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1. The pathogenesis of vascular catheter-related 
BSI and the role of biofilm. 

2. How understanding epidemiology and 
pathogenesis drives strategies for prevention of 
vascular catheter-associated infection.

3. Novel technologies for prevention of vascular 
catheter-related BSI based on prevention of 
surface biofilm formation. 

4. Progress in similar technology for prevention of  
ETT-associated VAP and CAUTI . 
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1.1. The pathogenesis of vascular The pathogenesis of vascular 
cathetercatheter --related BSI and the role of related BSI and the role of 
biofilm. biofilm. 
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1. The pathogenesis of vascular catheter-related BSI  and the  
role of biofilm. 

2.2. And how understanding And how understanding 
epidemiology and pathogenesis epidemiology and pathogenesis 
drives strategies for prevention of drives strategies for prevention of 
vascular cethetervascular cetheter --related BSI.related BSI.
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1. The pathogenesis of vascular catheter-related BSI  and the  
role of biofilm. 

2. How understanding epidemiology and pathogenesis 
drives strategies for prevention.

3.3. Novel technologies for prevention of Novel technologies for prevention of 
vascular cathetervascular catheter --related BSI based related BSI based 
on prevention of surface biofilm on prevention of surface biofilm 
formation. formation. 
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1. The pathogenesis of vascular catheter-related 
BSI and the  role of biofilm. 

2. How understanding epidemiology and 
pathogenesis drives strategies for prevention.

3. Novel technologies for prevention of vascular cat heter-
related BSI based on prevention of surface biofilm 
formation . 

4.4. Progress in similar technology Progress in similar technology 
for prevention of  ETTfor prevention of  ETT --
associated VAP and CAUTIassociated VAP and CAUTI . . 
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The Modern Bionic Man



Diagram illustrating the configuration of the intra cranial pressDiagram illustrating the configuration of the intra cranial press ure ure 
monitor system.monitor system. 1, calibration port; 2, 1 ml flush syringe; 3, 10 m l 1, calibration port; 2, 1 ml flush syringe; 3, 10 m l 
reservoir syringe; 4, pressure transducer.  Arrow t o recorder.reservoir syringe; 4, pressure transducer.  Arrow t o recorder.

Aucoin et al., Aucoin et al., Am J MedAm J Med 80:369 (1986)80:369 (1986)



Number of CABGs and Prosthetic Valve Number of CABGs and Prosthetic Valve 
Implantations Done in the United States Implantations Done in the United States 

Each YearEach Year

Sanpedro, Patel. Sanpedro, Patel. Med Clin N AmerMed Clin N Amer 20072007

Sites of pacemakerSites of pacemaker --associated infectionassociated infection .  There are several distinct .  There are several distinct 
clinical syndromes associated with pacemaker infect ion.  Pacemakclinical syndromes associated with pacemaker infect ion.  Pacemak er er 

infections may involve infections may involve the pocketthe pocket (location of the generator pack), (location of the generator pack), 

the the lead wirelead wire (electrode), or (electrode), or endocarditisendocarditis ..



Number of Prosthetic Joint Implantations Number of Prosthetic Joint Implantations 
Done in the United States AnnuallyDone in the United States Annually

Sanpedro, Patel. Sanpedro, Patel. Med Clin N AmerMed Clin N Amer 20072007

Number of Prosthetic Joint Revisions Number of Prosthetic Joint Revisions 
Done in the United States AnnuallyDone in the United States Annually

Sanpedro, Patel. Sanpedro, Patel. Med Clin N AmerMed Clin N Amer 20072007



INFECTIONS OF IMPLANTED INFECTIONS OF IMPLANTED 
BIOPROSTHETIC MEDICAL DEVICESBIOPROSTHETIC MEDICAL DEVICES

Message 1Message 1

ventricular shuntsventricular shunts ……orthopedic hardware orthopedic hardware ---- especially especially 
prosthetic jointsprosthetic joints ……prosthetic heart valvesprosthetic heart valves ……pacemakers and pacemakers and 
IACDsIACDs ……LVADsLVADs …… vascular and AV graftsvascular and AV grafts ……arterial arterial 
stentsstents ……intraperitoneal shuntsintraperitoneal shunts ……

urinary cathetersurinary catheters ……vascular catheters and central venous vascular catheters and central venous 
access devices of all typesaccess devices of all types ……endotracheal tubes and endotracheal tubes and 
ventilatorsventilators ……

Bioprosthetic medical devices of all types 
have been �	-�1" 	�������	��	
-������	�� � and have saved millions 
of lives over the past 40 years…

INFECTIONS OF IMPLANTED INFECTIONS OF IMPLANTED 
BIOPROSTHETIC MEDICAL DEVICESBIOPROSTHETIC MEDICAL DEVICES

Message 2Message 2

Infections of implanted bioprosthetic 
medical devices are  ���#����$	
�"--"� , are the major cause of 
��# ")����	-" ,���#$	���	
�## �,*#�,��	-" #���#$ , and often 
prove catastrophic…

INFECTIONS OF IMPLANTED INFECTIONS OF IMPLANTED 
BIOPROSTHETIC MEDICAL DEVICESBIOPROSTHETIC MEDICAL DEVICES

Message 3Message 3

These infections are increasingly 
0 ����#�,�� but…

preventive strategies will only be 
effective if driven by a �*��	
*��� �#�����)	"�	#(�	�0���-�"�")$	
���	0�#(")������	"�	�����#�"� . 



INFECTIONS OF IMPLANTED PROSTHETIC DEVICESINFECTIONS OF IMPLANTED PROSTHETIC DEVICES

Prosthetic DeviceProsthetic Device Risk of InfectionRisk of Infection SequelaeSequelae

CSF shunts(U.S. 40,000/y) 5-15% Meningitis

Prosth joints (600,000/y) 1-6% Septic arthritis

Heart valves (85,000/y) 3-4% Endocarditis

Pacemakers (80,000/y) 1-4% Endocarditis

Arterial grafts (450,000/y)
Vascular stents (5 M/y)

1-5%
<0.1%

Sepsis, limb loss
Sepsis, death

LVADs (1000/yr) 15-70% Sepsis, death

Hemodialysis grafts 15%/yr Bacteremia

CAPD catheters 20-50% Peritonitis

Breast implants 3% Mutilation

Penile prostheses 1-3% Mutilation

Intraocular lens 0.1% Blindness

Urinary catheters (10M /y) 10-50% Sepsis, AB resistan ce

CVCs (10 M/y) 1-5% Bacteremia

FEATURES OF INFECTIONFEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICESOF IMPLANTED MEDICAL DEVICES

• Predominance of �2��	
���
	" )����-�3	�2��	
���
	" )����-�3	
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�"�)*�����"�)*���� ++��)�#���	�#�0($�"�"���6��)�#���	�#�0($�"�"���6 and 
Proprionobacterium spp.



FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

• Predominance of SKIN FLORA organisms, particularly 
STAPHYLOCOCCI (especially coagulase-negative Staphyl ococci) 
and Proprionobacterium spp.

• Organisms �"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���-�"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���- ,, in 
complex association with host proteins.
Inflammatory response often minimal.



FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

• Predominance of SKIN FLORA organisms, particularly 
STAPHYLOCOCCI (especially coagulase-negative Staphyl ococci) 
and Proprionobacterium spp.

• Organisms �"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���-�"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���- ,, in 
complex association with host proteins.
Inflammatory response often minimal.

• Microbial seeding of device
At implantation - direct inoculation

Skin flora organisms (endemic)
GNRs, mycobacteria (outbreaks)



Months After Operation

Ivert et al., Circulation (1985).
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Prospective study 376 patients undergoing CABG

Pre-op nasal cultures patients, intra-op wound cult ures

Nasal cultures all CV surgery / OR personnel

DNA subtyping of patients’colonizing, infecting str ains and 
OR personnels’ nasal strains

38 SSIs (10.1%), 14 deep infections (3.3%), 

5 mediastinitis (1.3%)

Of >30 wound infections, all except 1 from patient
= ��������8��4��������8��4 ++��������������

Jakob et al, Eur J CardioThorac Surg 2000; 17:154-60

Months After Surgery

Hill et al.  Lancet 1:796 (1981).
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PROSPECTIVE PROSPECTIVE MULTIMULTI--CENTER TRIALCENTER TRIAL OF OF 
ULTRACLEAN AIR IN THE OR FOR ULTRACLEAN AIR IN THE OR FOR 
TOTAL HIP/KNEE ARTHROPLASTYTOTAL HIP/KNEE ARTHROPLASTY

TO  PREVENT PROSTHETIC JOINT INFECTION TO  PREVENT PROSTHETIC JOINT INFECTION 
A

Control
Air

[n=4133]

UltracleanUltraclean

AirAir

[n=3922][n=3922] P-Value

Antibiotic prophylaxis 2968 28632863

No. cases 2968 28632863

No. infected 24 (0.8%) 10 (0.3%)10 (0.3%) .01

No antibiotics

No. cases 1161 10601060

No. infected 39 (3.4%) 13 (1.2%)13 (1.2%) <.001

Lidwell et al., Br Med J 285:10 (1982)

TWO PROSPECTIVE TRIALS OF VANCOMYCIN FOR TWO PROSPECTIVE TRIALS OF VANCOMYCIN FOR 
SURGICAL PROPHYLAXISSURGICAL PROPHYLAXIS

Pen G VancoVanco

Open Heart Surgery
(Joyce, Sszepanski)

No. patients studied 52 6161

No. infections 14 (27%) 5 (8%)5 (8%)

P <.02P <.02

Vascular Reconstruction
(Jansen et al)

No. patients studied 66 6262

No. infections 14 (22%) 1 (2%)1 (2%)

P <.001P <.001
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Placebo

CefazolinCefazolin
(1 gm preop + (1 gm preop + 
4 doses postop)4 doses postop)

No. patients studied 237 225225

No. of surgical     
infections

16   

(6.8%)

(4 of graft) 22

(0.9%)(0.9%)
(none of  (none of  

graft)graft)

P < 0.001P < 0.001

Kaiser et al.  Ann Surg 188:283, 1978.



FEATURES OF INFECTIONFEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICESOF IMPLANTED MEDICAL DEVICES

• Predominance of SKIN FLORA organisms, particularly 
STAPHYLOCOCCI (especially coagulase-negative Staphyl ococci) 
and Proprionobacterium spp.

• Organisms colonize prosthetic surface in a biofilm,  in complex 
association with host proteins.
Inflammatory response often minimal.

; ��� ",���	������)	"�	������
At implantation - direct inoculation

Skin flora organisms (endemic)
GNRs, mycobacteria (outbreaks)

�"�#�"�# ++�-0���#�#�"�	�-0���#�#�"�	 << # ����*#���"*�	����	# ����*#���"*�	����	
" )����-�	���3		 � ��$3		��#�	(�-�#")��"*��$" )����-�	���3		 � ��$3		��#�	(�-�#")��"*��$
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FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

• Predominance of SKIN FLORA organisms, particularly 
STAPHYLOCOCCI (especially coagulase-negative Staphyl ococci) 
and Proprionobacterium spp.

• Organisms �"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���-�"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���- ,, in 
complex association with host proteins.
Inflammatory response often minimal.

• Microbial seeding of device
At implantation - direct inoculation

Skin flora organisms (endemic)
GNRs, mycobacteria (outbreaks)

Post-implantation – hematogenous

•• Infection usually refractory to antimicrobial thera py Infection usually refractory to antimicrobial thera py 
alone.  alone.  



FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

• Predominance of SKIN FLORA organisms, particularly 
STAPHYLOCOCCI (especially coagulase-negative Staphyl ococci) 
and Proprionobacterium spp.

• Organisms �"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���-�"�"��7�	0 "�#(�#��	�* ����	��	�	,�"���- ,, in 
complex association with host proteins.
Inflammatory response often minimal.

• Microbial seeding of device
At implantation - direct inoculation

Skin flora organisms (endemic)
GNRs, mycobacteria (outbreaks)

Post-implantation – hematogenous

•• Infection usually refractory to antimicrobial thera py Infection usually refractory to antimicrobial thera py 
alone.  alone.  Usually necessary to remove device for Usually necessary to remove device for 
cure.cure.

INFECTIONS OF IMPLANTED INFECTIONS OF IMPLANTED 
BIOPROSTHETIC MEDICAL DEVICESBIOPROSTHETIC MEDICAL DEVICES

Message 4Message 4

•• Prevention is most likely Prevention is most likely 
to be effective if it is to be effective if it is 
-*�#�����#��-*�#�����#�� ==
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MUST BE BASED ON THE BEST UNDERSTANDING MUST BE BASED ON THE BEST UNDERSTANDING 
OF EPIDEMIOLOGY AND PATHOGENESISOF EPIDEMIOLOGY AND PATHOGENESIS

•• SourcesSources of infecting organismsof infecting organisms

•• Mechanisms of accessMechanisms of access to the implanted to the implanted 
devicedevice

•• Interaction of organisms and device Interaction of organisms and device 
surfacesurface ……roles of material, the host and the roles of material, the host and the 
organism and, especially, organism and, especially, the biofilmthe biofilm
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SHORTSHORT--TERM TERM 
INTRAVASCULAR DEVICESINTRAVASCULAR DEVICES

• Defined:  usually used <10 daysused <10 days
• Types:

– Peripheral IV catheters
– Arterial catheters for hemodynamic 

monitoring
– Noncuffed and nontunnelled CVCs

• Multilumen CVCs
• PA Swan-Ganz catheters
• Dual-lumen hemodialysis catheters

LONGLONG--TERM TERM 
INTRAVASCULAR DEVICESINTRAVASCULAR DEVICES

• Defined:  used >10 daysused >10 days , often indefinitely
• Types:

– Cuffed and tunnelled CVCs:
• Hickman/Broviac/Groshong-type CVCs
• Gambro/Uldahl-type hemodialysis catheters

– Subcutaneous central venous ports
– Peripheral-inserted CVCs (PICCs)



PATHOGENESISPATHOGENESIS OF INFECTION OF INFECTION 
WITH INTRAVASCULAR WITH INTRAVASCULAR 

DEVICESDEVICES

PATHOGENESISPATHOGENESIS OF INFECTION OF INFECTION 
WITH INTRAVASCULAR WITH INTRAVASCULAR 

DEVICESDEVICES



PATHOGENESISPATHOGENESIS OF INFECTION OF INFECTION 
WITH INTRAVASCULAR WITH INTRAVASCULAR 

DEVICESDEVICES

LINE SEPSIS IN 2011LINE SEPSIS IN 2011
PreventionPrevention

ShortShort --term Devicesterm Devices



ESSENTIAL MEASURES FOR ESSENTIAL MEASURES FOR 
PREVENTION OF LINE SEPSISPREVENTION OF LINE SEPSIS

The The ““ BundleBundle ””

Use a catheter checklist at insertion (B-II).

Perform hand hygiene before catheter insertion (B-
II).

Avoid femoral vein for access in adults (A-I).

Use maximal sterile barrier precautions during CVC 
insertion (A-I).

Use CHG-based antiseptic for the site prep (A-I).

Remove nonessential catheters ASAP (A-II).
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• Eggiman et al, Lancet 2000; 255: 1864-8.

9.2 9.2 ��� ���� � 3.8 per 1000 patient3.8 per 1000 patient --days, RR 0.36days, RR 0.36

Zing et al. Crit Care Med 2009;37:2167-73 .
3.9 3.9 ��� ���� � 2.1 per 1000 CVC2.1 per 1000 CVC --days,  RR 0.25days,  RR 0.25

• Berenholtz et al , Crit Care Med 2004; 32: 2011-20.

11.3 11.3 ��� ���� � 0 per 1000 CVC0 per 1000 CVC --days, RR 0.0days, RR 0.0

• Pronovost et al, New Engl J Med 2006; 355:2721-32. 
MHA Keystone Project in 103 Michigan ICUs:
Median 2.8 Median 2.8 ��� ���� � 0 per 1000 CVC0 per 1000 CVC --days, RR 0.34  days, RR 0.34  
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• Zack. Am J Infect Control . 2008;36:S176.

• Bonello et al. Jt Comm J Qual Patient Saf . 2008;34:639-45.

• Galpern et al. Surgery . 2008;144:492-5.

• Harnage. Nursing . 2008;38:17-8.

• Dix. Mater Manag Health Care . 2008;17:17-9. 

• Smith. Paediatr Nurs . 2007;19:39-44.

• Berriel-Cass et al. Jt Comm J Qual Patient Saf . 2006;32:612-20.

TRENDS IN DEVICETRENDS IN DEVICE--ASSOCIATED HCAIs ASSOCIATED HCAIs 
1992 1992 ---- 2008 IN THE NNIS2008 IN THE NNIS--NHSN U.S. NHSN U.S. 

TEACHING HOSPITAL MEDTEACHING HOSPITAL MED --SURG ICUsSURG ICUs

per 1000 device-days 1992-98
1995-
2003 20072007--88

CLABSIs 6.0 4.9 1.51.5

VAP 11.0 4.9 2.32.3

CAUTI 6.5 4.9 2.92.9

ICHE 2000 AJIC 2003 AJICAJIC 20082008
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NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs

;; �"���	*��	"�	�*#���"*�	��#���0#����"���	*��	"�	�*#���"*�	��#���0#���
• Colonization-resistant polymers

– Heparin-bonded surfaces
– Antimicrobial coatings
– Antiseptic impregnation
– Ultrasmooth surfaces
– Use of anti-inflammatory drugs

• Contamination-resistant hubs
• Luminal antimicrobial flush/lock solutions
• Antimicrobial-impregnated dressings or patches

Vernon et al. Arch Intern Med 166:306-12, 2006

A NOVEL APPROACH TO CONTAINING RESISTANCE
Cleansing Patients with CHG Daily

A NOVEL APPROACH TO A NOVEL APPROACH TO 
PREVENTING IVDPREVENTING IVD--RELATED BSRELATED BS
Cleansing Patients with CHG DailyCleansing Patients with CHG Daily

Prospective cross-over trial on 4 medical units 
at Cook County Stroeger Medical Center

Compared daily CHG sponge bath vs 
nonmedicated soap bathh (control)

Results, daily CHG bath:Results, daily CHG bath:

CVCCVC--associated BSI    RR 0.40, P<0.01associated BSI    RR 0.40, P<0.01

MRSA BSI                     RR 0.0,MRSA BSI                     RR 0.0, P<0.01

Bleasdale, Weinstein et al, Arch Intern Med 2007; 167:2073-2079



NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs
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•• ColonizationColonization --resistant polymersresistant polymers
– Heparin-bonded surfaces
– Antimicrobial coatings
– Antiseptic impregnation
– Ultrasmooth surfaces
– Use of anti-inflammatory drugs



PROSPECTIVE, RANDOMIZED TRIAL OF A CHLORHEXIDINEPROSPECTIVE, RANDOMIZED TRIAL OF A CHLORHEXIDINE --
IMPREGNATED SITE DRESSING (Biopatch)IMPREGNATED SITE DRESSING (Biopatch) ON CENTRAL ON CENTRAL 

VENOUS AND ARTERIAL CATHETERS IN AN ICUVENOUS AND ARTERIAL CATHETERS IN AN ICU

Control 
Gauze-PU

Chlorhexidine-PU 
(Biopatch®)

RR P-Value

Study population:

Patients 211 208

Catheters 544 491

Catheter-days 3133 2586

No. patients with catheter-
related BSI

15 6

Rates CRBSI

Per 100 catheters 3.3% 1.2%1.2% 0.360.36 <0.01<0.01

Per 1000 catheter-days 5.7 2.32.3 0.410.41 <0.01<0.01

Skin-related BSI per 1000 
cath-days

4.1 0.80.8 0.190.19 <0.001<0.001

Maki DG, Mermel L et al, ICAAC 1999

PROSPECTIVE, RANDOMIZED TRIAL OF A CHLORHEXIDINEPROSPECTIVE, RANDOMIZED TRIAL OF A CHLORHEXIDINE --
IMPREGNATED SITE DRESSING (BiopatchIMPREGNATED SITE DRESSING (Biopatch ))

Risk Factors for Hospital Mortality in the Study Po pulationRisk Factors for Hospital Mortality in the Study Po pulation

Maki DG, Mermel L et al (Submitted)

Risk Factor Adjusted OR 95% CI P-value

CHG dressing 0.46 0.25 – 0.84 0.012

Catheter-related 
BSI

2.90 1.4 – 6.1 0.008

Albumin <30 g/L 2.70 1.36 – 5.38 0.005

Surgical patient 0.11 0.05 – 0.23 <0.0001

Mechanical ventilation 9.52 3.14 – 28.86 <0.0001

Non-catheter-related 
bloodstream   infection

2.51 1.60 – 5.68 0.028

MULTIMULTI--CENTER RANDOMIZED TRIAL OF A CHLORHEXIDINECENTER RANDOMIZED TRIAL OF A CHLORHEXIDINE --
IMPREGNATED SITE DRESSING (Biopatch)IMPREGNATED SITE DRESSING (Biopatch) ON CENTRAL ON CENTRAL 

VENOUS AND ARTERIAL CATHETERS IN AN ICUVENOUS AND ARTERIAL CATHETERS IN AN ICU

Control 
Gauze-PU

Chlorhexidine-PU 
(Biopatch®)

RR P-Value

Study population:

Catheters 1825 1953

No. CRBSIs 17 6

Rate CRBSI 
per 1000 catheter-

days

1.3 0.40.4 0.240.24 0.030.03

Timsit et al, JAMA 2009



THE INTEGRATED TEGADERMTHE INTEGRATED TEGADERM ™™
CHG DRESSINGCHG DRESSING

NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs
• Superior cutaneous antiseptics
• Colonization-resistant polymers

– Heparin-bonded surfaces

–– Antimicrobial coatingsAntimicrobial coatings
– Antiseptic impregnation
– Ultrasmooth surfaces
– Use of anti-inflammatory drugs

• Contamination-resistant hubs
• Luminal antimicrobial flush/lock solutions
• Antimicrobial-impregnated dressings or patches



PROSPECTIVE RANDOMIZED TRIAL OF CENTRAL PROSPECTIVE RANDOMIZED TRIAL OF CENTRAL 
VENOUS CATHETERS IMPREGNATED WITHVENOUS CATHETERS IMPREGNATED WITH

CHLORHEXIDINECHLORHEXIDINE--SILVER SULFADIAZINESILVER SULFADIAZINE

Control 
CVCs

Antiseptic 
CVCs

RR P-
Value

No. CVCs studied 195 208

No. colonized >15 cfu 47 (24.1%) 28 (13.5)28 (13.5) 0.560.56 0.0050.005

Resistance to 
chlorhexidine-silver-
sulfadiazine

0 00 …… ……

No. CVC-related BSIs 9 (4.6%) 2 (1.0%)2 (1.0%) 0.210.21 0.030.03

With GNRs, S. aureus , 
Enterococcus or yeasts

8 (4.1%) 0 (0 (……)) …… 0.0030.003

Maki et al, Ann Intern Med 127:257-66, 1997

RANDOMIZED TRIAL OF MINOCYCLINE AND RIFAMPINRANDOMIZED TRIAL OF MINOCYCLINE AND RIFAMPIN --
COATED CENTRAL VENOUS CATHETERSCOATED CENTRAL VENOUS CATHETERS

Control 
Catheters

TDM-
Minocycline/Rifampin

-Coated Catheters

P-Value

No. CVCs studied 151 147

Colonized 
catheters

36 (26%) 11 (8%) < 0.001

CVC-related 
bacteremia

7 (5%) 0 (…) < 0.01

Raad et al.  Ann Intern Med 127:267-74, 1997

A COMPARATIVE MULTIA COMPARATIVE MULTI --CENTER RANDOMIZED CENTER RANDOMIZED 
TRIAL OF TWO MEDICATED ANTITRIAL OF TWO MEDICATED ANTI --INFECTIVE INFECTIVE 

CENTRAL VENOUS CATHETERSCENTRAL VENOUS CATHETERS

Silver Sulfadiazine-
Chlorhexidine

Minocycline-
Rifampin

No. patients studied 382 356

No. colonized 87 (22.8%) 28 (7.9%)

No. catheter-related 
bloodstream infections

13 (3.4%) 1 (0.3%)

P < 0.002

Darouiche et al.  N Engl J Med 340:1-8 (99)



ANTIINFECTIVEANTIINFECTIVE--COATED CVCs COATED CVCs 
Impact on CVCImpact on CVC --Related BSIsRelated BSIs

ANTIINFECTIVEANTIINFECTIVE--COATED CVCs COATED CVCs 
Impact on CVCImpact on CVC --Related BSIsRelated BSIs

Casey, Nightingale, Mermel, Elliott. Casey, Nightingale, Mermel, Elliott. Lancet IDLancet ID 20082008
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LINE SEPSIS IN 2011LINE SEPSIS IN 2011
PreventionPrevention

What about What about 
LongLong --term devicesterm devices ??



PATHOGENESISPATHOGENESIS OF INFECTION OF INFECTION 
WITH INTRAVASCULAR WITH INTRAVASCULAR 

DEVICESDEVICES

NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

•• Tunneling + subcutaneous cuffsTunneling + subcutaneous cuffs
• Antiseptic-impregnated dressings
• Colonization-resistant polymers

• Heparin-bonded surfaces
• Antimicrobial coatings
• Antiseptic impregnation
• Ultrasmooth surfaces
• Use of anti-inflammatory drugs

• Contamination-resistant hubs
• Luminal antimicrobial flush/lock solutions

The cuffed and tunneled long-term central venous ca theter



Subclavian Uldall catheter in situ

Sheretz, et al.  Arch Intern Med 143:52 (1983)

NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs
• Antiseptic-impregnated dressings
• Colonization-resistant polymers

• Heparin-bonded surfaces
• Antimicrobial coatings
• Antiseptic impregnation
• Ultrasmooth surfaces
• Use of anti-inflammatory drugs

•• ContaminationContamination --resistant hubsresistant hubs
• Luminal antimicrobial flush/lock solutions



Evolution of Mechanical Evolution of Mechanical 
Valved Needleless IV ConnectorsValved Needleless IV Connectors

Needle inserted through membranous septum
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Commercial Mechanical ValvesCommercial Mechanical Valves

ClaveClave

PosiflowPosiflow

InterlinkInterlink

CLC 2000CLC 2000
SmartsiteSmartsite

UltrasiteUltrasite

QQ--SyteSyte

MaxPlusMaxPlus

SmartSite PlusSmartSite Plus

ClearlinkClearlinkInVisionInVision --Plus Plus 
NeutralNeutral

SafesiteSafesite

PASVPASV



Focus Groups SHEA, APIC 2004 Focus Groups SHEA, APIC 2004 
---- Lessons LearnedLessons Learned

• Increased rates of BSIs after 
implementation of leur-
access mechanical valve 
needleless devices



REPORTSREPORTS INCREASED CVCINCREASED CVC--ASSOCIATED BSIsASSOCIATED BSIs
WITH HOSPITAL  SWITCH FROM WITH HOSPITAL  SWITCH FROM 

SPLITSPLIT--SEPTUM TO VALVED CVC CONNECTORSEPTUM TO VALVED CVC CONNECTOR

Jarvis et al. Clin Infect Dis 2009

Infect Control Hosp Epidemiol 2006;27:67-70

INCREASED RATES OF CVCINCREASED RATES OF CVC --ASSOCIATED BSI ASSOCIATED BSI 

AFTER ADAPTION OF AFTER ADAPTION OF 

LEURLEUR--ACCESS NEEDLELESS VALVE CONNECTORSACCESS NEEDLELESS VALVE CONNECTORS

Focus Groups SHEA, APIC 2004 Focus Groups SHEA, APIC 2004 
---- Lessons LearnedLessons Learned

• Increased rates of BSIs after implementation 
of leur-access mechanical valve needleless 
devices

• BSI rates decreased to pre-MV 
rates after discontinuing MV 
and resuming split septum in 3 
facilities which reverted



RECENT REPORTS OF INCREASED BSI RECENT REPORTS OF INCREASED BSI 
RATES WITH ADOPTION OF A NEW RATES WITH ADOPTION OF A NEW 

NEEDLELESS VALVED CONNECTOR NEEDLELESS VALVED CONNECTOR 
INTO A HEALTHCARE SYSTEMINTO A HEALTHCARE SYSTEM

• Danzig et al. JAMA 1995 
• Kellerman et al. J Pediatr 1996   
• Cookson et al. Infect Control Hosp Epidemiol 1998
• McDonald et al. Infect Control Hosp Epidemiol 1998 
• Do et al. J Infect Dis 1999
• Jarvis et al. Proceedings and Abstracts of the 15th Annual 

Scientific Meeting of the Society for Healthcare 
Epidemiology of America . 2005

• Maragakis et al. Infect Control Hosp Epidemiol 2006
• Field et al. Infect Control Hosp Epidemiol 2007
• Salgado et al. Infect Control Hosp Epidemiol 2007
• Rupp et al.  Clin Infect Dis 2007

An Antiseptic contaminationAn Antiseptic contamination --resistant CVC hubresistant CVC hub .
Segura et al.  J Clin Microbiol 12:2656-9 (1989)

Female part to 
the catheter

Male part from the 
infusion line

PREVENTION OF CVCPREVENTION OF CVC--RELATED SEPSIS RELATED SEPSIS 
WITH A NOVEL ANTISEPTIC HUBWITH A NOVEL ANTISEPTIC HUB

Controls Antiseptic Hub

No. CVCs randomized 73 78

CVC removed for suspected

CVC-related sepsis 31 (42%) 15 (19%)*

CVC-related sepsis 12 (16%) 3 (4%)*

Hub-related sepsis 9 (11%) 1 (1%)*

Segura et al, Ann Surg 223:363-9 (1996) *P<0.01



No
Disinfection 

(positive 
control)

Conventional 
disinfection 

with
70% alcohol

Antiseptic-barrier
cap

No. needless hubs No. needless hubs 
studiedstudied 15 30 60

No. showing microbial No. showing microbial 
transmission across transmission across 
the membranethe membrane

15
(100%)

20
(67%)

1
(2%)*

No. CFU traversingNo. CFU traversing
the membrane, rangethe membrane, range 4,500-28,000 445-25,000 0-350

Simulation Study Testing Simulation Study Testing 
Efficacy of Conventional Disinfection  Efficacy of Conventional Disinfection  
of Contaminated Needleless Hubs of Contaminated Needleless Hubs 

With 70% Alcohol and the Antiseptic CapWith 70% Alcohol and the Antiseptic Cap

* P<0.001 Menyhay S and Maki DG, Infect Control Hosp Epidemiol (2006)



A novel coating process results in a surface deposition of tightly bound silver 
nano-particles that serve as reservoirs of silver ions.

Nano-particles have a surface layer of Ag2O that controls the release of Ag+ 
when in contact with solution.

Interior (and exterior) surfaces coated with VitalShield to protect the fluid path.

Technology OverviewTechnology Overview

Efficacy is Both Bacteriostatic and Bacteriocidal

Bacteria

Silver 
Nanoparticles

Sterilize, swab, actuate, flush, inoculate, incubate, recover, plate, incubate, count 

AN AN IN VITROIN VITRO STUDY OF THE STUDY OF THE 
ANTIBACTERIAL EFFICACYANTIBACTERIAL EFFICACY

Objective: To assess efficacy against a broad-
spectrum of pathogenic organisms, which include: 
gram-positive and gram-negative bacteria, and fungi .

Site of InoculumTested 6 organisms

@ 6 strains each

24-Hour Challenge

MRSA Efficacy DataMRSA Efficacy Data
Avg MRSA Efficacy
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9549926
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VitalShield % Efficacy for 6 MRSA Strains
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%
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Avg Efficacy 
vs MRSA
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Antimicrobial 
efficacy includes 
both bacteriostatic 
and bacteriocidal 
performance
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A CLINICAL SIMULATION STUDY OF THE A CLINICAL SIMULATION STUDY OF THE 
VV--LINK SILVERLINK SILVER --LINED CONNECTORLINED CONNECTOR

•• METHODSMETHODS:: Connectors had the membrane 
inoculated with ~10 3 enterococci, allowed to dry 
overnight, then accessed and run IV LR/D5 
continuously for 72 hrs, sampling downstream 
serially and for biofilm within connectors.

•• RESULTS:       RESULTS:       Geom Mean Count (cfu/mL)    BiofilmGeom Mean Count (cfu/mL)    Biofilm

1 hr       24 hr     72 hr             1 hr       24 hr     72 hr             
Controls (36)         Controls (36)         ~ 10 10 22 ~ 10 10 3      3      ~ 10 10 5        5        ++++++++

VV--Link (35)              <0.1            0            Link (35)              <0.1            0            0           00           0
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A CLINICAL SIMULATION STUDY OF THE A CLINICAL SIMULATION STUDY OF THE 
VV--LINK SILVERLINK SILVER --LINED CONNECTORLINED CONNECTOR

•• METHODSMETHODS:: Connectors had the membrane inoculated 
with ~10 3 enterococci, allowed to dry overnight, then 
accessed and run IV LR/D5 continuously for 72 hrs, 
sampling downstream serially and for biofilm within  
connectors.
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Biofilm Imaging at 72 hrsBiofilm Imaging at 72 hrs
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internal surface
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Silver nano particles 
can be seen.

��������	"�	��"���-	� ����#�"�	��	��������	��-*��#� "�



NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs
• Antiseptic-impregnated dressings
• Colonization-resistant polymers

• Heparin-bonded surfaces
• Antimicrobial coatings
• Antiseptic impregnation
• Ultrasmooth surfaces
• Use of anti-inflammatory drugs

• Contamination-resistant hubs

•• Luminal antimicrobial flush/lock Luminal antimicrobial flush/lock 
solutionssolutions

Trial of MinocyclineTrial of Minocycline --EDTA Lock SolutionEDTA Lock Solution
for Prevention offor Prevention of

Subcutaneous Central Port InfectionsSubcutaneous Central Port Infections
in Children with Cancerin Children with Cancer

Historical controls

[n = 48]

Mino-EDTA lock

[n = 14]

No. of
patients 

studied
48 14

No. of with
port infections 10 0

Chatzinikolaou I, et al. Clin Infect Dis 2003;36:11 6-9

Heparin 
(control)

Gentamicin Minocycline

No. catheters No. catheters 
studiedstudied 20 20 21

No. CRBSIs (%)No. CRBSIs (%) 7 (35%) 0 (…) 1 (5%) 

No. CRBSIs/1000 dNo. CRBSIs/1000 d 4.0 0.0 0.4

RANDOMIZED TRIAL OF TWO ANTIMICROBIAL    RANDOMIZED TRIAL OF TWO ANTIMICROBIAL    
LOCK SOLUTIONS FOR PREVENTION LOCK SOLUTIONS FOR PREVENTION 

OF CRBSI IN LONGOF CRBSI IN LONG --TERM HEMODIALYSISTERM HEMODIALYSIS

Nori et al. Am J Kid Dis 48:596 (2006)
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TRIAL OF VANCOMYCINTRIAL OF VANCOMYCIN --HEPARIN LOCK HEPARIN LOCK 
SOLUTIONS WITH PICCs IN A NNICUSOLUTIONS WITH PICCs IN A NNICU

OUTCOME OUTCOME -- PRIMARYPRIMARY

Controls 
[n=43]

VHLS 
[n=42]

RR
(95% CI)

P-
value

Definite CRBSI 8 (19%) 0 0 (…) 0.003

Probable CRBSI 5 (11%) 2 (5%) 0.4 (0.1-2.0) 0.43


�$	�����
�$	����� &D	5D@B6&D	5D@B6 .	5?B6.	5?B6 @'.	5@@'.	5@++@'K6@'K6 @'@@.@'@@.

BSI without a source 5 (12%) 5 (12%) 1.0 (0.3-3.3) 0.97

All BSIs 18 (42%) 7 (17%) 0.4 (0.2-0.9 0.01

Garland, Henderson, Maki. Garland, Henderson, Maki. PediatricsPediatrics 20062006

TRIAL OF VANCOMYCINTRIAL OF VANCOMYCIN --HEPARIN LOCK HEPARIN LOCK 
SOLUTIONS WITH PICCs IN A NNICUSOLUTIONS WITH PICCs IN A NNICU

1. These results are  consonant with prior studies of VHLS These results are  consonant with prior studies of VHLS 
for prevention of CRBSI with other types longfor prevention of CRBSI with other types long --term IVDs:term IVDs:

CONCLUSIONSCONCLUSIONS

No. CRBSI/No. IVDs

Control VHLS RR (95% CI) P-value

Schwartz et al 6/4 1/21 0.2 (0.0-1.5) 0.10

Rackoff et al 6/31 2/32 0.3 (0.6-13.3) 0.25

Daghistani et al 3/34 2/30 0.8 (0.1-4.2) 1.00

Carratala et al 4/57 0.68 0.0 (…) 0.05

Henrickson et al 12/80 2/73 0.2 (0.0-0.8) 0.01

Garand et al 13/41 2/41 0.2 (0.0-0.6) 0.003

Overall 40/267 13/257 0.3 (0.2-0.0) 0.001

Safdar and Maki. Safdar and Maki. Am J MedAm J Med 20062006



TRIAL OF VANCOMYCINTRIAL OF VANCOMYCIN --HEPARIN LOCK HEPARIN LOCK 
SOLUTIONS WITH PICCs IN A NNICUSOLUTIONS WITH PICCs IN A NNICU

1. These results are  consonant with prior studies o f VHLS for 
prevention of CRBSI with other types long-term IVDs :

CONCLUSIONSCONCLUSIONS

No. CRBSI/No. IVDs

Control VHLS RR (95% CI) P-value

Schwartz et al 6/4 1/21 0.2 (0.0-1.5) 0.10

Rackoff et al 6/31 2/32 0.3 (0.6-13.3) 0.25

Daghistani et al 3/34 2/30 0.8 (0.1-4.2) 1.00

Carratala et al 4/57 0.68 0.0 (…) 0.05

Henrickson et al 12/80 2/73 0.2 (0.0-0.8) 0.01

Garand et al 13/41 2/41 0.2 (0.0-0.6) 0.003

Overall 40/267 13/257 0.3 (0.2-0.0) 0.001

2. The use of an anti-infective lock solution for 
prevention of CRBSI has achieved proof of principle .
Further studies needed to identify locking agents u nlikely to select for 
resistance, with broader and more rapid cidal activ ity.

TRIAL OF VANCOMYCINTRIAL OF VANCOMYCIN --HEPARIN LOCK HEPARIN LOCK 
SOLUTIONS WITH PICCs IN A NNICUSOLUTIONS WITH PICCs IN A NNICU

1. These results are  consonant with prior studies o f VHLS for 
prevention of CRBSI with other types long-term IVDs :

CONCLUSIONSCONCLUSIONS

No. CRBSI/No. IVDs

Control VHLS RR (95% CI) P-value

Schwartz et al 6/4 1/21 0.2 (0.0-1.5) 0.10

Rackoff et al 6/31 2/32 0.3 (0.6-13.3) 0.25

Daghistani et al 3/34 2/30 0.8 (0.1-4.2) 1.00

Carratala et al 4/57 0.68 0.0 (…) 0.05

Henrickson et al 12/80 2/73 0.2 (0.0-0.8) 0.01

Garand et al 13/41 2/41 0.2 (0.0-0.6) 0.003

Overall 40/267 13/257 0.3 (0.2-0.0) 0.001

2. The use of an anti-infective lock solution for pr evention of CRBSI has 
achieved proof of principle . Further studies needed to identify Further studies needed to identify 
locking agents unlikely to select for resistance, w ith broader locking agents unlikely to select for resistance, w ith broader 
and more rapid cidal activity.and more rapid cidal activity.

SUCCESSFUL USE OF A  25% ETHANOL LOCK SOLUTION FOR SUCCESSFUL USE OF A  25% ETHANOL LOCK SOLUTION FOR 
PREVENTION OF RECURRENT HICKMAN CATHETERPREVENTION OF RECURRENT HICKMAN CATHETER --RELATED RELATED 

BACTEREMIABACTEREMIA

Recurrent Hickman-CVC-Related Bacteremias (18) in a
22-year-old Woman with Short-bowel Syndrome on Home  TNA

Controlled for Past 8 Years with 25% Alcohol Cathet er Lock for 1 Hour Daily

���� ���� ���� ���� ���� ���� �			 �		� �		�

18 BSIs 199318 BSIs 1993 --1999  vs  none 19991999  vs  none 1999 --2009, P<0.0012009, P<0.001



Successful Use of 25% Alcohol Lock SolutionSuccessful Use of 25% Alcohol Lock Solution
for Prevention of Hickman CVCfor Prevention of Hickman CVC --related BSIrelated BSI

Effect of Ethanol on Mechanical Properties of PICCsEffect of Ethanol on Mechanical Properties of PICCs

• Study and control catheters 
immersed in Hank’s solution for 
up to 9 weeks

• Study catheters “locked” with 
70% ethanol for entire study 
period

• Tests to measure Modulus of 
Elasticity, Load at Failure and % 
Elongation at Failure were 
performed at various intervals

Crnich and Maki, ICHE 2005

Successful Use of 25% Alcohol Lock SolutionSuccessful Use of 25% Alcohol Lock Solution
for Prevention of Hickman CVCfor Prevention of Hickman CVC --related BSIrelated BSI

Polyurethane PICCsPolyurethane PICCs

� ���(	���	����3	��/� .@@?

1

10

100

1000

Modulus of Elasticity (MPa) Force at Break (N) Elongation at Break (%)

Baseline
4 weeks

For all tests P �  0.5

TWO PROSPECTIVE TRIALS OF AN ETHAHOL LOCK TWO PROSPECTIVE TRIALS OF AN ETHAHOL LOCK 
FOR PREVENTION OF CVCFOR PREVENTION OF CVC--RELATED BSI RELATED BSI 

IN PATIENTS WITH CUFFED AND TUNNELLED CVCsIN PATIENTS WITH CUFFED AND TUNNELLED CVCs

Control 
(Heparin)

70% 
Ethanol

Lock RR
P-

Value

Opilla et al. Opilla et al. JPEN JPEN (2007)(2007)

Time sequence (beforeTime sequence (before --after) trialafter) trial

No. CVCs (CVC-days)
9759 3330

No. CVC-related BSIs
(no. per 1000 CVC-d)

81
(8.3)

9 9 

(2.7)(2.7)
0.330.33 <0.001<0.001

No. CVCs 41 4141

No. CVC-related BSIs (%) 10 (24.4) 1 (2.4)1 (2.4) 0.190.19 0.010.01

Sanders et al (submitted)Sanders et al (submitted)

Prospective RCTProspective RCT



PREVENTION OF CRBSI IN 
HEMODIALYSIS

CONSIDER AN CONSIDER AN 
ANTIINFECTIVE LOCK ANTIINFECTIVE LOCK 

SOLUTIONSOLUTION
• Atiinfectives: gentamicin, vancomycin, 

minocycline-rifampin….

• Minocycline-EDTA

• Taurolidine (Neutrolin™)
• Citrate 4-47%

• Ethanol
• Zuragen™

METAANALYSIS OF RCTs OF METAANALYSIS OF RCTs OF 
ANTIMICROBIAL LOCK SOLUTIONS FOR ANTIMICROBIAL LOCK SOLUTIONS FOR 
PREVENTION OF HD CVCPREVENTION OF HD CVC--RELATED BSIRELATED BSI

• 11 randomized trials
• Antimicrobial locks conferred significant 

benefit: 
RR 0.44 (0.38 – 0.50)

• The highest quality trials showed greatest 
RR, 0.25 (0.12—0.50)

• No evidence of selection of 
resistant organisms in BSIs

Yahav et al. CID 2008; 47:83-93.



ZURAGEN, A NOVEL LOCK SOLUTION ZURAGEN, A NOVEL LOCK SOLUTION 
WITH ANTIINFECTIVE AND WITH ANTIINFECTIVE AND 

ANTICOAGULANT PROPERTIESANTICOAGULANT PROPERTIES

Zuragen™ (Ash Access) is a vascular catheter lock 
solution developed by Dr Stephen Ash containing: 
• Sodium citrate 0.24 M (~7%)
• Methylene blue 0.05% 
• Methyl paraben 0.15% and propyl paraben 0.015%

Zuragen™ has very broad spectrum antimicrobial
activity and is also an effective anticoagulant, th rough 
the chelating functions of 7% sodium citrate. 

It further shows promising activity against 
established bacterial biofilm (Ash et al. ASN 2009).

PREVENTION OF HEMODIALYSIS CRBSI WITH PREVENTION OF HEMODIALYSIS CRBSI WITH 
CitrateCitrate --Methylene BlueMethylene Blue --Parabens Parabens 

A Prospective Multicenter RCT in 25 CentersA Prospective Multicenter RCT in 25 Centers
Heparin-
locked

HD CVCs

Zuragen-
locked 

HD CVCs
RR P-

Value

No. HD CVCs studied 
(CVC-days)

206
(24,395)

201
(25,274)

No. CRBSIs

No. CRBSIs/1000 days

20 (9.7%)

.82

6 (3.0%)6 (3.0%)

.24.24

0.330.33

0.290.29

0.0070.007

0.0050.005

No. (%) Patency Failures 4 (1.%) 0 (0 (……)) 0.00.0 0.120.12

No. (%) all-cause Mortality 9 (4.4%) 2 (1.0%)2 (1.0%) 0.00.0 0.060.06

Maki, Ash, et al , Crit Care Med 2011;39:1-11.
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Do AntiinfectiveDo Antiinfective --Coated CVCs  Promote Coated CVCs  Promote 
Emergence of  Resistance?Emergence of  Resistance?

• Randomized Clinical Trials (n=1,618 CVCs) which sou ght 
to detect resistance: None foundNone found

– Maki et al., Ann Intern Med 1997; 127(4): 257-66
– Raad et al., Ann Intern Med 1997; 127(4): 267-74
– Darouiche et al., N Engl J Med 1999; 340(1): 1-8
– Chatzinikolaou et al., Am J Med ; 115(5): 352-7
– Rupp et al., Ann Intern Med 2005; 143(8): 570-8

•• Prolonged Observational Cohort Studies:Prolonged Observational Cohort Studies:
– Chatzinikololaou et al., Infect Control Hosp Epidemiol 2003; 24(12): 961-63

• Analyzed 4 years of clinical data with the M-R CVC (~600 catheters, ~27,600 
IVD-days)

• Isolates causing CR-BSI had very similar susceptibilitiesvery similar susceptibilities to 
minocycline and rifampin as compared to isolates recovered 5-7  years 
before the introduction of the M-R CVC

– Hanna et al., Chest 2003; 124(3): 1030-8
• Rates of CR-BSI in ICUs decreased from 1.4 to 0.46 per 1 ,000 patient-days 

in year after introduction of M-R CVC
• 8 episodes of VRE bacteremia occurred prior to introduction of M-R C VC, 

none after introductionnone after introduction



Do Antiinfective Lock Solutions Promote Do Antiinfective Lock Solutions Promote 
Emergence of  Resistance?Emergence of  Resistance?

• The Yahev et al  meta-analysis of RCTs of anti-infe ctive lock 
solutions for prevention of HD CVC-related BSI foun d no
evidence lock solutions select for resistant BSI pa thogens:

Yahav et al. CID 2008; 47:83-93 .

• However, for the first time, two recent reports from large HD two recent reports from large HD 
Units which adopted routine gentamicinUnits which adopted routine gentamicin --heparin lock heparin lock 
prophylaxis and after 8prophylaxis and after 8 --12 months, detected CRBSIs caused 12 months, detected CRBSIs caused 
by gramby gram --positive organisms resistant to gentamicin, positive organisms resistant to gentamicin, 
primarily CNS and enterococciprimarily CNS and enterococci :

Sweet S GS et al. Am J Kidney Dis . 2009 ed; 2009:B74.

Abbas SA et al. Am J Kidney Dis 2009;53:492-502.

Do Antiinfective Lock Solutions Promote Do Antiinfective Lock Solutions Promote 
Emergence of  Resistance?Emergence of  Resistance?

However, for the first time, two recent reports 
from large HD Units which adopted routine 
gentamicin-heparin lock prophylaxis and after 
8-12 months, detected CRBSIs caused by 
gram-positive organisms resistant to 
gentamicin, primarily CNS and enterococci.

Sweet S GS et al. Am J Kidney Dis . 2009 ed; 2009:B74.

Abbas SA et al. Am J Kidney Dis 2009;53:492-502.

LINE SEPSIS IN 2011LINE SEPSIS IN 2011
PreventionPrevention

���(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	����(�"�")���	�" 	0 ����#�"�	�
++++++++ ���� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ������� �$	 ��*��	 ���

++++++++ 
 �	����	
 �	����	
 �	����	
 �	����	
 �	����	
 �	����	
 �	����	
 �	����	
++++++++ /���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	/���	��##��	�����#	"�	

 ����#����	 ����#����	 ����#����	 ����#����	 ����#����	 ����#����	 ����#����	 ����#����	
++++++++ 
 �	�"�#
 �	�"�#
 �	�"�#
 �	�"�#
 �	�"�#
 �	�"�#
 �	�"�#
 �	�"�# ++++++++�����#��������#��������#��������#��������#��������#��������#��������#���



ANTIINFECTIVEANTIINFECTIVE--COATED CVCsCOATED CVCs
CostCost --BenefitBenefit

•• Veenstra et al., Veenstra et al., JAMAJAMA 1999; 282: 5541999; 282: 554 --6060

•• Marciante et al., Marciante et al., AJICAJIC 2003; 31: 12003; 31: 1 --88

•• Shorr et al., Shorr et al., ChestChest 2003; 124: 2752003; 124: 275 --8484

• Hockenhull et al. Health Technology 
Assessment 2008; Vol. 12: No. 12.

NOVEL TECHNOLOGY FOR PREVENTION OF NOVEL TECHNOLOGY FOR PREVENTION OF 
INFECTIONS OF INTRAVASCULAR DEVICESINFECTIONS OF INTRAVASCULAR DEVICES

• Subcutaneous cuffs
• Antiseptic-impregnated dressings
• Colonization-resistant polymers

• Heparin-bonded surfaces
• Antimicrobial coatings
• Antiseptic impregnation
• Ultrasmooth surfaces
• Use of anti-inflammatory drugs

• Contamination-resistant hubs
• Luminal antimicrobial flush/lock solutions

•• Vaccines (?)Vaccines (?)



Shinefeld H et al. NEJM 2002; 346:491-496
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PATHOGENESIS OF VENTILATORPATHOGENESIS OF VENTILATOR --
ASSOCIATED PNEUMONIAASSOCIATED PNEUMONIA

• Pooling of hypophayngeal secretions above 
the ETT cuff ( and aspiration around the cuff ) 

PATHOGENESIS OF VAPPATHOGENESIS OF VAP
ROLE OF BIOFILMROLE OF BIOFILM

MULTISPECIES BIOFILM AGGREGATES ON LUMINAL SURFACE OF AN 
ENDOTRACHEAL TUBE IN A MECHANICALLY VENTILATED PATI ENT

Costerton et al J. Clin. Invest. 112:1466-1477 (2003)
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•Hand Hygiene
••Noninvasive ventilationNoninvasive ventilation
••SemiSemi --recumbent positioningrecumbent positioning
••Ventilation Circuit ManagementVentilation Circuit Management
••Heat Moisture ExchangersHeat Moisture Exchangers
••Oral care with CHGOral care with CHG
••Continuous subglottic suctioningContinuous subglottic suctioning

ANTISEPTIC CHG ORAL CARE IN THE ANTISEPTIC CHG ORAL CARE IN THE 
ICUICU
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Cheblicki and Safdar, Crit Care Med . 2007;35:595-602.



IMPACT OFIMPACT OF SCHEDULEDSCHEDULED ORAL ORAL 
CARE IN ICU WITH CHLORHEXIDINECARE IN ICU WITH CHLORHEXIDINE

A MetaA Meta --analysisanalysis
• 7 prospective randomized controlled trials.

•• Reduced VAP, RR, 0.74 (0.56Reduced VAP, RR, 0.74 (0.56 --0.96), 0.96), 
P=.02.P=.02.

• Subgroup analysis showed benefit most 
marked in cardiac surgery patients, RR, 0.41 
(0.17-0.98Z), P=.04.

• No mortality benefit

Cheblicki and Safdar, Crit Care Med . 2007;35(2):595-602 

Continuous aspiration of Continuous aspiration of 
subglottic secretionssubglottic secretions

SUBGLOTTIC SUCTIONINGSUBGLOTTIC SUCTIONING ——A METAA META--ANALYSISANALYSIS

Dezfulian et al Am J Med 2005; 
18
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•Hand Hygiene
••Noninvasive ventilationNoninvasive ventilation
••SemiSemi --recumbent positioningrecumbent positioning
••Ventilation Circuit ManagementVentilation Circuit Management
••Heat Moisture ExchangersHeat Moisture Exchangers
••Oral care with CHGOral care with CHG

••Continuous subglottic suctioningContinuous subglottic suctioning

••SilverSilver --coated ETT coated ETT 

MULTICENTER RANDOMIZED TRIAL OF A SILVERMULTICENTER RANDOMIZED TRIAL OF A SILVER --
COATED ENDOTRACHEAL TUBE FOR PREVENTION COATED ENDOTRACHEAL TUBE FOR PREVENTION 

OF VENTILATOROF VENTILATOR--ASSOCIATED PNEUMONIAASSOCIATED PNEUMONIA

Control 
ETT

Silver-
coated 

ETT
RR P-

Value

No. patients studied 964 968

No. developing VAP No. developing VAP 

with BAL>10with BAL>10 44 cfucfu
56

(5.8%)
37 37 

(3.8%)(3.8%)
0.660.66 0.030.03

No. adverse events 
possibly related to ETT

138138

(14.3%)(14.3%)
140 140 

(14.5%)(14.5%)
0.910.91 0.030.03

Kolef et al , JAMA 300:805-13, 
2008

MULTICENTER RANDOMIZED TRIAL OF A SILVERMULTICENTER RANDOMIZED TRIAL OF A SILVER --
COATED ENDOTRACHEAL TUBE FOR PREVENTION COATED ENDOTRACHEAL TUBE FOR PREVENTION 

OF VENTILATOROF VENTILATOR--ASSOCIATED PNEUMONIAASSOCIATED PNEUMONIA

Kolef et al , JAMA 300:805-13, 
2008
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•Hand Hygiene
••Noninvasive ventilationNoninvasive ventilation
••SemiSemi --recumbent positioningrecumbent positioning
••Ventilation Circuit ManagementVentilation Circuit Management
••Heat Moisture ExchangersHeat Moisture Exchangers
••Oral care with CHGOral care with CHG
••Continuous subglottic suctioningContinuous subglottic suctioning
••SilverSilver --coated endotracheal tubescoated endotracheal tubes
••Prevention of invasive aspergillosisPrevention of invasive aspergillosis

••Prevention of Legionella infectionPrevention of Legionella infection

CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

•• In 1987 we had 2 cases of nosocomial In 1987 we had 2 cases of nosocomial 
Legionella pneumonias over 4 months, Legionella pneumonias over 4 months, 
sent our water out for Legionella sent our water out for Legionella 
culturing and it was negativeculturing and it was negative

CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

• In 1987 we had a case of nosocomial Legionella 
pneumonias over 4 months, sent our water out for sa mpling 
and it was negative

•• In 1993 we had another small cluster (2 In 1993 we had another small cluster (2 
cases) and did largecases) and did large --volume sampling volume sampling 
and PFEP subtyping of 8 nosocomial and PFEP subtyping of 8 nosocomial 
isolates since 1985 ourselvesisolates since 1985 ourselves ..

Maki, Marx and Stolz. Maki, Marx and Stolz. ICAACICAAC 20072007



CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

• In 1987 we had a case of nosocomial Legionella 
pneumonias over 4 months, sent our water out for sa mpling 
and it was negative

•• In 1993 we had another small cluster (2 In 1993 we had another small cluster (2 
cases) and did largecases) and did large --volume sampling and volume sampling and 
PFEP subtyping of 8 nosocomial isolates PFEP subtyping of 8 nosocomial isolates 
since 1985 ourselvessince 1985 ourselves : : 39% of water 39% of water 
samples were +, with very low samples were +, with very low 
numbers of organisms(<100 numbers of organisms(<100 
cfu/L), all 8 isolates over 11 years cfu/L), all 8 isolates over 11 years 
were clonal with our water were clonal with our water 
strains.strains.Maki, Marx and Stolz. Maki, Marx and Stolz. ICAACICAAC 20072007

CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

• In 1987 we had a case of nosocomial Legionella 
pneumonias over 4 months, sent our water out for sa mpling 
and it was negative

•• In 1993 we had another small cluster (2 In 1993 we had another small cluster (2 
cases) and did largecases) and did large --volume sampling and volume sampling and 
PFEP subtyping of 8 nosocomial isolates PFEP subtyping of 8 nosocomial isolates 
since 1985 ourselves: 39% of water samples since 1985 ourselves: 39% of water samples 
were +, with very low numbers of were +, with very low numbers of 
organisms(<100 cfu/L), all 8 isolates over 11 organisms(<100 cfu/L), all 8 isolates over 11 
years were clonal with our water strainsyears were clonal with our water strains . . We We 
attempted pulse attempted pulse 
hyperchlorinationhyperchlorination ..Maki, Marx and Stolz. Maki, Marx and Stolz. ICAACICAAC 20072007

COPPERCOPPER--SILVER IONIZATIONSILVER IONIZATION



CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

• In 1987 we had a case of nosocomial Legionella pneu monias over 4
months, sent our water out for sampling and it was negative

•• In 1993 we had a small cluster (2 cases) and did la rgeIn 1993 we had a small cluster (2 cases) and did la rge--volume volume 
sampling and PFEP subtyping of 8 nosocomial isolate s since 1985 sampling and PFEP subtyping of 8 nosocomial isolate s since 1985 
ourselves: 39% of water samples were +, with very l ow numbers ofourselves: 39% of water samples were +, with very l ow numbers of
organisms(<100 cfu/L), all 8 isolates over 11 years  were clonal organisms(<100 cfu/L), all 8 isolates over 11 years  were clonal with with 
our water strains. We attempted pulse hyperchlorina tion.our water strains. We attempted pulse hyperchlorina tion.

•• In 1995, we implemented continuous silverIn 1995, we implemented continuous silver --
copper ionization of our hospital watercopper ionization of our hospital water ::

19851985--1995  ~210,000 admissions   10 cases nLD1995  ~210,000 admissions   10 cases nLD

Maki, Marx and Stolz. Maki, Marx and Stolz. ICAACICAAC 20072007

CONTROL OF NOSOCOMIAL CONTROL OF NOSOCOMIAL 
LEGIONELLOSIS AT THE UNIVERSITY LEGIONELLOSIS AT THE UNIVERSITY 

OF WISCONSIN HOSPITAL AND CLINICSOF WISCONSIN HOSPITAL AND CLINICS

• In 1987 we had a case of nosocomial Legionella pneumonias over 4
months, sent our water out for sampling and it was negative

•• In 1993 we had a small cluster (2 cases) and did largeIn 1993 we had a small cluster (2 cases) and did large --volume sampling volume sampling 
and PFEP subtyping of 8 nosocomial isolates since 1985 ourselvesand PFEP subtyping of 8 nosocomial isolates since 1985 ourselves : 39% : 39% 
of water samples were +, with very low numbers of organisms(<1 00of water samples were +, with very low numbers of organisms(<1 00 cfu/L), cfu/L), 
all 8 isolates over 11 years were clonal with our water s trains.all 8 isolates over 11 years were clonal with our water s trains. We We 
attempted pulse hyperchlorination.attempted pulse hyperchlorination.

•• In 1995, we implemented continuous silverIn 1995, we implemented continuous silver --copper copper 
ionization of our hospital waterionization of our hospital water ::

19851985--1995  ~210,000 admissions   10 cases nLD1995  ~210,000 admissions   10 cases nLD
19951995--2010  ~310,000 admissions     0 cases nLD2010  ~310,000 admissions     0 cases nLD

P<0.001P<0.001

Maki, Marx and Stolz. Maki, Marx and Stolz. ICAACICAAC 20072007
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Routes of Entry of Nosocomial Uropathogens Into the  Routes of Entry of Nosocomial Uropathogens Into the  
Catheterized Urinary TractCatheterized Urinary Tract

Maki DG and Tambyah PA, Maki DG and Tambyah PA, Emerg Infect DisEmerg Infect Dis (2001)(2001)
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• Restrictions on catheter use, especially following surgery and ECFs

• Removal of catheters ASAP
• Training of inserters, aseptic technique at insertion
• Closed catheter drainage
•• NoNo routine irrigations and nono antimicrobial bladder irrigation
•• NoNo routine meatal-perineal cleansing or t opical antiseptics
• Immobilization of catheter, positioning of collecti on bag
•• NoNo routine urine cultures ( in absence of signs of urosepsis )

•• Novel technology:Novel technology:
• Catheter-collection tubing seals
• Antireflux valves
• Addition of antiseptic to collection bag
• In-line intraluminal antiseptic matrix

•• Medicated catheters:Medicated catheters:

PREVENTION OF CAUTI IN 2008 PREVENTION OF CAUTI IN 2008 
• Restrictions on catheter use, especially following surgery and ECFs

• Removal of catheters ASAP
• Training of inserters, aseptic technique at inserti on
• Closed catheter drainage
•• NoNo routine irrigations and nono antimicrobial bladder irrigation
•• NoNo routine meatal-perineal cleansing or t opical antiseptics
• Immobilization of catheter, positioning of collecti on bag
•• NoNo routine urine cultures ( in absence of signs of urosepsis )

•• Novel technology:Novel technology:
• Catheter-collection tubing seals
• Antireflux valves
• Addition of antiseptic to collection bag
• In-line intraluminal antiseptic matrix

•• Medicated catheters:Medicated catheters:
• Antibiotic-soaked

•• NitrofurazoneNitrofurazone --impregnatedimpregnated
• Silver-oxide-coated
• Silver-hydrogel-coated



RANDOMIZED TRIAL OF A NITROFURAZONERANDOMIZED TRIAL OF A NITROFURAZONE
URINARY CATHETERURINARY CATHETER

Outcome as Regards CAUTOutcome as Regards CAUT II

Control 
Catheters 
[n=174]

Nitrofurazone 
Catheters 
[n=170]

Relative 
Risk

P-
value

All infections, no. (%) 14 (8.0%) 8 (4.7%) 0.6 0.27

Escherichia coli 2 0

Enterobacter cloacae 3 1

Klebsiella pneumoniae 1 1

Pseudomonas aeruginosa 2 1

Coagulase-negative Staph 4 1

Corynebacterium spp. 1 0

Enterococcus 2 1

Candida or Torulopsis 3 4

Bacterial infectionsBacterial infections 12 (6.9%)12 (6.9%) 4 (2.4%)4 (2.4%) 0.30.3 0.070.07

Maki, Knasinski, Tambyah. SHEA (1997).

RESIDUAL SURFACE ANTIMICROBIAL ACTIVITY ON RESIDUAL SURFACE ANTIMICROBIAL ACTIVITY ON 
NITROFURAZONE ANDNITROFURAZONE AND CONTROL CATHETERS AT CONTROL CATHETERS AT 

REMOVALREMOVAL

RANDOMIZED TRIALS OF A NITROFURAZONERANDOMIZED TRIALS OF A NITROFURAZONE
URINARY CATHETERURINARY CATHETER

Outcome as Regards CAUTIOutcome as Regards CAUTI



RANDOMIZED TRIAL OF A SILVER OXIDERANDOMIZED TRIAL OF A SILVER OXIDE --COATED COATED 
CATHETER FOR PREVENTION OF CAUTICATHETER FOR PREVENTION OF CAUTI

Control Catheter 
[n=564]

Silver-Oxide 
Catheter 
[n=745]

P-Value

Bladder bacteriuria 
>103/mL:

Overall 73 (12.9%) 85 (11.4%) NS

Females 56/285 (19.6%) 56/451 (12.4%) .01

MalesMales 17/279 (6.1%) 29/294 (9.9%) NS

Not receiving Not receiving 
antibioticsantibiotics

4/48 (8.3%) 15/51 (29.5%)15/51 (29.5%) .02.02

Riley, Burke et al. Am J Med . 1998; 98:345-56.

RANDOMIZED TRIAL OF A SILVER OXIDERANDOMIZED TRIAL OF A SILVER OXIDE --
COATED CATHETER FOR PREVENTION OF COATED CATHETER FOR PREVENTION OF 

FOLEY CATHETERFOLEY CATHETER --ASSOCIATED UTIASSOCIATED UTI

Control 
Catheter 
[n=275]

Silver-Oxide 
Catheter [n=207]

RR P-Value

Bacteriuria >1026/mL:

Overall 28 (10%) 19 (9%) 0.9 .95

Females Females notnot on on 
antibiotic therapyantibiotic therapy

5 / 26 (19%) 0 / 19 (…) … .04

Johnson et al, J Infect Dis 1990; 162:1145-1150.

��8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	��������8�4	�
	
	�����	������ ++++++++
/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����/4������	8���
�4	�
�/����

• A novel silver-hydrogel catheter incorporates an 
ultra-thin film of metallic silver, beneath a 
hydrophilic polymer (hydrogel), on the inner and 
outer surfaces of a latex catheter (Bardex I.C., C. R. 
Bard, Inc.)

• Silver, a very broad-spectrum antiseptic with activ ity 
against all bacteria and yeasts, has been used 
worldwide for over 50 years.  Acquired resistance i s 
rare and has not emerged on a major scale over 30 
years of heavy clinical use in burn centers.

• In vitro studies have shown that the novel catheter the novel catheter 
inhibits adherence of microorganisms, especially inhibits adherence of microorganisms, especially 
enterococci, to the catheter surface:enterococci, to the catheter surface:

Ahearn et al., J Indust Microbiol 1995; 15:372-376.
Gabriel et al. Curr Microbiol 1995; 30:17-22.
Gabriel et al. Curr Microbiol 1995; 33:1-5.



ADHERENCE OF ENTEROCOCCUS  TO ADHERENCE OF ENTEROCOCCUS  TO 
COMMERCIAL URINARY CATHETERS AFTER COMMERCIAL URINARY CATHETERS AFTER 

2 HOURS2 HOURS
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*Clinical isolate from urinary tract infection, Gra dy Memorial Hospital, 
Atlanta, Georgia
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Control 
Catheters 
[n=443]

SilverSilver --hydrogel hydrogel 
Catheters [n=407]Catheters [n=407]

RR P-value

OVERALLOVERALL 94 (21.1%) 64 (15.7%)64 (15.7%) 0.740.74 0.040.04

GramGram--positivepositive 45 (10.2%) 13 (3.2%)13 (3.2%) 0.310.31 <0.001<0.001

StaphylococciStaphylococci 34 1212 0.340.34 0.010.01

EnterococciEnterococci 22 55 0.250.25 0.0030.003

Gram-negative 33 (7.4%) 41 (10.1%) 1.35 0.18

Enterobacteriaceae 28 29 1.13 1.00

P. aeruginosa 6 12 2.27 0.15

YeastsYeasts 30 (6.8%) 19 (4.7%)19 (4.7%) 0.690.69 0.190.19
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Control 

Catheters 
[n=443]

SilverSilver --hydrogel hydrogel 
Catheters [n=407]Catheters [n=407]

RR P-value

OVERALLOVERALL 94 (21.1%) 64 (15.7%)64 (15.7%) 0.740.74 0.040.04

GramGram--positivepositive 45 (10.2%) 13 (3.2%)13 (3.2%) 0.310.31 <0.001<0.001

StaphylococciStaphylococci 34 1212 0.340.34 0.010.01

EnterococciEnterococci 22 55 0.250.25 0.0030.003

Gram-negative 33 (7.4%) 41 (10.1%) 1.35 0.18

Enterobacteriaceae 28 29 1.13 1.00

P. aeruginosa 6 12 2.27 0.15

YeastsYeasts 30 (6.8%) 19 (4.7%)19 (4.7%) 0.690.69 0.190.19



KAPLANKAPLAN --MEIER RISK OF MEIER RISK OF 
CAUTICAUTI
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No. of CAUTIs

Mechanism
Control 

Catheters 
[n=94]

Silver-hydrogel 
Catheters [n=64]

RR P-value

At catheter insertionAt catheter insertion 22 15 0.70.7 0.30.3

ExtraluminalExtraluminal 45 30 0.70.7 0.050.05

Either or bothEither or both 67 45 0.70.7 0.040.04

Intraluminal 24 24 1.0 1.0

Indeterminate 35 26 0.8 0.6
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Outcome as Regards CAUTIOutcome as Regards CAUTI

Johnson et al. Johnson et al. Ann Intern MedAnn Intern Med 2006;144:1162006;144:116 --26.26.
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What has been driving What has been driving 
the renaissance in the renaissance in 

HCAI control?HCAI control?

Kohn LT, Corrigan JM, Donaldson 
M, eds. To Err is Human: Building a 
Safer Health System . Washington, 

DC: Institute of Medicine-NAS, 1999

“F rom 44,000 to 98,000 deaths per rom 44,000 to 98,000 deaths per 
year in the United States are due year in the United States are due 
to preventable medical errors in to preventable medical errors in 

hospitals.hospitals. ””



THE FORCES DRIVING HCAI THE FORCES DRIVING HCAI 
CONTROL IN THE UNITED STATESCONTROL IN THE UNITED STATES

• A new, very strong “culture of safety”
• Mandatory reporting of device-associad HCAIs in 

many states:
– CLABSI
– VAP
– CAUTI
– SSIs

• Voluntary reporting of HCAI rates on-line by 
hospitals in their monthly “dashboard”

• Monitoring of hospitals’ HCAI rates by 3 rd party 
payors, as well as the Federal Goverbment

• “More” research dollars for HCAI prevention

THE FORCES DRIVING HCAI THE FORCES DRIVING HCAI 
CONTROL IN THE UNITED STATESCONTROL IN THE UNITED STATES

• A new, very strong “culture of safety”
• Mandatory reporting of device-associad HCAIs in 

many states:
– CLABSI
– VAP
– CAUTI
– SSIs

• Voluntary reporting of HCAI rates on-line by 
hospitals in their monthly “dashboard”

• Monitoring of hospitals’ HCAI rates by 3 rd party 
payors, as well as the Federal Goverbment

• “More” research dollars for HCAI prevention

• The Federal government will no longer pay 
for the added costs of nosocomial infections

August 19, 2007

Medicare Says It Won’t Cover Hospital 
Errors



Overnight, our government has Overnight, our government has 
demanded demanded ““ zero tolerencezero tolerence ”” of of 

healthcarehealthcare --associated infections associated infections 
and the thirdand the third --party payors and party payors and 

the public will followthe public will follow ……

THE PROBLEM…
Perhaps fueled by recent successes 

with systems-based programs 
designed to achieve a high level of 
compliance with process measures 
– Infection Control Bundles -- there 
has evolved in the U.S. an insidious 

resistance to adoption of proven 
innovative technologies for 

prevention.

The LudditesThe Luddites





Many innovative technologiesMany innovative technologies
for prevention of HCAI for prevention of HCAI 

clearly work, are costclearly work, are cost --effective effective 
and truly deserve our and truly deserve our 

consideration for adoption.consideration for adoption.

The purpose of infection The purpose of infection 
control technology is control technology is notnot
to eliminate the need for  to eliminate the need for  
compliance with process compliance with process 

measures measures ---- infection infection 
control practices control practices ---- but to but to 

supplement themsupplement them



TRENDS IN DEVICETRENDS IN DEVICE--ASSOCIATED HCAIs ASSOCIATED HCAIs 
1992 1992 ---- 2008 IN THE NNIS2008 IN THE NNIS--NHSN U.S. NHSN U.S. 

TEACHING HOSPITAL MEDTEACHING HOSPITAL MED --SURG ICUsSURG ICUs

per 1000 device-days 1992-98
1995-
2003 20072007--88

CLABSIs 6.0 4.9 1.51.5

VAP 11.0 4.9 2.32.3

CAUTI 6.5 4.9 2.92.9

ICHE 2000 AJIC 2003 AJICAJIC 20082008

We are very unlikely to get We are very unlikely to get 
devicedevice --associated rates of associated rates of 

infection to zero consistently infection to zero consistently 
without adopting novel without adopting novel 

technology.technology.


