how to prevent catheter-related infections

..... some things to think about!
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Hospitals have made significant progress in preventing CLABSIs-nationally, there has been a roughly 50% drop in CLABSIs
between 2008 and 2014 (Figures 1 and 2)

could avoidance of the use of CVCs account for some of this success?
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2019-2020 AVA member survey: PVAD use AA

Does your administration reqguire/request your team to place

peripheral catheters (SPC/midlines) in place of PICCs/CICC for
the purpose of CLABSI reduction?
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Healthcare-Associated Infections

Which types of healthcare-associated infections have
increased since the pandemic started?

CLABSI: 27.8% B SSIs: 8.0%
CAUTI: 214% B MDROs: 5.4%
B VAPSor VAEs: 17.6%
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Central-Line-Associated Bloodstream Infection:
Comprehensive, Data-Driven Prevention

James Dawis, MSN, RN, CCREN, CIC
Senior Infection Prevention Analyst
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complex, dynamic structures
biofilm cells are profoundly different:

resistant to host defenses ~__jt’s all about biofilm

resistance to antibiotics, antiseptics

rapidly increase antimicrobial
resistance within the biofilm

dead cells release endotoxin
within the matrix

strongly adherent to the surface

release large numbers of cells

most not culturable by standard culture methods



the science of bacterial transfer: extraluminal

how do the microorganisms get there?
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the science of bacterial transfer: extraluminal

what do they do when they get there?



antimicrobial catheter vs stand
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ALL VADs!!!!

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



prevention of extraluminal bacterial transfer: post-insertion

evaluate necessity / removal

standard ANTT

repeated insertion site antisepsis
continuous antimicrobial protection

catheter stabilization

adhesive remover / liquid adhesive

transparent dressing

CHG bathing

site monitoring/intact dressing



....the science of bacterial transfer: intraluminal
touch contamination of access sites

injection ports

needleless connectors external / internal surfaces

| —a
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catheter hubs

stopcock hubs
_I ‘?‘ 1
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what do they do when they get there




....the science of bacterial transfer: intraluminal

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

biofilm bacteria are flushed into the
bloodstream as planktonic cells or biofilm clumps
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ISSUE: The use of needleless connectors has been documented as a risk factor for

s catheter-related bloodstream infection (CRBSI). - In vitro study has demonstrated

s that there is a significant difference among the connectors in their capacity to

transfer bacteria through the connector. Prevention strategies to minimize bacterial

transfer include access site disinfection and routine connector exchange. Methods

for disinfection and appropriate time intervals for replacement have not been well-

studied, thus current guidelines for these procedures are non-specific. The

purpose of this project was to evaluate the presence and distribution of

microorganisms on the connector external access surface and the internal flo f)ﬂl
path after use in the clinical setting.

PROJECT: Four needleless connectors were collected from patlemﬂs ina

- ~ medical intensive care unit following routine exchange; one from a subclavian

triple-lumen catheter, one from a femoral central venous catheter (CVC) and

F two from a radial arterial catheter. The connectors were immediately

’ preserved in ethanol for microscopic evaluation. - All sample connectors

were engineered with a silicone split septum and an internal collapsible

2 silicone mechanical valve. The external access“surface and the

SN L internal flow path of each connector were examined with Scanning

K Fig. 1b) Higher magnifications reveal that large
" aereas of the rim are co\ered with a dense
biofilm.

Laser Scanning Microscopy (CLSM) after application of a DNA
P stain.
RESULTS: Microorganisms on the external surface
observed by SEM were prevalent both on the plastic rim
of the device as well'as on the silicone septum.
Multiple microbial species were observed, some as
- single cells attached to the surface but
predominately in biofilms where the
/organisms are embedded in

Fig. 1c) Thebloﬂlmconmstsofamonolayerul ¥ P% # extracellular polymeric

cocci of varying sizes (arrows 1), which are f -~ substance(s) (EPS)
embedded in a dense exopolymeric matrix : ¢
(arrow 2). N
\

Fig. 2a) The longi
flow-tube exhibits seve
. extrinsic material.

inal slice through the inner
pots with tube

J The material of thé spots has at least
/ ¢ tic origin, the other part consists of
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On some, the split septum was observed to have areas of separation leaving large
gaps open to the flow path. The internal silicone surface-of the flow path revealed
microorganisms of mixed-species in copious amounts of EPS. The biofilms were
observed covering all areas of the surface in various stages of development from
attachment phase to'well established biofilms. SEM findings suggestive of the
presence of microorganisms within biofilm were confirmed by CLSM.

LESSONS LEARNED: Microbial colonization of predominantly dry and abiotic 1
external surfaces of medical devices is perceived as transient non-attached
single micrebial cells readily removed by brief antiseptic exposure and wiping. 5
Because needleless connectors are “closed systems” they are perceived as y

protective against microbial entry. Microscopic examinations of the sampled R
connectors confirm the presence of extensive multispecies biofilms on both 37
the external access surface and the internal flow path. Deterioration and loss - ght

of the approximation of the split septum may allow for microbial entry during

and after infusion. This work establishes that microorganisms exist on :
abiotic surfaces in the absence of sustained moisture as well as inthe ~ + e
fluid environment. of the flow path. Transfer of microorganisms as
single cells or biofilm fragments through the connector allows for ok i
biofilm" colonization on the internal lumen of the catheter and
potential bacteremia. Disinfection of the access portal prior to
use is crucial. Biofilms are tenaciously attached to surfaces,

are not easily removed, and require high-level disinfection
for complete kill. Adequate disinfection will require the
use of disinfectants capable of biofilm eradication as

well as sufficient mechanical friction to remove
surface biofilm. ¢ et Fide

Fig. 2d) Other areas revea\ed a highly mixed
species biofilm with many hyphae (arrow 1),

" short rods (arrow 2), big spiral rods (arrow 3)
and fine,long, flexible rods (arrow 4).

i =
: Fig. 2c) Some areas of |he bxofllm showed an
W4 3 S almost mono-species biofilm long filamentous
4 " bacteria.

Fig. 3a) A similar picture was found on the
. sliced inner flow-tube from another connector;
» small spots which showed bacterial growth.

, Fig. 3d) The eukaryotic material that adhered to
" the inner Jw-tube wall was often partly or

« completgly covered with biofilm.

Fig. 3¢c) The biofilm is cO
long filamentous, sometime:
bacteria.



needleless connector septum: central venous catheter

'[ SC center for medical
t m research



center for medical

biofilm research

Q
92
-]




EHT= 1 [0 kv Sigral A= SE2 Data 30 Qct202
! MSLLICAL File Name = 17 5 3500 3.tif |

PIV catheter hub



AccV Magn
10.0 kV b61x



ALL VADs!!!!

protective technologies for prevention of intraluminal bacterial transfer: post insertion

access site
disinfection
antimicrobial/
low bacterial transfer anticoagulant
needleless connector ! lock flush

ELD 96 hr l
i [ S RS

antimicrobial
catheter hub
.. . catheter
disinfection

bacteria retentiveT
endotoxin retentive
air eliminating
particulate retentive



FLUSH

Connector

Q- Syte
Ultrasite
CLC2000
MaxPlus
Lily Neutral
Invision-Plus
Clearlink
SmartSite
Planecta
TKO-6P
MaxZero
Caresite
One-Link
Q2
Bionector
Kendall
SafeTouch
SafeAccess
MicroClave
Neutron

Least Square Mean
(log(CFU/Flush))
5.37 A

Significant Groups

D
D
D
D
D
D
D

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



jon

t

Inser

oY jacterial Spore Contamination from _ poger sous

e |1+ Innectors using Disinfection Devices [ v
Bio Dgg Elinor deLancey Pulcini and Garth A, James

post

Enc for Biofilm Engineering Montana State University-Bozeman
yundation Engineering Research Center in the MSU College of Engineering

| METHODS RESULTS RESULTS

ANOVA Analysis

preparatory pads . ) Flush counts from connectors cleaned with the Site-

connectors. These dey Todetemine fisopropyl elcohol vas effecive o Scrub IPA Device were sinifcantl lover than the

and apply various leve Bacilus cereus spores, § comnectors were inocated. ; Curos* Port Protector and the IPA Wipe tested (Group A)
during use. To evaluat Thteeofthe comnectorssenved as uireated conrls. T at the 95% and 99% confidence intervals (CI) (Table 3),
cleanng, v perome Three of the inoculated connectors were treated by placing
devices using needle4 2 10 i drop ofsopropy aloholon the rfction port of the [PATrted Flush counts from connectors leaned with th IPA pad
bacterial spores that w connector. The alofol s allviedfo dy. Then ezch (Group B) wer iy lower than the Curos Port

disinfectant. connector was placed in a separate vial containing 5.0 ml verage ; Protector at a 95% and a 99% Cl.
PBS. The vials were sonicated for 2 minutes. The samoles IR

Disinfection with IPA's
connectors; however, ! -
preparatory pads and St Dev

1 . .
\iable Plate Count Results e

1* IPA Device 049 A
099

The injection ports of I
Connectors (CareFush
cereus spores. The co
various devices rangin
with 5 seconds dry to ¢
air-drying. The connec

1t Protector

‘The number of spores
connectors was verifie

e

Bacillus cereus ATCC 7(
from blood, was grown i
Infusion (BHI) broth supy

an orbital shaker at 37°C s
by ethanol reatment

der of the most to least effective spore
n the ranking was Site-Scrub" IPA Device,

To alleviate spore clumping, the spores were stored at
dand Curos* Port Protector.

20°C in Phosphate Buffered Saline (PBS) containing
0.05% Tween 20. Prior to each experimental run, 1.0 ml
of the spore suspension was centrifuged and re-
suspended in 1.0 ml PBS to remove the Tween 20.

i, products with more scrubbing action, particularly
e-Scrub" IPA Device, were more effectve for
ing bacterial spores.

effectiveness of the products forthe disinfection of
contaminated needle-free connectors appears to be
iultof the scrubbing action by the device itself.

REFERENCES

1 Alcohol Prep Pads, Alcohol Swabs, and Alcohol
ficks: Recall Due to Pot crobial Contamination
. fda govISafetyMedWatch/Safetylnformation/Safe

Average Log CFuU/C

Figure 1
Endosp
the B. ¢

Cotil Fish) ~ Cuos"Pot~ SteSon’PA— PAWD | i

Protector Device S

O
>
C
S
L
[ =
S
=
Q
4+
O
S
Q
S
S
&
=
S
4+
S
>
c
IS
=
Cc
Q
>
Q
Q.
S
S
vy
Q
>
S
o
C
Ny
O
Q
4+
Q
e
S
O
Q
[ =
S
Q.

Figure 1. Phase contrast image of Bacillus cereus culture.
Endospores are shown as small, bright blue ovals within
the B. cereus cells.
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Brief Report
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2 university hospitals
adult patients
PICC or Tunneled CVAD
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2 connectors
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1 negative displacement
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70% IPA . 5 sec 1.4/1000
— — — 2% CHG in 70% IPA 15 sec 0

70% IPA cap 5min +IPApad 1.7/1000
1 I
7 14 21
Device dwell time (days)

Atrisk

70% IPA 61 33 42 19 8
2% CHG in 70% IPA 38 49 36 19 Q
70% IPA cap 59 50 36 14 6

Fig 2. Kaplan-Meier survival estimates for central line-associated bloodstream infection by study group. CHG, chlorhexidine gluconate; IPA, isopropyl alcohol.



no studies to date have evaluated the eradication of biofilm on
needleless connector surfaces

center for medical

biofilm research



Endotoxin release during disinfection of | |
contaminated needleless connectors: - something to think about!
a pilot study

Sample Overall Significant G
Mean (EU/ml)

roups
Connectors Inoculated, No Treatment 63.10 Al | | ]
IPA 10 ul drop 12.59 'A| B |

]
Curos --
SwabCap o c |
SiteScrub | B
IPA Prep Pad | B |

Mean EU/mlI

70% pad, scrubbing
aps, IPA drop

Connectors  SiteScrub SwabCap Curos IPA Prep IPA 10 ul

Inoculated, Pad drop
No

Treatment - aS u red

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

geometric mean of endotoxin concentrations for three experimental runs.

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



physical barrier to bacterial transfer

bacteria, particulate, and endotoxin retentive, air eliminating filtration

0.2 micron filters retain all bacteria, fungi and protozoa
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TETRASDIUM EDTA lock flush solution

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

Y Capsule
eDNA Cell wall
Plasm '
a membrane NMirrnhoc NlaaAd |

Cytoplas Zn
ytop m BIOFIILM EPS

Figure7 Suggested bridging of two bacterial alginate strands by Ca’*.




access site
disinfection

\4

low bacterial transfer
needleless connector

bacteria retenl‘ive
endotoxin retentive
air eliminating
particulate retentive

antimicrobial/

anticoagulant
lock flush

(0.2 micron) —llﬁ

catheter
hub

disinfection questions?



