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38. FLUSHING AND LOCKING

Standard

38.1 Vascular access devices (VADs) should be assessed for 
patency (ie, flushed and aspirated for a blood return) prior 
to each infusion to assess catheter function and prevent 
complications.
38.2 VADs are flushed after each medication administra-
tion with sufficient volume and appropriate rate to com-
plete the medication administration and to reduce the risk 
of contact between incompatible medications.
38.3 Each VAD lumen is locked after completion of the 
final flush and infusion ceased to decrease the risk of 
intraluminal occlusion and/or to reduce catheter-associat-
ed bloodstream infection (CABSI) risk, depending on the 
solution used.
38.4 Standardized protocols for flushing and locking 
solutions are established within each organization.

Practice Recommendations
A. Use single-dose systems (eg, single-dose vials and

syringes or prefilled labeled syringes) for all VAD flushing 
and locking.1,2 (V)
1. A syringe or needle should be considered contami-

nated once it has been used to enter or connect to
a patient’s intravenous (IV) solution container or
administration set.1 (V)

2. Use commercially manufactured prefilled flush
syringes (when available) to reduce the risk of cath-
eter-associated bloodstream infection (CABSI) and
device failure, save time for syringe preparation, and
aid optimal flushing technique and objectives.3-8 (II)

3. Do not use IV solution containers (eg, bags or bot-
tles) as a source for obtaining flush solutions (see
Standard 56, Compounding and Preparation of
Parenteral Solutions and Medications).2,9 (IV)

4. Use new, unopened, single-use, commercially availa-
ble prefilled syringes for flushing before and after

medications. Using the same prefilled syringe to flush 
a VAD before and after the medications can potential-
ly contaminate the prefilled syringe tip and thereby 
transfer the contamination to the VAD.2,9,10 (IV)

5. If a patient reports disturbance in taste and odor/
smell, inform them that prefilled flush syringes are
occasionally associated with this and that it has been
found to be more prominent when flushing central
venous access devices (CVADs) than with peripheral
intravenous catheters (PIVCs). The cause is thought to
be substances leaching from the plastic syringe due to 
sterilization methods. These sensations may be signif-
icant enough to impact appetite and may increase
nausea, especially if administered rapidly. This sensa-
tion can be minimized with a slower injection rate.
Reassure patient that sensation will subside when
injection/flush has ceased.11 (III)

B. Disinfect connection surfaces (ie, needleless connectors,
injection ports) before flushing and locking procedures
(refer to Standard 34, Needleless Connectors).

C. Flush all VADs with preservative-free 0.9% sodium
chloride.12 (V)
1. Use a minimum volume equal to twice the internal

volume of the catheter system (eg, catheter plus add-
on devices). Larger volumes (eg, 5 mL for PIVC, 10 mL
for CVADs) may remove more fibrin deposits, drug
precipitate, and other debris from the lumen. Factors
to consider when choosing the flush volume include
the type and size of catheter, age and weight of the
patient, and type of infusion therapy being given. Blood
sampling or infusion of blood components, parenteral
nutrition (PN), contrast media, and other viscous solu-
tions may require larger flush volumes.13-16 (V)

2. If bacteriostatic 0.9% sodium chloride is used, limit
flush volume to no more than 30 mL in a 24-hour
period to reduce the possible toxic effects of the
preservative, benzyl alcohol.12 (V)

3. Use only preservative-free solutions for flushing all
VADs in neonates and infants to prevent toxicity.12 (V)

4. Use 5% dextrose in water followed by preserva-
tive-free 0.9% sodium chloride when the medication
is incompatible with sodium chloride. Do not allow
dextrose to reside in the catheter lumen, as it
provides nutrients for biofilm growth.2,9 (IV)

5. Never use sterile water for flushing VADs.17 (V)
D. Assess VAD function using a 10-mL syringe or a syringe

specifically designed to generate lower injection pres-
sure (ie, 10-mL diameter syringe barrel), taking note of
any resistance.13,15,16 (V)
1. Use a single-use prefilled 0.9% sodium chloride

syringe to slowly aspirate the VAD for free-flowing
blood return that is the color and consistency of
whole blood, an important component of assessing
catheter function during the initial flush and prior to
administration of medications and solutions (see
Standard 46, Vascular Access Device Occlusion;
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Standard 51, Central Vascular Access Device 
Malposition).9,10 (IV)
a. When blood return is sluggish/absent or assess-

ment of blood return is contraindicated due to
the patient’s condition (eg, hemodynamic insta-
bility dependent on vasopressor delivery), VAD
patency should be evaluated through alternative
signs, including ongoing clinical response to an
infusing medication, lack of resistance to flushing,
site evaluation, and patient symptom report. This
assessment can assist in determining patency.
i. For a peripheral VAD (eg, short/long PIVC,

midline) that no longer has a positive blood
return, increase the frequency of assess-
ment of the insertion site and the venous
pathway of the VAD to minimize the risk and
severity of complications, such as infiltra-
tion, extravasation, and occlusion. If using
the PIVC for vesicant administration, plan to
transition the infusion to a new VAD when
clinically possible. Peripheral administration
of certain antineoplastic vesicants is con-
traindicated in the absence of blood return
(refer to Standard 58, Antineoplastic
Therapy).

ii. In situations with increased line/luminal vol-
ume and high-risk medications (eg, vaso-
pressors, inotropes), aspirating for blood
return might be contraindicated in patients
where interruptions of the infusion or inad-
vertent bolus could cause a clinically rele-
vant decline in the patient’s condition. In
these patients, blood return could be evalu-
ated when the infusion is paused for other
reasons (eg, bag change, blood draw, tubing
change). Increase the frequency of assess-
ment of the insertion site and clinical
response to the medications. Promptly eval-
uate and treat CVAD occlusion (refer to
Standard 44, Infiltration and Extravasation;
Standard 46, Vascular Access Device
Occlusion; Standard 65, Vasopressor
Administration). (Committee Consensus)

2. Do not forcibly flush any VAD with any syringe size.
If resistance is met and/or no blood return noted,
take further steps (eg, checking for closed clamps or
kinked sets, removing dressing, conducting a thor-
ough patient and site assessment) to locate an
external cause of the obstruction. Internal causes
may require diagnostic tests, including, but not lim-
ited to, a chest radiograph to confirm tip location
and mechanical causes (eg, pinch-off syndrome),
color duplex ultrasound, or fluoroscopy to identify
thrombotic causes (see Standard 50, Catheter-
Associated Thrombosis; Standard 51, Central
Vascular Access Device Malposition).13,14,18 (V)

3. After confirming catheter patency, use an appropri-
ately sized syringe for medication dose. Do not
transfer the medication to a larger syringe (see
Standard 56, Compounding and Preparation of
Parenteral Solutions and Medications).2 (V)

4. Do not use prefilled flush syringes for dilution of
medications. Differences in gradation markings, an
unchangeable label on prefilled syringes, partial loss
of the drug dose, and possible contamination
increase the risk of serious medication errors with
syringe-to-syringe drug transfer (see Standard 56,
Compounding and Preparation of Parenteral
Solutions and Medications).2 (V)

E. Flush the VAD lumen with preservative-free 0.9%
sodium chloride following the administration of an IV
push medication at the same rate of injection as the
medication. Use an amount of flush solution to ade-
quately clear the medication from the lumen of the
administration set and VAD.2,9,13,15,16 (V)

F. Use positive-pressure techniques to minimize blood
reflux into the VAD lumen.13,15,16,18,19 (I)
1. Prevent syringe-induced blood reflux by leaving a

small amount (eg, 0.5 mL to 1.0 mL) of flush solution
in a traditional syringe (ie, one without a positive
pressure plunger) to avoid compression of the
plunger rod gasket and prevent this type of
reflux.13,15,16,18,19 (V)

2. Prevent connection/disconnection reflux by using
the appropriate sequence for flushing, clamping,
and disconnecting determined by the type of
needleless connector being used (refer to Standard
34, Needleless Connectors).

3. Use a gentle pulsatile flushing technique to deliver
flush into the catheter.
a. In vitro studies have shown that intermittent,

pulsatile (eg, 10 short boluses of 1-mL solution
interrupted by brief pauses) may be more effec-
tive at removing solid deposits (eg, fibrin, drug
precipitate, intraluminal bacteria) compared to
continuous low-flow techniques.20,21 (IV)

b. The Centers for Disease Control and Prevention
(CDC) recommends flushing CVADs vigorously
using pulsating technique.22 (V)

c. Other computational, in vitro, and animal stud-
ies have demonstrated that the vessel endothe-
lium is vulnerable to damage with repeated,
high-pressure injection, and blood components
are vulnerable to clotting through stasis at the
catheter tip.18,23-25 (IV)

d. A further laboratory study and small clinical trial
demonstrated no significant differences in device
clearance or occlusion rates between continuous
or pulsatile flush techniques, suggesting that
either method is acceptable.26,27 (III)

e. Larger clinical trials are needed to provide more
clarity on the most appropriate flush technique
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contextualized to the population and situation. 
Consequently, the current recommendation is to 
use a gentle, pulsatile flush technique to balance 
the need to maintain catheter patency, reduce the 
risk of mixing incompatible medications/ 
fluids, and optimize vessel health and preservation. 
(Committee Consensus)

4.	 Consider flushing all lumens of a multilumen catheter
after obtaining blood samples to reduce the possibil-
ity of changing intraluminal pressure causing blood
reflux into the other lumens. (Committee Consensus)

5. Follow manufacturers’ directions for use regarding
clamping the VAD when not in use. Clamping can
prevent contamination and exsanguination in the
event of inadvertent disconnection of any set or add-
on device, per manufacturer instructions for use
(IFU) (refer to Standard 34, Needleless Connectors).

G. Lock short and long PIVCs and midline catheters
immediately following each use.
1. In adults, use preservative-free 0.9% sodium chloride 

for locking.28,29 (II)
2. In neonates and pediatric patients, use preservative- 

free 0.9% sodium chloride or heparin 0.5 to 10 units/
mL. Outcome data in these patient populations are
inconclusive.19 (II)
a. In one prospective trial, intermittent flushing

with 0.9% sodium chloride was associated with a 
lower rate of complication and similar duration
of patency when compared to continuous
infusion in PIVCs placed in newborns.30 (IV)

3. For PIVCs and midline catheters not being used for
intermittent infusion or medication administration,
remove as soon as no longer required; but if they
must be maintained, assess, flush, and relock at
least once every 24 hours using a volume reflective
of the device and any add-on devices, as per mini-
mum flush calculation stated prior and with a 10-mL
syringe or syringe with same barrel size as a 10-mL
syringe (see Standard 42, Vascular Access Device
Removal).14,31 (III)

H. Lock CVADs with either preservative-free 0.9% sodium
chloride or heparin according to the provider order for
the VAD and needleless connector.13,15,18,32,33 (I)
1. In adults, randomized controlled trials (RCTs) and

systematic reviews have shown equivalent out-
comes with heparin and sodium chloride lock
solutions for multilumen, nontunneled CVADs,
peripherally inserted central catheters (PICCs), and
implanted vascular access ports while accessed and
when the access needle is removed.15,16,18,32,34 (I)

2. Use heparin or preservative-free 0.9% sodium chlo-
ride for locking CVADs in children. There is insuffi-
cient evidence regarding the best antithrombotic
lock solution in CVADs in children.35 (II)

3. The volume of the lock solution should equal the
internal volume of the VAD and add-on devices plus

20% (10% in infants/neonates). Flow characteristics 
during injection will cause overspill into the blood-
stream. Lock solution density is less than whole 
blood, allowing leakage of lock solution and ingress 
of blood into the catheter lumen when the CVAD tip 
location is higher than the insertion site. Careful 
monitoring of patient and device response is 
required.13 (V)

4. There is insufficient evidence to recommend the
optimal frequency, solution, volume, or technique
to maintain the patency of implanted vascular
access ports not accessed for infusion.36 (II)
a. Use at least 10 mL of 0.9% sodium chloride

(adult).
b. Use of 0.9% sodium chloride alone may be as

effective as heparin in maintaining patency (see
Standard 26, Implanted Vascular Access
Ports).37 (III)

c. Extending maintenance flushing to every
3 months with 10 mL of 0.9% sodium chloride and 
3 or 5 mL of heparin (100 units/mL) was found to
be safe and effective in maintaining patency.38 (II)

d. Flush implanted vascular access ports daily when 
accessed but are without regular medication or
a continuous infusion in progress (see Standard
26, Implanted Vascular Access Ports).36,39-41 (V)

e. In vitro studies demonstrated that flushing with
10-20 mL of 0.9% sodium chloride solution and
sequencing parenteral nutrition administration
post-intravenous lipid emulsion (ILE) may reduce
ILE build up and prolong device dwell time (see
Standard 61, Parenteral Nutrition).42 (V)

I. Because of potential conflicts with religious beliefs,
inform patients when using heparin derived from ani-
mal products (eg, porcine, bovine) and obtain assent.
Use preservative-free 0.9% sodium chloride instead of
heparin when possible in this patient population.43 (V)

J. When locking hemodialysis CVADs with citrate or hep-
arin lock solution, low-concentration citrate (<5%) is
recommended to reduce the risk of central
line-associated blood stream infections (CLABSI) and
CVAD dysfunction. Tissue plasminogen activator (tPA)
may be used prophylactically once per week to reduce
CVAD occlusion. The choice of locking solution is based
upon clinician discretion due to inadequate evidence
to demonstrate a difference between solutions (refer
to Standard 27, Vascular Access and Hemodialysis).

K. General recommendations for maintaining patency in
CVADs used for apheresis include high-concentration
heparin and sodium citrate.
1. Use heparin and citrate cautiously in some patient

populations and monitor patient tolerance closely,
as heparin-induced thrombocytopenia (HIT) was
identified as a risk in patients with multiple myelo-
ma who required stem cell harvesting for auto trans-
plantation. An unusually high frequency of HIT was
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identified (4%) (refer to Standard 29, Vascular Access 
and Therapeutic Apheresis).

L. Use solution containing heparin (eg, 1 unit/mL of
heparin) or preservative-free 0.9% sodium chloride as a
continuous infusion to maintain patency of arterial cath-
eters used for hemodynamic monitoring. The decision
to use preservative-free 0.9% sodium chloride instead
of heparin infusion should be based on the clinical risk
of catheter occlusion, the anticipated length of time the
arterial catheter will be required, and patient factors
such as heparin sensitivities.44 (III)

M. Apply the following recommendations for neonates and
pediatric patients:
1. Use a continuous infusion of heparin 0.5 units/kg for

all CVADs in neonates. There is insufficient evidence
to support use of intermittent heparin vs 0.9%
sodium chloride in long-term CVADs in infants and
children.19,45 (II)

2. Maintain patency and reduce risk of thrombosis by
continuous infusion of heparin 0.25 to 1  unit/mL
(total dose of heparin: 25-200 units/kg/d) for umbil-
ical arterial catheters in neonates (refer to Standard
28, Umbilical Catheters).

N. Change to an alternative locking solution when the hep-
arin lock solution is thought to be the cause of adverse
drug reactions from heparin; when heparin-induced
thrombocytopenia and thrombosis (HITT) develops; and
when there are spurious laboratory studies drawn from
the CVAD that has been locked with heparin. High con-
centrations of heparin used in hemodialysis catheters
could lead to systemic anticoagulation. HIT has been
reported with the use of heparin lock solutions, although 
the prevalence is unknown.13,15 (IV)

O. Use antimicrobial locking solutions for therapeutic and
prophylactic purposes in patients with long-term
CVADs in the following circumstances: patients with a
history of multiple CABSIs, high-risk patient popula-
tions, and in facilities with unacceptably high rates of
CLABSI, despite implementation of other methods of
infection prevention (see Standard 61, Parenteral
Nutrition).15,39,46-53 (II)
1. There is insufficient evidence to indicate the optimal

locking solution for long-term CVADs. Factors associat-
ed with increased risk of complication (eg, occlusion,
infection, altered catheter integrity) in outpatients with 
CVADs include devices with more than 1 lumen, female 
gender, and administration of PN.15,51 (III)
a. Antibiotic lock solutions contain suprathera-

peutic concentrations of antibiotics and may
be combined with heparin; however, heparin
may stimulate Staphylococcus aureus biofilm
formation. Anticipate the chosen antibiotic to
be based on the specific infecting organism or
on prevalent organisms within the organiza-
tion when prophylaxis is the indication. For
therapeutic use, start the antibiotic lock

solutions within 48 to 72 hours of diagnosis; 
however, the optimal duration of use is not 
established.15,39,46-48,52 (II)

b. Antiseptic locking solutions include solutions
used alone or in numerous combinations, includ-
ing, but not limited to, ethanol, sodium bicarbo-
nate, taurolidine, citrate, concentrated sodium
chloride, and ethylenediaminetetraacetic acid
(EDTA).15,49-51,53-56 (II)

2. Consult with pharmacy to assure that combination
lock solutions are physically compatible, chemically
stable, and produce the desired antimicrobial effect.
(Committee Consensus)

3. Consider and evaluate compatibility of the catheter
material with the lock solution.
a. While ethanol lock solution has been proven to

be effective in eliminating bacterial growth within
biofilm, it has also been associated with negative
outcomes: altered catheter integrity, systemic
symptoms, and plasma precipitation with poten-
tial for catheter occlusion. The impact on catheter 
integrity is related to the concentration of ethanol 
lock solution used and the duration of exposure
to the catheter inner lumen.15 (II)

4. Monitor patients treated with sodium citrate (an
anticoagulant with antimicrobial effects) for system-
ic anticoagulation, hypocalcemia that could produce
cardiac arrest, and protein precipitate formation
with concentrations greater than 12%.15,46,49-51 (III)
a. Monitor trisodium citrate for protein precipitation,

which could cause lumen occlusion.15 (V)
5. The length of time that antimicrobial lock solutions

should reside inside the CVAD lumen is inconclusive;
up to 12 hours per day may be required, thus limit-
ing use in patients receiving continuous or frequent
intermittent infusions.15,57 (IV)

6. Aspirate all antimicrobial locking solutions from the
CVAD lumen at the end of the locking period. Do not
flush the lock solution into the patient’s blood-
stream, as this could increase development of antibi-
otic resistance and other adverse effects. Gentamicin-
resistant bacteria from gentamicin lock solution have
been reported to increase CABSI rates.15,49 (V)
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46. VASCULAR ACCESS DEVICE
OCCLUSION

Standard

46.1 Vascular access device (VAD) patency is routinely assessed 
and defined by the ability to flush all catheter lumens without 
resistance after establishing blood return from each lumen.
46.2 Catheter salvage is preferred over catheter removal 
with the choice of clearing agents based on a thorough 
assessment of potential causes of occlusion.

46.3 When catheter patency cannot be confirmed and 
there is continued need for the device, alternative actions 
are implemented, such as evaluation by an infusion/vascular 
access specialist team (VAST), radiographic studies to identi-
fy catheter tip location or to evaluate catheter flow, and/or 
pharmacy consult to determine cause of occlusion.

Practice Recommendations

A. Reduce the risk for VAD occlusion.
1. Use recommended flushing and locking procedures

(refer to Standard 38, Flushing and Locking).
2. Prevent catheter dislodgement (partial or complete)

through appropriate catheter securement (refer to
Standard 36, Vascular Access Device Securement;
Standard 51, Central Vascular Access Device
Malposition).

3. Avoid incompatible mixing of intravenous (IV) solu-
tions and/or medications.
a. Check for incompatibility when 2 or more drugs/

solutions are infused together (eg, combined in
same container, administered as an intermittent
solution for a short-term infusion or a manual
injection, or administered concomitantly
through the same VAD). Consult with a
pharmacist or use an evidence-based compati-
bility reference when unsure of compatibility; if
no compatibility information is found, consider
the mixture as incompatible.1-5 (IV)

b. Identify medications/solutions at high risk for pre-
cipitation. These may include alkaline drugs such as 
phenytoin, diazepam, ganciclovir, acyclovir, ampi-
cillin, imipenem, and heparin; acidic drugs such as
vancomycin and parenteral nutrition (PN) solu-
tions; ceftriaxone and calcium gluconate; and min-
eral precipitate in PN solutions with increased lev-
els of calcium and phosphate.1-5 (IV)

c. Perform a gentle, pulsatile flush between infu-
sions with 10 mL of preservative-free 0.9% sodi-
um chloride (less in pediatric/neonatal, fluid
restricted patients) or use separate catheter
lumens, if available (refer to Standard 38,
Flushing and Locking).

4. Identify risk of lipid residue occlusion when adminis-
tering lipid-containing infusions. Employ preventa-
tive strategies (eg, increased flushing) if lipid residue
buildup is suspected.1-5 (IV)

B.	 Assess for signs and symptoms of possible VAD occlusion:
1. Inability to withdraw blood or sluggish blood

return.1,2,5 (IV)
2. Sluggish flow; resistance or inability to flush lumen;

inability to infuse fluid.1,2,5 (IV)
3. Frequent occlusion alarms on electronic infusion

pump.1,2 (V)
4. Swelling/leaking at infusion site.1,2,4 (V)
5. No reflow or insufficient blood flow in hemodialysis

central vascular access devices (CVADs).3 (V)
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61. PARENTERAL NUTRITION

Standard

61.1 The decision to implement parenteral nutrition (PN) 
occurs in collaboration with the patient/caregiver and the 
health care team based on the projected treatment plan.

61.2 PN is administered using filtration and an electronic 
infusion pump with anti–free-flow control and appropriate 
alarms.
61.3 Medications are not added or co-infused with the 
PN solution before or during infusion without consultation 
with a pharmacist regarding compatibility and stability.

Practice Recommendations

A. Plan for safe and appropriate PN.
1. Use the enteral route in preference to the parenteral

route for nutrition support whenever feasible.1-3 (IV)
2. Recognize that PN is a complex and high-alert med-

ication; reported incidents and errors that may lead
to patient harm include microbial contamination,
inappropriate prescriptions, and compounding and
dispensing errors (see Standard 11, Adverse and
Serious Adverse Events).4-9 (IV)

3. Ensure an interdisciplinary approach to promote
safe use and encourage error reporting and error
analysis to improve safety; nutritional support teams 
are associated with a reduction in catheter-related
infection, inappropriate PN use, and reduced
mortality.5,7,10-12 (I)

4. Use standardized order forms or templates and
computerized order entry (COE) throughout the
continuum of care whenever feasible, as they have
been found to prevent errors related to PN
prescriptions.1,7,11,12 (V)

5. Develop written protocols for PN component substi-
tution or conservation methods in the event of
drug/component shortage.1,11,12 (V)

6. Coordinate care using a patient-centered, interpro-
fessional team approach for patients who will tran-
sition between health care settings (eg, acute care,
skilled nursing facility, home, long-term acute care
hospital).
a. Address the following factors in the transition

process: PN orders/formula, clinical status,
appropriateness for patient setting, patient/car-
egiver education, available patient support,
insurance coverage, appropriate vascular access
device (VAD), and monitoring plan (eg, laborato-
ry studies) (see Standard 66, Home Infusion
Therapy).1,12-14 (IV)

B. Administer PN safely.
1. Plan for an appropriate VAD based upon expected

duration of therapy, nutritional requirements, and
the patient’s vascular condition and preferences
(see Standard 25, Vascular Access Device Planning
and Site Selection).
a. Consider a VAD with a minimal number of

lumens.3,11,15,16 (V)
b. Consider peripherally inserted central cathe-

ters (PICCs) and tunneled, cuffed central vascu-
lar access devices (CVADs) for infants and
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children who require prolonged PN during 
hospitalization.15,17 (IV)

c. Consider tunneled, cuffed CVADs or PICCs for
home parenteral nutrition (HPN) in both adults
and children; implanted vascular access ports
with the noncoring needle changed at least
every 7 days may also be an option.14-16,18-22 (V)

2. Administer peripheral PN (PPN) solutions/emulsions
with a final concentration of 10% dextrose or lower
through a PIVC as a bridge to central PN, when oral
intake or enteral nutrition is suboptimal, or when
the patient’s clinical condition does not justify CVAD
placement. Consider dextrose and other additives
that affect osmolarity. The American Society for
Enteral and Parenteral Nutrition (ASPEN) recom-
mends not exceeding an osmolarity of 900 mOsm/L;
studies show endothelial damage begins to occur at
600 mOsm/L. The osmolarity limit for PPN is an area
of needed research.1,3,11,23 (IV)
a. Recognize the increased risk for phlebitis with

PPN; weigh the risks vs benefits for PPN admin-
istration and limit duration of therapy to no
more than 14 days. ASPEN recommendations do
not address PPN administration via midline
catheters.1,3 (IV)

b. Do not use midline catheters for continuous ves-
icant therapy, PN, or solutions with extremes of
pH or osmolarity; the use of midline catheters
for PPN is not established; the location of mid-
line catheters in a deeper vein may mask early
signs of phlebitis, extravasation, and thrombosis
(refer to Standard 25, Vascular Access Device
Planning and Site Selection).

3. Filter PN solutions and place the filter on the admin-
istration set as close to the patient as possible.
Prime the filter in accordance with manufacturer’s
directions.24,25 (IV)
a. Use a 1.2-micron filter for all PN solutions,

including dextrose-amino acid admixtures, lipid
injectable emulsions (ILE), and PN solutions
containing ILEs (also known as total nutrient
admixture [TNA]).

4. Replace solution containers and administration sets
used for PN (TNA and amino acid/dextrose formula-
tions) and lipids every 24 hours; replace administra-
tion sets used for ILE with each new infusion. Hang
time for PN should not exceed 24 hours.1,11,14 (IV)
a. In a laboratory study, TNA and ILE support

Candida albicans growth after minimal initial
contamination with microorganisms migrating
from the fluid bag to the CVAD. Attention to
Aseptic Non Touch Technique (ANTT®) during
management of the administration set is imper-
ative, and administration sets should be replaced 
daily (see Standard 40, Administration Set
Management).26 (IV)

b. Limit separate ILE infusion to a 12-hour maxi-
mum time; if volume limitations require sepa-
rate ILE administration for a period longer than
12 hours, ASPEN recommends strong considera-
tion for a new ILE container and administration
set for the second 12-hour portion. The hang
time of a TNA can be extended to 24 hours
because bacterial growth in these solutions is
inhibited due to reduced pH and to increased
total osmolarity compared to infusing ILE
separately.1,9 (V)

c. Change the filter to coincide with initiation of a
new PN mixture and administration set; change
filters used for separately infused ILEs every
12  hours. Prime filters immediately before
use.24,25 (IV)

5. Use PN containers and administration sets free of
Di[2-ethylhexyl]phthalate (DEHP) to administer
lipid-based solutions, such as ILE or TNA. DEHP is a
lipophilic toxin that can leach from commonly used
polyvinyl chloride administration sets and contain-
ers into lipid-based solutions (see Standard 40,
Administration Set Management).1,8 (IV)

6. Protect PN admixtures from light for premature
infants; degradation of PN components occurs with
light exposure, resulting in oxidation; preterm
infants are more susceptible than children and
adults and face potential complications as a result of
oxidative stress (eg, bronchopulmonary dysplasia,
retinopathy, necrotizing enterocolitis).1,27-30 (IV)
a. ASPEN recommends complete PN light protection

for preterm infants beginning during compound-
ing and continuing until the entire PN/ILE infusion
is complete (eg, during transport/delivery and
administration). ASPEN acknowledges that full
implementation may not be currently feasible,
given product availability, but organizations
should define what steps can be achieved and
implement attainable strategies.

b. While partial light protection does not offer clin-
ical benefits, recommendations from ASPEN for
non-preterm infants state to refrigerate and
protect the PN solution from light exposure until
just before infusion. There is a need for further
studies about light protection for children and
adults receiving long-term PN.

7. Use electronic infusion pumps with anti–free-flow
protection and alarms for occlusion; consider the
use of electronic infusion pumps with dose error
reduction software (DERS) (ie, smart pumps), as
they are associated with reduced risk for infu-
sion-related medication errors, including error inter-
ceptions (eg, wrong rate), and reduced adverse drug
events (refer to Standard 23, Flow-Control Devices).

8. Reduce the risk of catheter-associated bloodstream
infection (CABSI) when administering PN.
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a. Consider peripheral venipuncture for blood sam-
pling instead of via the CVAD used for PN (see
Standard 41, Blood Sampling).1 (V)
i. Adhere to ANTT if blood sampling via the

CVAD is necessary; blood sampling via the
CVAD is a quality-of-life issue for patients
receiving long-term PN.15 (IV)

b. Consider dedicating a single lumen to PN admin-
istration when a multilumen CVAD is in
place.3,14,15 (IV)
i. Based upon a systematic review, data are

insufficient to ascertain whether dedicating
a lumen to PN results in a lower risk of infec-
tion; this remains an area of needed
research.31 (I)

c. Avoid attaching administration sets before the
time of infusion; the risks of spiking containers
and priming administration sets in advance has
not been studied.1,11 (V)

d. Consider antimicrobial lock therapy for patients
receiving cyclic HPN as an infection-prevention
strategy (see Standard 38, Flushing and Locking).
i. Taurolidine was effective in prevention of

catheter-related bloodstream infections
(CR-BSIs) for patients on HPN and, while
considered generally safe, rare allergic reac-
tions and VAD-related problems, including
pain, have been reported.14,32-38 (I)

ii. Other antimicrobials, including 4% tetrasodi-
um, ethylenediaminetetraacetic acid (EDTA)
and 70% ethanol (limited to patients with
silicone CVADs) are also associated with
reduced incidence of CR-BSI.37-42 (I)

e. Consider CVAD repair for damaged subcutane-
ously tunneled, cuffed CVADs to extend CVAD
survival and to reduce risk for future compro-
mised vascular access. Retrospective studies
have reported extension of CVAD survival with-
out increased risk for central line-associated
bloodstream infection (CLABSI) (see Standard
48, Catheter Damage [Embolism, Repair,
Exchange]).35,43-45 (IV)

C. Monitor the patient and provide patient education.
1. Monitor patient receiving PN for the following: body

weight; fluid and electrolyte balance; metabolic
tolerance, especially glucose control; VAD-related com-
plications, including CABSI; organ function; nutrition
therapy-related complications; functional performance; 
and psychological responses.11,14,16,46-48 (IV)

2. Monitor blood glucose; when changing to a cyclic
infusion, monitor on and off PN during initial cycling
in the acute care or home setting; once stable, less
frequent monitoring may be acceptable. Insulin may
be used to control blood glucose levels and adminis-
tered via the subcutaneous or intravenous (IV) route
(may be added to PN solution).1,47 (V)

3. Teach patients or family members of patients who
receive home PN about importance of ANTT during
all PN procedures, access device care, weight and
hydration monitoring, blood/urine glucose monitor-
ing, electronic infusion pump use and troubleshoot-
ing, and signs and symptoms to report; and assist
patients on how to fit PN into their lifestyles (see
Standard 8, Patient Education; Standard 19, Aseptic
Non Touch Technique [ANTT®]; Standard 66, Home
Infusion Therapy).1,14,16,49,50 (IV)

4. Assess and address patient and family management
and coping with HPN (refer to Standard 66, Home
Infusion Management).
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