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Challenges and Solutions for Reducing Infection
Risks When Accessing Vascular Catheters
by Elliott S. Greene, MD

INTRODUCTION

In U.S. acute care hospitals, 3.2% of patients
develop one or more health care-associated
infections (HAIs) resulting in increased patient
morbidity, mortality, duration of hospitalization,
and health care costs.1 Catheter-related bloodstream infections (CRBSIs) are the most
common etiology of HAI and these can occur
with central as well as peripheral intravascular
catheters.1 Each year in the U.S., there are
approximately 250,000 CRBSIs from shortand long-term intravascular catheters resulting
in significant morbidity, including sepsis, other
complications, and mortality.1 In 2014, U.S. acute
care hospitals had over 31,000 patients with
central-line-associated bloodstream infections
(CLABSIs), with an estimated annual cost of
$0.6–2.7 billion and a mortality rate of 12–25%.1
CLABSI rates have generally ranged from 1.1–
2.5/1000 catheter-days, and each CLABSI on
average increases the hospital stay by 10.4 days
and adds more than $45,000 in costs.1 In a
review of short-term peripheral intravenous
catheter (PIVC) CRBSIs from 1980 to 2106, the
infection incidence (not reported per 1000 catheter-days) was 1.8 infections/1000 catheters.
The arterial catheter CRBSI rate in a 2014 study
was 1.26/1000 catheter-days, with the CRBSI
risk for the femoral site 1.9 times higher than that
of the radial site.1 Microbial contamination of
intravascular catheters may occur from either 1)
an extraluminal route involving distal migration
from the insertion site or 2) intraluminal contam-

ination, which can occur when accessing and
using these catheters, with less frequent
sources from hematogenous spread or contaminated infusate.
Accessing vascular catheters is routine while
providing anesthesia and other patient care,
but are health care professionals using optimal
methods to reduce the risk of vascular catheter
access-related HAIs? If hand hygiene and aseptic technique are not used when accessing vascular catheters, intraluminal contamination of
injection ports (e.g., open lumen stopcocks
[OLSs] and disinfectable needleless closed
connectors [DNCCs]) with microbial pathogens
may occur that may lead to CRBSIs and other
HAIs.1-3 Unfortunately, low hand hygiene compliance rates have been reported for anesthesia professionals with ranges from 2.9% to
18%.1,4 Syringes and infusions can become contaminated during medication preparation and
clinical use with resultant injection of contaminated contents into the bloodstream as well as
contamination of access ports.1,2,5-7 Increased
use of manufacturer or pharmacy-prepared
medication syringes and infusions is recommended by the Anesthesia Patient Safety Foundation, the Association for Professionals in
Infection Control and Epidemiology, and the
Institute for Safe Medication Practices to
decrease contamination and medication errors
during preparation and administration of medications and fluids.1,2,5,6 The Centers for Disease

Control and Prevention also provides recommendations for Safe Injection Practices.7 This
article will compare and contrast contamination
and infection risks related to the use of OLSs
vs. DNCCs, and discuss recommendations as
well as unresolved issues concerning DNCC
disinfection.

CONTAMINATION AND INFECTION
RISKS OF OLSs AND DISINFECTED
DNCCs

OLSs are commonly used in the practice of
anesthesia; however, contamination of intraluminal surfaces may occur in up to 32% to 38%
of anesthesia cases.8,9 Neither a 70% isopropyl
alcohol (IPA) pad, nor a port-scrub device effectively disinfects an OLS.3,10 An OLS is prone to
contamination due to its design with a removable cap which exposes intraluminal surfaces
(Figure 1). While over 50% of DNCCs are contaminated with bacteria on their injection surfaces prior to appropriate disinfection,11,12 a
DNCC’s injection surface can be disinfected
with a high level of effectiveness by scrubbing
with an alcohol-containing disinfectant pad or
using an IPA cap (Figure 2).1,3,11-17 In a recent critical review of injection ports, 8 of 10 studies had
significantly lower rates of intraluminal contamination with disinfected DNCCs compared to
OLSs, and 2 of 7 studies had significantly
decreased rates of CLABSIs or CRBSIs with disinfected DNCCs compared to OLSs (some
studies evaluated both contamination rates
and infection rates, while other studies evaluated only a single outcome: either contamination rates or infection rates).1 When examining
the subgroup of these studies where both
OLSs and DNCCs were disinfected before
access, 7 of 9 studies found significantly lower
rates of intraluminal contamination with DNCCs
compared to OLSs, and 1 of 4 studies had a significantly lower rate of CLABSIs with DNCCs.1
No studies found OLSs were beneficial compared to disinfected DNCCs (See Table 1).1

MICROBIAL INJECTION AND BIOFILM

Failure to disinfect DNCCs before access,
or contamination of OLSs during clinical use,
can lead to intraluminal contamination1,15
resulting in biofilm formation (micro-organisms embedded in an extracellular glycocalyx matrix) on the catheter’s surfaces
resulting in an increased risk of HAIs.18,19

Figure 1: Open Lumen Stopcock (OLS).

Figure 2: Disinfectable Needleless Closed Connector (DNCC).

Even a single omission of DNCC disinfection before access can result in the formation
of biofilm.19 Unfortunately, DNCC disinfection
See “Vascular Catheters,” Next Page
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Failure to Disinfect Connectors can Lead to Intraluminal Contamination
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compliance (including hand hygiene and
aseptic technique) has been challenging for
health care professionals.1,15,20 Although the
current literature does not fully explain biofilm’s defense mechanisms against antimicrobial agents, exopolysaccharides impair
antibiotics from penetrating the biofilm
matrix to reach bacteria in the biofilm. 21
Biofilm may also be resistant to the host’s
immune system.22,23 Thus, biofilm can be a
source of bacteremia and chronic infections.21-23
While in-vitro studies suggest that leukocytes
are able to effectively penetrate biofilms, animal
studies indicate that biofilm formation results in
an “evasion” of the host’s immune response
from a “pro-inflammatory, bactericidal
response” towards an “anti-inflammatory, profibrotic response.”22 Biofilm formation on surfaces of catheters and other implanted medical
devices thus protects the bacteria which
encourages the persistence of infection.22
An additional mechanism of microbial injection may explain the association of OLS and
DNCC contamination with subsequent
increased risk of HAIs.1,14 Inadvertent direct
microbial injection into the bloodstream may
occur during vascular access via a contaminated OLS or failure to disinfect a DNCC injection surface before injection. Inadvertent direct
microbial injection may also occur if a contaminated syringe or infusate is used.1,2,5-7 In an exvivo randomized control trial (RCT), conducted
during concurrent clinical anesthesia, approximately 10,000 colony forming units of bacteria
entered the test circuit per injection when
DNCCs or OLSs were not disinfected before
access.14 In this study, the incidence of inadvertent bacterial injection was significantly lower
when using disinfected DNCC-stopcocks (70%
alcohol [method unspecified] with 30 seconds
drying) compared to OLSs or DNCC-stopcocks
without disinfection.14

RECENT RECOMMENDATIONS FROM
THE SOCIETY FOR HEALTHCARE
EPIDEMIOLOGY OF AMERICA

The Society for Healthcare Epidemiology of
America (SHEA) recently published guidelines
for infection prevention in the anesthesia work
environment.15 SHEA recommends using disinfected DNCCs on stopcocks for injecting medications as the preferred choice for clinician use
rather than using OLSs.24,25 SHEA also noted
that “stopcocks on pressure transducers are
periodically opened to air to calibrate the transducer” and that “these stopcocks may reasonably be covered with sterile caps rather than
needleless injection ports” (DNCCs), but did not
comment on a method to maintain intraluminal
sterility when the transducer is opened to air.25
It is important that stopcocks used for zeroing
pressure transducers maintain intraluminal sterility. While some transducers include a cap with
a “small” hole (much smaller than the lumen)

Table 1: Comparison of Disinfectable Needleless Closed Connectors (DNCCs) to Open
Lumen Stopcocks (OLSs)
Disinfectable Needleless Closed
Connectors

Open Lumen Stopcocks

1. Lower rates of intraluminal contamination
with disinfected DNCCs compared to
OLSs

1. Contamination of intraluminal surfaces
may occur in up to 38% of anesthesia
cases

2. Lower rates of HAIs for disinfected DNCCs
compared to OLSs

2. Intraluminal surfaces are prone to
contamination due to OLS's design with a
removable cap which exposes intraluminal
surfaces of the cap and OLS lumen

3. Can be disinfected with a high level of
effectiveness by scrubbing with an
alcohol-containing disinfectant pad or
using an IPA cap

3. Neither an IPA pad nor a port-scrub device
effectively disinfects an OLS

4. SHEA recommends that a stopcock should
be accessed via a disinfected DNCC on
the stopcock instead of using an OLS

4. No current studies have found OLSs
beneficial compared to disinfected DNCCs

5. Compliance with DNCC disinfection
immediately before access is critical

5. Using a nondisinfected DNCC or an OLS
increases the risk of intraluminal
contamination and HAIs compared to
using a disinfected DNCC

6. Unfortunately, there is limited
manufacturer product availability of
DNCC-stopcocks for either intravenous or
arterial access
Abbreviations: DNCC-stopcock, stopcock with a DNCC attached (preferably bonded) to the injection lumen; HAIs,
health care-associated infections; IPA, 70% isopropyl alcohol; SHEA, Society for Healthcare Epidemiology of
America

which can eliminate the need for cap removal
during zeroing, it is unknown whether intraluminal sterility is maintained since this “small”
lumen is continuously open to the environment.
Furthermore, if this cap is not bonded to the
stopcock, the provider might circumvent any
potential advantage of this cap’s design by
removing the cap during zeroing, thus fully
exposing the intraluminal surfaces to potential
environmental contamination. A stopcock with
a bacterial filter bonded to the zeroing lumen
may serve as an alternative option.

ACCESSING VASCULAR CATHETERS
VIA DISINFECTED DNCCs

The current literature supports that disinfected DNCCs should be used instead of OLSs
based on the following premises: the documented overall lower contamination and infection risks of disinfected DNCCs compared to
OLSs as discussed above (Table 1) and the
recent SHEA recommendations that “stopcocks used for injecting drugs should ideally be
closed with needleless injection ports.”25 To
reduce infection-related patient risk, vascular
catheters used for medication or fluid administration, or blood withdrawal, should be routinely
accessed via either disinfected DNCCs (e.g., in
intravenous [IV] tubing sets) or via disinfected
DNCC-stopcocks. Compliance with disinfection
is essential. For DNCC-stopcocks, the DNCC
should preferably be bonded to the stopcock
injection lumen to eliminate removal and
bypassing the DNCC.1 While the recent SHEA

recommendations25 do not specifically address
using DNCCs to obtain blood samples from
arterial pressure tubing, current studies1 support that blood samples from arterial tubing sets
be obtained via disinfected DNCC-stopcocks
instead of OLSs. The only clinical application
where OLSs would not have a greater contamination or infection risk compared to disinfected
DNCCs would be when OLS are restricted to
use on sterile field related-procedures.1

LIMITED MANUFACTURER
AVAILABILITY OF DNCC-STOPCOCKS

Presently, IV and arterial transducer tubing
sets do not typically come with DNCC-stopcocks.1 Manufacturers should supply IV and
arterial transducer tubing sets with DNCC-stopcocks instead of OLSs and there should be
DNCC-stopcocks made available as single
packaged items. There are several reasons
why DNCC-stopcocks are not routinely
included in tubing sets including lack of clinician
and manufacturer awareness of DNCC superiority, inertia in changing existing practice patterns, and increased cost. Nevertheless, the
need to improve safety through adoption of
DNCCs is inevitable and the increased cost
should not be a barrier. For example, sharps
injury prevention safety devices cost more than
nonsafety devices, but they are now utilized as
standard safety requirements.1,26
See “Vascular Catheters,” Next Page
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DISINFECTION METHOD AND TYPE
OF DISINFECTANT

The type of disinfectant and disinfection
method used on DNCCs are critical factors to
maximize the disinfectant’s effectiveness and
reduce unwanted HAIs.1,27 The variations in
results of several selected in-vitro and clinical
studies highlight the difficulties in determining
definitive disinfection recommendations (Table
2). Unsurprisingly, a consensus is lacking
among experts concerning the recommended
disinfectant, the disinfection method (e.g., scrub
vs. “clean”), disinfection duration and drying
time, and whether to use IPA caps (see Table 3).1
SHEA recommends DNCCs should be disinfected immediately before each access or
before a rapid series of injections, such as
during anesthesia induction, either by scrub-

bing (a duration was not specified) with an
alcohol-containing disinfectant pad (e.g., IPA or
chlorhexidine gluconate [CHG]/IPA), or appropriately utilizing an IPA cap.1,15 Numerous
guidelines1 recommend scrubbing with an alcohol-containing disinfectant; however, the recommended scrubbing durations vary from ≥ 5
to ≥ 15 seconds (Table 3).31-33 Since compliance
with longer scrub durations is low,15 additional
research should identify the minimally effective
scrub duration.1 In addition, randomized trials
are needed to compare various methods and
disinfectants used, since suboptimal DNCC disinfection techniques may increase the risk of
HAIs. Further complicating the issue is that the
infection risk of disinfected DNCCs may also be
related to a variety of injection surface topographies and other design features found in vari-

ous DNCCs, which can influence disinfection
efficacy.12,13,27,35

DISINFECTANT DRYING TIME

A recent study suggested that the disinfectant used on DNCCs should dry before access
to reduce the microbial load and its potential
for entering the bloodstream.36 Disinfectant
drying times vary after scrubbing DNCCs: IPA
dries in 5 seconds and CHG/IPA dries in 20
seconds, but povidone-iodine is not dry after 6
minutes.36 However, only a few national and
international guidelines mention a need for disinfectant drying (Table 3).1 Unfortunately, only
some clinical and in-vitro studies state the
drying time after DNCC disinfection, and none
compared the effect of various drying times, or
no drying at all, on disinfection efficacy.1 Of the
See “Vascular Catheters,” Next Page

Table 2: a,bSelected 1) In-Vitro Studies of Disinfection of Contaminated DNCC Surfaces, and 2) Clinical Studies of DNCC Disinfection
In-Vitro
Studies

Year

Inoculant

Disinfectant, Method, Scrub
Time

Drying
Time

DNCC Microbial Contamination After Disinfection

Rupp, et
al.11

2012

103–105 or 108
CFU
S. Epidermidis

IPA
″Scrubbed vigorously″ 5, 10,
15, 30 seconds.

5
seconds

103–105 CFU: ≥5 seconds: all sterile
108 CFU: 5 seconds: 20% minimal growth
108 CFU: ≥10 seconds: all sterile

Casey, et
al.13

2015

103 CFU
Staphlococcus
aureus

IPA: ″firmly applied... and
30
rotated″ 5, 15 seconds.
seconds
Eight different types of DNCCs
evaluated.

For some types of DNCCs 5 seconds adequate,
For others 15 seconds was inadequate.
Overall no significant difference in bacterial growth rate
between 5 and 15 seconds groups.

Flynn, et
al.28

2017

0.5 x 106 CFU
Staphlococcus
aureus
S. Epidermidis
Pseudomonas
aeruginosa
Candida
albicans

IPA or 2% CHG/IPA:
″scrubbing″ 5, 15, 30 seconds.
IPA cap on 5 minutes.
Half (324/648) of DNCCs were
″precoated″ with sterile
human serum before bacterial
inoculation to simulate blood
draws or transfusion.

30
seconds

IPA 5 > IPA 15 > IPA 30 > IPA cap >
CHG/IPA 5 > CHG/IPA 15 > CHG/IPA 30
Serum "precoating" decreased microbial reduction > 50%
"results suggest [DNCCs] are more difficult to
decontaminate" after blood draws or transfusion (Flynn, et
al.) due to residual organic matter

Clinical
Studies

Year

Catheter

Disinfectant, Method, Scrub
Time

Drying
Time

DNCC Microbial Contamination After Disinfection

Rupp, et
al.11

2012

Central venous

IPA: ″Vigorous scrubbing″ 0, 5, 5
10, 15, 30 seconds.
seconds
Total of 363 DNCCs evaluated.
DNCC injection surface
cultured.

Baseline (0 seconds): 66.7% (58/87) of DNCCs were
contaminated.
5 seconds disinfection: 1.4% (1/71) DNCCs had positive
culture;
5, 10, 15 and 30 seconds: all similar results (p = 0.9).

c
Slater, et
al.12

2020

PIVC

IPA or 2% CHG/IPA:
″scrubbed″ 5, 10 or 15
seconds.
Total of 300 DNCCs
evaluated.
DNCC injection surface
cultured.

Baseline: 51% (153/300) of DNCCs contaminated.
After disinfection: 2% (3/153) contaminated for all groups
combined.
No significant differences in microbial growth between
groups for either disinfectant p = 0.62, or duration p = 0.21
15 Sec: not effective for 2 DNCCs.
20/153 DNCCs had "heavy" contamination (>15 CFU): After
disinfection using IPA for 15 seconds: 5% (1/20) still
contaminated.

30
seconds

Abbreviations: CFU, colony forming units bacteria/ml inoculant; CHG, chlorhexidine gluconate; DNCCs, disinfectable needleless closed connectors; IPA, 70% isopropyl alcohol;
PIVC, peripheral intravenous catheter.					
a
for additional studies see reference Greene1					
b
items in quotations are the terminology used in each reference					
c
first clinical RCT of PIVC DNCC disinfection
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21 studies evaluating DNCC disinfection
assessed in a recent critical review, one study
specified a 5-second drying time, 10 studies
used ≥ 30 seconds drying, and 10 studies did
not specify whether drying was used or not.1
Further trials need to address the optimal
drying time in the perioperative setting so that
health care professionals have clarity on how
to reduce infection risk.

IS INJECTING DISINFECTANT INTO A
DNCC HAZARDOUS?

A recent study recommended the DNCC
should dry before access to avoid injecting disinfectant.36 An unanswered question is whether
injecting some disinfectant into a DNCC is hazardous. This is of great concern since IPA is
mainly metabolized to acetone, which is
toxic.16,37,38 Two in-vitro studies compared
DNCCs scrubbed with either IPA followed by 15
seconds of drying37 or with CHG/ethanol with
30 seconds of drying time,38 followed by saline
injections. These studies suggested that alcohol levels in the test circuit fluids were either
undetectable37 or “low”38 (maximum µg per invitro injection was < 8% of what would produce
the estimated toxic blood concentration threshold in neonates, defined as greater than 0.25
mg/ml). Studies on potential IV injection of alcohol or CHG via DNCCs before disinfectant
drying are limited in the current literature and
therefore, further studies are needed.

IPA CAPS

Several national and international recommendations include the option of using IPA
caps on DNCCs since they provide passive disinfection, eliminate manual scrubbing (after a
minimum contact time), provide a visible indicator of disinfection, provide a contamination barrier, and may increase disinfection compliance
compared to manual disinfection.1,15,17,39 IPA cap
use requires at least a minimum contact duration on the DNCC before access (manual
scrubbing is needed for shorter durations),
allowing the disinfectant to dry before access,
and discarding the cap after each single use.
A recent “pilot” RCT found no significant differences in CLABSI rates in adults comparing
scrubbing with either IPA or CHG/IPA, or using
IPA caps.27 Although the 2019 SHEA recommendations15 referred to using IPA caps as a
“best practice,” this 2021 “pilot” study suggests that larger more definitive studies
should be performed.27 Two in-vitro studies

cautioned against using IPA caps in neonates
because injection of saline after IPA cap
removal resulted in “significant” levels of IPA in
the test circuit fluids.16,37,38 One study found
that significant IPA levels in the test circuit
fluids occurred after 24 hours of IPA cap use,
with even higher IPA levels when the DNCCs
were exposed to the IPA caps for 7 days.38 The
finding that IPA was injected into the test circuit was also problematic since in one study
after IPA cap removal, the DNCC was allowed
to dry for 30 seconds before injection.38 Disinfectant caps containing ethanol instead of IPA
have been suggested as an alternative to
decrease the risk of toxicity in neonates.38

CONCLUSION

There are numerous issues to be considered
for reducing infection risks when accessing vascular catheters. An OLS’s design results in a
See “Vascular Catheters,” Next Page

Table 3: a,bRecommendations for DNCC Disinfection from Selected National and International Organizations			
Organization

Year

Method

Duration

Disinfectant

Drying

American Society of
Anesthesiologists29

2020

″Clean...before each access″

NM

″Appropriate antiseptic, e.g.,
alcohol″

NM

SHEA Anesthesia
Recommendations15

2019

Either a) appropriately use IPA cap or b) ″scrub″
NM
immediately before each single access or a rapid
series of injections (e.g., anesthesia induction)

″Alcohol-based disinfectant″

NM

CDC30

2017

″Scrubbing″ the access port;
″Access the port only with sterile devices″

NM

″CHG, povidone iodine, an
iodophor, or 70% alcohol″

NM

APIC2

2016

″Vigorously apply mechanical friction″
″Follow institutional policy [for] wiping method″

NM

CHG/alcohol, IPA or other
approved disinfectant or use
IPA cap

″Allow
adequate
dry time″

APIC CLABSIs Guide31

2015

″Scrub″

15 seconds

″Alcohol or CHG/alcohol″

NM

SHEA and other major
organizations32

2014

″Vigorously apply mechanical friction″
If high CLABSI rates despite basic methods, use
IPA caps and other measures (e.g., antiseptic
catheters and dressings)

≥5 seconds

″Alcoholic CHG, 70% alcohol, NM
or povidone-iodine″

United Kingdom epic333

2014

″The hub should be cleaned″

≥15 seconds

″CHG/IPA″
″(povidone-iodine/alcohol for
CHG-sensitive patients)″

″Allowed
to dry″

Abbreviations: APIC, Association for Professionals in Infection Control and Epidemiology; CDC, U.S. Centers for Disease Control and Prevention; 			
CHG, chlorhexidine gluconate; CLABSI, central-line-associated bloodstream infection; IPA, 70% isopropyl alcohol; 				
NM, not mentioned in Recommendation; SHEA, Society for Healthcare Epidemiology of America				
a
for additional Guidelines see references Greene,1 Hallam34				
b
items in quotations are the terminology used in each reference; i.e., not all stated ″scrub″ as the Method used				
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high rate of intraluminal microbial contamination during clinical use, and neither an IPA pad
nor a port-scrub device effectively disinfects an
OLS. In contrast, a DNCC’s injection surface can
be disinfected with a high level of effectiveness.
Although questions remain as to the optimal
disinfectant and method of disinfection, and the
optimal DNCC design, multiple studies have
found lower rates of intraluminal contamination
with disinfected DNCCs compared to OLSs,
and some studies have found lower rates of
HAIs for disinfected DNCCs compared to OLSs.
No current studies have found that OLSs are
beneficial compared to disinfected DNCCs.
Manufacturers should supply IV tubing sets
with DNCCs and DNCC-stopcocks instead of
OLSs, and DNCC-stopcocks should also be
available as single items. Arterial tubing sets
should include a DNCC-stopcock for blood
sampling and a device for zeroing the transducer that maintains intraluminal sterility. OLSs
should be restricted to use on sterile fields.
Health care provider compliance with DNCC
disinfection is critical to safe use of DNCCs and
should include periodic assessments and reeducation on hand hygiene and aseptic technique. Increased use of manufacturer or
pharmacy-prepared medications and infusions
and use of safe injection practices are also recommended to reduce the risk of vascular
access-related HAIs and medication errors.
Although a consensus on the optimal approach
to DNCC disinfection is lacking and many questions remain, a synthesis of the current literature
indicates that immediately before access (or a
rapid series of injections) the DNCC should be
scrubbed with an alcohol-containing disinfectant for at least 5 seconds (some recommendations are to use ≥15 seconds), or properly use
an IPA cap, followed by drying before injection.
IPA caps have potential advantages compared
to manual scrubbing; however, additional studies are needed to determine whether IPA caps
are more effective for reducing HAIs than the
present alternative methods, and whether they
are safe for use in neonates.
Elliott S. Greene, MD, is a professor of anesthesiology in the Department of Anesthesiology at
Albany Medical College, Albany, NY.
The author has no conflicts of interest.
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