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Epidemiology of bloodstream infection
associated with parenteral nutrition
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Epidemiology: Catheter-related bloodstream infections (CR-BSIs) occur in 1.3% to 26.2 % of patients with central venous catheters
used to administer parenteral nutrition (PN). Because of their nutritional components, PN solutions can support microbial growth.
Contamination during preparation and handling is rare in hospitals and home-infusion pharmacies but may be difficult to control
in a home setting. The risk of infection is increased in hospitalized patients because of malnutrition-associated immunosuppres-
sion, hyperglycemia exacerbated by dextrose infusion, microbial colonization/contamination of catheter hubs and the skin sur-
rounding insertion site, and poor nursing care. During long-term catheter use for PN, an intraluminal biofilm, catheter-tip fibrin
sheath or tail, or central venous thrombosis creates sites for microbial seeding and infection. Chronic conditions and psychosocial
issues also increase the risk of infection. In hospitalized patients with BSIs, the most common organisms are coagulase-negative
staphylococcus, Staphylococcus aureus, Enterococcus, Candida spp, Klebsiella pneumoniae, and Pseudomonas aeruginosa. In the long-
term PN population, approximately 60% of CR-BSIs are caused by coagulase-negative Staphylococcus.
Treatment: The best plan of care for a suspected or known infected catheter in a hospitalized patient is to reinsert a new central
line after 48 hours of antibiotic treatment and negative blood cultures. In patients who receive long-term PN, hospitalization in-
creases the risk of a nosocomial infection because the catheter can be contaminated by staff. A patient with fungemia must always
be admitted and catheter removed. With gram-positive and gram-negative organisms, the catheter may not need to be removed. In
most patients receiving PN at home, removing a long-term venous-access device is challenging. Peripheral vein access or periph-
erally inserted central catheters are needed until a new permanent device can be inserted after negative blood cultures are ob-
tained. Evaluation of remote site infection also is necessary. Strategies to reduce or prevent infection include catheter lock
therapy, daily evaluation of continued need for PN, enteral rather than PN support, and avoiding overfeeding. More studies are
needed to demonstrate conclusively the benefits of immunonutrition, such as the use of omega-3 or glutamine supplements to
reduce CR-BSIs in patients receiving PN. (Am J Infect Control 2008;36:S173.e5-S173.e8.)
EPIDEMIOLOGY

Parenteral nutrition (PN) is indicated to prevent mal-
nutrition in patients unable to receive adequate nutri-
ents by the oral or enteral route. Examples include
patients with enterocutaneous fistula, anastomatic
leak, postoperative ileus, short bowel syndrome associ-
ated with ischemic bowel, Crohn’s disease, abdominal
trauma, radiation enteritis, or intestinal obstruction.
PN has been identified as a risk factor for catheter-
related bloodstream infection (CR-BSI) in critically ill,
acute, and chronic care patients.1-3

Several central venous access devices are used to ad-
minister PN. These include polyurethane and silicone
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percutaneous single-, double-, and triple-lumen cathe-
ters; percutaneously inserted central catheters; tu-
nneled catheters; and ports. Catheters inserted at the
bedside or in the emergency department may have a
higher risk of becoming infected than those inserted
in a more controlled environment, such as the operat-
ing room or radiology setting. Infection occurs in 1.3%
to 26.2 % of central venous catheters used to adminis-
ter PN. This wide range of reported findings is related to
differences in study design, definition of CR-BSIs, and
varying populations and sites studied.4

PN formulations are susceptible to microbial growth
because of their components: amino acids and dex-
trose that support fungal growth and fat emulsions
that sustain bacteria and fungi. Current practice stan-
dards require that parenteral preparations be com-
pounded in a clean room using a laminar-flow hood
to minimize microbial contamination. Proper storage,
refrigeration, and infusion time of no more than 24
hours reduce the chance of microbial contamination
or growth in the PN formulation. In hospitals and
home infusion pharmacies that adhere to these strict
standards, contamination rarely occurs. In the home
setting, storage conditions and infusion times may be
difficult to control. Home PN patients may leave paren-
teral solutions unattended in hot weather, increasing
the risk of CR-BSIs.
S173.e5
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Table 1. Characteristics of pathogens isolated in
bloodstream infections from long-term parenteral
nutrition patients12

Gram-positive Gram-negative Fungi

Corynebacterium spp Escherichia coli Candida tropicalis

Streptococcus spp Proteus spp Candida lusitaniae

Leuconostoc spp Acinetobacter baumannii Candida krusei

Lactobacillus spp Serratia spp Rhodotorula rubra

Bacillus spp Pseudomonas aeruginosa Malassezia furfur

Propionobacterium spp Enterobacter cloacae Aureobasidium spp

Agrobacterium radiobacter

Enterbacter agglomerans

Citrobacter freundii

Acinetobacter lwoffi

Bacteriodes fragilis

Fusobacteruim nucleatum

Ewingella americana

Kluyvera ascorbata
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Malnutrition may develop in hospitalized patients
with severe trauma, critical illness, and major surgery
and is associated with immunosuppression, which is
a risk factor for infection.5 During the stress response,
critically ill patients may also develop hyperglycemia,
which is exacerbated by infusion of dextrose. Uncon-
trolled hyperglycemia has a negative effect on immune
response.6,7 Another cause of infection may be con-
tamination or colonization at the insertion site with mi-
crobial migration from the skin along the extraluminal
catheter surface into the bloodstream. The subclavian
site is usually considered the ‘‘cleanest,’’ offering
greater stability for anchoring and maintaining an in-
tact catheter dressing. In contrast, jugular access,
which has neck movement, increased beard hair, and
close proximity to secretions, is less desirable.8 The
femoral area is even less desirable because of the con-
siderable movement in that region, pubic hair, and con-
tamination from urine or fecal matter. Multiple-lumen
catheters contribute to the incidence of infection be-
cause of frequent manipulations at the catheter hub.
Minimal or no hub care, poor aseptic technique, and
lack of skin site care are examples of poor nursing
care that contribute to contamination of the central
venous access device system (hub contamination).

In patients who receive long-term PN, the risk fac-
tors are different compared with a short-term, acute
care patient. Intraluminal biofilm begins to develop
shortly after a central venous access device is inserted
and a denser matrix forms gradually over time.9 Long-
term catheters may develop a fibrin sheath or tail at the
distal catheter tip. Daily infusion of hypertonic paren-
teral solutions may cause central venous thrombosis.
Clots near or on the catheter surface create prime sites
for microbial seeding and eventual infection. Patients
receiving long-term PN also may have chronic condi-
tions, including Crohn’s disease, diabetes, and mito-
chondrial disease, that affect their immune function
and place them at higher risk for developing infection.
Many long-term PN have ostomies and gastrostomy
tubes that can contaminate central lines. Psychosocial
issues such as noncompliance, drug use, and depres-
sion also have been shown to increase risk for
infection.10

In hospitalized patients, the most common orga-
nisms causing BSIs are coagulase-negative Staphylococ-
cus, Staphylococcus aureus, Enterococcus, Candida spp,
Klebsiella pneumoniae, and Pseudomonas aeruginosa. In
2003, the Centers for Disease Control and Prevention
reported that greater than 50% of Staphylococcus
infections were methicillin-resistant and that 25% of
Enterococcus infections were vancomycin-resistant in-
fections.11 These percentages may be higher today.

In the chronic, long-term PN population, the most
common BSI pathogens are similar to those in the
acute care population but with a higher risk for Candida
infections. Coagulase-negative Staphylococcus can be
attributed to approximately 60% of CR-BSIs, followed
by Klebsiella pneumoniae, Staphylococcus aureus, and
Enterococcus. Candida parapsilosis, glabrata, and albi-
cans are frequently cultured from long-term central
lines used for PN.12,13

A descriptive, observational, epidemiologic study of
home-PN patients found that in a 14-year period, 248
infections occurred in 38 patients.12 The most com-
mon pathogens are listed in Table 1. These pathogens
were cultured from both central venous access device
and peripheral blood samples, but not all were verified
by both methods. Patients in this study represented a
wide socioeconomic, cultural, and environmental
range. Some patients were in and out of prison and
lived in adult homes, rooming houses, farms, and river
communities. The unusual infections may have been a
result of environmental contamination or drug abuse.
When assessing infection in a home-PN patient admit-
ted to the hospital, it is important to recognize that un-
usual organisms may be cultured and should not be
disregarded as adventitious contaminants.

TREATMENT

Treatment for CR-BSIs depends on whether PN is
being administered in the hospital or home care setting.
In the hospital setting, a suspected or known infected
catheter should be removed. A 24- to 48-hour central
line and PN ‘‘holiday’’ to evaluate and treat the potential
infection may decrease the incidence of recurrent or
persistent bacteremia. Treatment with the appropriate
antibiotic or antifungal is based on culture and sensitiv-
ity results. A new central catheter should be inserted
only if needed at a different site after 48 hours of antibi-
otic treatment and negative blood cultures.



Opilla December 2008 S173.e7
In patients who receive long-term PN with CR-BSIs, a
critical decision is whether it is safe to treat the infec-
tion in the home setting. Hospital admission places
these patients at risk for development of a nosocomial
infection and contamination of their access devices by
unfamiliar staff. In the case of fungemia, the patient
must always be admitted and the catheter removed.
In many instances, central venous access is limited be-
cause of chronic thrombosis; therefore, with gram-
positive and gram-negative organisms, catheter salvage
should be considered and many times is successful.

In the event that a long-term venous access device
must be removed, treatment becomes challenging.
Most patients on home PN have short bowel syndrome
with limited absorption and large gastrointestinal fluid
losses totaling 3 to 4 liters per day. Intravenous antibi-
otics should be used for treatment because oral absorp-
tion is questionable. Until the permanent device can be
replaced, peripheral vein access or a peripherally in-
serted central catheter is needed for intravenous antibi-
otics, hydration, and electrolyte replacement, but their
use is difficult because of limited venous access. Even-
tually, the permanent device can be replaced after neg-
ative blood cultures are obtained. Evaluation of remote
site infection such as septic arthritis, infected throm-
bus, osteomyelitis, endophthalmitis, and endocarditis
is also necessary.

Catheter lock therapy has been shown to be effec-
tive in reducing levels of intraluminal biofilm in cathe-
ters in place for more than 2 weeks.14 Antibiotics
including vancomycin, gentamicin, ciprofloxacin, and
amphotericin B have been used in concentrated doses
as locks.15 Ethanol lock has been very successful in re-
ducing CR-BSI in home-PN patients. In one study, 9 PN
patients experienced 81 (8.3 per 1000-days) CR-BSI be-
fore ethanol lock therapy compared with 9 infections
(2.7 per 1000-days) after ethanol lock therapy.16 More
studies are needed to confirm the efficacy of lock
therapies.

Several nutrition strategies have been suggested to
prevent or reduce incidence of infection in PN pa-
tients. The continued need for administration of PN
should be assessed daily. Enteral nutritional support
is preferred over the parenteral route because the
rate of complications is less.17 The gastrointestinal
tract is the largest immune organ in the body, and
keeping it active helps to prevent infection.18 Over-
feeding calories, either by dextrose or fats, should be
avoided in critically ill patients. Excess calories exac-
erbate the hyperglycemia seen in the stress response,
which has a negative effect on immune function.
Tight glucose control reduces mortality and morbidity
in intensive care unit patients.19,20

Immunonutrition is an emerging area of research in
nutritional support. Most studies have evaluated
enteral formulas, but preliminary studies show that
omega-3 intravenous fat emulsions decrease systemic
inflammation during critical illness and reduce the
liver complications commonly seen with PN therapy.21

These emulsions are not currently available in the
United States. Another nutritional supplement is gluta-
mine, which is a nonessential amino acid that becomes
essential during stress and critical illness. Some studies
show that adding glutamine to parenteral or enteral
nutrition may have antioxidant effects and improve
immune functions.22 More studies are needed to dem-
onstrate the benefits of nutritional supplements in re-
ducing CR-BSIs in patients receiving PN.

SUMMARY

Strategies to reduce or prevent infections including
adherence to evidenced-based practices for inserting
catheters, chlorhexidene skin preparation, and meticu-
lous care of the intravenous site can reduce the risk of
CR-BSIs. Catheter lock therapy, daily evaluation of con-
tinued need for PN, using enteral instead of PN support,
glucose control, and avoiding overfeeding can reduce
the risk for complications even further.
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