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Chapter 18
Catheter-Related Bloodstream Infection

Rebecca L. Ruebner and Alicia M. Neu

 Case Presentation

A 16-year-old male with end-stage kidney disease (ESRD) maintained on hemodi-
alysis (HD) by way of a tunneled HD catheter in his right femoral vein develops 
fever and hypotension during his dialysis treatment. He denies a history of rhinor-
rhea, cough, abdominal pain, nausea, emesis, or diarrhea. He is anuric. He has had 
no ill contacts. Physical exam reveals no obvious source of infection, and the dialy-
sis catheter exit site is without erythema, warmth, tenderness, or purulent drainage. 
Blood cultures are obtained from the HD catheter, the dialysis circuit, and a periph-
eral vein. He receives treatment with intravenous vancomycin and a third- generation 
cephalosporin in addition to intravenous fluid administration, with stabilization of 
his blood pressure. He is admitted to the hospital where treatment with intravenous 
antibiotics is continued.

The patient has ESRD due to congenital nephrotic syndrome. He required a 
nephrectomy and treatment with peritoneal dialysis in the neonatal period, but had 
recurrent peritonitis with peritoneal membrane failure prompting conversion to HD 
by way of a tunneled catheter at 15 months of age. He received a living-related kid-
ney transplant at age 28 months but lost graft function secondary to acute and 
chronic rejection at age 12 years. He has high levels of antihuman leukocyte antigen 
antibodies which have thus far prevented repeat kidney transplantation. He was 
referred for creation of an arteriovenous fistula (AVF) or placement of an arteriove-
nous graft (AVG) but was felt not to be a candidate given significant central venous 
stenoses related to numerous prior central venous catheters. He has therefore been 
receiving HD by way of a central venous catheter. He has had recurrent catheter 
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infections and has exhausted all catheter sites except for his current site in the right 
femoral vein.

Within 24 h, blood cultures from both the HD catheter and dialysis circuit are 
positive for methicillin-resistant Staphylococcus aureus. Peripheral blood culture is 
negative. An antibiotic lock with vancomycin is initiated, in addition to ongoing 
treatment with intravenous vancomycin. The patient is clinically well, without fever 
after 36 h of antibiotic treatment, but cultures obtained from the catheter continue to 
grow S. aureus. The tunneled femoral hemodialysis catheter is exchanged over a 
wire and replaced with a non-tunneled catheter. Subsequent blood cultures are nega-
tive. After completion of 3 weeks of intravenous vancomycin, the non-tunneled 
catheter is exchanged over a wire with a tunneled hemodialysis catheter. The patient 
is discharged home to resume outpatient dialysis.

 Clinical Questions

 1. What is the definition of an HD access-related bloodstream infection (BSI) and 
how is it diagnosed?

 2. What are the rates of HD access-related BSI in children?
 3. What is the recommended treatment of an HD access-related BSI and what is the 

appropriate management of this child?
 4. What is the most effective method to minimize the risk for HD access-related 

BSI?

 Diagnostic Discussion

 1. Although ongoing efforts seek to establish a clear and consistent definition of a 
catheter-related BSI, the most common definition currently used is that devel-
oped by the Centers for Disease Control and Prevention (CDC) [1]. According to 
the CDC, a primary BSI is a laboratory-confirmed BSI that is not secondary to 
an infection at another body site, and a central line-associated BSI is a laboratory- 
confirmed BSI where the central line was in place for >2 calendar days on the 
date of event [1]. The distinction between primary and catheter-associated BSI is 
important as the management of a positive blood culture due to an infection at 
another site, e.g., pneumonia, may be different than if the positive culture is 
reflective of infection of the catheter, particularly with regard to the management 
of the catheter itself [2]. Thus, diagnosis of an HD access-related BSI requires an 
assessment for other sites of infection, as well as careful interpretation of the 
blood culture results. Current guidelines from the Infectious Diseases Society of 
America (IDSA) suggest that if a catheter-related BSI is suspected, blood cul-
tures should be obtained both from the catheter, after the catheter hub has been 
cleaned with either alcohol, tincture of iodine, or alcoholic chlorhexidine to 
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reduce the risk for contamination, and from a peripheral vein [2]. A definitive 
diagnosis of HD access-related BSI requires that the same organism grows from 
at least one peripheral culture and from cultures obtained from the catheter [2]. 
For the BSI to be attributed to the catheter, there should be a quantitative or a 
differential time to positivity between the cultures from the central line and 
peripheral vein, with at least a threefold greater colony count from blood cultures 
obtained from the catheter than the peripheral vein or detection of microbial 
growth from the catheter culture at least 2 h before the peripheral culture [2]. The 
IDSA guidelines recognize that there are unique aspects of managing catheters 
in both pediatric and HD patients, and so the guidelines specify that in HD 
patients in whom a peripheral venous culture cannot be obtained or is to be 
avoided to spare vessels for future dialysis access, a second culture may be 
obtained from the dialysis tubing during a dialysis session [2]. However, the 
IDSA guidelines recognize that it is unclear if the quantitative differential 
between catheter and “peripheral” cultures remains if the peripheral culture is 
obtained from the tubing during a dialysis session [2].

 2. Given the evolving definition of an HD access-related BSI, the reported rates of 
these infections in children vary considerably. In addition, reports in the pediat-
ric nephrology literature typically do not distinguish between a primary BSI and 
a true HD access-related BSI. Bearing this limitation in mind, previous studies 
have reported HD access-related BSI in pediatric patients ranging from 0.5 to 4.8 
per 1,000 catheter days [3–7]. In addition, registry data have consistently dem-
onstrated that HD access-related BSI is a leading cause of hospitalization and 
mortality in pediatric dialysis patients [8–10]. Gram-positive organisms account 
for the majority of HD access-related BSIs, with additional infections caused by 
gram-negative and fungal organisms [3, 6].

 3. Initial management of a pediatric patient with suspected HD access-related BSI 
includes empiric antibiotics as well as general supportive care. Empiric antibi-
otic treatment should be guided by the patient’s clinical status as well as the 
antibiogram data from the dialysis unit or hospital and should include both gram- 
positive and gram-negative coverage [2]. Vancomycin is recommended for 
empiric gram-positive coverage unless the dialysis unit has a low prevalence of 
methicillin-resistant Staphylococcus aureus, in which case cefazolin may be 
used [2, 11]. An aminoglycoside or third-generation cephalosporin should be 
used for gram-negative coverage [2, 11]. Although catheter removal is generally 
recommended in the setting of a catheter-associated BSI, it is recognized that in 
HD patients, the catheter provides access for ongoing life-sustaining dialysis, 
and additional vascular access sites may be limited. The potential treatment 
options in this setting are shown in Fig. 18.1 and include (1) intravenous antibi-
otics alone, (2) prompt catheter removal with placement of a new catheter after 
some interval of time, (3) exchange of the catheter over a guidewire, or (4) use 
of systemic antibiotics and an antibiotic lock [2]. Catheter removal is indicated 
in any clinically unstable patient and in patients who remain symptomatic for 
more than 36 h [2]. In patients with symptomatic improvement, catheter removal 
and replacement, catheter exchange, or the use of antibiotic locks should be 
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 considered in addition to systemic antibiotics, as data in adult HD patients dem-
onstrate a fivefold higher rate of treatment failure with antibiotics alone com-
pared to catheter removal [2, 11]. In particular, catheter removal with placement 
of a temporary catheter in another anatomical site, or catheter exchange over a 
wire if no alternative sites are available, is strongly recommended for HD access- 
related BSI due to Staphylococcus aureus, Pseudomonas species, or Candida 
species [2]. The IDSA specifically states that the indications for catheter removal 
for children are similar to those for adults, but acknowledge that the difficulty in 
obtaining alternate vascular access sites in children often necessitates antibiotic 
treatment without catheter removal [2]. If the decision is made to keep the exist-
ing catheter, the addition of antibiotic locks to systemic antibiotics has been 
shown to improve catheter survival and decrease exposure to systemic antibiot-
ics, with some studies showing particular success in treating gram-negative 
infections compared to infections with Staphylococcus aureus [12–14]. This 
approach may be particularly useful for patients with limited vascular access sites 
in whom preservation of the existing catheter is crucial. The ultimate choice of 
antibiotic and duration of therapy will be based on the causative organism, the 
clinical course of the patient, and adjunctive therapies including removal/replace-
ment of the catheter (Fig. 18.1) [2].

 4. National and international registry data have consistently demonstrated that use 
of a central venous catheter rather than an AVF or AVG is associated with a sig-
nificantly increased risk for infection among pediatric HD patients [10, 15–17]. 
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Fig. 18.1 Approach to treatment of catheter-related bloodstream infection (CRBSI) among 
patients who are undergoing hemodialysis (HD) with tunneled catheters. BC blood culture, CVC 
central venous catheter, TEE transesophageal echocardiograph [2] (Reprinted with permission)
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Current guidelines therefore recommend the use of an AVF/AVG for HD access 
in children unless the patient weighs less than 20 kg, a kidney transplant is 
planned within 1–2 years, or HD is serving as a bridge to PD [16, 18]. Although 
use of an AVF/AVG is the most effective way to minimize the risk for infection, 
the vast majority of children continue to receive HD by way of a central venous 
catheter [9, 17, 19]. Given the significant morbidity and mortality associated 
with HD catheter-related BSI in the United States, the CDC has launched the 
Dialysis Bloodstream Infection Prevention Collaborative which includes recom-
mended practices for HD catheter care, such as cleaning the catheter exit site 
with an antiseptic agent, preferably chlorhexidine, and use of antimicrobial oint-
ment at the exit site with each dressing change [20]. The CDC’s core interven-
tions also include enforcing proper hand hygiene and scrubbing of the catheter 
hub with an antiseptic agent when it is accessed and disconnected from the dialy-
sis tubing [20]. Studies in adult HD patients have also shown a reduction in BSI 
when prophylactic antibiotic locks (such as citrate with gentamicin) are used for 
routine catheter maintenance compared to standard heparin locks, although there 
are limited data on the use of prophylactic antibiotic locks in pediatric HD 
patients [21, 22]. While some of the current recommendations are evidence 
based, others reflect expert opinion. Currently, the Children’s Hospital 
Association’s Standardizing Care to Improve Outcomes in Pediatric End Stage 
Renal Disease (SCOPE) Collaborative is evaluating whether increased imple-
mentation of standardized catheter practices, modeled in large part after the 
CDC core interventions, can reduce HD access-related BSI in children main-
tained on chronic dialysis at participating centers located throughout the United 
States [23].

 Clinical Pearls

 1. Hemodialysis access-related BSIs are a significant source of morbidity and mor-
tality in children with end-stage kidney disease.

 2. The most effective strategy to minimize risk for HD access-related BSI is the use 
of an arteriovenous fistula or graft, but the majority of children continue to 
receive dialysis by way of a catheter.

 3. Definitive diagnosis of an HD access-related BSI requires careful examination 
for other sites of infection and thoughtful review of blood culture results.

 4. Empiric treatment of HD access-related BSI should include both gram-positive 
and gram-negative coverage and should be guided by the patient’s clinical status 
and local antibiogram data.

 5. Catheter removal should be considered in clinically unstable patients or in HD 
access-related BSI due to Pseudomonas species, Staphylococcus aureus, and 
Candida species.
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