
how to prevent catheter-related infections

…..some things to think about!                                               

Marcia Ryder PhD, MS, RN, FNAP
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could avoidance of the use of CVCs account for some of this success?  

Marcia Ryder PhD MS RN  June 13, 2019 
“the big picture”



2019-2020 AVA member survey: PVAD use

Does your administration require/request your team to place 
peripheral catheters (SPC/midlines) in place of PICCs/CICC for 
the purpose of CLABSI reduction?  
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Re-using Masks
How many re-uses are you allowing your 

sta  before getting a new mask (assuming 

the mask maintains its integrity)?

1
DAY

2
DAYS

3
DAYS

4
DAYS

5
DAYS

AS MANY AS 
POSSIBLE

AS MANY AS 
POSSIBLE

2.8% 2.8%

12.8%

8.1%

56.8%Re-using Respirators
How many re-uses are you allowing your sta  

before getting a new respirator (assuming  

the respirator maintains its integrity)?

1
DAY

2
DAYS

3
DAYS

4
DAYS

5
DAYS

3.8% 4.2%

13.0%

37.3%

3.1%

38.6%

PPE Crisis Standards of Care
For which of the following has your hospital or agency 

implemented PPE crisis standards of care (i.e., 

decontamination, extended use, or re-use) at any time 

during the COVID-19 pandemic?

Healthcare-Associated Infections
Which types of healthcare-associated infections have 

increased since the pandemic started?

About the Survey: APIC conducted an online survey of its 11,922 U .S.-based infection 

preventionist members October 22–November 5, 2020 . Results shown are based on 

responses from 1,083 infection preventionists located throughout the United S tates.
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16.8%

Eye Protection: 75.8% 

Respirators: 73%

Masks: 68.7%

CLABSI: 27.8%

CAUTI: 21.4%

VAPS or VAEs: 17.6%

SSIs: 8.0%

MDROs: 5.4%

Isolation Gowns: 43.8%

Gloves: 10.1%
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Davis J. Penna Patient Safety Advisory. 2011;8(3)100-4.



complex, dynamic structures

•  resistant to host defenses

•  most not culturable by standard culture methods

•  release large numbers of cells 

• strongly adherent to the surface

•  dead cells release endotoxin 

within the matrix 

• rapidly increase antimicrobial 

resistance within the biofilm

•  resistance to antibiotics, antiseptics

biofilm cells are profoundly different:

…..it’s all about biofilm



the science of bacterial transfer: extraluminal

how do the microorganisms get there?





the science of bacterial transfer: extraluminal

what do they do when they get there?



antimicrobial catheter vs standard catheter

week 1     week 2     week 3     week 4     terminal culture     terminal BC     terminal day

2+ SA                                                                2+ SA                  SA                      5

control catheter

• skin antisepsis:  soap then alcohol scrub

• skin inoculated Staphylococcus aureus 106/cm2

• catheter insertion

fibrinous lining of

subcutaneous tract 



week 1     week 2     week 3     week 4     terminal culture     terminal BC     terminal day

2+ SA                                                                3+ SA                  NG                     7

a-hemolytic

strep

control catheterfibrin sheath at 

venous Insertion site
vein wall at catheter tip



week 1     week 2     week 3     week 4     terminal culture     terminal BC     terminal day

SA 2+       SA 2+       SA +2       SA +2             SA 3+                     NG                 33

bacillus sp

Teleflex Inc CONFIDENTIAL September 2011 

 

MBL  
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The mixed-species colonies appeared on Samples “A” and “C” from sheep #11129. The 

appearance of these colonies is shown in Figure 1 A. There were no CFU on the plates from 

sample “B.” The lowest dilution of the sample from the fibrin sheath had a smear of bacterial 

growth, approximately 24 cm² in area (Figure 1 B) that was also formed by the Gram-positive 

spore-forming rod. In addition, this plate had typical S. aureus colonies (Figure 1 B). Higher 

dilutions for the fibrin sheath sample contained only colonies with typical S. aureus morphology.  

 

 

 

 

BA 

 
Figure 1.  Photos of culture plates from samples processed for viable plate counts from sheep #11129 

showing colony types not consistent with S. aureus. A) Sample “A”, the proximal section of the catheter 

showing mixed-species colonies B) Fibrin sheath sample showing presence of both S. aureus (small 

colonies, lower quadrant) and a non-S. aureus smear. 

 

 

 

proximal catheter section                         fibrin sheath

mixed species                                 SA and bacillus



prevention of extraluminal bacterial transfer: insertion

• pre-procedure skin cleansing 

• pre-procedure skin antisepsis 

• aseptic insertion procedure S-ANTT 

• US disinfection, sterile probe cover, sterile gel

ALL VADs!!!!



• continuous antimicrobial protection

• evaluate necessity / removal

• adhesive remover / liquid adhesive 

• transparent dressing 

• standard ANTT

• repeated insertion site antisepsis 

• CHG bathing

• site monitoring/intact dressing

• catheter stabilization

prevention of extraluminal bacterial transfer: post-insertion



stopcock hubs

injection ports

needleless connectors

catheter hubs

touch contamination of access sites

external / internal surfaces

….the science of bacterial transfer: intraluminal



what do they do when they get there? 



biofilm bacteria are flushed into the 
bloodstream as planktonic cells or biofilm clumps 

bacteria are flushed into the catheter
from an access site or hub 

….the science of bacterial transfer: intraluminal





needleless connector septum: central venous catheter





PIV catheter hub





ELD 96 hr

(0.2 micron)

access site
disinfection

protective technologies for prevention of intraluminal bacterial transfer: post insertion

ALL VADs!!!!

low bacterial transfer
needleless connector

bacteria retentive
endotoxin retentive
air eliminating
particulate retentive

antimicrobial
catheter

catheter hub 
disinfection

antimicrobial/
anticoagulant
lock flush



connector

catheter hub

catheter segment (3 cm)

flush
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Ryder M, et al. Center for Biofilm Engineering, Bozeman, MT



protective technologies for prevention of intraluminal bacterial transfer: post insertion



• 2 university hospitals

• adult patients

• PICC or Tunneled CVAD

• > 7 days

• 2 connectors

1 positive displacement

1 negative displacement

Application          CLABSI         

time

5 sec                1.4/1000

15 sec                     0

5 min + IPA pad      1.7/1000



• no studies to date have evaluated the eradication of biofilm on 

needleless connector surfaces 



Endotoxin release during disinfection of 

contaminated needleless connectors:

a pilot study 

in brief

• needleless connectors inoculated 

P. aeruginosa 106/connector

• 30 min dry

• disinfection with IPA 70% pad, scrubbing 

device, 2 protective caps, IPA drop

• flushed 2 ml saline

• endotoxin in flush measured

…..something to think about!
ICU Medical Inc                                                                                                6/ 2012  

 

MBL 
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Figure 2. Summary of endotoxin data for three experimental runs. Values represent the 

geometric mean of endotoxin concentrations for three experimental runs. 

 

Results from the three repeat experiments for un-inoculated, treated connectors are shown 

in Table 7 and the results of the statistical analysis for un-inoculated, treated connectors 

are shown in Tables 8 and 9. 

 

For un-inoculated, treated connectors, there was no significant difference in the 

endotoxin concentrations in the flush (Tables 8 and 9).  

 

Ryder M, et al. Center for Biofilm Engineering, Bozeman, MT, 2012



0.2 micron filters retain all bacteria, fungi and protozoa 

physical barrier to bacterial transfer 

bacteria, particulate, and endotoxin retentive, air eliminating filtration



in brief

• needleless connectors inoculated  x 2 per day

S. aureus 106/connector

• flush and lock 4 x per day

• culture flush 2 x per day 

• total 18 access per day x 96 hr

• destructive biofilm sampling and flush counts



TETRASDIUM EDTA lock flush solution

disodiumEDTA tetrasodium EDTA

characteristics

https://pubchem.ncbi.nlm.nih.gov/image/imagefly_widget.html


Microbes Need !

• Calcium

• Iron

• Manganese

• Magnesium

• Zinc

• Copper

• Others

t/EDTA Steals Metals from Microbes !

SLIME (EPS)

Ca

Ca

Zn

Zn

Mg

Mg

Fe

F

e

Cu

Cu

Mn

Mn

Ca

Fe
Ca

Zn

Ca

eDNA

eDNA

eDNA

…..minerals are to microorganisms as oxygen is to humans!



questions?

96 hr

(0.2 micron)

low bacterial transfer
needleless connector

bacteria retentive
endotoxin retentive

air eliminating
particulate retentive

catheter
hub 

disinfection

antimicrobial/
anticoagulant

lock flush

access site
disinfection


