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/Abstract A

Design, function, and performance vary between negative displacement, positive displacement and pressure-activated anti-
reflux needleless connectors (NCs). Marketing terms used to classify needleless connectors do not adequately describe function
and performance, leading to confusion and poor understanding of the correct flush-clamp-disconnect sequence specific to each NC
design. We compared commercially available NCs without integrated anti-reflux technology to their exact design counterpart with
anti-reflux technology. The goal of this study was to evaluate each NC'’s ability to control bi-directional fluid movement caused by
mechanical and physiological pressure changes and measure reflux volume. A venous simulator was used to measure and visualize
fluid displacement associated with each NCs design upon connection and disconnection of a syringe. A bi-directional flow test was
also performed by creating a pressure gradient between two reservoirs which were connected using the NC being tested. The fluid
displacement at syringe disconnection was negative for all devices tested. All NCs with integrated anti-reflux technology significantly
reduced the reflux volume compared to their design counterparts without anti-reflux technology (P <.0001). The difference in reflux
volume was statistically significant (P < .0001) between all NC devices with integrated anti-reflux technology (0.27uL; 95% CI
0.21-0.34pL) compared to all devices without anti-reflux technology (4.15uL; 95% CI 3.76-4.54uL). All NCs without anti-reflux
technology failed to demonstrate the ability to control blood reflux and bi-directional fluid movement. These results demonstrate that
integrated anti-reflux technology is effective at preventing blood reflux caused by mechanical and physiological pressure changes
in a closed IV system. D
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Introduction

Needleless connectors (NCs) were originally introduced
as an intravenous (IV) catheter accessory in the early 1990s to
prevent needlestick injury among healthcare workers and to
maintain closed systems. Half of all post-insertion catheter-related
infections are attributed to bacterial colonization of catheter
hubs and NCs [1-5]. When refluxed blood contacts IV catheter
surfaces, a layer of plasma proteins, which are responsible for
platelet adhesion, activation and biomaterial-induced thrombus
[6-8] adsorb to the intraluminal surface instantly forming a thin

conditioning film [6,9]. This conditioning film sets in motion a
series of biological reactions that help form the fibrin mesh that
traps blood cells and promotes thrombus formation within the
catheter lumen [6,8,10,11] (Figure 1). Bacteria entering through
the NC [12,13] can bind to the protein-coated surfaces of the IV
catheter and proliferate into biofilm [9,14,15]. Thrombolytics
such as tissue plasminogen activators (tPA) commonly used to
treat intraluminal catheter occlusions catalyze the conversion
of plasminogen to plasmin which cleaves fibrin into fibrin
degradation products and dissolves the thrombus [11] (Figure 2).
Studies have demonstrated the risk of infection is approximately 3
to 4 times higher when thrombolytics are used to treat intraluminal
catheter occlusions [16-18]. This increased infection risk is due
to the release of dissolved bacteria-riddled thrombus into the
bloodstream during flushing.

Figure 1: Foreign body response following blood contact to IV catheter material leading to intraluminal thrombotic catheter occlusions.

Abbreviations: IV, intravenous.
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Figure 2: Illustration depicting how bacteria within an occluded IV catheter are dislodged by tPA when a clot is dissolved, thereby
allowing the microbes to enter the bloodstream. Abbreviations: tPA, tissue plasminogen activator.

The external design of NCs is similar but there are significant internal differences among the available devices that affect function,
performance, and patient safety. For example, all NCs allow for bi-directional fluid movement, defined as the ability to administer or
withdraw fluids or medication for infusion and aspiration [20], but not all NCs contain an internal mechanism to control when and how
much fluid movement occurs. Commercially available NCs are classified as negative displacement, positive displacement, neutral,
or pressure activated anti-reflux devices according to the internal mechanism for fluid displacement by the device [19] (Table 1). It
is important that clinicians know which type of NC they are using so that they can employ the appropriate flushing, clamping, and
disconnection sequence. However, the 8th edition of the Infusion Therapy Standards (Standards) cautions that there are no established
criteria from device regulatory agencies that can help clinicians determine whether a commercial NC is assigned to a particular category
[19]. Given this information, it is not surprising that in a survey of 4,000 healthcare workers, 544 responded reporting that over 47% did
not understand the correct method to flush and clamp a catheter with the NC or within multiple types of NCs used by their institution
[20].

Type of NC Description
Negative displacement [21- e  Allows blood to reflux into the catheter lumen during syringe or administration set disconnection
23] e  Require a clamping sequence of flush, clamp and remove
Positive displacement [21- e  Allows blood to reflux into the catheter lumen during syringe or administration set connection
23] e  Requires a clamping sequence of flush, remove and clamp

e  Allows blood to reflux into the catheter lumen during syringe or administration set disconnection

Neutral [21, 24-26] e  Requires a clamping sequence of flush, clamp and remove

e Integrated system prevents unintentional blood reflux caused by mechanical and physiological pressure
changes

e Does not require a specific clamping sequence and contains a normally closed pressure activated anti-reflux
diaphragm in the fluid pathway, which automatically opens and closes based upon infusion pressure

Anti-reflux [21, 24-26]

Table 1: Classification of needleless connectors (NCs) by internal mechanism for fluid displacement by the device.
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NCs that produce low amounts of blood reflux and can
control bi-directional fluid flow have been shown to reduce the
risk of infection and catheter-related complications [23-27]. Thus,
NC performance may be measured based on the amount of blood
movement that refluxed into the catheter [24,25,27]. Additionally,
studies have demonstrated that NCs without bi-directional flow
control are associated with unintended complications, such as
intraluminal thrombotic catheter occlusions and central line
associated bloodstream infections (CLABSI) that negatively
impact patient safety [28-31]. Furthermore, an experimental study
revealed a correlation between blood reflux volume and intraluminal
thrombotic catheter occlusion rates [32]. Based on this study, it
is reasonable to hypothesize anti-reflux technology may optimize
catheter function and reduce consequences associated with blood
reflux including delayed treatment [33], device replacement [34],
infection [16-18], and increased cost [28,29,33,34].

Term Definition

According to the Standards, there is limited evidence to
support the superiority of one type of NC over another, particularly
regarding the ability to prevent internal contamination [19]. Instead,
clinicians are urged to evaluate the latest evidence when making
decisions about the choice of NC. In the absence of guidelines
and standardized classification criteria, deciphering the marketing
terms (Table 2) used by NC manufacturers is problematic and can
make it challenging for clinicians to integrate NCs into practice.
The aim of this study is to add to the existing body of knowledge by
using in vitro methods to evaluate the performance of commercially
available NCs without integrated anti-reflux technology compared
to their exact design counterpart with anti-reflux technology based
on reflux volume and their ability to control bi-directional fluid
movement.

Path by which fluid flows through an NC. If the fluid flows through the middle of the elastomeric septum, the NC

(1) Fluid pathway [22,23]
will have positive displacement.

will have negative displacement while if the fluid flows between the outer housing and elastomeric septum, the NC

Direct fluid pathway [5,23,24,35]: Found in negative displacement and neutral anti-reflux NCs, a straight fluid
pathway allows fluid to flow directly through the pre-slit elastomeric septum resulting in laminar flow profiles.

Indirect fluid pathway [5,36]: 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.
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Priming volume: Volume of fluid required to fill engaged NC to eliminate air (associated with all types of NC).

(2) Elastomeric septum | Luer-activated flexible silicone septum compresses to create a fluid pathway. Negative displacement and anti-reflux
(often referred as centerpiece) | NCs have pre-slit elastomeric septums, while positive displacement NCs have no slit or a partial slit on the lateral

[22,23] side of the elastomeric septum that opens the fluid pathway between the elastomeric septum and inlet housing.
(3) Inlet housing Housing that connects the female luer to the male luer lock of NC providing an airtight seal for the fluid pathway.
(4) Female Luer lock 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 [22] Rigid component within elastomeric septum that creates a direct fluid pathway when activated by a male luer lock.
. An internal pressure activated mechanism designed to reduce blood reflux. This normally closed three-position
7 Pressure-activated . . . . .
. . diaphragm opens toward the patient when fluid pressure is greater than venous pressure and opens in reverse
anti-reflux diaphragm

based on aspiration pressure preventing unintentional blood reflux into the patient’s IV catheter and provides bi-

[19,24,37,38] directional flow control.

Bi-directional flow control [24]: Ability of an NC to control the mechanical and physiological pressure changes
within a closed IV system therefore preventing unintentional backward flow and uncontrolled blood reflux into the
patient’s IV catheter.

Table 2: Common terms and definitions associated with NC design and function.
Materials and methods

Four commercially available NCs without anti-reflux technology (Microclave™, ICU Medical, San Clemente, CA, USA; NIS®-
6P, Nexus Medical, Lenexa, KS, USA; Bionector®, Vygon, Ecouen, France, and NeutraClear™ CAIR LGL/BD, Teolo, Italy) were
compared to their exact design counterpart with anti-reflux diaphragm technology (Neutron™, ICU Medical, San Clemente, CA, USA;
TKO®-6P, Nexus Medical, Lenexa, KS, USA; Bionector TKO®, Vygon, Ecouen, France, and NeutroX™, CAIR LGL/BD, Teolo, Italy)
(Figure 3).
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Figure 3: Exploded assembly drawing and image of devices tested; Labeled parts are defined in Table 2; (A) Female Luer (B) Inlet
housing (C) Elastomeric septum (D) Internal cannula (E) Pressure-activated anti-reflux diaphragm (F) Male Luer Lock, (*) Coupler

component mating inlet and outlet of device.

In vitro testing was conducted by a trained engineer with over 25
years of experience in vascular access and NC systems. Three
samples of all devices were tested ten times each for a total of
30 simulations per NC (n=30). Negative and positive fluid
displacement represent reflux into the catheter and aspiration
towards the patient, respectively. The negative and positive fluid
displacement in millimeters were converted to reflux volume using
the formula V=nr"2 h, where r is the internal radius of the glass
capillary rod and h is the measured fluid displacement.

Bi-Directional Flow Test: The following procedure was used
to quantitatively evaluate the ability of each NC to control bi-
directional fluid movement caused by pressure changes. Three
samples of each device were tested ten times each for a total of
30 simulations per NC. First, the primed unit under test (UUT)
was attached to 100 mL bag containing green dyed water. Using
a syringe, air was purged from the dye bag and a 24-inch piece

of PVC tubing was connected to the UUT. The other end of the
PVC tubing was connected to the100 mL dye bag containing clear
water. The clear bag was then raised above the green dyed bag
level to purge the PVC tubing. After the tubing was purged, the
clear bag was lowered 2 inches below simulated insertion site. If
the green dyed fluid was seen in the tubing set, the UUT failed to
control bi-directional fluid movement. If no green dyed fluid was
seen in the tubing set, the UUT was determined to have the ability
to control bi-directional fluid movement.

Reflux at Syringe Connection and Disconnection Test: A
venous simulator was used to observe and measure reflux upon
connection and disconnection of a syringe as described previously
[21,24,26]. The venous simulator was designed to replicate the
peripheral venous pressure in the cephalic vein in the middle third
of the forearm (111 mm H,O or 8 mmHg) [39] and consisted of a
vertically positioned glass rod and metric ruler within an acrylic
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stand. The glass rod was connected to a 4-way stopcock whose
side ports were connected to a fluid-filled input extension set and
output reservoir bag. The primed UUT was connected to the input
extension set and the following procedure was performed. Three
samples of each device were tested ten times each for a total of 30
simulations per NC. First, a 10 mL syringe filled with green dyed
water was attached to the UUT. The stopcock to the glass rod of the
simulator was turned to the “OFF” position. Then, a 10 mL syringe
plunger was used to purge all air from the UUT, PVC tubing, and
stopcock. Next, the stopcock to the reservoir bag was turned to
the “OFF” position. The syringe plunger was slowly depressed to
allow fluid to fill the glass rod until the fluid level reached 111 mm
(equivalent to 8 mmHg of simulated venous pressure) on the metric
ruler and marked fluid level. The 10 ml syringe was disconnected
from the UUT and the observed fluid displacement was recorded
in millimeters. The 10 mL syringe was connected to the UUT
again and the plunger was slowly depressed to allow the fluid level
to reach approximately 111 mm plus the previously recorded fluid
displacement. Once the appropriate level was reached, the syringe
was disconnected, and the fluid level was confirmed to be 111 mm.
Last the syringe was connected to the UUT and the observed fluid
displacement was recorded in millimeters.

Data Analysis

To evaluate differences between a device without anti-reflux
technology and its design equivalent with anti-reflux technology,
a t-test analysis was performed using GraphPad Prism (GraphPad
Software, Inc.). To evaluate differences between all devices with
and without anti-reflux technology, a one-way ANOVA analysis
was performed using GraphPad Prism (GraphPad Software, Inc.,
San Diego, CA). A P-value <0.05 was considered statistically
significant.

Results
Results from both in vitro tests are summarized in Figure 4.

Bi-Directional Flow Test. Simulation testing demonstrated all
devices with anti-reflux technology proved the ability to control
bi-directional fluid movement. Conversely, all devices without
anti-reflux technology failed to demonstrate the ability to control
bi-directional fluid movement. The fluid displacement at syringe
connection was positive, displacing fluid away from the IV
catheter lumen (which would be towards the patient in a clinical
scenario) for all devices tested. The fluid displacement at syringe
disconnection was negative for all devices tested. Except for
Nexus Medical’s NIS®-6P and TKO-6P (P=.336), the NCs with
anti-reflux technology demonstrated significantly reduced positive
displacement compared with their counterpart without anti-reflux
technology (P<.0001). However, the volume of fluid displacement
forthe NIS®-6P was significantly less when compared cumulatively
to other devices without anti-reflux technology (P<.0001).

Reflux at Syringe Connection and Disconnection Test. All NCs
tested demonstrated reflux on disconnection. The reflux volume
for devices with anti-reflux technology ranged from 0.04 uL to
0.63 uL. The devices without anti-reflux technology ranged from
1.12 uL to 6.25 pL. The reflux volume for devices with anti-reflux
technology was significantly less when compared to their design
counterpart without anti-reflux technology (P<.0001). Additionally,
the difference in reflux volume was statistically significant
(P<.0001) between all devices with anti-reflux technology (0.27
pL; 95% CI 0.21-0.34 puL) compared to all devices without anti-
reflux technology (4.15 uL; 95% CI 3.76-4.54 uL).
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Figure 4: A visual representation of reflux volume into the IV catheter lumen and volume away from the IV catheter lumen during

syringe disconnection and connection, respectively.

Discussion

Reducing blood reflux and controlling bi-directional
fluid flow has been shown to minimize biofilm formation and
the potential for vascular access complications related to NCs.
Choosing an appropriate NC is challenging because marketing
terms used to classify NCs do not adequately describe function
and performance. Furthermore, there are no standardized NC
classification criteria and additional head-to-head studies are
needed before commercially available NCs can be ranked by
superiority. In this study, we report that devices with anti-reflux
technology were able to control bi-directional fluid movement
unlike their design counterparts without anti-reflux technology.
In addition, our in vitro studies showed that differences in reflux
volumes for NCs with anti-reflux technology were statistically less
than devices without anti-reflux technology.

Studies measuring the clinical performance of NCs with
the functional anti-reflux diaphragm design are limited. One
study demonstrated increased patency of catheters using pressure
activated anti-reflux NCs in comparison to stopcock devices
[32]. There are no known studies evaluating the performance of
an NC with anti-reflux technology compared to its exact design
counterpart without anti-reflux technology. However, there have

been several in vitro studies evaluating the performance of NCs.
Previous studies evaluated reflux volume using a similar venous
simulator and included 4 of the 8 NCs tested here [21,24,26].
Additionally, two studies evaluated bi-directional flow control
using similar methods duplicated in this study [21,26]. Finally, Elli
et al. evaluated fluid reflux during disconnection of a syringe. That
study evaluated 5 of the 8 NCs tested here [25]. The current study
results represented in this publication are in general agreement
with the trends put forth in the previous in vitro studies.

In the published studies noted above [21,24,26], the
average reflux measurement for NCs with and without anti-reflux
diaphragm was 0.29 pL and 5.85 pL, respectively. In this study
the average reflux for NCs with and without anti-reflux diaphragm
was 0.27 uL and 4.15 pL, respectively. Additionally, this study
revealed NCs labeled as neutral displacement were shown to
reflux at syringe disconnection. This result supports previous
studies demonstrating that the term neutral displacement does not
appropriately describe the performance of the device.

Furthermore, the Standards define a neutral displacement
NC as those devices containing an internal mechanism designed
to reduce blood reflux into the vascular access device lumen upon
connection and disconnection [19]. Based our current results
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and evidence from previous studies [21,24-26], it is reasonable
to conclude that the only internal mechanism that meets the
Standards definition for neutral displacement is the NC with a
pressure-activated anti-reflux diaphragm.

Limitations

Many manufacturers fail to provide specific, accurate or
clear steps indicating the correct clamping sequences in their
instructions for use and sales literature based on an NCs design
and function. This lack of clear instruction leads to confusion and
poor understanding by the end user bedside clinical staff for proper
flush-clamp-disconnect sequence specific to each NC design [20].
With this in mind, the current study did not use a specific clamping
sequence applicable to a particular NC design and function.

Conclusions

The importance of reducing the amount of blood reflux
coupled with the ability to control bi-directional fluid flow has
been demonstrated clinically. The results of this study build upon
previous in vitro data that demonstrate control of bi-directional fluid
and lower reflux volume flow with pressure-activated anti-reflux
NCs. It is reasonable to hypothesize anti-reflux technology may
optimize catheter function and reduce consequences associated
with blood reflux, however larger clinical trials are needed.
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