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Abstract

The objective of this systematic review is to analyze types of needle-free connectors and open systems and their
effects on central line—associated bloodstream infection rates and other adverse outcomes through a research
protocol consistent with the Preferred Reporting Items for Systematic Reviews’ recommendations. MEDLINE and
Cochrane databases of systematic reviews were searched for relevant comparative studies published from January
2000 to September 2017. Eighteen studies compared central line—associated bloodstream infection (according to
the Centers for Disease Control and Prevention/National Healthcare Safety Network definition), internal microbial
contamination, occlusions, phlebitis, and other outcomes associated with needle-free connectors with a positive
displacement device, negative displacement device, neutral displacement device, or three-way stopcock. Ten studies
reported central line—associated bloodstream infection rates, which were lower with positive displacement devices
versus negative displacement devices/neutral displacement devices (one study) and with negative displacement devices
versus three-way stopcocks (three studies), but varied with different positive displacement device and negative
displacement device/neutral displacement device designs (four studies). Seven studies reported internal microbial
contamination rates, which were higher with three-way stopcocks versus negative displacement devices (two studies)
and positive displacement devices (two studies), lower when positive displacement devices were used versus neutral
displacement devices (one study), and varied with different types of negative displacement device (one study). Central
line—associated bloodstream infection rates and most other outcomes analyzed were statistically significantly higher
with three-way stopcocks (open devices) versus positive displacement device, negative displacement devices, and
neutral displacement devices, but varied among closed device designs.
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Introduction ruling on the Bloodborne Pathogen Standard that regulates
occupational exposure to blood-borne pathogens (BBPs)
and needlestick and sharps injuries among HCWs.? The
standard was revised 10years later to incorporate the
Needlestick Safety and Prevention Act.

Since the enactment of these standards, needle-free
connectors (NFCs) were introduced on the market to

Needles have traditionally been used to connect intrave-
nous (IV) tubing to intravascular catheters and to inject or
infuse medications and fluids into the catheter injection
port. Needlestick and percutaneous injuries from sharp
devices occur in approximately 384,000 healthcare work-
ers (HCWs) in US hospitals annually, with approximately
61% of needlestick injuries caused by hollow-bore needles
and 8% of injuries caused by accessing the intravascular International Nosocomial Infection Control Consortium, Buenos Aires,
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eliminate needle use with intravascular catheters.’
However, since the introduction of NFCs into clinical
practice, reports have emerged of sudden and significant
increase of central line—associated bloodstream infection
(CLABSI) rates with the mechanical valves.?

Today’s NFCs evolved from the industry’s initial
efforts to make devices that comply with these OSHA
regulations. They were designed primarily for HCW
safety, to prevent accidental needlestick injury and BBP
infection. With the initial introduction of split septum
NFCs, outbreaks of CLABSIs occurred.* With the re-
emphasis on the importance of infection control practices
with these devices (e.g. septum disinfection and cap
changes), infection risk was lowered.* To further decrease
the risk of needle use with such devices, negative dis-
placement mechanical NFCs were introduced. Then, with
the purpose of reducing the risk of occlusions, positive
displacement NFCs were introduced. This led to a few
CLABSI outbreaks associated with some of these NFCs.**
Ultimately, this led to the Food and Drug Administration
(FDA)’s “522 Postmarket Surveillance (PS) Studies
Program,” which required that US manufacturers of posi-
tive displacement NFCs provided data that their devices
were associated with risk of CLABSI at or below the level
associated with negative displacement NFCs.® This pro-
gram aimed at ensuring that well-designed 522 PS studies
were conducted effectively and efficiently. In May 2008,
its oversight responsibility was transferred to the Division
of Epidemiology of the Office of Surveillance and
Biometrics/Center for Devices and Radiological Health,
which launched a publicly available webpage to inform
the progress and status of each of the 522 PS studies.” In
this regard, Carefusion & B Braun responded to this FDA
request by showing the absence of a higher risk of
CLABSI when using positive versus negative displace-
ment NFCs, given comparable patient populations.’

Newer generations of NFCs have been designed to
improve patient safety and specifically reduce CLABSI
risk. These design features include the following: a visible
fluid path so that clinicians can assess the efficacy of their
flush technique; a solid, flat, smooth access surface that
can be effectively disinfected; a one-part activation of the
fluid path for effective flush; an open fluid pathway to pro-
vide a high flow rate and avoid hemolysis; and other
desired safety features (e.g. tight septum seal, minimal
internal complexity, ability to flush with saline alone).®®

The aim of this study was to review the types of NFCs
and open systems and their effects on CLABSI rates and
other adverse outcomes.

NFCs and open systems

NFCs provide needle-free access at the hub end of the cath-
eter for IV medication administration, fluid infusion, with-
drawal of blood samples, or connecting administration sets

to the intravascular catheters. NFCs include the split sep-
tum connectors and the luer-activated mechanical valves.'?
The standard split septum connectors or negative reflux
caps do not have internal mechanisms and are pre-pierced
to allow access by a blunt cannula to open the fluid path-
way for IV fluid infusion or medication administration.

On the basis of their internal membrane function,
mechanical valves are classified as negative, neutral, or
positive displacement types.'” Mechanical valves have an
internal membrane or valve and require a mating luer
connector when flushing or administering IV fluids or
medications.

The syringe tip or the tip of the IV tubing is directly
inserted into the cap without the need for a blunt needle.'°
The design of positive pressure valves (PPVs) is aimed at
limiting the retrograde blood flow inside the catheter at the
moment of luer syringe disconnection.'!

Methods

Definitions

Anti-reflux NFCs: incorporate a bidirectional fluid
control valve designed to restrict fluid movement on
connection and prevent unplanned reflux into the
intravascular catheter during infusion, connection,
disconnection, and patient changes in intrathoracic
pressure.'?

Fluid displacement: the volume, movement, and direc-
tion of fluid during connector and/or disconnection.

Negative displacement (negative displacement device)
NFCs: allow blood reflux into vascular access device
(VAD) lumen upon disconnection due to movement of
valve mechanism or removal of syringe/set.

Positive displacement (positive displacement device)
NFCs: allow a small amount of fluid to be held in the
device. On disconnection, this fluid is pushed through
the catheter lumen to clear any blood that refluxed into
the lumen.

Neutral displacement (neutral displacement device)
NFCs: designed to limit blood reflux into the catheter
lumen upon connection or disconnection; although
some may contain an internal mechanism/valve to limit
reflux, most neutral displacement devices (NEDDs) do
not have an anti-reflux valve. Some fluid reflux has
been reported in the literature. '3

Reflux: a negative displacement of fluid or blood.

Three-way stopcock: a form of valve that includes a
body having three ports therein or turning plugs that
control the flow of fluid from a container through a tube.
A three-way stopcock (3WSC) can be used on IV tubing
to turn off one solution and turn on another. It is open to
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the air without a membrane when the cover is not in
place and, thus, is considered an open IV system.

Data sources

A systematic review (SR) was conducted through a research
protocol consistent with the Preferred Reporting Items for
SRs’ recommendations.'* MEDLINE and Cochrane data-
bases of SRs were searched for relevant studies published
from January 2000 to September 2017.

Study selection and data extraction

Study inclusion criteria were randomized controlled trials
or observational comparative studies that reported the
CLABSI, colonization, phlebitis, occlusion, bending, kink-
ing, blockage, displacements, loosening, and extravasation
rates in patients with positive, negative, and neutral dis-
placement and open-system connectors compared with
other devices. The following Medical Subject Headings
and keywords were used for the search: “mechanical valve,
split septum, needleless connector, needle-less connector,
needlefree connector, needle-free connector, open-system
connectors, three-way stop cock, bending, blockage, blood-
stream infections, central venous catheter-associated infec-
tions, contamination, displacement, extravasation, flushing,
kinking, loosening, occlusion, phlebitis.”

Process

e An Internet search was conducted, and all abstracts
identified were read independently.

e Data were extracted on standardized forms includ-
ing study design, setting, patient population, faci-
lity location, number of CLABSIs (numerator),
number of central line (CL) days (denominator),
bending, blockage, contamination, displacement,
extravasations, flushing, kinking, loosening,
occlusion, and phlebitis during the study, plus
NFC device versus comparator device periods for
the studies included.

e CLABSI incidence density (infections per 1000 CL
days) was recorded at each site and percentage of
bending, blockage, contamination, displacement,
extravasation, flushing, kinking, loosening, occlu-
sion, and phlebitis.

Results
Published studies

Our search strategies produced 18 prospective studies that
compared CLABSI, contamination, displacement, kinking
or loosening, occlusion, or phlebitis rates associated with
NFCs with that of positive displacement devices (PDDs),
negative displacement devices (NDDs), NEDDs, and

3WSCs. Among them, 11 were randomized studies, 6 were
sequential studies, and 1 was a meta-analysis. All 18 stud-
ies used Centers for Disease Control and Prevention
(CDC)’s National Healthcare Safety Network (NHSN)
definition of CLABSI for outcome measures.

Description of the studies

The characteristics of the reviewed studies are shown in
Table 1, and the comparison among the studies’ main out-
comes by type of device used is shown in Table 2.

e Two studies compared PDDs against other designs
of PDDs.!%23

e One study compared PDDs against NDDs.?*
However, it did not attain statistically significant
results.

One study compared PDDs against NEDDs.?
One study compared PDDs against NDDs or
NEDDs. "

e Two studies compared PDDs against 3WSC open
connectors.!”? However, one of them!” did not
attain statistically significant results.

e Seven studies compared NDDs against 3WSC open
connectors, ! 51620.22.26.27,30

e One study compared NEDDs against NEDDs.3!
One study compared NEDDs against NDDs.?!

Two studies compared NDDs against other designs
of NDDs>?®

Discussion

In this SR, 18 studies comparing CLABSI rates (according
to the CDC/NHSN definition), IMC, occlusions, phlebitis,
or other adverse outcomes associated with NFCs with
PDD, NDD, or NEDD, or 3WSC. Ten studies reported
CLABSI rates, but in two of them, there were not any dif-
ference between the groups studied.'®!” From the remain-
ing eight studies with statistically significant CLABSI rate
outcomes, CLABSI rates were lower if using NDDs was
compared with using 3WSC open devices as shown in two
studies,'®?? with the exception of one study conducted in
which “SmartSite” NDD showed a higher CLABSI rate
compared with 3WSC.' In one study, CLABSI rates were
lower if PDD was used in comparison with the use of
NDDs and NEDDs.!® On the other hand, in three studies,
CLABSI rates varied when different designs of PDDs!823
and NDDs were compared.®

The outcomes concerning internal microbial contami-
nation (IMC) were reported in seven studies. In two of
them, there were no differences in the groups com-
pared.?®?* In three of them, contamination percentages
were higher when using 3WSC was compared with using
NDD.20:2627 Similarly, in one study, microbial contamina-
tion was higher if 3WSC was used in comparison with
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Table I. Studies’ characteristics.

Study Controlled Prospective Trial In vivo Outcome(s) Level of evidence

Yebenes et al.'® Yes Yes Randomized Yes Central line—associated High
bloodstream infection

Esteve et al.'® Yes Yes Randomized Yes Central line—associated High
bloodstream infection

Field et al. No No Sequential Yes Central line—associated Moderate
bloodstream infection

Khalidi et al.'” No Yes Randomized Yes Bloodstream infection,* occlusion® High

Royer'8 No Yes Sequential Yes Central line—associated Moderate
bloodstream infection

Tabak et al."” Yes Yes Meta Analysis Not applicable Central line—associated High
bloodstream infection

Gonzalez Lopez Yes Yes Randomized Yes Central line—associated High

et al.?® bloodstream infection, phlebitis

Wheeler et al.?! No Yes Sequential Yes Central line—associated Moderate
bloodstream infection

Rosenthal et al.22 Yes Yes Randomized Yes Central line—associated High
bloodstream infection

Wallace and Macy”® No Yes Sequential Yes Central line—associated Moderate
bloodstream infection

Casey et al.* Yes Yes Randomized Yes Internal microbial contamination  Moderate

Casey et al.? Yes Yes Randomized Yes Internal microbial contamination  High

Casey et al. 2¢ Yes Yes Randomized Yes Internal microbial contamination  High

Yebenes et al.” Yes Yes Randomized Yes Internal microbial contamination  High

Casey et al.?® Yes Yes Randomized Yes Internal microbial contamination  High

Casey et al.? No Yes Sequential Yes Internal microbial contamination  Moderate

Tamura et al.*° Yes Yes Randomized Yes Bending/kinking, blockage, High
displacement/loosening,
extravasation, phlebitis

Holt and Lawrence®' No Yes Sequential Yes Occlusion Moderate

*No statistical significance.

PDD.? In turn, contamination percentages varied when
PDDs were used instead of NDDs according to two
studies.?** Microbial contamination varied when different
types of NDDs were compared in one study in which
“ClearLink” NDD showed a higher percentage of contam-
ination than “V-LINK” NDD.?®

Central line occlusion was analyzed in two studies.
Phlebitis percentages were analyzed in two studies.
Rates were similar or lower with NDDs versus 3WSCs.

Finally, regarding other adverse outcomes, one study
showed the use of 3WSC resulted in higher percentages
of bending/kinking (0 vs 5.5), blockage (2.1 vs 4.6), dis-
placements/loosening (0 vs 5.5), extravasations (9.1 vs
24.8), and occlusions (3.7 vs 11.9) than the use of NDDs
(split septum).?® The same percentages were reported for
phlebitis.3°

17,31
20,30
20,30

Study limitations

The main limitation of this study is that most of the studies
included in the analysis present a strong bias: the fact that
the incidence of CLABSI is mainly associated with the

way NFCs are used (which type/time of disinfection, use
or not use of port protectors, etc.) as much as the incidence
of occlusion is mainly related to the policies of catheter
flushing and locking.

Conclusion

This review showed that in most of the studies analyzed,
CLABSI rates and most of the adverse outcomes’ rates
were statistically significantly higher when 3WSC (open
device) was compared to PDD, NDDs and NEDD, but
these results varied among closed device designs. From the
study of the publications available on the different design
variations of NFCs, it is clear that adequate cleaning, use,
and disinfection processes are crucial for successful infec-
tion prevention; however, further research is needed to gen-
erate sufficient evidence for HCWs to make informed
choices and allow safe and optimal practices. To have con-
fidence in the type of NFC design to be used, it becomes
necessary to conduct more studies analyzing standardized
testing of microbial ingress, anti-septic methods, and bio-
film formation in the different types of NFC designs.
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