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Abstract
Purpose of Review Catheter-related blood stream infections (CRBSI) pose a significant risk to patients on home parenteral
nutrition (HPN). Recurrent loss of catheters can lead to scarring and eventual loss of central access, a potentially fatal situation
for patients dependent on HPN.
Recent Findings In the past, the standard of care to treat these infections required catheter removal. More recently, several
studies have indicated that many CRBSI can be treated without removal of the catheter. Successful treatment without
removal can be achieved by intentionally following a catheter salvage protocol. We define this as a previously defined
protocol to accurately diagnose CRBSI, identify the organism(s) involved, and effectively treat not only the blood stream
infection, but also sterilize the catheter.
Summary For patients on HPN with CRBSI, consider attempting line salvage if the patient is not suffering from severe sepsis,
other infection related complications, or certain specific infections. Success rates vary depending on the organism causing the
infection and the risks; benefits and chance of success should be considered when deciding to attempt line salvage.
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Introduction

Home parental nutrition (HPN) remains a foundation in the
management of intestinal failure and can result in extension of
life in those who are unable to meet their nutritional needs
through oral intake [1]. In contrast to Europe, the prevalence

of HPN in the United States (US) has declined slightly over
the last few decades with recent data showing that more than
25,000 Americans are receiving HPN [2–4]. Despite exten-
sive research and advances in provision of total parenteral
nutrition (TPN) at home, HPN can be associated with a num-
ber of complications. Catheter-related blood stream infection
(CRBSI) remains a primary concern and in some reports has
been the most common line associated complication of HPN
[5, 6••, 7]. There has been discrepancy on how to best treat
these infections with many providers pulling the catheter in
order to prevent the CRBSI from turning into a wide-spread
infection with sepsis. Unfortunately, this approach can be as-
sociated with risk of replacing catheters as well as potential for
total loss of intravascular access due to thrombosis or scarring
from recurrent catheter placements. Due to this, recent reports
and guidelines have begun to recommend catheter salvage in
certain situations [7, 8].

While prevention of infection, and other catheter compli-
cations, is of utmost importance, this article will briefly review
when to consider blood stream infection in HPN patients, how
to diagnose CRBSI, when to consider catheter salvage, and
some of the uncertainties in management of this complication.
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History of CRBSI

From the early days of HPN, infection has been a primary
concern and cause for loss of catheters [9–11]. Early PN centers
reported on the incidence of catheter removal and evaluated
prognostic factors that could predict the need for removal [9,
11]. In the early days of HPN, initial management of HPN
patients with sepsis that was attributed to a catheter infection
precipitated catheter removal [9]. Several of these early papers
do note that at times, the infection was able to be treatedwithout
removal of the catheter, but this was not describedwith an intent
to salvage the catheter [9]. Unlike catheter removal, salvage
involves an intentional process or protocol intended to attempt
to save the CVC from removal by accurately diagnosing
CRBSI, identification of the causative organism, and treatment
not only of the blood stream infection, but also sterilization of
the catheter. Development of silicone catheters and other ad-
vances in the CVCs utilized to administer HPN have contrib-
uted to the reduced risk of complications [10].

Identification of Blood Stream Infections
(CRBSI and CLABSI)

Different definitions have been used when reporting CRBSI
or central line associated blood stream infections (CLABSI).
While often used interchangeably, the Center for Disease
Control and Prevention differentiates between CRBSI and
CLABSI noting that CRBSI requires testing to identify the
catheter as the source of blood stream infection, while
CLABSI is a blood stream infection that occurs within 48 h
of a patient having a central line and is not due to a metastatic
infection [12]. Differences in definitions and use of CRBSI
and CLABSI utilized in the HPN literature have most likely
contributed to the significant variation in reported rates of
blood stream infections in HPN patients [13]. Given the im-
plications for removal of a CVC, potential loss of vascular
access, and need for recurrent invasive procedures, we recom-
mend use of CRBSI criteria to minimize these complications
by localizing the source of infection from the catheter in HPN
patients. Reported rates of CRBSI have ranged from 0.38–
4.58/1000 catheter days in one review [14] to 0.35–11.5/
1000 catheter days in another report [6••]. The most common
organism identified is gram-positive cocci, consistent with
skin flora [14, 15••, 16].

Diagnosis of blood stream infections in HPN patients has
been an area of controversy since the early days of HPN [11,
17]. While HPN monitoring includes routine laboratory test-
ing, as well as instructions to patients on how to monitor for
symptoms of infection including fever, these may not be as
sensitive as anticipated as one retrospective review noted that
13 of 37 episodes of CRBSI did not have documented fever
[18]. This study found that laboratory studies including white

blood cell count, c-reactive protein (CRP), albumin, and bili-
rubin were associated with infection [18]. Others have report-
ed that given lack of specific symptoms, there was a delay of
an average of 6 days between start of symptoms and evalua-
tion for infection [19]. Given the potential life-threatening
nature of blood stream infections, patients and providers must
be vigilant monitoring for these symptoms and be swift to
seek evaluation when there is concern for possible infection.
While patients can be treated based on symptomatic concern
for infection, if considering catheter salvage, verification of
the diagnosis of line infection is critical, particularly as treat-
ment will need to be tailored based on confirmation of the
diagnosis, and identification of the organism.

The first step when considering catheter salvage in an HPN
patient is appropriate evaluation of symptoms of infection.
While different societies have used different diagnostic criteria
over time, European Society for Clinical Nutrition and
Metabolism (ESPEN) guidelines state that “diagnosis of
CRBSI is best achieved by (a) quantitative or semi-
quantitative culture of the catheter (when the CVC is removed
or exchanged over a guide wire), or (b) by paired quantitative
blood cultures or paired qualitative blood cultures from a pe-
ripheral vein and from the catheter, with continuously moni-
toring of the differential time to positivity (if the catheter is left
in place).” [8] Such diagnostic criteria are consistent with the
2009 clinical practice guidelines of Infectious Disease Society
of America (IDSA) [20]. The IDSA guidelines provide more
detailed guidance based on duration of line, type of line, etc.

Certainly, the ability of patients to have blood cultures ob-
tained from both the periphery and central line may not be
feasible. In such instances, it is advisable to obtain blood cul-
tures from whatever source possible, prior to the administra-
tion of antibiotics. Further treatment decisions will depend on
these results and clinical course.

Factors Impacting Salvage Attempts
and Success

There are multiple published studies with detailed catheter
salvage protocols [13, 15••, 16, 21••]. Consistent across the
published protocols, salvage is not considered in the hemo-
dynamically unstable patient or when there is concern for
metastatic infection (endocarditis, osteomyelitis, etc.) [15,
21••]. It is also recommended that salvage not be performed
in short-term catheters, such as peripherally inserted central
catheters (PICCs) [8]. This recommendation is presumably
based on ease of insertion and removal, the design to be
temporary, and data suggesting that salvage is more success-
ful in tunneled catheters as opposed to non-tunneled catheters
[19]. However, in patients nearing total loss of vascular ac-
cess who have a PICC, a blood stream infection and subse-
quent loss of access with concern about the possibility of
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achieving new access, consideration could be given to an
attempt to salvage a PICC.

These reports have demonstrated high overall rates of sal-
vage ranging from 67 to 81% of the salvages attempted but
success is impacted by the organism(s) causing the infection
(see Table 1) [15••, 16, 18, 21••]. While salvage success rates
vary in the studies, best success is reported with coagulase
negative staph with reported success rates ranging from 78
to 92% [15••, 16, 18, 21••]. While there has been less success
with other bacteria, there have been varying rates of success
with both gram-positive and gram-negative bacteria,

including polymicrobial infections [15••, 21••]. Infection with
methicillin-resistant staphylococcus is more difficult to sal-
vage than methicillin-sensitive staphylococcus (MSSA), but
has been achieved even though the IDSA guidelines recom-
mend not to salvage for this organism [15••, 20, 21••]. One of
the potential reasons MSSA may be salvageable in HPN pa-
tients is that typical CRBSI is detected early prior to hemody-
namic instability thus allowing for clearance of the bacteria
source contained in the catheter. Two studies have reported
attempts and success at salvaging lines in fungal infections
[13, 15••]. The likely reason for attempted salvage in fungal
infections is that the catheter may be the last option for vas-
cular access in patients almost completely dependent on HPN
for nutrition. No studies have reported success in salvaging
mycobacterial infections [9, 15••]. In general, given the poor
success of salvagingMRSA, fungal, polymicrobial, mycobac-
terial, and pseudomonal infections, given the low risk of suc-
cess, strong consideration should be given to the risks versus
benefits before attempting salvage in these cases.

Once infection has been suspected and cultures are drawn,
the line is not used for parenteral nutrition of IV fluids for at least
24 h [9, 12, 16]. The protocols vary in whether antimicrobial
therapy is administered via the CVC or the periphery; regardless
of how systemic antimicrobials are administered, the line should
be “locked” with antimicrobials [6••, 15••, 19]. Some of the
protocols also included treatment with a thrombolytic
(urokinase); however, it does not appear that treatment with a
kinase has been compared head to head to treatment without a
kinase [21••]. See Fig. 1 for a suggested starting algorithm for
evaluation and management of CRBSI.

Table 1 Salvage success rates by organism

Organism Salvage rate References

Gram-positive bacteria

Coagulase-negative staphylococci 78–92% [15••, 16, 17]

Staphylococcus aureus

MRSA 25–33% [15••, 17, 20]

MSSA 62–100% [15••, 16, 20]

Gram-negative bacteria 86–62% [17, 20]

Klebsiella 58–64% [15••, 16]

Pseudomonas 0–38% [15••, 16]

Fungi (including Candida) 14% [15]

Polymicrobial 36–68% [15, 16, 20]

Salvage rates by organism vary in the studies that report these rates.
MRSA CRBSI are much less likely to be able to be salvaged than
MSSA CRBSI. Salvage of fungal infections is frequently not attempted
presumably due to the poor reported salvage rates. Edakkanambeth et al.
report salvage rates by multiple other specific organisms

Suspect CRBSI

Patient hemodynamically stable

Obtain blood cultures from CVC 
and periphery

Stabilize; culture catheter tip after removal

No Yes

-Initiate broad spectrum antibiotics using the CVC
- Do not use the CVC other than for antibiotics (abx)
- Lock the line with antibiotics when not in use
- Monitor for response

-Treat for 7-14 days, narrow abx based on 
culture results
-Consider resuming use of theline (at least 
24 hrs after treatment initiation)
-Consider repeating cultures 48 hrs after abx 
completion

- Consider line removal and tip culture
-Consider Echocardiogram or evaluation for 

metastatic infection
- Consider Infectious disease consult

Clinical improvementNo improvement

Fig. 1 Standard processes
involved in catheter salvage
protocols
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Success has been reported when comparing both 10–15-
day courses of IV therapy [19, 21••]. One protocol indicates
the possibility of 7–14 days of treatment, but does not delin-
eate how it was determined how long patients should be treat-
ed [15••]. There is also no consensus on empiric antimicrobial
therapy to start while awaiting culture results that will allow
for targeted antimicrobial therapy. Clinical judgment in each
CRBSI considering severity of illness, duration of need of
HPN, medication allergies, antibiotic availability, and local
resistance patterns should all be considered when selecting
initial antimicrobials for systemic and lock therapy.

There is not consistency on when blood cultures should
be repeated. One study has shown that cultures repeated
and negative at 48 h were predictive of successful treat-
ment [16, 18]. Others defined successful salvage as reso-
lution of symptoms without reporting routine repeat cul-
ture results [13] and others do not specify how clearance of
infection was determined [15].

There remains concern about the long-term safety and im-
pact of catheter salvage. Some data suggests that in patients
with salvage, there is less time to diagnosis of new infection as
compared to patients treated with catheter removal [22].
However, as there are many patients who have recurrent
CRBSI, it remains to be determined if recurrent infection is
more closely associated with the salvage of the catheter or
other host factors.

Discussion about treatment of tunnel site infection is not
routinely discussed and was a cause for catheter removal in
some studies [13, 21••]. Another study reports that salvage
after tunnel infections has decreased over the years and cath-
eter removal has increased [7]. However, further work is need-
ed to define tunnel infection, identification of microorganisms
causing these infections, and treatment protocols.

In addition, while appropriate identification of CRBSI
and salvage in appropriate situations is crucial, prevention
of these and all catheter-associated infections would be
optimal to decrease morbidity and mortality in these pa-
tients. Factors to consider in order to decrease the risk of
line associated infection when considering placement of a
CVC for HPN including a tunneled catheter with the
fewest number of lumens possible and appropriate training
of the patient and/ or caregivers who will be administering
the HPN [14]. There has been controversy regarding the
use of prophylactic ethanol or antimicrobial locks and such
therapies are not routinely recommended [1, 8, 23, 24].

Conclusion

While and advances are being made in other strategies to
manage intestinal failure, HPN remains a life-saving measure
for many patients. Given the prevalence of CRBSI, and the
potential for recurrence and need for ongoing vascular access,

not just for HPN, but also potentially for other IV therapies,
dialysis or other treatments, strategies to minimize disruption
in, or loss of vascular access is crucial. However, given the
poor salvage success in fungal, MRSA, and polymicrobial
infections, except in cases of extenuating circumstances, it is
generally best to remove these lines and not attempt salvage in
these cases. In addition to catheter loss from CRBSI, several
studies have reported catheter loss to tunnel infections. Given
the paucity of data on this topic, and lack of published proto-
cols, salvage in these situations could be considered based in
clinical situations, but further study is needed.

Certainly, prevention of CRBSI and other HPN-associated
infections would be optimal and factors associated with in-
creased risk of these infections have been reported [14].
However, as infections continue to arise in this population,
catheter salvage is ideal to help maintain vascular access and
decrease risks associated with recurrent CVC placement.
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