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Agenda
• Case studies in home care
• Review of thrombotic occlusion
• INS Standard 36 Needleless Connectors (NC)
• NC Review: Impact on occlusions



Objectives
At the conclusion of this activity, participants will be able to:
1. Define the pathogenesis, risk factors, and mitigants for preventing 

intraluminal thrombotic occlusions.
2. Describe how occlusions affect home infusion patients. 
3. Recognize the new 2021 Infusion Nurses Society Standards of Practice 

approach to evidence and needleless connectors.
4. Evaluate a before and after 18-month cohort study of a single home 

infusion intervention comparing occlusion outcomes of two types of 
needleless connectors in preventing catheter occlusions. 

5. Recognize the importance of occlusion management for patient safety. 



Let’s Begin with 2 Case Studies 
A 70 year-old man, independent with his IVAB 
infusions after 4 consecutive teaching and 
observation visits. He uses a positive displacement 
needleless connector as supplied by the infusion 
pharmacy. He has been properly instructed to 
disconnect his flush syringe after the infusion before 
clamping his PICC. A home visit is made for 
laboratory work and a routine PICC dressing change. 
The nurse is unable to get any blood return and the 
flow is sluggish. The nurse does not have supplies for 
a peripheral blood draw. A re-review of the patient’s 
flushing technique is that sometimes he clamps his 
PICC before disconnecting the final locking syringe.

A 55 year-old woman with an infected knee post-knee 
replacement is referred to home care for 6 weeks of IV 
antibiotic therapy via a double lumen PICC. Upon 
admission to home care, the nurse assesses PICC 
patency, identifying one lumen flushable but unable 
to obtain a blood return and the second lumen 
completely occluded – unable to flush or obtain a 
blood return. The patient states that the second 
lumen did not work in the hospital either but the 
nurses just accessed the “working” lumen. 



Impact: Patient/Health Care Team
An extra call to the 

provider’s office

Provider reluctance to 
treat – “just use the 
lumen that works”

(Case study 1)

Nurse talking points –
importance of patency

Order obtained –
pharmacy notified

Extra delivery by 
pharmacy for 
thrombolytic

Extra visit to instill 
thrombolytic; wait 30 

minutes

Thrombolytic does not 
work after 30 minutes

Thrombolytic left 
instilled and another 

nurse scheduled to re-
evaluate patency in 

the next 4 hours

Delay in laboratory 
studies/need for 
additional visit 

Cost $$ drug, extra 
home visits, additional 
case coordination time 

for pharmacy/nurse

Patient/provider & 
pharmacy frustration –
treatment, extra home 

visits, delay in lab 
studies/treatment 

Follow-up with referral 
hospital???



Moureau, et al. Central Venous Catheters in Home Infusion 

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

50,470 Patients; 2.83M Catheter Days
28% CVC intraluminal thrombotic occlusions.1



Thrombotic Catheter Occlusion
§ Thrombotic catheter occlusion occurs when fibrin or blood within 

and around the catheter or within the port reservoir of implanted 
ports slows down or disrupts catheter flow. 

§ It is important to identify potential thrombotic occlusion because 
any thrombi in and around the catheter facilitate the adhesion of 
bacteria which leads to colonization and potentially to a 
bloodstream infection 

§Signs of occlusion include: Inability to withdraw blood, sluggish 
flow, inability to flush or infuse, swelling/leaking at the infusion site



Types of Thrombotic Occlusion
§ Fibrin Tail:

§ Layer of fibrin encases the CVAD at the tip (photo). 
§ Tail grows as more cells and blood components are deposited. 
§ Solutions can be administered and VAD can be flushed but tail acts as a 

one-way valve as it is pulled over the catheter tip during aspiration, and 
blood withdrawal is not possible.

§ Fibrin sheath:
§ Layer of fibrin forms around the external surface of the catheter which 

may potentially grow along the entire exterior catheter wall. Persistent 
withdrawal occlusion may occur as the fibrin sheath grows. 

§ Intraluminal occlusion: 
§ Fibrin accumulates within the internal catheter lumen leading to sluggish 

flow or complete inability to infuse.



Standards and Guidelines: Occlusion

Association for Vascular Access 
(AVA)

Ensure patency by flushing all 
lumens …if lack of blood return or 
sluggish flow is encountered, take 
measures to restore patency.

-I SAVE That Line! Campaign

INS Standard 49.1 
CVAD patency is routinely assessed, as defined by 
the ability to flush all catheter lumens without 
resistance and the ability to yield a blood return.

INS Practice Recommendation:
Treat all catheter lumens with partial, withdrawal, 
or complete occlusion. Do not leave an occluded 
lumen untreated because another lumen is 
functional; prolonged fibrin formation is a risk 
factor for catheter associated bloodstream 
infection (CABSI). (V)



Standard 36: Needleless Connectors
• Standard Statement:
• A luer-locking needleless 

connector is used to 
connect syringes and/or 
administration sets to a 
VAD hub or other injection 
site to eliminate use of 
needles and reduce 
needlestick injury.

Standard 36. Needleless Connectors: p. S104



Some Key Points about NCs
• NCs used to facilitate intermittent infusions

• When used as an additional add-on device between VAD and 
administration set for continuous infusions, unknown clinical 
outcomes/? necessity

• Practice Recommendation A3: Avoid using when 
infusing RBCs and with rapid flow rates of crystalloid 
infusions – based upon in vitro testing, flow rate was 
significantly impeded (V) (Lin & Keijzers, 2013; Lehn et al, 2015)

• Disinfection of the NC before attaching a syringe or 
administration set is critical due to risk for intraluminal 
introduction of microbes that may result in a CABSI

Standard 36. Needleless Connectors: p. S104

Incorrect use 
& 

management 
of NCs can 

increase the 
risk of 

infection and 
the risk of 
occlusion



It is also important that the clinicians know and understand 
proper use based upon an understanding of NC function –
these are complex devices!

• 2011 survey
• 21.9% did not know what type of NC 

connector was used with CVADs
• 25.4% did not know what type of NC 

was used with PIVCs
• 47.2% did not understand the correct 

way to flush & clamp a catheter with 
the NC used within the organization  
(Hadaway, 2011)

What do you think is 
the level of 

knowledge & 
understanding of NCs 

today among the 
home care nurses 

that you work with?



A Closer Look at Reflux and NCs
• Reflux of blood within the catheter lumen 
may lead to catheter occlusion - time to 
coagulate/volume of blood unknown

• Amount of reflux can be affected by 
bodily movement, respirations, syringe 
plunger rebound

• Smaller catheter lumens & greater 
surface area (e.g., PICC, midlines) --
greater distance of reflux into lumen

• Can lead to sluggish flow, loss of 
patency 

• The type of NC that produces the 
least amount of thrombotic VAD 
lumen occlusion requires further 
study!

• The quantity/frequency of 
thrombolytic drug use is often 
used as a surrogate for 
monitoring occlusion and 
correlating to type of NC used

Standard 36. Needleless Connectors: p. S104



4 categories of 
needleless 
connectors as 
defined in the 
INS 2021 
Glossary (p. S209)

Negative Displacement. 
Allows blood reflux into the 
VAD lumen upon disconnection 
due to movement of valve 
mechanism or withdrawal of 
the luer tip of a syringe or 
administration set 
FLUSH, CLAMP, DISCONNECT

Neutral. Contains an internal 
mechanism designed to reduce blood 
reflux into the VAD lumen upon 
connection or disconnection however 
the sequence of flushing, clamping, 
and disconnecting the syringe may 
improve patency.

REDUCE 
CONFUSION!!

PRACTICE 
RECOMMENDATION
Standardize type of 
needleless connector within 
the organization to reduce 
the risk for confusion about 
these steps (V)

Anti-Reflux. Contains a 3-position 
pressure-activated silicone valve 
that opens and closes based on 
infusion pressure; A SPECIFIC 
CLAMPING SEQUENCE IS NOT 
REQUIRED.

Positive Displacement. Allows blood 
reflux on connection and disconnection; 
a small amount of fluid is held inside the 
device that displaces intraluminal blood 
upon disconnection of the set or syringe; 
FLUSH, DISCONNECT, CLAMP.



Purpose: To estimate the amount of blood reflux caused by suction pressure during periods of compression from syringe 
connection & disconnection (in vitro study)
Method: An invitro venous model designed to replicate conditions which cause blood reflux into the IV catheter; 14 
different NC brands tested 
Findings:

• All NCs have some fluid movement/reflux either on connection/disconnection or both
• Greatest amount of reflux: negative displacement NCs
• Least amount of reflux: antireflux NCs
• Greatest amount of reflux at connection: positive displacement NCs
• Greatest amount of reflux at disconnection: all other types of NCs



In Vitro Study of NCs
• Study of NC manufacturer claims on bidirectional flow and reflux
• 13 different NCs (10 of each) tested using an arm venipuncture training model, manometer
• Findings: 

• NC labels do not necessarily correspond with manufacturer claims
• All NCs labeled neutral did reflux; no bi-directional flow control

• Neutral is not an accurate label
• Considerable intraluminal blood exposure with connection of positive NCs
• Suggest appropriate labeling: reflux on connection (positive displacement), reflux on disconnection 

(negative displacement)
• NCs labeled antireflux had the least amount of fluid displacement

• Study limitations: In vitro studies do not account for patient variables; catheter composition 
may impact ability to repel binding protein from blood

Gibson, SM, Primeaux, J (2020) Do needleless connector manufacturer claims on bidirectional flow and reflux equate to in vitro 
quantification of fluid movement? Journal of the Association of Vascular Access 25 (4), 28-36.



INS Standard – Minimize reflux
Use positive-pressure techniques to minimize blood reflux into the VAD lumen. (I)

1. Prevent syringe-induced blood reflux by leaving a small amount (eg, 0.5–1.0 mL) of flush 
solution in a traditional syringe (ie, not a prefilled syringe) to avoid compression of the plunger 
rod gasket or by using a prefilled syringe designed to prevent this type of reflux. (IV) 

2. Prevent connection/disconnection reflux by using the appropriate sequence for flushing, 
clamping, and disconnecting determined by the type of needleless connector being used (refer 
to Standard 36, Needleless Connectors). 

3. Use a pulsatile flushing technique. In vitro studies have shown that 10 short boluses of 1-mL 
solution interrupted by brief pauses may be more effective at removing solid deposits (eg, 
fibrin, drug precipitate, intraluminal bacteria) compared to continuous low flow techniques. 
Clinical studies are needed to provide more clarity on the true effect of this technique



Home care clinicians must understand NCs and how they work

NCs impact blood reflux within the catheter lumen and risk for intraluminal 
occlusion 

Catheter occlusion impacts patients and home care providers

Occlusions cause delays in care, cost $$ drug, extra home visits, additional case 
coordination time for pharmacy/nurse

We need accurate information about how a NC can impact reflux

We need more research and clinical evaluation studies



Buzas, et al. Reduce Intraluminal CVAD 
Occlusions and Use of Alteplase

Poster at the National Home Infusion 
Association Conference, 2021



What convinced us ?

Fit

q AHN’s MISSION is to create a “Remarkable Patient Experience”
q What is the patient experience when a catheter is occluded? Is it Preventable?

Data

q Drug Expenditure List, Top 20 - Alteplase
q Why are we spending so much money on something that really is not treating 
the disease? It’s treating a failure of something. 
q Costs are both direct (cash flow, inventory management, supplies) and indirect 
(time to coordinate); Reimbursement varies

Validation

q Reviewed the Evidence; Intraluminal Thrombotic Occlusions are Preventable
q Contacted Author - 5-year sustained improvements (↓occlusions/heparin)
q Documented our Progress

Steere L. Lean Six 
Sigma JAVA 2018



16-month study period cohort study 

§ Allegheny Home Infusion (Sharpsburg, PA & Meadville, PA)

495,539 patient therapy days 

§ Single home infusion intervention compared occlusion outcomes of two types of needleless connectors  
§ A neutral needleless connector (NNC) with no bidirectional flow control
§ An anti-reflux needleless connector (ANC) with bidirectional flow control

Buzas, et al. Anti-Reflux NCs reduce 
Catheter Occlusions and Use of Alteplase



Chart

Alteplase usage with NNC 
& ANC were 4.6% vs 
2.9%; median 112 (95% 
CI:89-169) vs 82 (95% 
CI:68-109) (p<.001). 











In Process

(2x Saline)
Heparin Usage and Cost Reduction Evaluating lower doses of tPA (eg, 1 mg/mL) in 

lumens requiring less than or equal to 1-mL volume; 
Reviewing dispensing regimen (used vs dispensed)



Thank you. 


