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Purpose Blood reflux contributes to biological reactions that promote thrombus
formation, occlusions, bacterial growth and infections. The study evaluates blood reflux
volume and bi-directional fluid movement from mechanical and physiological pressure
changes of four needleless connectors (NCs) without anti-reflux technology and their
exact design counterpart with anti-reflux technology.
The Cost of Blood Reflux
IV catheters are common in the hospital: More
than 90% of acute care patients require IV access
for the infusion of medications.1 Data show that
25% - 30% of Central Vascular Devices (CVADs)
and >50% of peripheral IV catheters (PIVCs) fail
before the end of treatment, leading to treatment
delays, extended nursing time, additional supply
charges, increased risk of infection, vein injury, and
preventable complications, as well as a decrease
in patient satisfaction and positive patient
outcomes.2-4
The primary cause of IV catheter failure is
intraluminal thrombotic catheter occlusions.
Occlusions result from pressure changes within
the line caused by unintentional blood reflux
due to:
•
		
		
		

mechanical issues (ie, clamping,
unclamping, bag run dry, syringe plunger
rebound, and connection/disconnection of
syringes and IV administration sets)

• physiological pressure changes (ie, body
		 movements, muscle flexing, respirations,
		 coughing, crying, and vomiting).

In 2018, Hull et al5 examined how pressure
changes lead to blood reflux, which leads to
occlusions, which eventually lead to CLABSI.
While reflux occurs in all catheters, the 2021
Infusion Therapy Standards of Practice identify three
evidence-based methods to reduce the formation
of occlusions: staff training in effective flushing
and appropriate clamping sequences, or use of
anti-reflux valves that control fluid movement
automatically.6
Using the PIV5Rights™ Bundle with a pressure
activated anti-reflux NC (Nexus Medical TKO-6P)
compared to a negative displacement NC in the
control group (Nexus Medical NIS-6P), Steere et al
reduced catheter occlusions resulting in catheter
removal from 8 (n=94) to 0 (n=118).1 Maurer
evaluated over 3,700 peripheral inserted midlines
where negative displacement Vygon Bionector
and pressure activated anti-reflux Vygon Bionector
TKO resulted in catheter occlusion rates of 59%
and 6%, respectively.7
This study sought to understand the functional
characteristics of several NCs on the market today
and the validity of currently used descriptors.

Needleless Connectors Defined and
Methods
It is important to note that not all NCs are equal.
There are currently 3 categories of design: positive
displacement, negative displacement, and anti-reflux.
See Figure 1 for differences.

Figure 1: Comparison of design and configuration
between NCs that perform as A) positive displacement,
B) negative displacement and C) pressure activated
anti-reflux.
TERM

D EF I N I TI ON

1 Fluid Pathway

Path by which fluid flows through an NC

a. Indirect Fluid
Pathway

Found in positive displacement NCs, a fluid pathway required to flow
around a compressed elastomeric septum resulting in turbulent flow
profiles and dead space (areas with slow or no moving fluid that
cannot be effectively flushed [Macklin])

b. Direct Fluid
Pathway

Found in negative displacement and pressure activated anti-reflux
NCs, a straight fluid pathway allowing fluid to flow directly through
the pre-slit elastomeric septum resulting in laminar flow profiles
[Jarvis, Hull, hadaway 2012, Kelly]

2 Elastomeric

Luer activated flexible silicone septum that compresses to create a
fluid pathway. Negative displacement and anti-reflux NCs have
pre-slit elastomeric septums while positive displacement NCs have
no slit or a partial slit on the lateral side of the elastomeric septum,
opening the fluid pathway between the elastomeric septum and
inlet housing

Septum

3 Inlet Housing

Housing that connects the female luer to the male luer lock
providing an airtight seal for the fluid pathway

4 Female Luer

Found on the proximal end of NCs and is compatible with all
ISO/ANSI male luer lock connectors

5 Male Luer Lock

ISO/ANSI standard male luer lock connector on distal end of NC to
safely attach to any ISO/ANSI female IV connector

6 Internal Cannula

Rigid component within elastomeric septum that creates a direct
fluid pathway when activated by a male luer lock [Hadaway 2012]

7 Pressure Activated
Anti-Reflux
Diaphragm

a. Bi-Directional
Flow Control

A normally closed three-position diaphragm which opens toward
the patient when fluid pressure is greater than venous pressure and
opens in reverse based on aspiration pressure preventing
unintentional blood reflux into the patient’s IV catheter and provides
bi-directional flow control [Hull, Kelly, McEliroy, Hitchcock, Gorski]
Ability of an NC to control the mechanical and physiological pressure
changes within a closed IV system and therefore preventing
unintentional and uncontrolled blood reflux into the patient’s IV
catheter [Hull]

The first testing simulated physiological
and mechanical pressure changes.
This included attaching a 100 mL bag
containing green dyed water to 24 inches
of PVC tubing, which was connected
to another 100 mL bag of clear water.
The test was performed by raising the
clear bag above the green bag to purge
tubing. Then, the bag was lowered two
inches below the clear bag to observe
dye reflux.
For the second portion of the study, a
venous simulation manometer measured
reflux at connection and disconnection
of a syringe for the eight devices. The
syringe was slowly depressed allowing
fluid to fill the glass rod until the fluid
level reached 111 mm. The syringe was
disconnected and the fluid displacement
was measured. The fluid was returned
to 111 mm and a syringe was then
connected. Fluid displacement was
recorded for connection.
The devices tested without anti-reflux
technology were Microclave™ Clear (ICU
Medical; S. Clemente, CA, USA), NIS®6P (Nexus Medical; Lenexa, KS, USA),
NeutraClear™ (CAIR/BD; Teolo, Italy) and
Bionector® (Vygon; Ecouen, France).
The devices tested with anti-reflux
technology were Neutron™ (ICU Medical;
S. Clemente, CA, USA), TKO®-6P (Nexus
Medical; Lenexa, KS, USA), NeutroX™
(CAIR/BD; Teolo, Italy) and Bionector TKO®
(Vygon; Ecouen, France). The devices by
each manufacturer are identical in design
with the exception of the presence of an
anti-reflux diaphragm.

Results
In the first test, simulation results for bi-directional flow
control of fluid movement showed no green dye was
visible in the tube set for all devices with anti-reflux
technology, while green dye was seen in the tube set of
all devices without anti-reflux technology.
For testing of the volume of reflux at syringe
disconnection, the fluid displacement was negative for
all devices tested. Anti-reflux technology significantly
reduced the reflux volume compared to those without
anti-reflux technology.
The fluid displacement at syringe connection was
positive for all devices tested. The volume of fluid
displacement at syringe connection was reduced in
devices with anti-reflux technology compared to those
without anti-reflux technology. Additionally, needleless
connectors marketed as neutral displacement were
shown to reflux at syringe disconnection and infuse at
syringe connection. See Figure 2.

connection and disconnection.6 Yet several studies have
demonstrated only devices with a pressure activated
anti-reflux diaphragm reduce blood reflux upon
connection and disconnection.5,8,9
In our experiments, NCs with anti-reflux technology
significantly reduce the amount of blood reflux upon
disconnection of a syringe compared to their design
counterpart without anti-reflux technology (p<0.0001).
Additionally, NCs marketed as neutral displacement (ICU
Medical MicroClave Clear and CAIR NeutraClear) were
shown to reflux at syringe disconnection and infuse at
syringe connection. Based on these data, it is reasonable
to conclude only NCs with an internal mechanism of
a pressure activated anti-reflux diaphragm meet the
neutral NC definition put forth in the 2021 Infusion
Therapy Standards of Practice.

Why Reflux Matters
Each year in the United States, over 300 million
intravenous (IV) catheters are inserted in patients.4,10 IV
catheters are typically manufactured from
polyurethanes or polytetrafluoroethylene
(Teflon®) which the body recognizes as a
foreign material.
The foreign body response triggers a calvary
of various blood proteins and cells to attach
to the extraluminal and intraluminal surfaces
creating a conditioning layer.11-14 Attraction
of more proteins and cells caused by blood
reflux can lead to intraluminal thrombotic
catheter occlusions, a major complication
associated with IV catheters.15 As a result,
nearly one-third of these catheters fail to
make it to the end of treatment.3

Figure 2: Visual representation of reflux volume into
the IV catheter lumen and infusion volume into the
patient’s vasculature during syringe disconnection and
connection, respectively.

Discussion and Clinical Relevance
Our data demonstrate what previous studies have
shown: that the marketed terms of negative, positive,
and neutral displacement do not always adequately
describe device reflux performance.5,8,9 The 2021 Infusion
Therapy Standards of Practice define neutral as an NC
containing an internal mechanism designed to reduce
blood reflux into the vascular access device lumen upon

Significantly, these occlusions serve as an
ideal medium to foster bacterial growth. Inadequate
cleaning of the NC or a breach in aseptic technique
can allow microbial ingress to the lumen, allowing
bacteria direct access to the thrombotic occlusion. The
attached bacteria then proliferate and accumulate into
multilayered three-dimensional cell clusters known as
biofilm.16 The biofilm growth can break away naturally or
as a result of flushing or the use of thrombolytics, thus
entering the bloodstream where they can cause harmful
infections.17-20 Use of thrombolytics to treat IV catheter
occlusions is associated with a significant increase in
bloodstream infections: Thakarar et al found a 3-fold

increased risk of infection, while Rowan found a 2-fold
increased risk.19,20
Thus, limiting the amount of blood reflux with an antireflux NC to prevent the development of thrombotic
occlusions in the first place would appear to be a costeffective and efficient preventive measure. As noted in
the Background, data from both Steere and Maurer using
different anti-reflux NCs has already demonstrated this
result.1,7

Limitations
The study conducted testing using in-vitro simulations.
Unlike in-vivo, the simulation restricts many variables in
patient vasculature and blood composition. While invitro studies and clinical trials conclude the importance
of anti-reflux technology, this hypothesis remains to be
tested in larger blinded clinical trials.

Conclusions
Blood reflux is associated with unintended complications
affecting patient safety, such as intraluminal catheter
occlusions and CLABSIs. Our findings show that antireflux needleless connectors do control bi-directional
fluid movement and have the least amount of reflux.
Connectors currently marketed as “neutral displacement”
reflux at syringe disconnection and connection.
This supports previous studies demonstrating the
term neutral displacement does not describe device
performance.
The 2021 Infusion Therapy Standards of Practice define
anti-reflux devices as containing a three-position
pressure-activated silicone valve which produce the
least amount of blood reflux.6 Previous and current
studies evaluating needleless connectors support and
confirm that devices with a pressure-activated antireflux diaphragm produce the least amount of blood
reflux and have the ability to control bi-directional fluid
movement.
Our findings support the hypothesis that preventing
blood reflux with the use of needleless connectors is
a cost-effective and efficient preventive measure to
reduce bloodstream infections.
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