 
catheterscatheters

ChlorhexidineChlorhexidine--silver silver 
sulfadiazine catheterssulfadiazine catheters
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Duration of Catheterization (Days)Duration of Catheterization (Days)

M/RM/R
C/SSC/SS

365365
382382

214214
246246

9393
9696

4848
3939

2020
1818

99
55

44
22

No. at RiskNo. at Risk
Darouiche Darouiche 
NEJM 1999NEJM 1999

CatheterCatheter



WhatWhat’’s New?s New?



Catheter Site Catheter Site 
Dressing RegimensDressing Regimens

UseUse a chlorhexidine sponge dressing in a chlorhexidine sponge dressing in 
adult patients with shortadult patients with short--term catheters term catheters 
to reduce the incidence of infection to reduce the incidence of infection 
cathetercatheter--related infection.related infection.



Timsit JF et al. JAMA 2009



Annals of Internal Med 2005Annals of Internal Med 2005

Eliminating Catheter Related InfectionsEliminating Catheter Related Infections



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections

777 Catheters777 Catheters
393 Control catheters and 384 antiseptic catheters393 Control catheters and 384 antiseptic catheters
Funding source: ArrowFunding source: Arrow
Sponsor collected and analyzed the dataSponsor collected and analyzed the data
Difference in BSI not significant (0.42/1000 Difference in BSI not significant (0.42/1000 
catheter days vs 1.24/1000 catheter days)catheter days vs 1.24/1000 catheter days)



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections

Crit Crit Care Med; October 2004Care Med; October 2004



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections

Educational intervention to increase provider Educational intervention to increase provider 
awarenessawareness
Created CVC insertion cartCreated CVC insertion cart
Asking providers daily if the CVC is neededAsking providers daily if the CVC is needed
Checklist at bedside for nursesChecklist at bedside for nurses
Empowering nurses to stop the procedureEmpowering nurses to stop the procedure
Did not include tunneled of PA cathetersDid not include tunneled of PA catheters





Eliminating Catheter Related Infections Eliminating Catheter Related Infections 

Implemented simple strategiesImplemented simple strategies
No impregnated cathetersNo impregnated catheters
Reduced infection rate from 11.3/1000 catheter Reduced infection rate from 11.3/1000 catheter 
days to 0/1000 catheter days during study perioddays to 0/1000 catheter days during study period
Performance sustainedPerformance sustained
JanJan--April 2003 only 2 infections (0.54/1000 catheter April 2003 only 2 infections (0.54/1000 catheter 
days)days)



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections

Excluded PICCSExcluded PICCS
Implemented teaching programImplemented teaching program
CVC cartsCVC carts
Checklist for compliance with Checklist for compliance with handwashing handwashing and and 
barrier precautionsbarrier precautions



Eliminating Catheter Related InfectionsEliminating Catheter Related Infections



SummarySummary

Educate healthcare workers and provide training Educate healthcare workers and provide training 
for the insertion and maintenance of cathetersfor the insertion and maintenance of catheters
Use chlorhexidine preferentially for skin Use chlorhexidine preferentially for skin 
antisepsisantisepsis
Use maximal barrier precautionsUse maximal barrier precautions
Use a Use a chlorhexidine chlorhexidine sponge dressing in adults sponge dressing in adults 
with shortwith short--term cathetersterm catheters
Use an antibiotic/antiseptic catheters if CRI rates Use an antibiotic/antiseptic catheters if CRI rates 
remain above the institutional goal after remain above the institutional goal after 
implementing other measures.implementing other measures.
Use a bundled strategyUse a bundled strategy for simplicityfor simplicity



ConclusionsConclusions

Prevention strategies have measurable impactPrevention strategies have measurable impact
Multiple interventions may be neededMultiple interventions may be needed
Performance improvement programs will be Performance improvement programs will be 
focused on moving toward elimination of focused on moving toward elimination of CACA--
BSIs BSIs rather than rather than ““benchmark goalsbenchmark goals””



Thank you.Thank you.


