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(PIDS), and the Healthcare Infection Control Practices
Advisory Committee (HICPAC) of the Centers for
Disease Control and Prevention (CDC) and is intended
to replace the Guideline for Prevention of Intravascular
Catheter-Related Infections published in 2002. These
guidelines are intended to provide evidence-based
recommendations for preventing intravascular cathe-
ter-related infections. Major areas of emphasis in-
clude 1) educating and training healthcare personnel
who insert and maintain catheters; 2) using maximal
sterile barrier precautions during central venous cath-
eter insertion; 3) using a > 0.5% chlorhexidine skin
preparation with alcohol for antisepsis; 4) avoiding
routine replacement of central venous catheters as
a strategy to prevent infection; and 5) using antiseptic/
antibiotic impregnated short-term central venous
catheters and chlorhexidine impregnated sponge dress-
ings if the rate of infection is not decreasing despite ad-
herence to other strategies (i.e, education and training,
maximal sterile barrier precautions, and >0.5% chlo-
rhexidine preparations with alcohol for skin antisepsis).
These guidelines also emphasize performance improve-
ment by implementing bundled strategies, and doc-
umenting and reporting rates of compliance with all
components of the bundle as benchmarks for quality
assurance and performance improvement.

As in previous guidelines issued by CDC and HIC-
PAC, each recommendation is categorized on the basis
of existing scientific data, theoretical rationale,
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applicability, and economic impact. The system for categorizing
recommendations in this guideline is as follows:

o Category IA. Strongly recommended for implementation
and strongly supported by well-designed experimental, clinical,
or epidemiologic studies.

o Category IB. Strongly recommended for implementation
and supported by some experimental, clinical, or epidemiologic
studies and a strong theoretical rationale; or an accepted
practice (e.g., aseptic technique) supported by limited evidence.
o Category IC. Required by state or federal regulations, rules,
or standards.

o Category II. Suggested for implementation and supported
by suggestive clinical or epidemiologic studies or a theoretical
rationale.

e Unresolved issue. Represents an unresolved issue for which
evidence is insufficient or no consensus regarding efficacy exists.

INTRODUCTION

In the United States, 15 million central vascular catheter (CVC)
days (i.e, the total number of days of exposure to CVCs among
all patients in the selected population during the selected time
period) occur in intensive care units (ICUs) each year [1].
Studies have variously addressed catheter-related bloodstream
infections (CRBSI). These infections independently increase
hospital costs and length of stay [2-5], but have not generally
been shown to independently increase mortality. While 80,000
CRBSIs occur in ICUs each year [1], a total of 250,000 cases of
BSIs have been estimated to occur annually, if entire hospitals
are assessed [6]. By several analyses, the cost of these infections
is substantial, both in terms of morbidity and financial resources
expended. To improve patient outcome and to reduce health-
care costs, there is considerable interest by healthcare providers,
insurers, regulators, and patient advocates in reducing the
incidence of these infections. This effort should be multidisci-
plinary, involving healthcare professionals who order the in-
sertion and removal of CVCs, those personnel who insert and
maintain intravascular catheters, infection control personnel,
healthcare managers including the chief executive officer (CEO)
and those who allocate resources, and patients who are capable
of assisting in the care of their catheters.

The goal of an effective prevention program should be the
elimination of CRBSI from all patient-care areas. Although this
is challenging, programs have demonstrated success, but sus-
tained elimination requires continued effort. The goal of the
measures discussed in this document is to reduce the rate to
as low as feasible given the specific patient population being
served, the universal presence of microorganisms in the human
environment, and the limitations of current strategies and
technologies.

SUMMARY OF RECOMMENDATIONS

Education, Training and Staffing

1. Educate healthcare personnel regarding the indications
for intravascular catheter use, proper procedures for the
insertion and maintenance of intravascular catheters, and
appropriate infection control measures to prevent intravascular
catheter-related infections [7-15]. Category IA

2. Periodically assess knowledge of and adherence to
guidelines for all personnel involved in the insertion and
maintenance of intravascular catheters [7-15]. Category 1A

3. Designate only trained personnel who demonstrate
competence for the insertion and maintenance of peripheral
and central intravascular catheters. [14-28]. Category IA

4. Ensure appropriate nursing staff levels in ICUs.
Observational studies suggest that a higher proportion of
“pool nurses” or an elevated patient—to-nurse ratio is
associated with CRBSI in ICUs where nurses are managing
patients with CVCs [29-31]. Category IB

Selection of Catheters and Sites
Peripheral Catheters and Midline Catheters

1. In adults, use an upper-extremity site for catheter
insertion. Replace a catheter inserted in a lower extremity site
to an upper extremity site as soon as possible. Category II

2. In pediatric patients, the upper or lower extremities or the
scalp (in neonates or young infants) can be used as the catheter
insertion site [32, 33]. Category II

3. Select catheters on the basis of the intended purpose and
duration of use, known infectious and non-infectious
complications (e.g., phlebitis and infiltration), and experience
of individual catheter operators [33—35]. Category IB

4. Avoid the use of steel needles for the administration of
fluids and medication that might cause tissue necrosis if
extravasation occurs [33, 34]. Category 1A

5. Use a midline catheter or peripherally inserted central
catheter (PICC), instead of a short peripheral catheter, when
the duration of IV therapy will likely exceed six days.
Category II

6. Evaluate the catheter insertion site daily by palpation
through the dressing to discern tenderness and by inspection if
a transparent dressing is in use. Gauze and opaque dressings
should not be removed if the patient has no clinical signs of
infection. If the patient has local tenderness or other signs of
possible CRBSI, an opaque dressing should be removed and the
site inspected visually. Category II

7. Remove peripheral venous catheters if the patients
develops signs of phlebitis (warmth, tenderness, erythema or
palpable venous cord), infection, or a malfunctioning catheter
[36]. Category IB
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Central Venous Catheters.

1. Weigh the risks and benefits of placing a central venous
device at a recommended site to reduce infectious complications
against the risk for mechanical complications (e.g.,
pneumothorax, subclavian artery puncture, subclavian vein
laceration, subclavian vein stenosis, hemothorax, thrombosis, air
embolism, and catheter misplacement) [37-53]. Category 1A

2. Avoid using the femoral vein for central venous access in
adult patients [38, 50, 51, 54]. Category 1A

3. Use a subclavian site, rather than a jugular or a femoral
site, in adult patients to minimize infection risk for nontunneled
CVC placement [50-52]. Category IB

4. No recommendation can be made for a preferred site of
insertion to minimize infection risk for a tunneled CVC.
Unresolved issue

5. Avoid the subclavian site in hemodialysis patients and
patients with advanced kidney disease, to avoid subclavian vein
stenosis [53,55-58]. Category IA

6. Use a fistula or graft in patients with chronic renal
failure instead of a CVC for permanent access for dialysis [59].
Category 1A

7. Use ultrasound guidance to place central venous catheters
(if this technology is available) to reduce the number of
cannulation attempts and mechanical complications. Ultrasound
guidance should only be used by those fully trained in its
technique. [60-64]. Category 1B

8. Use a CVC with the minimum number of ports or
lumens essential for the management of the patient [65-68].
Category IB

9. No recommendation can be made regarding the use of
a designated lumen for parenteral nutrition. Unresolved issue

10. Promptly remove any intravascular catheter that is no
longer essential [69-72]. Category IA

11.  When adherence to aseptic technique cannot be ensured
(i.e catheters inserted during a medical emergency), replace the
catheter as soon as possible, i.e, within 48 hours [37,73-76].
Category IB

Hand Hygiene and Aseptic Technique

1. Perform hand hygiene procedures, either by washing hands
with conventional soap and water or with alcohol-based hand
rubs (ABHR). Hand hygiene should be performed before and
after palpating catheter insertion sites as well as before and after
inserting, replacing, accessing, repairing, or dressing an
intravascular catheter. Palpation of the insertion site should not
be performed after the application of antiseptic, unless aseptic
technique is maintained [12,77-79]. Category IB

2. Maintain aseptic technique for the insertion and care of
intravascular catheters [37, 73, 74, 76]. Category 1B

3. Wear clean gloves, rather than sterile gloves, for the
insertion of peripheral intravascular catheters, if the access

site is not touched after the application of skin antiseptics.
Category IC

4. Sterile gloves should be worn for the insertion of arterial,
central, and midline catheters [37, 73, 74, 76]. Category IA

5. Use new sterile gloves before handling the new catheter
when guidewire exchanges are performed. Category II

6. Wear either clean or sterile gloves when changing the
dressing on intravascular catheters. Category IC

Maximal Sterile Barrier Precautions

1. Use maximal sterile barrier precautions, including the
use of a cap, mask, sterile gown, sterile gloves, and a sterile full
body drape, for the insertion of CVCs, PICCs, or guidewire
exchange [14, 75, 76, 80]. Category IB

2. Use a sterile sleeve to protect pulmonary artery catheters
during insertion [81]. Category IB

Skin Preparation

1. Prepare clean skin with an antiseptic (70%
alcohol, tincture of iodine, an iodophor or chlorhexidine
gluconate) before peripheral venous catheter insertion
[82]. Category IB

2. Prepare clean skin with a >0.5% chlorhexidine
preparation with alcohol before central venous catheter and
peripheral arterial catheter insertion and during dressing
changes. If there is a contraindication to chlorhexidine,
tincture of iodine, an iodophor, or 70% alcohol can be used
as alternatives [82, 83]. Category IA

3. No

chlorhexidine preparations with alcohol and povidone-iodine

comparison has been made between using

in alcohol to prepare clean skin. Unresolved issue.
4. No recommendation can be made for the safety or efficacy
of chlorhexidine in infants aged <2 months. Unresolved issue
5. Antiseptics should be allowed to dry according to the
manufacturer’s recommendation prior to placing the catheter
[82, 83]. Category IB

Catheter Site Dressing Regimens

1. Use either sterile gauze or sterile, transparent, semi-
permeable dressing to cover the catheter site [84-87]. Category IA

2. If the patient is diaphoretic or if the site is bleeding or
oozing, use a gauze dressing until this is resolved [84-87].
Category II

3. Replace catheter site dressing if the dressing becomes
damp, loosened, or visibly soiled [84, 85]. Category IB

4. Do not use topical antibiotic ointment or creams on
insertion sites, except for dialysis catheters, because of their
potential to promote fungal infections and antimicrobial
resistance [88, 89]. Category IB

5. Do not submerge the catheter or catheter site in water.
Showering should be permitted if precautions can be taken
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to reduce the likelihood of introducing organisms into the
catheter (e.g., if the catheter and connecting device are
protected with an impermeable cover during the shower)
[90-92]. Category IB
6. Replace dressings used on short-term CVC sites every 2
days for gauze dressings. Category II
7. Replace dressings used on short-term CVC sites at least
every 7 days for transparent dressings, except in those pediatric
patients in which the risk for dislodging the catheter may
outweigh the benefit of changing the dressing [87, 93].
Category IB
8. Replace transparent dressings used on tunneled or
implanted CVC sites no more than once per week (unless the
dressing is soiled or loose), until the insertion site has healed.
Category II
9. No recommendation can be made regarding the
necessity for any dressing on well-healed exit sites of long-
term cuffed and tunneled CVCs. Unresolved issue
10. Ensure that catheter site care is compatible with the
catheter material [94, 95]. Category IB
11. Use a sterile sleeve for all pulmonary artery catheters
[81]. Category IB
12. Use a chlorhexidine-impregnated sponge dressing for
temporary short-term catheters in patients older than 2 months
of age if the CLABSI rate is not decreasing despite adherence to
basic prevention measures, including education and training,
appropriate use of chlorhexidine for skin antisepsis, and MSB
[93, 96-98]. Category 1B
13. No recommendation is made for other types of
chlorhexidine dressings. Unresolved issue
14. Monitor the catheter sites visually when changing the
dressing or by palpation through an intact dressing on a regular
basis, depending on the clinical situation of the individual
patient. If patients have tenderness at the insertion site, fever
without obvious source, or other manifestations suggesting
local or bloodstream infection, the dressing should be removed
to allow thorough examination of the site [99-101]. Category IB
15. Encourage patients to report any changes in their catheter
site or any new discomfort to their provider. Category II

Patient Cleansing
Use a 2% chlorhexidine wash for daily skin cleansing to reduce
CRBSI [102-104]. Category II

Catheter Securement Devices
Use a sutureless securement device to reduce the risk of in-
fection for intravascular catheters [105]. Category II

Antimicrobial/Antiseptic Impregnated Catheters and Cuffs
Use a chlorhexidine/silver sulfadiazine or minocycline/rifampin
-impregnated CVC in patients whose catheter is expected to

remain in place >5 days if, after successful implementation of
a comprehensive strategy to reduce rates of CLABSI, the CLABSI
rate is not decreasing. The comprehensive strategy should in-
clude at least the following three components: educating persons
who insert and maintain catheters, use of maximal sterile barrier
precautions, and a >0.5% chlorhexidine preparation with al-
cohol for skin antisepsis during CVC insertion [106-113].
Category 1A

Systemic Antibiotic Prophylaxis

Do not administer systemic antimicrobial prophylaxis routinely
before insertion or during use of an intravascular catheter to
prevent catheter colonization or CRBSI [114]. Category IB

Antibiotic/Antiseptic Ointments

Use povidone iodine antiseptic ointment or bacitracin/grami-
cidin/polymyxin B ointment at the hemodialysis catheter exit
site after catheter insertion and at the end of each dialysis ses-
sion only if this ointment does not interact with the material of
the hemodialysis catheter per manufacturer’s recommendation
[59, 115-119]. Category IB

Antibiotic Lock Prophylaxis, Antimicrobial Catheter Flush and
Catheter Lock Prophylaxis

Use prophylactic antimicrobial lock solution in patients with
long term catheters who have a history of multiple CRBSI de-
spite optimal maximal adherence to aseptic technique [120-
138]. Category II

Anticoagulants

Do not routinely use anticoagulant therapy to reduce the risk of
catheter-related infection in general patient populations [139].
Category 11

Replacement of Peripheral and Midline Catheters

1. There is no need to replace peripheral catheters more
frequently than every 72-96 hours to reduce risk of infection
and phlebitis in adults [36, 140, 141]. Category 1B

2. No recommendation is made regarding replacement of
peripheral catheters in adults only when clinically indicated
[142-144]. Unresolved issue

3. Replace peripheral catheters in children only when
clinically indicated [32, 33]. Category 1B

4. Replace midline catheters only when there is a specific
indication. Category II

Replacement of CVCs, Including PICCs and Hemodialysis
Catheters

1. Do not routinely replace CVCs, PICCs, hemodialysis
catheters, or pulmonary artery catheters to prevent catheter-
related infections. Category IB
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2. Do not remove CVCs or PICCs on the basis of fever
alone. Use clinical judgment regarding the appropriateness
of removing the catheter if infection is evidenced elsewhere
or if a noninfectious cause of fever is suspected. Category II

3. Do not use guidewire exchanges routinely for non-
tunneled catheters to prevent infection. Category IB

4. Do not use guidewire exchanges to replace a non-
tunneled catheter suspected of infection. Category IB

5. Use a guidewire exchange to replace a malfunctioning non-
tunneled catheter if no evidence of infection is present. Category IB

6. Use new sterile gloves before handling the new catheter
when guidewire exchanges are performed. Category II

Umbilical Catheters

1. Remove and do not replace umbilical artery catheters if
any signs of CRBSI, vascular insufficiency in the lower
extremities, or thrombosis are present [145]. Category II

2. Remove and do not replace umbilical venous catheters if
any signs of CRBSI or thrombosis are present [145]. Category II

3. No recommendation can be made regarding attempts to
salvage an umbilical catheter by administering antibiotic
treatment through the catheter. Unresolved issue

4. Cleanse the umbilical insertion site with an antiseptic
before catheter insertion. Avoid tincture of iodine because of
the potential effect on the neonatal thyroid. Other iodine-
containing products (e.g., povidone iodine) can be used [146—
150]. Category IB

5. Do not use topical antibiotic ointment or creams on
umbilical catheter insertion sites because of the potential to
promote fungal infections and antimicrobial resistance [88,
89]. Category IA

6. Add low-doses of heparin (0.25-1.0 U/ml) to the fluid
infused through umbilical arterial catheters [151-153]. Category IB

7. Remove umbilical catheters as soon as possible when no
longer needed or when any sign of vascular insufficiency to
the lower extremities is observed. Optimally, umbilical artery
catheters should not be left in place >5 days [145, 154]. Category II

8. Umbilical venous catheters should be removed as soon as
possible when no longer needed, but can be used up to 14 days
if managed aseptically [155, 156]. Category II

9. An umbilical catheter may be replaced if it is
malfunctioning, and there is no other indication for catheter
removal, and the total duration of catheterization has not
exceeded 5 days for an umbilical artery catheter or 14 days for
an umbilical vein catheter. Category II

Peripheral Arterial Catheters and Pressure Monitoring Devices
for Adult and Pediatric Patients

1. In adults, use of the radial, brachial or dorsalis pedis
sites is preferred over the femoral or axillary sites of insertion to
reduce the risk of infection [46, 47, 157, 158]. Category 1B

2. In children, the brachial site should not be used. The
radial, dorsalis pedis, and posterior tibial sites are preferred
over the femoral or axillary sites of insertion [46]. Category II

3. A minimum of a cap, mask, sterile gloves and a small
sterile fenestrated drape should be used during peripheral
arterial catheter insertion [47, 158, 159]. Category IB

4. During axillary or femoral artery catheter insertion,
maximal sterile barriers precautions should be used. Category II

5. Replace arterial catheters only when there is a clinical
indication. Category II

6. Remove the arterial catheter as soon as it is no longer
needed. Category II

7. Use disposable, rather than reusable, transducer
assemblies when possible [160-164]. Category IB

8. Do not routinely replace arterial catheters to prevent
catheter-related infections [165, 166, 167, 168]. Category II

9. Replace disposable or reusable transducers at 96-hour
intervals. Replace other components of the system (including
the tubing, continuous-flush device, and flush solution) at the
time the transducer is replaced [37, 161]. Category IB

10. Keep all components of the pressure monitoring system
(including calibration devices and flush solution) sterile [160,
169-171]. Category 1A

11. Minimize the number of manipulations of and entries
into the pressure monitoring system. Use a closed flush system
(i.e, continuous flush), rather than an open system (i.e, one that
requires a syringe and stopcock), to maintain the patency of the
pressure monitoring catheters [163, 172]. Category II

12. When the pressure monitoring system is accessed
through a diaphragm, rather than a stopcock, scrub the
diaphragm with an appropriate antiseptic before accessing the
system [163]. Category IA

13. Do not administer dextrose-containing solutions or
parenteral nutrition fluids through the pressure monitoring
circuit [163, 173, 174]. Category IA

14. Sterilize
manufacturers’ instructions if the use of disposable transducers
is not feasible [163, 173—176]. Category IA

reusable transducers according to the

Replacement of Administration Sets

1. In patients not receiving blood, blood products or fat
emulsions, replace administration sets that are continuously
used, including secondary sets and add-on devices, no more
frequently than at 96-hour intervals, [177] but at least every
7 days [178-181]. Category IA

2. No recommendation can be made regarding the
frequency for replacing intermittently used administration
sets.Unresolved issue

3. No recommendation can be made regarding the
frequency for replacing needles to access implantable ports.
Unresolved issue
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4. Replace tubing used to administer blood, blood products,
or fat emulsions (those combined with amino acids and glucose
in a 3-in-1 admixture or infused separately) within 24 hours of
initiating the infusion [182—-185]. Category IB

5. Replace tubing used to administer propofol infusions every
6 or 12 hours, when the vial is changed, per the manufacturer’s
recommendation (FDA website Medwatch) [186]. Category IA

6. No recommendation can be made regarding the length of
time a needle used to access implanted ports can remain in
place. Unresolved issue

Needleless Intravascular Catheter Systems

1. Change the needleless components at least as frequently as
the administration set. There is no benefit to changing these
more frequently than every 72 hours. [39, 187-193]. Category II

2. Change needleless connectors no more frequently
than every 72 hours or according to manufacturers’
recommendations for the purpose of reducing infection rates
[187, 189, 192, 193]. Category II

3. Ensure that all components of the system are compatible
to minimize leaks and breaks in the system [194]. Category II

4. Minimize contamination risk by scrubbing the access
port with an appropriate antiseptic (chlorhexidine, povidone
iodine, an iodophor, or 70% alcohol) and accessing the port
only with sterile devices [189, 192, 194-196]. Category IA

5. Use a needleless system to access IV tubing. Category IC

6. When needleless systems are used, a split septum valve may
be preferred over some mechanical valves due to increased risk of
infection with the mechanical valves [197-200]. Category II

Performance Improvement

Use hospital-specific or collaborative-based performance im-
provement initiatives in which multifaceted strategies are
“bundled” together to improve compliance with evidence-based
recommended practices [15, 69, 70, 201-205]. Category IB

BACKGROUND INFORMATION

Terminology and Estimates of Risk

The terminology used to identify different types of catheters is
confusing, because many clinicians and researchers use different
aspects of the catheter for informal reference. A catheter can be
designated by the type of vessel it occupies (e.g., peripheral ve-
nous, central venous, or arterial); its intended life span (e.g.,
temporary or short-term versus permanent or long-term); its
site of insertion (e.g., subclavian, femoral, internal jugular, pe-
ripheral, and peripherally inserted central catheter [PICC]); its
pathway from skin to vessel (e.g., tunneled versus nontunneled);
its physical length (e.g., long versus short); or some special
characteristic of the catheter (e.g., presence or absence of a cuff,
impregnation with heparin, antibiotics or antiseptics, and the

number of lumens). To accurately define a specific type of
catheter, all of these aspects should be described (Table 1).

Likewise the terms used to describe intravascular catheter-
related infections can also be confusing because catheter-related
bloodstream infection (CRBSI) and central line-associated
bloodstream infection (CLABSI) are often used interchangeably
even though the meanings differ.

CRBSI is a clinical definition, used when diagnosing and
treating patients, that requires specific laboratory testing that
more thoroughly identifies the catheter as the source of the BSL
It is not typically used for surveillance purposes. It is often
problematic to precisely establish if a BSI is a CRBSI due to the
clinical needs of the patient (the catheter is not always pulled),
limited availability of microbiologic methods (many labs do not
use quantitative blood cultures or differential time to positivity),
and procedural compliance by direct care personnel (labeling
must be accurate). Simpler definitions are often used for sur-
veillance purposes. For example, CLABSI is a term used by
CDC’s National Healthcare Safety Network (NHSN) (NHSN
CLABSI information: http://www.cdc.gov/nhsn/psc_da.html)
[206]. A CLABSI is a primary BSI in a patient that had a central
line within the 48-hour period before the development of the
BSI and is not bloodstream related to an infection at another
site. However, since some BSIs are secondary to other sources
other than the central line (e.g., pancreatitis, mucositis) that may
not be easily recognized, the CLABSI surveillance definition may
overestimate the true incidence of CRBSI.

Epidemiology and Microbiology in Adult and Pediatric Patients
National estimates of CLABSI rates are available through CDC’s
NHSN, a surveillance system for healthcare-associated infec-
tions, and are available on CDC’s website: http://www.cdc.gov/
nhsn/dataStat.html. A recent report highlights data from 1545
hospitals in 48 States and the District of Columbia that monitor
infections in one or more ICUs and/or non-ICUs (e.g., patient
care areas, wards) [207]. Because BSI rates are influenced by
patient-related factors, such as severity of illness and type of
illness (e.g., third-degree burns versus post-cardiac surgery), by
catheter-related factors, (such as the condition under which the
catheter was placed and catheter type), and by institutional
factors (e.g., bed-size, academic affiliation), these aggregate,
risk-adjusted rates can be used as benchmarks against which
hospitals can make intra- and inter-facility comparisons.

The most commonly reported causative pathogens remain
coagulase-negative staphylococci, Staphylococcus aureus, en-
terococci, and Candida spp [208]. Gram negative bacilli ac-
counted for 19% and 21% of CLABSIs reported to CDC [209]
and the Surveillance and Control of Pathogens of Epidemio-
logical Importance (SCOPE) database, respectively [208].

For all common pathogens causing CLABSIs, antimicrobial
resistance is a problem, particularly in ICUs. Although
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Table 1.

Catheters Used for Venous and Arterial Access

Catheter type Entry site Length Comments
Peripheral venous Usually inserted in veins of forearm <3 inches Phlebitis with prolonged use; rarely associated
catheters or hand with bloodstream infection
Peripheral arterial Usually inserted in radial artery; <3 inches Low infection risk; rarely associated with
catheters can be placed in femoral, axillary, bloodstream infection
brachial, posterior tibial arteries
Midline catheters Inserted via the antecubital fossa 3 to 8 inches Anaphylactoid reactions have been reported

Nontunneled central
venous catheters

Pulmonary artery
catheters

Peripherally inserted
central venous

into the proximal basilic or cephalic
veins; does not enter central veins,
peripheral catheters

Percutaneously inserted into central
veins (subclavian, internal jugular,
or femoral)

Inserted through a Teflon® introducer
in a central vein (subclavian,
internal jugular, or femoral)

Inserted into basilic, cephalic, or
brachial veins and enter the

=8 cm depending
on patient size

=30 cm depending
on patient size

=20 cm depending
on patient size

with catheters made of elastomeric
hydrogel; lower rates of phlebitis than short
peripheral catheters

Account for majority of CRBSI

Usually heparin bonded; similar rates of
bloodstream infection as CVCs; subclavian
site preferred to reduce infection risk

Lower rate of infection than nontunneled CVCs

catheters (PICC)

Tunneled central
venous catheters

superior vena cava

Implanted into subclavian, internal
jugular, or femoral veins

Tunneled beneath skin and have
subcutaneous port accessed
with a needle; implanted in
subclavian or internal jugular vein

Inserted into either umbilical vein
or umbilical artery

Totally implantable

Umbilical catheters

=8 cm depending

=8 cm depending

<6 cm depending

Cuff inhibits migration of organisms into
catheter tract; lower rate of infection than
nontunneled CVC

Lowest risk for CRBSI; improved patient
self-image; no need for local catheter-site
care; surgery required for catheter removal

on patient size

on patient size

Risk for CRBSI similar with catheters placed

on patient size in umbilical vein versus artery

methicillin-resistant Staphylococcus aureus (MRSA) now ac-
count for more than 50% of all Staphylococcus aureus isolates
obtained in ICUs, the incidence of MRSA CLABSIs has de-
creased in recent years, perhaps as a result of prevention efforts
[210]. For gram negative rods, antimicrobial resistance to third
generation cephalosporins among Klebsiella pneumoniae and E.
coli has increased significantly as has imipenem and ceftazidine
resistance among Pseudomonas aeruginosa [209]. Candida spp.
are increasingly noted to be fluconazole resistant.

Pathogenesis

There are four recognized routes for contamination of catheters:
1) migration of skin organisms at the insertion site into the
cutaneous catheter tract and along the surface of the catheter
with colonization of the catheter tip; this is the most common
route of infection for short-term catheters [37, 211, 212]; 2)
direct contamination of the catheter or catheter hub by contact
with hands or contaminated fluids or devices [213, 214]; 3) less
commonly, catheters might become hematogenously seeded
from another focus of infection [215]; and 4) rarely, infusate
contamination might lead to CRBSI [216].

Important pathogenic determinants of CRBSI are 1) the
material of which the device is made; 2) the host factors con-
sisting of protein adhesions, such as fibrin and fibronectin, that
form a sheath around the catheter [217]; and 3) the intrinsic
virulence factors of the infecting organism, including the

extracellular polymeric substance (EPS) produced by the ad-
herent organisms [218]. Some catheter materials also have
surface irregularities that enhance the microbial adherence of
certain species (e.g., S. epidermidis and C. albicans) [219, 220].
Catheters made of these materials are especially vulnerable to
microbial colonization and subsequent infection. Due to the
formation of the fibrin sheath, silastic catheters are associated
with higher risk of catheter infections than polyurethane cath-
eters [217]. On the other hand, biofilm formation by C. albicans
occurs more readily on silicone elastomer catheter surfaces than
polyurethane catheters [219]. Modification of the biomaterial
surface properties has been shown to influence the ability of C.
albicans to form biofilm [220]. Additionally, certain catheter
materials are more thrombogenic than others, a characteristic
that also might predispose to catheter colonization and infection
[221, 222]. This association has led to emphasis on preventing
catheter-related thrombus as an additional mechanism for re-
ducing CRBSI [223, 224].

The adherence properties of a given microorganism in re-
lationship to host factors are also important in the patho-
genesis of CRBSI. For example, S. aureus can adhere to host
proteins (e.g., fibrinogen, fibronectin) commonly present on
catheters by expressing clumping factors (CIfA and CIfB) that
bind to the protein adhesins [217, 222, 225, 226]. Further-
more, adherence is enhanced through the production by
microbial organisms, such as coagulase negative staphylococci
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[227, 228], S. aureus [229], Pseudomonas aeruginosa [230],
and Candida species [231] of an extracellular polymeric
substance (EPS) consisting mostly of an exopolysaccharide
that forms a microbial biofilm layer [218, 232]. This biofilm
matrix is enriched by divalent metallic cations, such as cal-
cium, magnesium and iron, which make it a solid enclave in
which microbial organisms can embed themselves [233-235].
Such a biofilm potentiates the pathogenicity of various mi-
crobes by allowing them to withstand host defense mecha-
nisms (e.g., acting as a barrier to engulfment and killing by
polymorphonuclear leukocytes) or by making them less sus-
ceptible to antimicrobial agents (e.g., forming a matrix that
binds antimicrobials before their contact with the organism
cell wall or providing for a population of metabolically qui-
escent, antimicrobial tolerant “persister” cells) [228, 236,
237]. Some Candida spp., in the presence of dextrose-con-
taining fluids, produce slime similar to that of their bacterial
counterparts, potentially explaining the increased proportion
of BSIs caused by fungal pathogens among patients receiving
parenteral nutrition fluids [238].

Strategies for Prevention of Catheter-Related Infections
in Adult and Pediatric Patients

Education, Training and Staffing
Recommendations

1. Educate healthcare personnel regarding the indications
for intravascular catheter use, proper procedures for the
insertion and maintenance of intravascular catheters, and
appropriate infection control measures to prevent intravascular
catheter-related infections [7-15]. Category IA

2. Periodically assess knowledge of and adherence to
guidelines for all personnel involved in the insertion and
maintenance of intravascular catheters [7-15]. Category 1A

3. Designate only trained personnel who demonstrate
competence for the insertion and maintenance of peripheral
and central intravascular catheters. [14-28]. Category IA

4. Ensure appropriate nursing staff levels in ICUs.
Observational studies suggest that a higher proportion of
“pool nurses” or an elevated patient—to-nurse ratio is
associated with CRBSI in ICUs where nurses are managing
patients with CVCs [29-31]. Category IB

Background

Well-organized programs that enable healthcare providers to
become educated and to provide, monitor, and evaluate care are
critical to the success of this effort. Reports spanning the past
four decades have consistently demonstrated that risk for in-
fection declines following standardization of aseptic care [7, 12,
14, 15, 239-241] and that insertion and maintenance of in-
travascular catheters by inexperienced staff might increase the

risk for catheter colonization and CRBSI [15, 242]. Specialized
“IV teams” have shown unequivocal effectiveness in reducing
the incidence of CRBSI, associated complications, and costs
[16-26]. Additionally, infection risk increases with nursing staff
reductions below a critical level [30].

Selection of Catheters and Sites
Peripheral and Midline Catheter Recommendations

1. In adults, use an upper-extremity site for catheter
insertion. Replace a catheter inserted in a lower extremity site
to an upper extremity site as soon as possible. Category II

2. In pediatric patients, the upper or lower extremities or the
scalp (in neonates or young infants) can be used as the catheter
insertion site [32, 33]. Category II

3. Select catheters on the basis of the intended purpose and
duration of use, known infectious and non-infectious
complications (e.g., phlebitis and infiltration), and experience
of individual catheter operators [33—35]. Category IB

4. Avoid the use of steel needles for the administration of
fluids and medication that might cause tissue necrosis if
extravasation occurs [33, 34]. Category 1A

5. Use a midline catheter or peripherally inserted central
catheter (PICC), instead of a short peripheral catheter, when
the duration of IV therapy will likely exceed six days. Category II

6. Evaluate the catheter insertion site daily by palpation
through the dressing to discern tenderness and by inspection if
a transparent dressing is in use. Gauze and opaque dressings
should not be removed if the patient has no clinical signs of
infection. If the patient has local tenderness or other signs of
possible CRBSI, an opaque dressing should be removed and the
site inspected visually. Category II

7. Remove peripheral venous catheters if the patients
develops signs of phlebitis (warmth, tenderness, erythema or
palpable venous cord), infection, or a malfunctioning catheter
[36]. Category IB

Central Venous Catheters Recommendations

1.  Weigh the risks and benefits of placing a central venous
device at a recommended site to reduce infectious
complications against the risk for mechanical complications
(e.g., pneumothorax, subclavian artery puncture, subclavian vein
laceration, subclavian vein stenosis, hemothorax, thrombosis, air
embolism, and catheter misplacement) [37-53]. Category IA

2. Avoid using the femoral vein for central venous access in
adult patients [38, 50, 51, 54]. Category 1A

3. Use a subclavian site, rather than a jugular or a femoral
site, in adult patients to minimize infection risk for nontunneled
CVC placement [50-52]. Category IB

4. No recommendation can be made for a preferred site of
insertion to minimize infection risk for a tunneled CVC.
Unresolved issue
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5. Avoid the subclavian site in hemodialysis patients and
patients with advanced kidney disease, to avoid subclavian vein
stenosis [53, 55-58]. Category IA

6. Use a fistula or graft in patients with chronic renal failure
instead of a CVC for permanent access for dialysis [59]. Category 1A

7. Use ultrasound guidance to place central venous catheters
(if this technology is available) to reduce the number of
cannulation attempts and mechanical complications. Ultrasound
guidance should only be used by those fully trained in its
technique. [60—64]. Category 1B

8. Use a CVC with the minimum number of ports or lumens
essential for the management of the patient [65-68]. Category IB

9. No recommendation can be made regarding the use of
a designated lumen for parenteral nutrition. Unresolved issue

10. Promptly remove any intravascular catheter that is no
longer essential [69—72]. Category IA

11.  When adherence to aseptic technique cannot be ensured
(i.e catheters inserted during a medical emergency), replace the
catheter as soon as possible, i.e, within 48 hours [37, 73-76].
Category IB

Background

The site at which a catheter is placed influences the subsequent
risk for catheter-related infection and phlebitis. The influence of
site on the risk for catheter infections is related in part to the risk
for thrombophlebitis and density of local skin flora.

As in adults, the use of peripheral venous catheters in pedi-
atric patients might be complicated by phlebitis, infusion ex-
travasation, and catheter infection [243]. Catheter location,
infusion of parenteral nutritional fluids with continuous IV fat
emulsions, and length of ICU stay before catheter insertion,
have all increased pediatric patients’ risk for phlebitis. However,
contrary to the risk in adults, the risk for phlebitis in children has
not increased with the duration of catheterization [243, 244].

The density of skin flora at the catheter insertion site is
a major risk factor for CRBSI. No single trial has satisfactorily
compared infection rates for catheters placed in jugular, sub-
clavian, and femoral veins. In retrospective observational stud-
ies, catheters inserted into an internal jugular vein have usually
been associated with higher risk for colonization and/or CRBSI
than those inserted into a subclavian [37—47]. Similar findings
were noted in neonates in a single retrospective study [245].

Femoral catheters have been demonstrated to have high col-
onization rates compared with subclavian and internal jugular
sites when used in adults and, in some studies, higher rates of
CLABSIs [40, 45-47, 50, 51, 246]. Femoral catheters should also
be avoided, when possible, because they are associated with
a higher risk for deep venous thrombosis than are internal
jugular or subclavian catheters [48-50, 53, 247]. One study [38]
found that the risk of infection associated with catheters placed
in the femoral vein is accentuated in obese patients. In contrast
to adults, studies in pediatric patients have demonstrated that

femoral catheters have a low incidence of mechanical com-
plications and might have an equivalent infection rate to that
of non-femoral catheters [248-251]. Thus, in adult patients,
a subclavian site is preferred for infection control purposes,
although other factors (e.g., the potential for mechanical
complications, risk for subclavian vein stenosis, and cathe-
ter-operator skill) should be considered when deciding
where to place the catheter.

In two meta-analyses, the use of real-time two-dimensional
ultrasound for the placement of CVCs substantially decreased
mechanical complications and reduced the number of attempts at
required cannulation and failed attempts at cannulation com-
pared with the standard landmark placement [60, 61]. Evidence
favors the use of two-dimensional ultrasound guidance over
Doppler ultrasound guidance [60]. Site selection should be
guided by patient comfort, ability to secure the catheter, and
maintenance of asepsis as well as patient-specific factors (e.g.,
preexisting catheters, anatomic deformity, and bleeding di-
athesis), relative risk of mechanical complications (e.g.,
bleeding and pneumothorax), the availability of bedside ul-
trasound, the experience of the person inserting the catheter,
and the risk for infection.

Catheters should be inserted as great a distance as possible
from open wounds. In one study, catheters inserted close to
open burn wounds (i.e, 25 cm?2 overlapped a wound) were 1.79
times more likely to be colonized and 5.12 times more likely to
be associated with bacteremia than catheters inserted farther
from the wounds [252].

Type of Catheter Material. Polytetrafluoroethylene (Tef-
lon®) or polyurethane catheters have been associated with fewer
infectious complications than catheters made of polyvinyl
chloride or polyethylene [36, 253, 254]. Steel needles used as
an alternative to catheters for peripheral venous access have the
same rate of infectious complications as do Teflon® catheters
[33, 34]. However, the use of steel needles frequently is com-
plicated by infiltration of intravenous (IV) fluids into the sub-
cutaneous tissues, a potentially serious complication if the
infused fluid is a vesicant [34].

Hand Hygiene and Aseptic Technique
Recommendations

1. Perform hand hygiene procedures, either by washing
hands with conventional soap and water or with alcohol-based
hand rubs (ABHR). Hand hygiene should be performed before
and after palpating catheter insertion sites as well as before and
after inserting, replacing, accessing, repairing, or dressing an
intravascular catheter. Palpation of the insertion site should not
be performed after the application of antiseptic, unless aseptic
technique is maintained [12, 77-79]. Category IB

2. Maintain aseptic technique for the insertion and care of
intravascular catheters [37, 73, 74, 76]. Category IB
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3. Wear clean gloves, rather than sterile gloves, for the
insertion of peripheral intravascular catheters, if the access
site is not touched after the application of skin antiseptics.
Category IC

4. Sterile gloves should be worn for the insertion of arterial,
central, and midline catheters [37, 73, 74, 76]. Category IA

5. Use new sterile gloves before handling the new catheter
when guidewire exchanges are performed. Category II

6. Wear either clean or sterile gloves when changing the
dressing on intravascular catheters. Category IC

Background

Hand hygiene before catheter insertion or maintenance,
combined with proper aseptic technique during catheter ma-
nipulation, provides protection against infection [12]. Proper
hand hygiene can be achieved through the use of either an
alcohol-based product [255] or with soap and water with
adequate rinsing [77]. Appropriate aseptic technique does not
necessarily require sterile gloves for insertion of peripheral
catheters; a new pair of disposable nonsterile gloves can be
used in conjunction with a “no-touch” technique for the
insertion of peripheral venous catheters. Sterile gloves must be
worn for placement of central catheters since a “no-touch”
technique is not possible.

Maximal Sterile Barrier Precautions

Recommendations

1. Use maximal sterile barrier precautions, including the use
of a cap, mask, sterile gown, sterile gloves, and a sterile full body
drape, for the insertion of CVCs, PICCs, or guidewire exchange
[14, 75, 76, 80]. Category 1B

2. Use a sterile sleeve to protect pulmonary artery catheters
during insertion [81]. Category IB

Background

Maximum sterile barrier (MSB) precautions are defined as
wearing a sterile gown, sterile gloves, and cap and using a full
body drape (similar to the drapes used in the operating room)
during the placement of CVC. Maximal sterile barrier pre-
cautions during insertion of CVC were compared with sterile
gloves and a small drape in a randomized controlled trial. The
MSB group had fewer episodes of both catheter colonization
(RR = .32, 95% CI, .10-.96, P = .04) and CR-BSI (RR = .16,
95% CI, .02-1.30, P = .06). In addition, the group using MSB
precautions had infections that occurred much later and
contained gram negative, rather than gram positive, organ-
isms [76]. A study of pulmonary artery catheters also sec-
ondarily demonstrated that use of MSB precautions lowered
risk of infection [37]. Another study evaluated an educa-
tional program directed at improving infection control
practices, especially MSB precautions. In this study, MSB
precautions use increased and CRBSI decreased [14]. A small

trial demonstrated a reduced risk of skin colonization at the
insertion site when MSB precautions were used [OR 3.40,
95%CI 1.32 to 3.67] [80].

Skin Preparation
Recommendations

1. Prepare clean skin with an antiseptic (70% alcohol,
tincture of iodine, an iodophor or chlorhexidine gluconate)
before peripheral venous catheter insertion [82]. Category IB

2. Prepare clean skin with a >0.5% chlorhexidine preparation
with alcohol before central venous catheter and peripheral
arterial catheter insertion and during dressing changes. If there is
a contraindication to chlorhexidine, tincture of iodine, an
iodophor, or 70% alcohol can be used as alternatives [82, 83].
Category IA

3. No
chlorhexidine preparations with alcohol and povidone-iodine

comparison has been made between using

in alcohol to prepare clean skin. Unresolved issue.
4. No recommendation can be made for the safety or efficacy
of chlorhexidine in infants aged <2 months. Unresolved issue
5. Antiseptics should be allowed to dry according to the
manufacturer’s recommendation prior to placing the catheter
(82, 83]. Category IB

Background

Two well-designed studies evaluating the chlorhexidine-
containing cutaneous antiseptic regimen in comparison with
either povidone iodine or alcohol for the care of an intravascular
catheter insertion site have shown lower rates of catheter colo-
nization or CRBSI associated with the chlorhexidine prepara-
tion [82, 83]. (The comparison of chlorhexidine gluconate
alcohol to povidone iodine alcohol has not been done.) When
0.5% tincture of chlorhexidine was compared with 10% povi-
done iodine, no differences were seen in central venous catheter
(CVC) colonization or in CRBSI [256]. In a three-armed study
(2% aqueous chlorhexidine gluconate vs 10% povidone-iodine
vs 70% alcohol), 2% aqueous chlorhexidine gluconate tended to
decrease CRBSI compared with 10% povidone iodine or 70%
alcohol [82]. A meta-analysis of 4,143 catheters suggested that
chlorhexidine preparation reduced the risk of catheter related
infection by 49% (95% CI .28 to .88) relative to povidone io-
dine [257]. An economic decision analysis based on available
evidence suggested that the use of chlorhexidine, rather than
povidone iodine, for CVC care would result in a 1.6% decrease
in the incidence of CRBSI, a 0.23% decrease in the incidence of
death, and a savings of $113 per catheter used [258]. While
chlorhexidine has become a standard antiseptic for skin prepa-
ration for the insertion of both central and peripheral venous
catheters, 5% povidone iodine solution in 70% ethanol was
associated with a substantial reduction of CVC-related coloni-
zation and infection compared with 10% aqueous povidone
iodine [259].
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Catheter Site Dressing Regimens
Recommendations

1. Use either sterile gauze or sterile, transparent, semi-
permeable dressing to cover the catheter site [84-87]. Category IA
2. If the patient is diaphoretic or if the site is bleeding or
oozing, use gauze dressing until this is resolved [84-87].
Category II
3. Replace catheter site dressing if the dressing becomes
damp, loosened, or visibly soiled [84, 85]. Category IB
4. Do not use topical antibiotic ointment or creams on
insertion sites, except for dialysis catheters, because of their
potential to promote fungal infections and antimicrobial
resistance [88, 89]. Category IB
5. Do not submerge the catheter or catheter site in water.
Showering should be permitted if precautions can be taken to
reduce the likelihood of introducing organisms into the
catheter (e.g., if the catheter and connecting device are
protected with an impermeable cover during the shower)
[90-92]. Category IB
6. Replace dressings used on short-term CVC sites every 2
days for gauze dressings. Category 11
7. Replace dressings used on short-term CVC sites at least
every 7 days for transparent dressings, except in those pediatric
patients in which the risk for dislodging the catheter may outweigh
the benefit of changing the dressing [87, 93]. Category 1B
8. Replace transparent dressings used on tunneled or
implanted CVC sites no more than once per week (unless the
dressing is soiled or loose), until the insertion site has healed.
Category II
9. No recommendation can be made regarding the
necessity for any dressing on well-healed exit sites of long-
term cuffed and tunneled CVCs. Unresolved issue
10. Ensure that catheter site care is compatible with the
catheter material [94, 95]. Category IB
11. Use a sterile sleeve for all pulmonary artery catheters
[80]. Category IB
12. Use a chlorhexidine-impregnated sponge dressing for
temporary short-term catheters in patients older than 2 months
of age if the CLABSI rate is not decreasing despite adherence to
basic prevention measures, including education and training,
appropriate use of chlorhexidine for skin antisepsis, and MSB
[93, 96-98]. Category 1B
13. No recommendation is made for other types of
chlorhexidine dressings. Unresolved issue
14. Monitor the catheter sites visually when changing the
dressing or by palpation through an intact dressing on a regular
basis, depending on the clinical situation of the individual
patient. If patients have tenderness at the insertion site, fever
without obvious source, or other manifestations suggesting local
or bloodstream infection, the dressing should be removed to
allow thorough examination of the site [99-101]. Category IB

15. Encourage patients to report any changes in
their catheter site or any new discomfort to their provider.
Category 11
Background

Transparent, semi-permeable polyurethane dressings permit
continuous visual inspection of the catheter site and require less
frequent changes than do standard gauze and tape dressings.
In the largest controlled trial of dressing regimens on peripheral
catheters, the infectious morbidity associated with the use of
transparent dressings on approximately 2,000 peripheral cathe-
ters was examined [254]. Data from this study suggest that the
rate of colonization among catheters dressed with transparent
dressings (5.7%) is comparable to that of those dressed with
gauze (4.6%) and that no clinically substantial differences exist
in the incidence of either catheter site colonization or phlebitis.
Furthermore, these data suggest that transparent dressings can
be safely left on peripheral venous catheters for the duration of
catheter insertion without increasing the risk fo