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Speaker

Dr. Nancy Moureau is an internationally recognized speaker and expert in 
the field of peripherally inserted central catheters and vascular access 
practice. A nurse for more than 40 years, Nancy works as the CEO of PICC 
Excellence, creating online education to help provide best practice training 
to clinicians who insert and manage vascular access devices. PICC 
Excellence supports the only PICC Certification process, Certified PICC 
Ultrasound Inserter, where those who meet and maintain qualifications 
gain the credentials CPUI. 

Nancy works as an active clinician visiting home infusion patients for 
medication delivery with Infinity Infusion Nursing, and contracted 
PICC/midline insertions with PICC Access, LLC. 

Nancy was a Recipient of the Herbst Award for excellence, constantly works 
performing research and literature analysis. Maintains adjunct associate 
professor status with Griffith University and is a member of the AVATAR 
group Alliance for Vascular Access Teaching and Research. Having received 
her PhD based on published research Dr. Moureau shares her knowledge 
through speaking, publication and development of educational programs. 
She is happy to be a resource and can be reached at 
nancy@piccexcellence.com
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Consider Implicit Bias

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)



Learning Objectives

Evaluate the evidence associated with the science and function 
of needleless connectors

Evaluate

Describe the impact of pressure on fluid movement and normal 
patient activities

Describe

Explain and discuss loss of patency and how control of blood 
reflux can reduce complications

Explain



Blood Reflux, What’s That???

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.



Bi-Directional Pressure Sensitive

Anti-Reflux Needleless Connectors

Bi-directional flow control
-Pressure changes and NO back flow

No bi-directional flow control 
– Pressure changes and Blood Flows Back

Images used with permission of Nexus Medical, Inc.



What Do the Standards Say?

Gorski, et al. Infusion Therapy 
Standards of Practice 2021 Edition

Journal of Infusion Nursing

Needleless Connectors (Section 36) 

Many additional factors, such as 
body movement, respirations, 
syringe plunger rebound, and 
coughing, cause changes within a 
catheter lumen that can allow blood 
to move into the lumen.

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



Moureau, N, McKinnon B, Douglas C. Multidisciplinary management of thrombotic catheter calculations in vascular access devices. JVAD.1999 

Thrombotic Catheter Occlusions

▪ 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



Benchmarking Incidence of Loss of Patency

▪ 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.

▪ 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 
hospitalizations (6%).

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



Occlusion is the most common complication of 
Central Catheters

▪ 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. 

▪ Organisms 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 I.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

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



Catheter Occlusions are Costly

▪ 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.



Understanding the Science

▪ Hawthorn, et al. Maintaining Vascular Patency

▪ The Journal of Vascular Access, 2019

▪ School of Nursing, Queensland University of Technology, 
Australia

▪ Up to 85% of hospital in-patients will require some sort of 
VAD during their admission, which may be inserted into the 
central or peripheral vasculature.

▪ VADs fail due to thrombosis and occlusion and is therefore 
imperative to maximize VAD patency

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



Causes of Loss of Patency

Used with permission PICC Excellence, Inc.



What Does the Evidence Show?

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

1. ELLI et.al., 2016

2. HULL et.al., 2018

3. GIBSON et.al., 2020

4. GORZEK et.al., 2021

5. SANSALONE et.al., 2021



Common 
Categories 
of 
Needleless 
Connectors

Negative displacement

Positive displacement

Neutral displacement

Anti-Reflux no-displacement



Needleless Connector Definitions

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.



What Do the Standards Say?

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 μL.

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.

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



What Does the Evidence Show?

Conclusions: Needleless connectors are one of the main 
factors involved in keeping catheter patency. It is important 
to make the best choice among the connectors available.

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



What Does the Evidence Show?

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



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



What Does the Evidence Show?

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

https://doi.org/10.2309/JAVA-D-20-00031


What Does the Evidence Show?

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



What Does the Evidence Show?

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/ 

https://doi.org/10.1177/11297298211039653


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

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

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

What Does the Evidence Show?

Used with permission of Nexus Medical, Inc.



There is No Getting Away from Blood

Used with permission PICC Excellence, Inc.



What is Displacement or Reflux?

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

Mechanical Pressure Changes



What Does the Evidence Show?

ALL Needleless connectors ALLOW fluid 
displacement

• Reflux of fluid 

• Reflux of blood

• Fluid displacement with any 
pressure change

• Check the scores

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

https://doi.org/10.2309/JAVA-D-20-00031


What Do the Standards Say?

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.

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):S1-S224.



What Does the Evidence Show?

The term NEUTRAL
• Is misleading

• Is not correct

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

https://doi.org/10.2309/JAVA-D-20-00031


Consequences of Reflux from Needleless 
Connectors

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



Anti-Reflux - Bi-Directional Flow Control Demo

Used with permission Nexus Medical, Inc.



The Design and Science of Anti-Reflux NC

The Anti-Reflux Diaphragm

Images used with permission of Nexus Medical, Inc.



What is the Impact of Reflux or Catheter Clotting 
on the Vein

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.



Impact on CVADs

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



Everyone Loses with Occlusion

Used with permission PICC Excellence, Inc.



How will Anti-Reflux Needleless Connectors 
Improve your Care Setting?

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)

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. 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. 
4. 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.
5. Hitchcock, Jan. “Preventing Intraluminal Occlusion in Peripherally Inserted Central Catheters.” British Journal of Nursing, doi:10.12968/bjon.2016.25.19.s12. 
6. 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/. 



PIV Complication Rates

Complication SnapShot

32.9%

8.1%

Occlusions

77/234

Infiltrates

19/234

11.9%

0%

Phlebitis

28/234

Dislodgement

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



PIV Complication Cost Analysis

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

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

* Estimated PIV count comes from manufacturer formula = # of beds * 365 * .8 

Number 
of Beds

Current Cost 
per Bed

Current Total 
Cost

Future Cost 
per Bed

Number 
of PIVs*

Current Cost per Bed Estimated Future Cost

Future Total 
Cost

Total Savings

Total Savings



Central Catheter Occlusion and Cost

Declots per Month =  57

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



Evidence of Performance

Jarvis, 2009, 2010; Jasinsky 2009.



What Do the Standards Say?

• Gorski, et al. Infusion Therapy Standards of Practice 2021 Edition

• Journal of Infusion Nursing

• Needleless Connectors (Section 36; S104) 
• The quantity and frequency of thrombolytic drugs used for 

catheter clearance have been used for monitoring VAD 
lumen occlusion (incidence) and correlated to the type of 
needleless connector in use.

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



What Does the Evidence Show?

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.



What Does the Evidence Show?

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 
after home infusion admission, future research may indicate that 
placement of anti-reflux needleless connectors at the time of in-
hospital insertion can improve patient outcomes. This quality 
improvement measure reduced central catheter occlusions, alteplase 
costs, and the number of required nursing and emergency room 
visits.

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



Our Goals

• Better function without 
problems or added cost

• Longer catheter dwell time 
with fewer restarts

• Blood return reducing liability 
with infusions

• Reduced complications

• Completion of therapy with 
VAD

• Happy patients
Blood Reflux occurs within all Catheters

Used with permission Nexus Medical, Inc.



Conclusion

• Reduce risk and complications by controlling 
blood reflux

• Know your connectors and standardize
• Provide education on flushing and clamping 

sequence – or use Anti-Reflux connectors
• Avoid occlusions and declotting by 

understanding valve function
• Choose products wisely



Making Catheter Complications History

What is your choice AND Why??

Know the evidence

Know the outcomes

Know how to make a positive 
practice change



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.

California Board of Nursing: Implicit Bias



Thank you
Nancy Moureau

Nancy@piccexcellence.com

Special thanks to 
Nexus Medical for 
Sponsorship
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