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

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

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

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

2. And how understanding
epidemiology and pathogenesis
drives strategies for prevention of
vascular cetheter -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. Novel technologies for prevention of
vascular catheter -related BSI based
on prevention of surface biofilm
formation.
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. The pathogenesis of vascular catheter-related
BSI and the role of biofilm.

. How understanding epidemiology and
pathogenesis drives strategies for prevention.
Novel technologies for prevention of vascular cat heter-
related BS| based on prevention of surface biofilm
formation .

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




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

Aucoin etal., AmJ Med 80:369 (1986)




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

AV+CABG ---¥---MV+CABG —.—A\HMV|

MNumber of procedures

Sanpedro, Patel. Med Clin N Amer 2007

Tricuspid Valve

Sites of pacemaker -associated infection . There are several distinct
clinical syndromes associated with pacemaker infect ion. Pacemak er
infections may involve  the pocket (location of the generator pack),
the lead wire (electrode), or endocarditis .

external power pack




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

—m—Revision Kree Revision Hip

500000
450000 { | —#— Hip —&—Knee
400000
350000
300000
250000
200000
150000
100000
50000
0+

Number of procedures

1998 1999 2000 2001 2002 2003 2004
Yar

\

|

——

Number of procedures

Sanpedro, Patel. Med Clin N Amer 2007




INFECTIONS OF IMPLANTED
BIOPROSTHETIC MEDICAL DEVICES
Message 1

ventricular shunts ...orthopedic hardware -- especially
prosthetic joints ...prosthetic heart valves ...pacemakers and
IACDs...LVADs ... vascular and AV grafts ...arterial
stents ...intraperitoneal shunts ...

urinary catheters ...vascular catheters and central venous
access devices of all types ...endotracheal tubes and
ventilators ...

Bioprosthetic medical devices of all types
have been "

- and have saved millions
of lives over the past 40 years...

INFECTIONS OF IMPLANTED
BIOPROSTHETIC MEDICAL DEVICES
Message 2

Infections of implanted bioprosthetic

medical devices are # $

, are the major cause of
#" ", #$

#H, "H#H O#HS , and often
prove catastrophic...

INFECTIONS OF IMPLANTED
BIOPROSTHETIC MEDICAL DEVICES
Message 3

These infections are increasingly
0 #, but...
preventive strategies will only be
effective if drivenbya *
* # )" #( 0 -""M$
o#™m " #"




INFECTIONS OF IMPLANTED PROSTHETIC DEVICES

Prosthetic Device Risk of Infection Sequelae
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) 1-5% Sepsis, limb loss
Vascular stents (5 M/y) <0.1% Sepsis, death

LVADs (1000/yr) 15-70% Sepsis, death
Hemodialysis grafts 15%lyr 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 Mly) 1-5% Bacteremia

FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

¢ Predominance of 2 ")y -3
o#* $ /4 50 $
")* +)# #0($"" 6 E)
Proprionobacterium spp.




FEATURES OF INFECTION
OF IMPLANTED MEDICAL DEVICES

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

e Organisms "" 7 0"#(# * -
complex association with host proteins.

Inflammatory response often minimal.
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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 O"#(# * -
complex association with host proteins.
Inflammatory response often minimal.

» Microbial seeding of device

At implantation - direct inoculation
Skin flora organisms (endemic)
GNRs, mycobacteria (outbreaks)




Incidence of PVE per Month

Months After Operation
Ivert et al., Circulation (1985).

Prospective s 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 SSils (10.1%), 14 deep infections (3.3%),
5 mediastinitis (1.3%)
Of >30 wound infections, all except 1 from patient
= 8 4 +
Jakob et al, Eur J CardioThorac Surg 2000; 17:154-60

Cefazalin (1070 cases)

Placebo (1067 cases)

Months After Surgery
Hillet al. Lancet 1:796 (1981).




PROSPECTIVE MULTI-CENTER TRIAL OF
ULTRACLEAN AIR IN THE OR FOR
TOTAL HIP/KNEE ARTHROPLASTY

TO PREVENT PROSTHETIC JOINT INFECTION
A
Control Ultraclean
Air Air
[n=4133] [n=3922]
Antibiotic prophylaxis 2968 2863
No. cases 2968 2863
No. infected 24 (0.8%) 10 (0.3%)

No antibiotics
No. cases 1161 1060
No. infected 39 (3.4%) 13 (1.2%) <.001

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

TWO PROSPECTIVE TRIALS OF VANCOMYCIN FOR
SURGICAL PROPHYLAXIS

Pen G

Open Heart Surgery
(Joyce, Sszepanski)
No. patients studied 52 61

No. infections 14 (27%) 5 (8%)
P <.02
Vascular Reconstruction
(Jansen et al)
No. patients studied 66 62
No. infections 14 (22%) 1 (2%)
P <.001

Cefazolin
(1 gm preop +
4 doses postop)

No. patients studied 225

No. of surgical 16 (4 of graft) 2 (none of
infections (6.8%) (0.9%) graft)
P <0.001

Kaiser etal. Ann Surg 188:283, 1978.




FEATURES OF INFECTION
OF 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)
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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 O"#(# * -
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
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 O"#(# * -
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
alone. Usually necessary to remove device for
clire

INFECTIONS OF IMPLANTED
BIOPROSTHETIC MEDICAL DEVICES
Message 4

* Prevention is most likely

to be effective if it is
GH O# =

MUST BE BASED ON THE BEST UNDERSTANDING
OF EPIDEMIOLOGY AND PATHOGENESIS

e Sources of infecting organisms

» Mechanisms of access to the implanted
device

* Interaction of organisms and device
surface ...roles of material, the host and the
organism and, especially, the biofilm




SHORT-TERM
INTRAVASCULAR DEVICES

¢ Defined: usually used <10 days
e Types:
— Peripheral IV catheters
— Arterial catheters for hemodynamic
monitoring
— Noncuffed and nontunnelled CVCs
e Multilumen CVCs
* PA Swan-Ganz catheters
« Dual-lumen hemodialysis catheters

LONG-TERM
INTRAVASCULAR DEVICES

¢ Defined: used >10 days , often indefinitely
e Types:
— Cuffed and tunnelled CVCs:
« Hickman/Broviac/Groshong-type CVCs
* Gambro/Uldahl-type hemodialysis catheters
— Subcutaneous central venous ports
— Peripheral-inserted CVCs (PICCs)




PATHOGENESIS OF INFECTION
WITH INTRAVASCULAR
DEVICES
PATHOGENESIS OF INFECTION
WITH INTRAVASCULAR
DEVICES




PATHOGENESIS OF INFECTION
WITH INTRAVASCULAR
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TRENDS IN DEVICE-ASSOCIATED HCAls
1992 -- 2008 IN THE NNIS-NHSN U.S.
TEACHING HOSPITAL MED-SURG |ICUs
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NOVEL TECHNOLOGY FOR PR
INFECTIONS OF INTRAVASCUI
. ] # O

ANOVEL APPROACH TO
PREVENTING IVD-RELATED BS
Cleansing Pait

itients with CHG Daily

Results, d

cV sociated BS|I RR 0.40, P<0.01
'SA BS RR 0.0,

HG bath:




NOVEL TECHNOLOGY FOR PREVENTION OF
NFECTIONS OF INTRAVASCULAR DEVICES
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> Colonization -resistant polymers




NDOMIZE

D SITE DRESSIN
5> AND ARTERIAL

1.2% 0.36 <0.01
2.5 0.41 <0.01
0.8 0.19 <0.001

IEXIDINE -

pulation

0.4 0.24  0.03




THE INTEGRATED TEGADERM ™

CHG DRESSING

Q>

—Antirnicropial coatings




28(13.5) 056 0.005
0
2(1.0%) 021 003
0(..) .. 0.002
ANDOMIZED TRIAL OF MINOCYCLINE AND RIFAMPIN -

IF
COATED CENTRAL \/moja CATHETERS

A COMPARATIVE MULTI-CENTER RANDOMIZED
RIAL OF TWO J/I#.)JQ\JF_) ANTI-INFECTIVE
CENTRAL VENOUS CATHETERS




ANTIINFECTIVE-C
Impact on CVC -R

ANTINFECTIV
Impact on CVC

_asey, Nightingale, vermel, Elliot.

Lancet ID 2008




What about
Long -terrmn devices ?
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NOVEL TECHNOLOGY FOR PREVENTION OF
INFECTIONS OF INTRAVASCULAR DEVICES
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Evolution of Mechanical
Valved Needleless |V Connectors

Comrnercial Mechanical Valves

nVision -Plus Clearlink
Nezutral

Safesite

SrartSite Plus

Ultrasite

nterlink

CLC 2000 Posiflow







REPORTS INCREASED CVC-ASSOCIATED BSls
WITH HOSPITAL SWITCH FROM
IT-SEPTUM TO VALVED CYC CONNECTOR
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RECENT REPORTS OF INCREASED BS
RATES WIT

RATES WITH ADOPTION OF A NEW
NEEDLELESS VAL \/r_) C OI~JI~J CTOR
INTO AHEALTHCARE SYSTEM

An Antiseptic contarnination  -resistant CVC hut

b
PREVENTION OF CYC-RELATED SEPSIS
WITH A NOVEL ANTISEPTIC HUB




Sirmulation Stucy Testing
Efficacy of Conventional Disinfection

of Contaminated Needleless Hubs
With 70% Alcohol and the Antiseptic Cap




Technology Overview

Bacteria

Silver
Nanoparticles

AN IN VITRO STUDY OF THE

ANTIBACTERIAL EFFICACY
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Antimicrobial
efficacy includes

both bacteriostatic
and bacteriocidal
performance
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A CLINICAL SIMULATION STUDY OF THE
V-LINY. SILVER -LINED CONNECTOR

> METHODS:

> RESULTS: Georn Mean Count (cfulml)  Biofilm
1 hr 24 hr 720
Controls (36) 107 107 10°
V-Link (25) <0.1 0 0 0

A CLINICAL SIMULATION STUDY OF THE
V-LINK. SILVER -LINED CONNECTOR

> METHODS:

Biofilrm Irnaging at 72 hrs

No evidence of
microbes

No evidence of
biofilm

V-Link

Silver nano particles
can be seen.




NOVEL TECHNOLOGY FOR PF{E\/FJ\JTIOJ\J
INFECTIONS OF INTRAVASCULAR DEVICE 5

Irmninal entirnicrobial flush/lock

> Ly
solutions

Trial of Minocycline -EDTA Lock Solution
for Prevention of
Supcutaneous Cert el Port Infections

in Children with Cancer

RANDOMIZED TRIAL OF TWO ANTIMICROBIAL

LOCY. SOLUTIONS FOR PR ":\/'—JJJ'JOJJ

OF CRBSI IN LONG-TERM HEMODIALYSIS
No. cathzters

studied

No, CRBSIs (%




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

OUTCOME - PRIMAFR Y

Garland, Fenderson, Maki, Pediatrics 2006

TRIAL OF VANCOMYCIN-HEPARIN LOCK.
SOLUTIONS WITH PICCs IN A NNICU
CONCLUSIONS

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

and Makd., Am J Med 2006




TRIAL OF VANCOMYCIN-HEPARIN LOCK.
SOLUTIONS WITH PICCs IN A NNICU
CONCLUSIONS

TRIAL OF VANCOMYCIN -HEPARIN LOCK.
SOLUTIONS WITH PICCs IN A NNICU
CONCLUSIONS

>
@

aded to identify
W ith broader

and rmore rap

d cidal activity.

18 BS151993-1999 vs none 1999 -2009, P<0.001




of 25% Alcohol Lock Solution
ion of Hickman CVC  -related BS

Effect of Ethanol on Mechanical Properties of PICCs

Polyurethane PICCs

TWO

9
IN PATIENTS WITH CUFFED

fore -after) trial

9 0.33  <0.001

Sanders et al (submitted)

Prosr. tive RCT

I~
=

1(24) 019 001




CONSIDER AN
ANTIINFECTIVE LOCK

SOLUTION

METAANALYSIS OF RC

CTs OF
ANTIMICROBIAL LOCK SOLUTIONS FOR
PREVENTION OF HD CVC-RELATED BS|




ZURAGEN, ANOVEL LOCK SOLUTION
WITH ANTIINFECTIVE AND
ANTICOAGULANT PROPERTIES

A Prospect

6(3.0%) 0.33 0.007

24 0.29 0.005
0(.) 00 012

2(1.0%) 0.0 0.08
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Do Antiinfective -Coated CVCs Prormote
.

Ermergence of Res

Nore found

> Prolonged Observational Cohort Studies:

very sirnilar susceptibilities

none after introduction




Do Antiinfective Lock Solutions Prornote
Ermergence of

two recent reports from large HD
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TIVE-COATED CVCs

osi-Benefll

ANTIINFEC
c
> Veensira et al,, JAMA 1999; 282: 554-60

> Marciante et al,, AJIC 2003; 31: 1-8

> Shorr etal., Chest 2003: 124: 275-84

NOVEL TECHNOLOGY FOR PREVENTION OF
INFECTIONS OF INTRAVASCULAR DEVICES

> Vaccines (7)
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PATHOGENESIS OF VENTILATOR -
ASSOCIATED PNEUMONIA

PATHOGENESIS OF VAP
ROLE OF BIOFILM




“Noninvasive veniilation
2Serni-recurnbent positioning
2Ventilation Circuit Managernent
Heat Moisture Exchangers

>Oral care with CHG
~Continuous subglotiic suctioning

ANTISEPTIC CHG ORAL CARE IN THE
ICU




IMPACT OF SCHEDULED OF
CARE IN ICU WITH CHLORFE
A J\/Jc‘fcl—clf]cjjalu

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

AL

AIDINE

Continuous aspiration of

supglotiic secretions

SUBGLOTTIC SUCTIONING—A META-ANAL

(SIS

]




“Noninvasive veniilation
2Serni-recurnbent positioning
2Ventilation Circuit l\/lanagernent
Heat Moisture hangers

Exc
-Oral care with CHG

~Continuous subglottic suctioning
sSilver -coated ETT
MULTICENTER RAN _)JJ/HL:_) TRIAL OF A SILVER -
COATED ENDOTRACHEAL TUBE FOR PREVENTION
OF VENTILATOR- ;wom TED PNEUMONIA
No. rJe veloping VA 37 0.66 (.03
with BAL>10 (5.8%)
138 _\40 0.91 0.03
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“Noninvasive veniilation
2Serni-recurnbent positioning
2Ventilation Circuit h/la'nagement
crFleat Moisture Ex
-Oral care with Cr JQ
-Confinuous subglottic suctioning

L
-Silver -coated endotracheal tubes

. 121

-Prevention of invasive aspergillosis

-Prevention of Legionella infection

CONTROL OF NOSOCOMIAL
LEGIONELLOSIS AT THE UNIVERSITY
OF WISCONSIN HOSPITAL AND CLINICS

|_

1987 we had 2 cases of nosocornial
gJ onella pneumonias over 4 months,
nt our water out for Legionella

turing and it was negative

k‘D (98]
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CONTROL OF NOSOCOMIAL
LEGIONELLOSIS AT THE UNIVERSITY
FWISCONSIN HOSPITAL AND CLINICS

IJQ we had another small cluster (2
ind clid large AvoJumA sampling
or/omJ of 8 nosocornizl

sU
isolates since 1985 ourselves

ek, Marx and Stolz,  ICAAC 2007




CONTROL OF NOSOCOMIAL
LEGIONELLOSIS r\T THE UNIVERSITY
OF WISCONSIN HOSPITAL AND CLINICS

another sm er cluster (2
id lz rge -volurr 1rrpling ancd
otyping of 8 nod( ome isolaites

5 ourselves © 39% of water
rerJes were +, w]"r'm very low
mpers of organisms(<100
fu/L), all 8 isolates over 11 years
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CONTROL OF NOSOCOMIAL
LEGIONELLOSIS AT THE UNIVERSITY
OF WISCONSIN HOSPITAL AND CLINICS

> In 1993 we had another srall cluster (2

;) e did errge -volurne sarmnpling and
‘JOT/OIHU of 8 nosocornial isolates

985 ourselves: 39% of water sarmples

with very low numbers of

ms(<100 cfu /\ ), all 8 'JJJ:MJ over 11

ns o We

COPPER-SILVER IONIZATION




CONTROL OF NOSOCOMIAL
LEGIONELLOSIS AT THE UNIVERSITY
FWISCONSIN HOSPITAL AND CLINICS

In 1992
sarmplin:

995, we irnplemented conti
r jonization of our ho J)J
1%’5«1995 ~210,000 admissions

Malkd, Marx and Stolz.  ICAAC 2007

CONTROL OF NOSOCOMIAL
LEGIONELLOSIS AT THE UNIVERSITY
OF WISCONSIN HOSPITAL AND CLINICS

Maki, Marx and Stolz,  ICAAC 2007
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Mo
> Novel techinology:

> Medicated catheters:

%)

PREVENTION OF CAUTI 1N 2008

MNo no
Mo

> MNo
> Novel technology:

> Nitrofurazone -irmpregnatec
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Outcorne as Regards CAUT |

Bacterial infections

=
N

o

(5.9%) 4 (2.4%) 03 007

[

ANTIMICROBIAL ACTIVITY ON
NITROFURAZONE AND CONTROL CATHETERS AT
REMOVAL

RESIDUAL SURFACE Al
Inr




RANDOMIZED TR \ E
CATHETER FOR PREVENTION OF CAUTI

N

9.5%) 02

-

RANDOMIZED TRIAL OF A SILVER OXIDE -
COATED CATHETER FOR PREVENTION OF
FOLEY CATHETER-ASSOCIATED UTI

Females not on
antibiotic therapy
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ADFERENCE OF ENTEROCOCCUS TO
COMMERCIAL URINARY CATHETERS AFTER
2 FIOURS

g 4
34 thel
2
8 4 /
OVERALL 0.74
13 (3.2%) 0.31 <0.001
12 0.34 0.01
5 0.25 0.003
19 (4.7%) 0.69 0.19
)
8
(]
o
74 0.04
OVERALL 0.74 0.04
15 (3.29%) 0.21 <0.001
Gram-positive 13 (3.2%) 0.31 )
12 0.24
Staphylococc! 12 0.3
i 5 0.25 0.003
Enterococc 5 25

19 (4.7%) 0.69 0.1




YAPLAN -MEIER RISK OF

CAUTI

Extralumninal

Either or both

eter insertion

5

Q

Johnson etal. Ann Intern Med 2006;144:116-26,

tcorne as Regards CAUTI
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What has peen driving

rorn 44,000 to 98,000 deaths per
year in the United States are due
o preventaple medical errors in
hospitals. ”




THE FORCES DRIVING FHCA]
CONTROL IN THE UNITED STATES

THE FORCES DRIVING FCA]
CONTROL IN THE UNITED STATES




Overnignt, our governmernt nas
dernancded *zero tolerence ” of
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the public will follow







Many innovative tecnnologies
for prevention of FICAI
clearly work, are cost -effective
anc truly deserve our
consiceration for adoption.

The purpo 59 of infection
conirol technology is  not
to eliminate me need-
cornpliance with process
measures -- ]nfect]on
control practices -~ DUt to
supplement thern
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TRENDS IN DEVICE-ASSOCIATED FHCAls
1992 -- 2008 IN THE NNIS-NHSN U.S.
TEACHING HOSPITAL MED-SURG |CUs

2007-8
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