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Please take a moment to reflect upon how our
attitudes or internalized stereotypes may impact
patients requiring peripheral or central intravenous
catheters

“Implicit bias” means the attitudes or internalized
stereotypes that affect nurses’ perceptions, actions,
and decisions in an unconscious manner, that exist and
often contribute to unequal treatment of people based
on race, ethnicity, gender identity, sexual orientation,
age, disability, and other characteristics that contribute
to health disparities. (CA Bill 241)




Evaluate the evidence associated with the science and function

Evaluate
of needleless connectors

Describe the impact of pressure on fluid movement and normal

Describe patient activities

Explain and discuss loss of patency and how control of blood

Explain reflux can reduce complications




Have you ever walked into a room
to troubleshoot an IV and there
was blood in the catheter?

Bedside Nurse is certain she
flushed.

So, how does the blood get back
in the catheter?

Used with permission PICC Excellence, Inc.
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Gorski, et al. Infusion Therapy
Journal of Standards of Practice 2021 Edition

Nnfiicion Niirci . c
Infusion Nursing Journal of Infusion Nursing

The Official Publication of the Infusion Nurses Society

Needleless Connectors (Section 36)

- Many additional factors, such as
Stz’,"’;'l':z;' :{,";,’r‘gg’.‘e body movement, respirations,

syringe plunger rebound, and
coughing, cause changes within a
catheter lumen that can allow blood
to move into the lumen.

8th Edition

o Wolters Kluwer

Gorski L. Hadaway L et al. Journal of Infusion Nursing. 44(1S):51-S224, January/February 2021.



= Moureau, et al. Thrombotic Catheter
Occlusions

= Journal of Vascular Access Devices, 1999

" Intraluminal thrombi develop from blood
build-up within the lumen of a Catheter

= According to the literature thrombosis and
infection are the two most common and
serious occurring complications associated
with VADs

Moureau, N, McKinnon B, Douglas C. Multidisciplinary management of thrombotic catheter calculations in vascular access devices. JVAD.1999
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uccessful management of vascu-
lar access devices (VADs) can be
challenging in amy setting. When
complications such as thrmbotic
occlusion oocur, the clinician
recpuires 4 comprehensive knowl-
edge of the management options
b overcome the problem.

Thrombaosis Clinical
Management

Thrombosis is the development of a
Blood clot within a vessel, a catheter, or
both, Immediately after a VAD &
insented into @ vessel, a coagulation cas-
cade begins. Platelets and while blood
cells attach 1o the catheter surface. As
the platelets begin to aggregate, fibrin
strandds. form o cover the foreign object.
Thrombus formation may ooour within
24 hours of the insertion of a device,”
and the presence of a fibrn sleeve
armund central venous catheters is com-
mon in catheters that have been in
place for greater than one week.? The
types of thmmbotic oochuesions noted in

association with VADs are intralumina]
thrombas, mursl thrombus, fbrin il or
fap, and fibrin sheath or sleeve.

Intraluminal Thrombus

Intraluminal thrombi develop from
blood build-up within the lumen of a
catheter as the result of insufficient
fushing, inadequate fow through the
lumen of the catheter, or frequent
withdrawals of blood via the catheter.
Intraluminzl thromboses  frequently
oocur as partial ooclusions, not com-
pletely blocking the catheter, but
appedring 3as 3 crescent moon shape.
As a result, flow may be compromised,
with sluggishness apparent upon flush-
ing or infusing solutions.

Mural Thrombus

The tip of the catheter may cause a
vessel wall injury, initiating another
coagulation cascade. A mural throm-
bus is formed when the fibrin from
the vessel wall injury attaches to the
fibrin building on the catheter surface.

As more cells and other blood prod-
ucts are added, a full venous throm-
bus may form

Fibrin Tail or Flap

The adherence of fibrin, blood cells
and platelets o the end of a catheter is
called a fibrin il or fap. As the tai,
attached o the catheter, sticks oul into
the blood stream, more cells and other
hiood products become deposited onto
the wmil. As a result, fibrin @is can
bocome quite long. The inability to
aspimte blood from a functional cathe-
ter is frecquently caused from a fibrin
Hap or il A persistent withdrawal
ooclhesion is the presence of a fibin flap
that =cis as & one way alloming
the catheter to flush easily, but not
allowing blood w0 be aspirted

Fibrin Sheath/Sleeve

A fibrin shesth or sleeve is formed
exiraluminal, from adherence of fibrin o
the extemal surfaces of the catheter. Fib-
rin sleeves may act as 3 sock, oovering

12 JVAD Summer

1999




Moureau, et al. Central Venous Catheters in Home Infusion
Journal of Vascular Interventional Radiology, 2002
Strategic HealthCare Programs National Database

Retrospective observational study [of home care patients with a CVC catheter
from April 1999 to September 2000] utilizing a large healthcare database

50,470 patients representing 2.83 million catheter days; patients who
underwent home infusion care and had undergone placement of a Central
Venous Catheter (CVC).

Thrombotic dysfunction was defined as thrombus accumulation within a
catheter resulting in partial or complete blockage.

Thrombotic occlusion was the principal cause of catheter dysfunction,
occurring in 28% of patients in this group.

= BS| was reported in 541 patients, generally more than 30 days after catheter insertion.

= Catheter thrombosis outcomes resulted in therapy interruption (43%), catheter replacement
(29%), premature CVC removal (14%), unscheduled emergency room visits (9%), and/or
hospitalizations (6%).

Moureau N. Central Venous Catheters in Home Infusion Care: Outcomes Analysis in 50,470 Patients. Journal of Vascular Interventional Radiology. October 2002.
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Clinical Studies

Central Venous Catheters in Home Infusion
Care: Outcomes Analysis in 50,470 Patients

Nancy Moureau, BSN, CRNI,' Susan Poole, MS, CRNI, CNSN," Margie A. Murdock, RN, MSN,"
Sarah M. Gray, PhD, and Charles P. Semba, MD'

PURPOSE: Outpatient home infusion therapy is increasing; however, little data exists on the outcomes of patients
receiving care. The purpose of this study was to document the natural history of central venous catheters (CVCs) used
in home infusion care to determine the rate and type of catheter complications.

MATERIALS AND METHODS: Data from the Strategic HealthCare Programs National Database from April 1999 to
September 2000 were analyzed. Primary study objectives were o identify (i) types of CVCs and principal diagnoses,

(iil type and rate of catheter complications, and (iii)

ic catheter complications. Event

rates were calculated per 1,000 catheter days; 50,470 patients re pmenl’m g 2.83 million catheter days met study criteria.

RESULTS: The rates of complications (per 1,000 catheter days) for the most common events were: catheter dysfunction
(083 total; 0.6 nonthrombotic, 0.23 thrombotic), catheter site infections {0.26), and bloodstream infections (BSls; 0.19).
A total of 4,138 complication events were identified (event rate per 1,000 days: 15). The total rates of complications

with each catheter type were: midline catheters (4.5), PICCs (2.0),

led central cath 11, led

catheters (L0), and chest ports (0.52). Catheter dysfunction with loss of patency was the most common group of
complications. Thrombotic occlusion was the principal cause of catheter dysfunction, occurring in 28% of patients in
this group, typically within 7 days of catheter insertion. BSI was reported in 541 patients, generally more than 30 days
after catheter insertion. Catheter thrombosis outcomes resulted in therapy interruption (43%), catheter replacement

(29%), premature CVC removal {14%), unscheduled emergency room visits (9%), and/or hespitalizations (6%).

CONCLUSION: Catheter dysfunction is the most frequent complication of all CVCs in our population, almost twice
that of infections. Outpatient home infusion catheter dysfunction results in delays to therapy, unscheduled hespital-
izations, and need for device replacement.

Index terms: 1o come
J Vasc Interv Radiol 2002; 13:000-000

Abbreviations:  BSI = bloodstream infection, CVC

GREATER than 5 million central ve-
nous catheters (CVCs) are inserted
each year in the United States {1-4).
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central venos aatheter, PICC = peripherally inseried central catheter

The demand for CVCs is increasing as
medical therapies become more com-
plex and provide a broader range of
functions, including delivery of intra-
venous fluids, parenteral nutrition, an-
tibiotics, chemotherapy, and blood
products, and blood sampling for lab-

4 ©ratory monitoring. Outpatient infu-

sion services have risen dramatically

. as providers have come under increas-
£ ing pressure to reduce hospital costs
tmd and the population of the United
0C  States has grown older (5). CVC use

already has become integral to therapy
outside the traditional hospital setting.
Herbst and colleagues (6) reported
that CVCs are used in 93% of patients
receiving home infusion therapy, com-

pared to 13% of hospitalized patients
(6)

As interventional radiologists are
becoming key providers in managing
CVCs, understanding long-term out-
comes is necessary to identify prob-
lems, improve clinical practice algo-
rithms, and create economic models
that will reduce health care costs. Ex-
tensive data exists for the frequency
and types of catheter complications
that arise in the inpatient hospital-
based setting (7-8); however, there is
sparse data on catheter-related com-
plications in the rapidly growing out-
patient home infusion environment
(10-12). The purpose of this study was
to document the complications associ-

1



= Hadaway. Reopen the Pipeline
= Nursing Journal, 2005

=  Problems within the catheter lumen. Occlusion of the catheter lumen is the most
common noninfectious complication of CVCs.

= Affecting about one-third of all CVCs, occlusions may originate from biofilm (a slimy
material containing microorganisms that coats the catheter), a thrombus, or drug
precipitate.

= Qrganisms are introduced to its surface during venipuncture and into its lumen during
infusions and manipulation of the catheter hub during tubing or cap changes, medication
administration, and flushing.

= Thrombus in the catheter lumen. Just as protein and fibrin from the blood collect on the
catheter’s outer surface, they can build up inside the catheter from blood aspirated to
assess catheter patency or from blood reflux into the lumen.

=  Several factors can cause unintentional reflux into the |.V. catheter lumen:

= When you release pressure on the plunger rod, the plunger rebounds and draws
blood back into several centimeters of the catheter lumen

= Coughing, sneezing, vomiting, lifting heavy objects, or heart failure can increase
intrathoracic pressure, forcing blood into the catheter lumen

Reopen the pipeline

Hadaway LC. Reopen the pipeline for IV therapy. Nursing2020. 2005 Aug 1;35(8):54-61.

Learn why a vein or catheter may become occluded, how to head off trouble, and

what to do if your patient has problems.
BY LYNN C. HADAWAY, RN,C, CRNI, MEo

WALTER ZINKOFF, 77, has bacterial endocarditis
and receives vancomycin through a peripherally
inserted central catheter (PICC). Attempting to flush
the catheter before infusing his next dose, you
encounter a lot of resistance and can aspirate blood.
M. Zinkoff tells you that his last dose took 2 hours to
infuse—twice as long as normal.

You should get a free-flowing blood return whenev-
er you use a syringe to gently aspirate from any intra-
venous (1.V.) catheter, so you're facing a problem. To
protect Mr. Zinkoff from serious complications, inves-
tigate whether a thrombus or something else is oc-
cluding his PICC or the vein where it resides before
you try to inject or infuse anything through it.

The vein and the catheter are two distinct flow sys-
each v >

The causes of vein and catheter problems vary, as do
prevention and management tech-

thrombosis develops later.) Phlebitis or infiltration
also can slow or stop the flow of fluid

Routinely assess your patients hand and arm where
the LV, device was placed. Look for reddened,
blanched, tight, translucent, or cool skin; swelling;
pain; numbness; streak formation; a palpable venous
cord; purulent drainage; and circulatory impairment.
If you detect any of these problems, immediately
remove the peripheral catheter.

Although blood return is a key assessment finding in
LV. therapy, inability to get a blood return isn't a sure
sign of occlusion in a peripheral catheter. Aspirating
from a catheter resting in a small-diameter vein could
collapse the vein wall into the catheter tip to block the
backflow of blood. Assess your patient for other signs

. and symptoms of complications and try other ways to

get a blood return. For example, hold the LV. bag lower
than the cath-

niques. In this article, I'll discuss
problems that can affect catheters
in both peripheral and central
veins, explain what you can do to —
protect your patient from injury, =
and offer suggestions that may
help you save a line.

Vein wall collapsing
into the catheter tip during aspiration

eter or gently
pinch the ad-
ministration set
near the cath-
eter. If you still
don't get blood
return, replace

the catheter.

P with perip
catheters

Because their tips remain in
peripheral veins, both short
peripheral and longer midline
catheters are considered peripheral | 3
catheters.

A short peripheral catheter, less
than 3 inches (7.5 cm) long, is
typically placed in a small, super-
ficial vein of the hand or arm. If
the 1.V. bag runs dry and blood

Leakage from hole in the
vein wall near the catheter entry site 4

Even when
you get a brisk
blood return
~_| from a periph-

| eral catheter,
you can't rule
out complica-
| tions if other
problem signs

example,
swelling around

backs up, a thrombus can occlude
the catheter. If the dressing doesn't adequately stabilize
the catheter, movement can cause the external portion
to kink or the internal portion to damage the vein wall
and trigger thrombosis. (You'll learn more about how

54  Nursing2005, \olume 33, Number §

the insertion
site may indicate a hole in the vein wall near the
catheter tip in addition to the one where the catheter
entered the vein. (See Assessing for problems and
responding for details.)

wwwnursing2005.com

are present. For
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ORIGINAL RESEARCH

= Ernst, et al. LOS, Costs, Readmissions Alteplase or Replacement of CVCs
= Journal of Hospital Medicine, 2014
= Premier Research Services; Charlotte, NC

= Retrospective observational study [of hospitalized patients treated for a
catheter occlusion from January 2006 to December 2011] utilizing a large
hospital database

= 34,579 patients treated for a CVC occlusion by replacement (N=1028) or by
alteplase (2mg) administration (N=33,551)

= 30 and 90-day readmission rates were 23.7% and 33.9% for alteplase group

= |Mean length of stay pre-occlusion in the alteplase group (7.3 days) and post
occlusion (8.8 days)

= The alteplase group had lower daily post occlusion costs than patients who
received catheter replacements

Ernst F. Comparison of Hospital Length of Stay, Costs, and Readmissions with Alteplase versus Catheter Replacement
Among Patients With Occluded Central Venous Catheters. Journal of Hospital Medicine. Vol 9. No 8. August 2014.

Comparison of Hospital Length of Stay, Costs, and Readmissions of
Alteplase Versus Catheter Replacement Among Patients With
Occluded Central Venous Catheters

Frank R. Emat, PhamD, MS', Er Chen, MPF, Craig Lipkin, M5!, Damen Tayama, MIF, Aipash N. Amin, MD, MBA®

"Prevnia R sh Se ., Prormir Hexsthoare Al Chefotts, Norgh

Caifomia; Deperiment of Madohe, Sctod of Medcine, Unfwrsy of Cali

irs, Genentech, South San Frncioo,

BACKGROUND: Central venous cathater {CVC) occusion
ts common, atfecting 30% of all CVCa.

OBJECTNE: To compare length of stay (LOS), costs, and
readmissions assocated with the use of ateplase to clear
catheter blockage to oultomes associaed with catheter
repacement.

DESIGN: Retroapective observational study utizng a large
hospital database.

PARTICIPANTS: Hospitalized patents treated for cateter
occhsion fom January 2006 to December 2011,

MAIN MEASURES: Univanate analyaes of patent charac-
teriatcs and treatment patisms and multivanabie regression
analyses of postoccusion hospital costs, LOS, and 30- and
0-day readmissions were conducted.

KEY RESULTS: We included 34,579 patents wrested for &
CVC oochsion by mptacement (N = 102§ o by alieplase 2
mg) adminisraton (N = 33551). Patents receiing ateplase
wesm somewhat younger than those having catheter repiace
ment {50+ 19 va 62 £ 20 years old, P = 0.0002). After adst-

ng for patent and hosptal factrs via regreasion modsing
average daly postoccusion cost wes $317 bwer for ats-
piase reciplents han for cathater replacement patients {36%
confidence intenal [O1]: 238 22-302 34; P« QL0001). Adisted
‘otal posipociusion costs were $1419 lower for Steplase mcp-
ent varsus patents recening camelsr raplacamen ([25% O
WV72T-245812; P= 00121). Postoccuson operating roomy
sumgery, radiobgy, and supply cost wes signficanty lower
for atepase recipiants P < 0.001). Average adpsied postoc-
dusion LOS was similar for bath groups = 0.05). Odda of
madmisson ware nat significanty difersnt at 30 or 90 days.

CONCLUSIONS: Among patents treated for an occhuded
CVC, ateplase-treated patents had lower daly and iotal
posiocclusion cosls ihan  patienis receiving  catheler
replacement Cost differences were mainyy driven by lower
operatng room/surgery, radko o gy, and supplier coata. Jour-
nal of Hospital Medicine 2014:2:490-496. @ 2014 The
Authors Joumal of Hospitsl Medicine published by Wiksy
Periodicats, Inc. on behaf of Society of Heapital Medicine

resulting from t A catherer occlusion can be partial or com and
sation of nfusions, and venous thrombosis, can increase can occur secondary to a variety of mechanical prob-
aszociated morbidity and mortality. These complications lems, u\_lud.mn, an uncommon, but potentially life-
can abo imerupt and delay for the undedyi | . pinch-off synd i
eral nurrition can also cause o
acute or gradual, with incre
through the catheter. Inapprop.
and Erree incompatible mivrumes can case
FramD). Frincial, Premier Rasesrch Servoes. Framer Helthoam A cipitare within the catheter lumen.
sl P, Chratt, INC: 2277, Tl Occlusions are either thrombotic or nonthrom botic.
8165500 F . 7044165092 E-mad ey
i emaniEr amen e com One autopsy study of patienss with a long-term CVC
found that a I|hnn I:gnlla u\_ai_d l|); ..all).m i
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Implications for maintaining vascular eha—r., 113

Anica rmiea poclaines

= Hawthorn, et al. Maintaining Vascular Patency access device patency and performance:  aivma=:

Application of science to practice S

= The Journal of Vascular Access, 2019 lesandra Hawshorn' >, Andrew  Bulmer? Sapha Mosav

and Samantha Keogh'?

= School of Nursing, Queensland University of Technology, B e e e ot e e el s

a5 well s blocd sampling, Diespite their common wse in dinical settings. these devices are prone to cechsion and filure,
S requiring replscement and exposing the patient to cngeing discomfort/pmin, local vessel infammasion and risk of infection. &
ustralia gt f retion s s e gl ot e pesormance. e e veree o o
marty of these mechanisms iz bmitad and the mechanisms contributing to the fikire of thesa devices are largely unknown,
Aimslobjectives (1) To revisi existing understanding of blood, vessd physiclogy and biological fuid dymamécs; (2)
develop an understanding of the imphications that different clinical practices have on vessel health, and (3) apply these
undersandings to vascular sccess device ressarch and practice.

= Up to 85% of hospital in-patients will require some sort of e e e S e

Id“::;yg*ol':;;:]“dmu to suppoﬂ.hd:e d\-en-rl;!:ll uwmpummumgﬁd:u: mgmmms ﬂul::.\;bew demnmlﬂef
. . . . M . M i res) to vascubr access devics insertion, flus on the vein, components

VAD during their admission, which may be inserted into the e ot o e v s et s o o sy o
Conclusion: This review provides an update to our currert knowledge and understanding of vascular physiclogy and

central or peripheral vasculature. el mpe gy e g e s e e

Keywords
Guidelines, intravencus, catheter, shear stress, thrombaosis, venous

= \/ADs fail due to thrombosis and occlusion and is therefore e et s
imperative to maximize VAD patency Background et il e,y b

Vascular acoess devices (VAD) provide vital access 10 5 ey (linical guidelines make various recommendations
blood circulation to facilitate essential patient care and are
used for diagnostic and thempeutic purposes including
blood sampling, drug and fluid administration, perentaral 'Sehool of Murgng, Queensind Universty of Technology, Britans,
nuirition and administering bleod trensfusions.? Up o JQMLEGI‘;{W‘ — o,

“5‘.& af hngn.ul in-pasients ‘fﬂ“ requi some Soet _N VAL seca tor vascuar mwmm Rasgarch [AWATAR),
during their admission, which may be inseriod M9 96 psgricn o gttt Qe Grefen nivarsty,

sentral or peripheral vasculsture * A range of chinical prac- QLD Austrata

tice strategics and products cuist o minimize the occlusicn

Comumponding author:

and throrbotic complicaions that ariss ffom vasculSr  gorcnl yece Sonool of Mursing Quesnstnd Univsrsky of
dovice insertion and use. Thess includs optimizing inser-  Tashnoingy, Vistora Park Acad, Srkans, QLD 4059, Austrain
tion tochmigue, optimizing cathctorto-vein (CV) mbo,  Emak 2 keoghiliqut eduan

Hawthorn A. Implications for Maintaining Vascular Access Device Patency and Performance: Application of Science to Practice. The Journal of Vascular Access. November 2018.



Blood reflux causes thrombotic catheter occlusions

Used with permission PICC Excellence, Inc.



Top 5 NC studies

All needleless connectors are NOT the same
Many clinicians do NOT know the difference
Clamping sequences are not understood

Clamping sequences are performed
inconsistently or not at all

ELLI et.al., 2016

HULL et.al., 2018
GIBSON et.al., 2020
GORZEK et.al., 2021
SANSALONE et.al., 2021

L




Common

Categories
of Positive displacement
Needleless Neutral displacement
Connectors

Anti-Reflux no-displacement




Needleless Connector (NC) is a device that allows intermittent access to a vascular access device with an administration set
or syringe, without the use of needles while maintaining a closed system; types are categorized by description (ie, simple or
complex) and function or open for flow upon set or syringe disconnection (ie, negative, positive, neutral, or anti-reflux) .

Simple NC. Allows a straight fluid pathway through the center lumen without any internal mechanism to control flow;
example is a pre-pierced septum accessed with either a blunt cannula or male luer device; eg, split septum.

Negative Displacement NC. Allows blood reflux into vascular access device (VAD) lumen upon disconnection due to
movement of valve mechanism or removal of syringe/set.

Positive Displacement NC. Allows a small amount of fluid to be held in the device; upon set or syringe disconnection, this
fluid is pushed through the catheter lumen to clear any blood that refluxed into the lumen.

Neutral NC. Contains an internal mechanism intended to prevent blood reflux into the catheter lumen upon connection or
disconnection.

Anti-Reflux NC. Contains a pressure-sensitive internal mechanism designed to prevent movement of fluid or blood into
the catheter lumen when the flow of infusion solution has stopped. Complex NC. Has a variety of moving internal
components that allow fluid flow in both directions; eg, mechanical valves.

Gorski L. Hadaway L et al. Journal of Infusion Nursing. 2021;44(1S):S1-S224.



INS Standard 36

Fluid reflux is documented by in vitro studies in all
types of needleless connectors, with quantities
ranging from 0.02 to 50.37 pL.

Due to the internal mechanism, positive
displacement devices have the greatest volume of
reflux at connection, while the greatest amount of
reflux occurs at disconnection for all other types of
needleless connectors. (V)

Negative displacement devices produce the greatest
volume of reflux, and

Anti-reflux devices containing a bidirectional,
pressure-sensitive valve have the least amount of
reflux.

lournal of

Infusion Nursing

The Offcial Poblication of the infusion Nurses Society

Infusion Therapy
: Standards of Practice

Gorski L. Hadaway L et al. Journal of Infusion Nursing. 2021;44(1S):S1-S224.
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In vitro evaluation of fluid reflux after flushing different
types of needleless connectors

Stefano Elll, Chiara Abbruzzese, Luigi Cannizzo, Alberto Lucchini

Emergency Department and Intensive Care, San Gerardo Hospital, University of Milan-Bicocca, Monza {MB8) - Italy

ABSTRACT

Purpose: To evaluate fluid reflux, when disconnecting syringe, for different needleless connectors.

Materials: Nine connectors were tested; 540 measurements were carried out.

Results: The connectors tested showed very different performances, about reflux, on disconnection of the sy-
ringe used for flushing.

The calculated reflux volumes are: Max Zero® - BD: 6.90 (£2.47) mm’*; MicroClave Clear® - o .
mam, Blonecteur® - Vygon: 124(20.73) mm'; Neutron® - icU Medical 012 (015 mnf CONClUSiONs: Needleless connectors are one of the main

33.51 (£11.50) mm?; Safe Plus® - Cremascoli: 23.54 (£3.56) mm?; NeutraClear® - Cair: 9. ) ) ) ) )

- Cair: 0.33 (£0.31) mm?; Dasa® BTC: 2.38 (£1.67) mm’.

Differences between investigated devices were statistically significant {p<0.001). fa Cto rs I nVO IVe d I n kee p I ng Cat h ete r pate n Cy' It I S I m po rta nt
Discussion: It is difficult to establish the best quality-price ratio for needleless connect . .

sider several variable factors: continuous or discontinuous Infusion, catheter type, usag to Mma ke t h e beSt C h oice amon g t h e conn ecto I's aval | d b I e.

of catheter used. It would therefore be useful to have an indication of the intraluminal
by blood reflux in relation to a specific device.

Conclusions: Needleless connector Is one of the main factors involved in keeping catheter patency. It is important
to perform the best cholce among the connectors avallable.

An empirical reflux measurement, relative to the needleless connector and the catheter in use, can be obtalned
using an 18G cannula.

Keywords: Blood, Catheter, Connector, Needleless, Occlusion, Reflux Elli S, Abbruzzese C, Cannizzo L, Lucchini A. In vitro evaluation of fluid reflux after flushing different types of
needleless connectors. The Journal of Vascular Access. 2016 Sep;17(5):429-34. DOI: 10.5301/jva.5000583
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Quantitative assessment of reflux in commercially
available needle-free IV connectors
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ABSTRACT

ORIGINAL RESEARCH ARTICLE ma

Introduction: Blood reflux is caused by changes in
disconnection of a syringe or intravenous tubing fr
fering with each brand of NFC, may result in fluid m
catheter occlusions and increase the potential for ce
Methods: in this study, 14 NFC brands representing e
evaluation of fluld movement occurring during connec
theoretically estimate amount of blood reflux volum
component measurements, and 2) experimentally m
of negative, neutral and anti-reflux NFC and fluid m
Results: The rezults demonstrated fluid movement/ e ———

ment, 3.60 plL to 10.80 pL for neutral displacement, and 0.02 pl to 1 ?3 ul for pressure-activated anti-reflux NFC.
Separate experiment was performed measuring connection reflux of 18.23 pl to 38.83 pl for positive displace-
ment NFC connectors.

Conclusions: This study revealed significant differences in reflux volumes for fluid displacement based on NFC
design. While more research is needed on effects of blood reflux in catheters and NFCs, results highlight the need
to consider NFCs based on performance of individual connector designs, rather than manufacturer designation of
positive, negative and neutral marketing categories for NFCs without anti-reflux mechanisms.

Conclusions: This study revealed significant differences in reflux volumes for fluld displacement based on NFC
design. While more research is needed on effects of blood reflux in catheters and NFCs, results highlight the need
to consider NFCs based on performance of individual connector designs, rather than manufacturer designation of
positive, negative and neutral marketing categories for NFCs without anti-reflux mechanisms.

Hull GJ, Moureau NL, Sengupta S. Quantitative assessment of reflux in commercially available needle-free IV
connectors. The Journal of Vascular Access. 2018 Jan;19(1):12-22. DOI: 10.5301/jva.5000781
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ORIGINAL ARTICLE

Do Needleless Connector Manufacturer Claims on
Bidirectional Flow and Reflux Equate to In Vitro
Quantification of Fluid Movement?

5. Matthew Gibson, RN, CRNIE, VA-BC™, CPUIL
1445 Hwy 416 East, Henderson, Kentucky
Jonathan Primeaux, MBE
University of Michigan, Ann Arbor, Michigan

Highlights

* Two of 13 NCs passed the test for bidirectional flow control.
All NCs reflux either on connection or disconnection.

will assist in the proper use of NCs.

Abstract

Background: Manufacturers designed needleless connect
to bloodborne pathogens. All NCs displace fluid, and most
The ohserved hidirectional fluid movement and reflux may
device describes NU. Reflux may lead to a significant pati
occlusion and infection.

Methods: The in vitro observational study 1 (0451) systema
prevented retrograde fluid from flowing into the infusion sy
The ohservational study 2 {()52) measured the amount of
connection and disconnection of a Luer locking device.
Resulis: (351: Eleven NCs failed bidirectional flow control,
13 NUs had varying amounts of fluid displacement or refl
disconnection was .17 pL. to 114.65 pl.. The measured vol
to 34.43 pL.

Conclusion: NC labeling does not appear to correspond with manufacturer claims. Neutral displacement does not
appear o be present in the NUs used in this ohservational study. To properly instruct health care professionals
aboot using the various NUs availahle, it is imperative to know the accurate bidirectional control, reflux cycle,
and volume of reflux beyond the manufacturer's performance claims. Precise information may assist the clinician
in reducing intraluminal blood exposure of vascular access devices.

Keywords: needleless connectors, reflux, positive, negative, neatral displacement, displacement, antireflux

NC labeling does not appear to cormespond with manufacturer claims.

Neutral displacement does not appear to be present in the NCs tested in this observational study.
Accurate bidirectional flow control, reflux cycle, and volume of reflux beyond the manufacturer's performance claims

b e [ Co 5 G Lo gL sy iy Wwow) papeo e

Emﬂm"ﬂﬂngdmﬂwhmmﬂwﬂhmﬂﬂmrdﬁﬂmtmlﬁqﬁmmtdﬂm
wlrtnh:prumtmﬂlﬂ[hnedmlhﬂihlnlhmdat-h To properly instroct health care

about using the various NCs available, it is imperative to know the accurate bidirectional control, reflux cycle,
and volume of reflux beyond the mamfacturer's performance claims. Precise information may assist the clinician
in reducing intraluminal blood exposure of vascular access devices.

Gibson SM, Primeaux J. Do Needleless Connector Manufacturer Claims on Bidirectional Flow
and Reflux Equate to In Vitro Quantification of Fluid Movement? Journal of the Association
for Vascular Access. 2020 Dec 1;25(4):28-36. https://doi.org/10.2309/JAVA-D-20-00031
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The Art and 5cience of Infusion Nursing

Assessment of Reflux From Needleless
Connectors: Blinded Comparison of Category
Designation to Benchtop Function Using a
Venous Simulator

Sarah Gorzek, BS » John F. LaDisa, Jr, PhD

ABSTRACT
Needleless connectors [NCs) for vascular access have limited needlestick injuries, but complications including occlu-

sion, thrombaosis, and infections have increased despite reduced needlestick injuries. These complications relate
to the ability of an NC design to limit volume fluctuatio

contamination. Different NC designs requiring specific
relative to manufacturer-designated categories, and co
different NCs have resulted in confusion, ultimately lea
the vascular access. The authors therefore quantified t
NCs using a venous stimulator. Thirteen blinded NC des
ment, neutral, and antireflux were tested to quantify fl
representative intravenous pressure (3 NCs per design;
displacement trends leading to tight error bars. Blinde ‘I'“.EE,I'HI'.E H

compared with their category designation after unblin ! d a nt“.E"ux III'I"I‘IFEI nent.
consistent with their respective category designations. Conversely, a s categorized as neutral actually functione
with negative displacement (ie, reflux upon disconnection; 4/5 NCs) or positive displacement (1/5 NCs). Only NCs
classified as antireflux functioned as neutral, which was confirmed in a blinded bidirectional flow test. These results
suggest that the neutral NC-marketed category may be confusing to users unless the particular NC design has an
integrated antireflux component.

Key words: catheter occlusion, catheter-related bloodstream infections, catheter-related thrombosis, microbial
contamination, needleless connector, reflux, vascular access

consistent with their respective category designations. Conversely, all NCs categorized as neutral actually functioned
with negative displacement (ie, reflux upon disconnection; 4/5 NCs) or positive displacement (1/5 NCs). Only NCs
classified as antireflux functioned as neutral, which was confirmed in a blinded bidirectional flow test. These results
suggest that the neutral NC-marketed category may be confusing to users unless the particular NC design has an

Gorzek S, LaDisa JF. Assessment of Reflux From Needleless Connectors: Blinded Comparison of Category
Designation to Benchtop Function Using a Venous Simulator. Journal of Infusion Nursing. 2021 Nov
1;44(6):323-30. DOI: 10.1097/NAN.0000000000000447
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Needle-free connectors to prevent central smosumn

APtz reuss guldslings:

venous catheter occlusion at a tertiary gL oSt par o
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cardiac center: A prospective before and gonce
after intervention study

Andrea Sansalone', Raffaello Vicari', Fabio Orlando',
Alessandro Dell’Avo!, Silvia Giuffrida', Paula Deelen?,
Stefano Bernasconi'? and Michele Villa?

Abstract

maost medern devices; however, no studies have compared this

terms of the incidence of CVC occlusion. management of vascular access in cardiac patient care. Staff training, even on apparently simple devices, is essential to

(phase I). After implementation of needle-free connectors (ph

Methods: This study is a prospective befare and after interven
phase was conducted with the three-way stopcock as the 5:31 EWH:I th'. fhh ﬂ{ “ﬁm‘
September 2019 to January 2020 (phase 3).

Results: Of 199 CVCs analyzed, 41.2% (40/97) occluded in at least one lumen in the first phase, and 13.7% (14/102)
occluded after introducing the technological device, absolute risk reduction 27.5% (95% confidence intarval | 5.6%

Objectives: To evaluate the effectiveness of needle-free con 39.4%). The lumens supported by needle-free connectors showed a higher probability of maintaining patency compared
E‘iﬂgmd: Loss of patency is a common complication assod with three-way stopcocks. Mo differences were ocbserved in the rate of infection.
painful, and can result in a delay in infusion therapy. Pressure-ace Conclusions Pressure-activated anti-reflux needle-free connectors are effective and safe devices suitable for the

Results: Of 199 CVCs analyzed, 41.2% (40/97) occluded in at least one lumen in the first phase, and 13.7% (14/102)
occluded after introducing the technological device, absolute risk reduction 27.5% (95% confidence interval 15.6%—
39.4%). The lumens supported by needle-free connectors showed a higher probability of maintining patency compared
with three-way stopcocks. Mo differences were observed in the rate of infecton.

Conclusionz Pressure-activated anti-reflux needle-free connectors are effective and safe devices suitable for the
management of vascular access in cardiac patient care. S@ff training, even on apparenty simple devices, is essential to
avoid the risk of infection.

Sansalone A, Vicari R, Orlando F, Dell’Avo A, Giuffrida S, Deelen P, Bernasconi S, Villa M. Needle-free connectors to
prevent central venous catheter occlusion at a tertiary cardiac center: A prospective before and after intervention
study. The Journal of Vascular Access. 2021 Aug DOI: 10.1177/11297298211039653 U.S. National Library of Medicine,
pubmed.ncbi.nlm.nih.gov/34396802/
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Needleless Connector Understanding Evidence:

* A survey conducted 2011 — 554
respondents

* 114 (21.9%) did not know type used
with their central catheter

* 132 (25.4%) did not know whether
their type was positive, neutral or
negative

e 244 (47.2%) did not understand the
correct way to flush and clamp a
catheter with their needleless
connector attached

Used with permission of Nexus Medical, Inc.

Hadaway, L. (2011). Needleless connectors: improving practice, reducing risks. Journal of the
Association for Vascular Access, 16(1), 20-33.




Used with permission PICC Excellence, Inc.




Mechanical Pressure Changes

Displacement or Reflux is the
movement of fluid often caused by
changes in pressure from muscular
activity, coughing, connection or
disconnection of syringes or other
gravity induced changes in
medication administration

%

Within a catheter and needleless
connector, reflux of fluid is
represented as blood movement

into and out of the terminal end of

the catheter positioned in the
bloodstream

%




ALL N eed Ieless conhectors ALLOW ﬂ U|d NEEDLELESS CONNECTOR RESULTS: RANKED BY REFLUX AMOUNT

0 UPON DISCONNECTION OF SYRINGESET UPON CONNECTION OF SYRINGESET
displacement : :

e Reflux of fluid
e Reflux of blood

* Fluid displacement with any
pressure change

 Check the scores

| | | | | | | |
a0 ve <@ 2% 0 1] 25 50 b ] 1

B Reflux, Amount of Fluid/Blood pulled into a Catheter Lumen M Infusion, Amount of Fluid/Infusate pushed into a Vein

Gibson SM, Primeaux J. Do Needleless Connector Manufacturer Claims on Bidirectional Flow Figure 3. Results of observational study 2. This chart shows when reflux occurs (i.e., connection or disconnection) and how
and Reflux Equate to In Vitro Quantification of Fluid Movement? Journal of the Association much blood reflux would occur in a closed intravenous (IV) system upon unclamped connection and disconnection of a male
for Vascular Access. 2020 Dec 1;25(4):28-36. https://doi.org/10.2309/JAVA-D-20-00031 Luer lock syringe or IV administration set.
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INS Standard 36

Know the internal mechanism for fluid
displacement of the needleless
connector in use (eg, negative or positive
displacement, neutral, or anti-reflux).

Follow manufacturers’ directions for use
for flushing, clamping, and
disconnection.

Category names of needleless
connectors are derived from clinical
application of their functionality;
however, there are no established
criteria from device regulatory agencies
that determine which device is assigned
to each category.

Infusion Therapy
: Standards of Practice

1. In the absence of manufacturer directions, consider the reported
reflux volume for each type and use the following sequence:

a. Negative displacement—flush, clamp, disconnect
b. Positive displacement—flush, disconnect, clamp
c. Neutral and anti-reflux—no specific clamping sequence required.

2. Standardize the type of needleless connector within the
organization to reduce the risk for confusion about these steps and
improve clinical outcomes.

Gorski L. Hadaway L et al. Journal of Infusion Nursing. 2021;44(1S):51-S224.




The term NEUTRAL

* Is misleading
* |s not correct
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Gibson SM, Primeaux J. Do Needleless Connector Manufacturer Claims on Bidirectional Flow and Reflux Equate to In Vitro Quantification of
Fluid Movement? Journal of the Association for Vascular Access. 2020 Dec 1;25(4):28-36. https://doi.org/10.2309/JAVA-D-20-00031
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PIVCs and CVADs
* Reduced function and delayed infusions
* No blood return
* No labs from catheter

Greater risk venous thrombosis

Greater risk of infection

Risk of pulmonary emboli

Used with permission PICC Excellence/N Moureau



Clear Bag =
IV Fluids

Green Bag =
Patient

Used with permission Nexus Medical, Inc.
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The Anti-Reflux Diaphragm

Images used with permis of Nexus Medical, Inc




Thinking about
peripheral catheters and
flushing

What is the effect of
pushing just a bit harder
when a PIVC is difficult to
flush or blocked?

Used with permission of Nexus Medical, Inc.



More interventions and time

More delays in treatment

More risk with each thrombolytic usage (Thakara
More cost with nursing time and thrombolytics

CLABSI risk increases



Used with permission PICC Excellence, Inc.




Inpatient

* Thrombolytic use reduced — evidence says yes — (steere, 2022 & 2018; Hitchcock, 2016)

* Reduced number of needleless connector changes — evidence says yes (steere,
2018,2019,2022; Buzas 2022)

Home infusion
* Heparin not needed — evidence says yes (Buzas, 2022)

Reduced cost for all — evidence SAYS YES (steere, 2018,2019,2022; Buzas, 2022)

Steere L. CLE3AR Study. 2022 Mar;36(2):92-98.

Steere L. Lean Six Sigma for Intravenous Therapy Optimization. 2018;23(1):42-50.https;//doi.org/10.1016/j.java.2018.01.002

Steere, Lee, et al. Reaching One Peripheral Intravenous Catheter the PIV5Rights™ Bundle. 2019;24(3):31-43. doi:10.2309/j.java.2019.003.004.

Buzas B, Smith J, Gilbert GE, Moureau N. Home infusion pharmacy quality improvement for central venous access devices using anti-reflux needleless connectors. 2022 Jul 1;79(13):1079-85.

Hitchcock, Jan. “Preventing Intraluminal Occlusion in Peripherally Inserted Central Catheters.” British Journal of Nursing, doi:10.12968/bjon.2016.25.19.s12.

Sansalone A;Vicari R;Orlando F;Dell'Avo A;Giuffrida S;Deelen P;Bernasconi S;Villa M; Needle-Free Connectors to Prevent Central Venous Catheter Occlusion at a Tertiary Cardiac Center: A Prospective before and
after Intervention Study. The Journal of Vascular Access, U.S. National Library of Medicine, pubmed.ncbi.nlm.nih.gov/34396802/.
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Complication SnapShot

Occlusions Ny Phlebitis
32.9% 77/234 11.9% 28/234
Infiltrates Dislodgement
8.1% 19/234 0% 0/234

124 of 234 PIVs had a complication

Data collected from unpublished acute care observational point prevalence study of current state
Used with permission SM Gibson




Per Dr Randall Jones ‘Cost for Poor-Quality Infusion Therapy’ the cost is $475,882 per 10,000 peripheral Vs placed

Number Current Cost Current Total Future Cost Future Total Total Savings

of Beds per Bed Cost per Bed Cost
2877 $1755 $5,049,135 $630 $1,812,510 $3,236,625
Number Current Cost per Bed Estimated Future Cost Total Savings
*
of PIVs $23,986,832 $11,993,416 $11,993,416
504,050
* Estimated PIV count comes from manufacturer formula = # of beds * 365 * .8 Estimated Annual Savings Potential: S15,230,041

1. Jones RK. Short peripheral catheter quality and economics: the intravenous quotient. Journal Of Infusion Nursing. 2018 Nov 1;41(6):365-71.
2. Data collected from unpublished acute care annual usage study of current state



Declots per Month = 57

Annual tPA Costs ($140 per) $95,760

Annual Supply Costs (S3.91 per) S2,674

Annual Labor Costs ($32/hr) $18,166
Total: $116,600/mo

1. Steere L. CLE3AR Study. 2022 Mar;36(2):92-98.
2. Steere L. Lean Six Sigma for Intravenous Therapy Optimization. 2018;23(1):42-50.https;//doi.org/10.1016/j.java.2018.01.002

3. Data from acute care observational study and current state Alteplase usage



Choosing the Best Design for Intravenous
Needleless Connectors to Prevent Healthcare-
Associated Bloodstream Infections

By William R. Jarviz, MD

bloodstraam  infactions  (HA-B3ls)

remain a major cause of morbidity
and mortality in the L5, While the Canters
for Disease Control and Pravention (CDC)
racently reported a drop of 18 percent in
tha incidence of HA-BSIs, owverall progress in
reducing these infections has been a fraction
of what iz possible, and neceszary.

Tha CDC had previcusly estimatad that
more than 80 HA-BSls coour annually
in intansive cara () patients alone.
Thus, an 18 percent drop in these infactions
means that tens of thousands of patients
are still endangerad by HA-BSls each year.
Many infaction control experts bzlieve that
HA-BSls can be markedly reduced, if not
completely aliminatad. Recognition of the
praventakility of HA-B31s is one reason why
the Centers for Medicare and Meadicaid
Services (CM3) and many health insurance
carriers hawe eliminated enhancad reim-
burzamant for thess complications.

The design of intravenous (V) neadleless
conrectors (MCs) plays a substantial role in
HA-ES] ricke. Thesa devices are usad to connect
«catheters, administration sats, and’or syringes
to daltvar IV therapy. In the past two decades,
connectors have evolved in a diraction that has
inadvertently increased the fisk for HA-B3ls.

With somea notablz axcaptions, the devices
have bacome more complex in design. Thase
complaxitias have made MNCs harder to: disin-
fact, flush completely, and use corractly. This

| |ea|ﬂ1c.are-miated cathetar-ralatad

situation is compounded by the wide vaniaty
of NCz in tha marketplace. Clnicians oftan
arz facad with several types of MCs in uze at
their hozpital or heathcare systam. Because
each MC can require different routines for
proper usa fj.e., disconnection, clamping, dis-
infection ard flushing sequence) such varaty
can ba confusing to dinicians and endarger
patients' lwes. The confusion can lead to
medical arrors, ard ultimately HA-BSls.

This artide provides a short history of IV
neadeles: connactors, 1o show how the cur-
rent situation developed, and then desoibes
the crucial faaturas of NCs that reduce the risk
of HA-B3k.

A Brief History of the Modern Connector

When healthcara workars (HOWS) use nea-
dles in conjunction with IV therapy, they risk
acddental needlestick injuries and potantial
infaction with bloodoome pathogans, ag.,
hepatitis B or € viruses or Human Immunode-
ficiency Mirus (HV). In 1922, the Ocoupational
Safaty and Heatth Admiristration (OSHA)
recommended that healthcare facilities use
“engineering controk” to help protact HOWs
from these pathogens. The use of such con-
trols, induding MC systerms when applicable,
became mandatory under the Meedlestice
Safety and Prevention Act in 20017,

Tha MCs that we see today evoleed from
industry's efforts to make dewices that comply
with OSHA reguiations. They were primar-
ity designed for HOW safety Ironically, some

NCs have had an wnintandad consequence of
irereasing patients’ HA-B3 risk. In particular,
tevo of the mast widespread designs, so-called
" posttive” and " negatie” pramsure luer-acoass
mechanical valve MCs, have been assodated
in @ number of studies with increasad HA-
ESls rigk e In general, the nfection-related
problerms assodated with these luer access
mechanical valve NCs ana related to their come
plicated design. They have complex interna
surfaces - ncluding in some nstarces, mov-
irQ parts — that are difficult to disinfact and
flush properly. The internal surfaces then can
bacome contaminatad and serve 3z a nidus
for biofim developmant and subsequent HA-
BSl. Most MCs also require a spedfic routine
clamping saquence for disconnaction, aither
clamp ard then disconnect or dsconnact and
then damp. i the damping-disconnection
sagquence is not executed comrectty, the sk of
inadequate disinfection and contamination
increases HA-B3 risk.

The gererd design prindple that “tmple
is better” applies to NCs. Simpler MCs are less
lkaly 1o be azzodated with increased HA-ESIrisk
bacause thene are fewsr opporturities for HOWs
toincomectly use them and there are fawer parts
or ather design alements to function incomectly
orfal. h addition, the external and intarral sur-
faces of simpler NC= are easiar to complately and
adaquately disinfect and fluzh.

Connector Daslgn Recommendations
Mot all NCs have the same design prob-

MAJOR ARTICLE

Health Care—Associated Bloodstream Infections
Associated with Negative- or Positive-Pressure
or Displacement Mechanical Valve Needleless

Connectors

William B. Jardz,"' Cathrgn Murplhy” Keri K. Hall® Pamela J. Fogle® Tobi B. Karchmer'* Glenys Harington,”
Cassandra Salgade” Eve T. Giannetta,” Carol Cameron® and Robert J. Sheramz®

‘Jaan ard Jarvie Assaristes, Hiton Haad lsland, and ‘Medicdl Univarsity of South Carding, Charlesten, South Camiing: *Uriversity of Virginia
Medical Cantey, Cherlotesvile; “Wake Forest Uiniversiy Schoal of Medicine, WingtareSalem, North Caroiing; and *Bond University and Indection
Cortrol P, Gold Caat, ard *Mater Heakh Service, Brisbane, Qusensland, and The Alfred, Baysice Heakh, Melboume, Victoria, Australia

Backgrownd, Health care-asscctated, central venous catheter—related Hoodstream infections (HA-BSI:) are a
majr cause of morbidity and mortality. Meadleless connectors (MCs) are an important component of the intra-
venius gystem. NCs initially were introduced to reduce health care worker nesdlestick injuries, vet some of thess

NCs may increase HA-BSI risk.

Methods.  We compared HA-BSI rates on wards or intensive care units (ICUs) at 5 hospitals that had comverted
from split septum (55) connectors or needles to mechanical valve needleless connectors ( MY-MCs). The hospitals
{16 IC1s, 1 entire hospital, and 1 encclogy unit; 3 hospitals were located in the United States, and 2 were located
in Australia) had conducted HA-BSI survedlance using Centers for Disease Control and Prevention definitions
during use of both MCs, HA-BSI rates and prevention practices were compared durng the pre-MV perod, MV

period, and post-MY period.

Results.  The HA-BSI rate increased dn all ICUs and wards when 55-NCs were replaced by MV-NCs. In the
16 1CUs, the HA-BSI rate increased significantly when 55-NCs or needles were replaced by MV-NCs (615 va 049
BSls per 1000 central venous catheter [CVC]-days: relative risk, 1.54; #5% confidence interval, 1.37-1.74; P=
001y, The 14 1CUs that switched back to 55-MCs had significant reductions in their BSI rates (9,49 vs 5.77 BSls
per 1000 CVC-days: relative risk, 1.6% 95% confidence interval, 1.38-1.96; Pe.001). BSI infection prevention

strategies were similar in the pre-MV and MV perieds.

Conclusions.  We found strong evidence that MV-MNCs were assoctated with increased HA-BSI ates, despite
similar BSI survadllance, definiticns, and prevention strategies. Hospital persannd should monitor their HA-BST
rates and, if they are elevated, examine the role of pewer technologies, such as MV-NCs,

Each year in the United States, =150 million intravas-
cular (V) catheters are used. TV catheters are the major
risk factor for health care-asscciated catheter-selated
Hoodsteeam infactions (HA-BSIs). HA-BSIs result in
substantial morbidity and moertality and cost $34,000-

Racatead 21 Juty 2008, sccamiad 20 May 008 alocranicaly puaishad 13
NowaTber 2003,
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356,000 per episcde [1-3]. The Centers for Disease
Conteol and Prevention (CDC) estimates that, in US
imtensive care wnit (ICU) patients, »80.000 HA-BSIs
acour, costing up to $29 billion anoually [1, 4, 5]. In
October 2008, the Center for Medicare and Medicaid
Services (CMS) and major US health insurance carriers
discontinued increased payment for HA-BSls, so HA-
BES1 prevention is even more critical for facility financial
wviability.

Neadles used with IV catheters area source of health
care worker (HCW) peadlestick injuries (MS1s). In
19492, the US Ocoupational Safety and Health Admin-
isteation recommendad that health care fcilities use
safier IW devices to protect HCWs The first generation
af these devices introduced were needle devices with

Jarvis, 2009, 2010; Jasinsky 2009.
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Occlusion Reduction and Heparin
Elimination Trial Using an Antireflux Device
on Peripheral and Central Venous Catheters

ABSTRACT

Catheter occlusion and thrombaogis are commaon
problems associatad with al venous
catheters, parpharally i xd central catheters,
and peripheral intravencus catheters, A prospec-
tive study was performed a mmunity hospi-
tal 1o determing whether a tiraflux valva
device would reduce the fraguency of complica
tions in these cathaters and safaly allew the elim-
ination of hepann flushes for central venous
catheters and peripherally inserted central
catheters. The study compared complications
with current intravenaous practice to complication
for the antireflux valve davice. The study
wsed evidenca obtained during this trial to insti

| tute the best clinical practce
| |

encral venous catheters
ly inserred ceneral erers (PICCs), and
peripheral travenous [IV] catheters are
widely used in the hospital setting and are
easential for the delivery of TV fluids and

{CVCs), peripheral
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h

medications and  for  hemodynamic  monitering.
Common problems associated with these catherers
include  occlusion,  thrombosis, refluxed  blood,
phlehitis, and i ation. Murses and healthcare wark
lenged daily to maintain the patency of
1l and cenrral catherers, They often attempt o
he current [W or discontinue it and then starta
nursing time and increas-

e variations in clinical practice exist on the main
e of IVs.' Multiple studies since 1989 support the

main-

ten,

renance of pe iciomally,
CWCs and PICCs ha T ined with standard
protocols using an anticoagulant (heparin) chat prevents
wd improves patency of the catherer,

clot format:
Positive-pressure [V devices were introdused  mare
recently for usc on central catheters and F 3
i pressure valves resulted in decreased
s and led o i

fections associated with the advent of
these positive-pressure valves, One report
increase in catherer-relared bloodstream infecrions after
swirching to a luer-activated mechanical valve |MV} with
positive-pressure devics from a ccess MVY
In addition, Rupp et al* describe an association berween
and the type of needleles
connector valve used. Tt ility changed from a split-
septum device 10 @ positive-displs mt MV and noted
i in infections per 1004 catheter d
ressure valve was used [10.64 infecrions com-
pared with baseline of 2.79 infections).
bed commumity hospatal in
art of the OhwHealth System,
CLAVE Needle Free
Connectol ®, ICU Medical Ine, San Clemente,
Califormia) bug had problems with catheter occlusions,
refluxed blood, and loss of catheters. In addinon,
heparin fushes were sill required for CVC and PICC

primary blocdstream i

Diocrors Hospi
Columbus, Ohi
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5-Year Impact of LEAN Central Venous Catheter Occlusion
Management & Quality Interventions

Lee Steere, RN, CRMI, \-BC

Problem/ Purpose:

Intraluminal thrombatic catheter ooclusions are asodated with a
greater risk of delayed treatment, morbidity, and morality and
higher healthcare costs.

Methods:

The Vascular Access Specialist Team at Hartford Hospital wsed
Lean Six Sigma methodology to identify and addres wase,
wvariability, and defects amsodated with oocusion management.
Interventions:

Baginning in 2015, all ceniral venous catheter ooclusions in acute
nipatient care were assessed by a wascular access nurse spedialist.
First, the decisions to treat with tisue plasminogen acivator were
determined using a catheter patency algorithm. Second, negative
displacement needleless connectors were replaced by antireflux
needleless connedions to reduce unintentional blood reflux and
other complications assodated with imralurninal thrombotic
catheter ooclusion.

Results:

A total of 159 934 central line days were reporied between 2014
and 2020. The hospital adhieved a 71.3% reduction in annual
tissue plasminogen activator used for occlusions over the study
period. There was a sustained decrease in annual average
needleles conmector consumption of 41% after switching to
anitireflux needleless connectors in 2015. The S-year cost savings
for these 2 interventions were estimated to be $356 005.

Cornclusions:

Lean ocdusion management interventions were assodated with
reduced phammacy use, medical supply waste, and spending,
which have been sustained for over a S-ypear period.

KEY WORDS:

central venous catheter, cost savings, Lean Six Sigma. tPA
reduction

neraluminal thrombode catheter ocdusion (s a leading
l{:l.l.w of intravenous (IV) catheter failure and central

line—assosctared Hloodstream infection (CLABST. '™ Oc-
clustons ane assoctued with catheter fulure, cosly deckoming
wreatment, potential catheter replacement, and extended
hospital stays, all of which can result in increased healthcare
costs and P il outcomes.” '

Thrombotic complications anse when blood comes into
comtact with the polyurethane surfaces of the IV cathe-
ter ™ Within seconds, plasma proteins form a thin condi-

. . T
tondng layer on the luminal surfaces of the catherer.™ As

hlood refluxes into the lumen of the catheter, because of

mechanical or physiological pressure changes within the
patient's vascularure (Table 1), addiional proteins and
cells adhere 1o the conditioning layer.” Gradually, platelets
and plasma proteins form a mesh, and with repeated blood
exposure, the condinoning laver begins o aooumu e and
occlude the IV catheter”
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FIGURE 4. Annual costs associated with tPA and heparin use, 2014 to 2020. Lean occlusion management interventions led to
substantial cost savings that were maintained over the course of the study. Heparin use was 100% eliminated in the first year after
adopting antireflux needleless connectors. The cost of tPA was alculated at US$65 per 1 mg aliquoted dose. The cost of prefilled

heparin tlushing syringes was calculated at US$0.55 per 10 mL syringe.

Intraluminal thrombotic catheter occlusions are a major, yet mostly
preventable, complication associated with the use of IV catheters.

Using needleless connectors designed to produce the least amount of
unintentional blood reflux is an effective way to reduce occlusion risk

Steere 2022 Mar;36(2):92-98.




L MAaM
Home infusion pharmacy quality improvement for
central venous access devices using anti-reflux

Methods

AmE-month before-and-after cohort study of a single home infusion
intervention was conducted to compare occlusion cutcomes with use of twao

neadleless connectors to reduce 1]{'::11151{.115, types of needleless connectors—neutral and anti-reflux—in preventing

emergency rooim visit S, and EIltEplElS.E costs & catheter ooclusions, which have been reported to occur in 28% of homs

ot Buzas, RPf @, Julie Smith, RN, Gregory E Gilbert, EAD, MSPH, PStat, infusion patients, resulting in treatment delays, increased nursing encounters
daureaw, PhD. BH. CEHL CPUL Wi-BC and emergency room visits, and higher overall pharmacy costs for supplies and

almeplase.

1 dowral of Heolth-Systerr Phormocy, sxaclBd,
=101

bublished: . ammeeriser] Statistical evidence demonstrated that use of anti-reflux needleless
with central venous access devices reduced the need for alteplase in
study population. Since 10% of patient occlusions were within 7 days
Alsstract after home infusion admission, future research may indicate that
e placement of anti-reflux needleless connectors at the time of in-

In an effort w expedite the punlicarion ] 11OSPital insertion can improve patient outcomes. This quality
pendemic ATHP L nosing e manus) jmprovement measure reduced central catheter occlusions, alteplase

accepiance. Accepted manuscripts have

aut are posted online before technizal o COSES, and the number of required nursing and emergency room
| visits.

ied: 42 5% in the neutral
days) and 57.5% in the anti-
ierapy days . The rate of
eedleless connectors was £ 4%
alteplase use of 112 {95% (I,
P = 0.00 ). Implementation of
teplase usage by 48%.
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i-reflux needleless conneciors
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manuscripis are not the final version of eed for alteplase in the study

final article ( formatted per AJHP style arey

: ! L TICE LU 7o 01 Thal CLILEIna s wels within 7 days after home
R infusion admission, future research may indicate that placement of ant-reflux
PuUrpose needleless connectors at the time of in-hospital insertion can improwe patient
The studv’s purpase was to mezsure the immact of anti-reflux needleless outcomes. This guality improvement mezsure reduced central catheter
COMMNECLOT wsage in prevention of intraluminal thrombetic occlusions amomg occlusions, alteplase costs, and the number of requited nursing and emergency

central venous catheters, as represented by alteplase usage, in a home infusion TOOIT VISLTS.

patient population Buzas 2022 Jul 1;79(13):1079-85.




e Better function without
problems or added cost

* Longer catheter dwell time
| with fewer restarts

* Blood return reducing liability
with infusions

- * Reduced complications

e Completion of therapy with
VAD

* Happy patients




* Reduce risk and complications by controlling
blood reflux

* Know your connectors and standardize

* Provide education on flushing and clamping

seqguence — or use Anti-Reflux connectors

Avoid occlusions and declotting by

understanding valve function

Choose products wisely



What is your choice AND Why??
Know the evidence
Know the outcomes

Know how to make a positive
practice change
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In accordance with Assembly Bill 241, 16 CCR 1451.2, as a Continuing Education
Provider (CEP) for the California Board of Registered Nursing, all continuing
educational sessions shall address at least one or in combination of the following:

« Examples of how implicit bias affects perceptions and treatment decisions of
registered nurses leading to health disparities in health outcomes

» Strategies to address how unintended biases in decision making may contribute to
health care disparities by shaping behavior and producing differences in medical
treatment along lines of race, ethnicity, gender identity, sexual orientation, age,

socioeconomic status, or other characteristics.
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