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Introduction
Despite substantial efforts over the last 15 years to
increase the proportion of patients starting dialysis
with an arteriovenous fistula, 80% of patients with
incident ESKD and 20% of patients with prevalent
ESKD in the United States still use a central venous
catheter (CVC) for vascular access (1). Catheter-
related bloodstream infection (CRBSI) is the most
serious complication in patients on hemodialysis with
prolonged CVC dependence (2). We describe two
patients to illustrate strategies for the diagnosis and
treatment of dialysis CRBSI.

Patient 1
A28-year-oldmanwithHIV infection on antiretroviral

therapy and hemodialysis with a tunneled CVC
presented to the emergency department with fever
(38.8°C), rigors, tachycardia (101 beats per min-
ute), and leukocytosis (12,730 cells per 1 ml). There
was no purulence at the CVC exit site. Blood
cultures were drawn, and empirical vancomycin
and ceftazidime were administered for suspected
CRBSI. Symptoms resolved after the initial dose of
antibiotics. Blood cultures grew Stenotrophomonas
maltophilia sensitive to ceftazidime. After a 3-week
course of postdialysis ceftazidime and a ceftazi-
dime catheter lock, surveillance cultures were
negative, and the catheter was salvaged.

Patient 2
A 57-year-old woman with hypertension and dia-

betes on hemodialysis via a tunneled CVC due to
multiple failed vascular accesses was hospitalized
with fever (38.2°C) and a 1-week history of progres-
sive, severe low-back pain. After blood cultures were
obtained, she received empirical vancomycin and
ceftazidime for presumed CRBSI. Blood cultures
grew methicillin-sensitive Staphylococcus lugdunensis.
Ceftazidime was discontinued, and she remained on
vancomycin with each dialysis session. Persistent
fever and severe back pain prompted computer-
ized tomography, which revealed spondylodiscitis
of the T10–T11 and L3–L4 spine. Transthoracic echo-
cardiogram showed no cardiac vegetations. Her fever

resolved, repeat blood cultures were negative, and her
back pain improved after 1 week. She was discharged
home to receive a 6-week course of intravenous
vancomycin with dialysis.
Six weeks later she reported poor appetite, weight

loss, and difficulty walking. Magnetic resonance
imaging showed worsening T10–T11 vertebral de-
struction and central stenosis. Repeat computerized
tomography showed a new vertebral fracture, pro-
gressive spondylodiscitis, and a paraspinal ab-
scess at the T11–T12 level, which was treated with
surgical debridement. Bone biopsy culture grew
S. lugdunensis, but blood cultures remained nega-
tive. Intravenous cefazolin was initiated for treat-
ment of the metastatic infection. Over the ensuing 3
months, the patient had recurrent admissions due to
severe back pain. She did not develop permanent
neurologic sequelae but required extensive rehabil-
itation, and she never recovered to her baseline
functional status. The CVC was maintained until it
became dysfunctional 9 months after the initial
diagnosis of CRBSI.

Discussion
The risk of CRBSI increases with the duration of

CVC dependence. A study of 472 patients initiating
hemodialysis with a CVC observed CRBSI in 35%,
54%, and 79% of patients at 3, 6, and 12 months,
respectively (3). The risk of CRBSI was not associated
with patient age, sex, race, diabetes, vascular disease,
heart failure, or CVC laterality. A subsequent study
reported that CRBSI was less likely in older patients
with a CVC (4). HIV-positive patients are not at
increased risk of developing CRBSI compared with
HIV-negative patients, but they are more likely to have
polymicrobial infections (5).
The clinical presentation of CRBSI is variable, with

fever and rigors occurring most frequently. In a series
of 184 patients with CRBSI, presenting symptoms
consisted of fever (with or without rigors) in 47% and
rigors alone in 33%. The remaining 20% had neither
fever nor rigors, but they exhibited other findings,
such as malaise, encephalopathy, hypotension, or exit
site drainage (6). Among patients with suspected
CRBSI, blood cultures confirm the diagnosis in
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60%–75% of patients. Approximately one third of
patients with CRBSI require hospitalization.
The majority (40%–80%) of CRBSIs are caused by a

Gram-positive organism, including coagulase-negative
Staphylococci, Staphylococcus aureus, and Enterococcus (2). A
broad spectrum of Gram-negative bacteria accounts for
20%–30% of patients. Staphylococcal CRBSIs are frequently
methicillin resistant. If CRBSI is suspected, empirical anti-
biotic coverage of both Gram-positive and Gram-negative
organisms with vancomycin and ceftazidime should be
initiated promptly after blood cultures have been ob-
tained (2). Peripheral blood cultures are frequently

impractical in patients on dialysis; blood cultures ob-
tained from the dialysis circuit or catheter lumen are an
acceptable alternative (7).
The severity of presentation and clinical consequences of

CRBSI are related to the infecting organism. In one large
series, hospitalization for CRBSI was required in 53%
of patients with S. aureus infection, 30% of those with
Enterococcus, 23% of those with Staphylococcus. epidermidis,
and only 17% of those with a Gram-negative bacteria (6).
Septic shock and metastatic infections were rare complica-
tions, most often observed in patients with S. aureus CRBSI.
In another study of 113 patients with S. aureus CRBSI, 10%

Systemic antibiotic

Ceftazidime 1 gm immediately after HD

Cefazolin 2 gm immediately after HD

Vancomycin/ceftazidime/heparin: Vancomycin (1 mL
of 5 mg/mL in normal saline solution) plus ceftazidime
(0.5 mL of 10 mg/mL in normal saline solution) plus
heparin (0.5 mL of 1,000 units/mL solution)

Ceftazidime/heparin: Ceftazidime (1 mL of 10 mg/mL
in normal saline solution) plus heparin (1 mL of 1,000
units/mL solution)

Cefazolin/heparin: Cefazolin (1 mL of 20 mg/mL
in normal saline solution) plus heparin (1 mL of 1,000
units/mL solution)

Vancomycin/heparin: Vancomycin (1 mL of 5 mg/mL
in normal saline solution) plus heparin (1 mL of 1,000
units/mL solution)

Vancomycin 1 gm infused over the last hour of HD,
or daptomycin 9 mg/kg over the last 30 minutes of HD

Daptomycin 9 mg/kg given over the last 30 minutes
of HD may be used as an alternative to vancomycin
in vancomycin-allergic patients or in cases of 
vancomycin-resistant enterococci (VRE)

Vancomycin 20 mg/kg loading dose infused over the
last one to two hours of hemodialysis (HD) and
ceftazidime 1 gm immediately after HD

Gentamicin 1 mg/kg following HD may be used as
an alternative to ceftazidime, but carries a substantial
risk of ototoxicity

Continue vancomycin 1 gm over the last hour of each
subsequent HD session and ceftazidime 1 gm
immediately after HD while awaiting blood culture
results and antibiotic sensitivities

*MRSA infections that are consistent with uncomplicated CRBSI may be treated with systemic antibiotics in conjunction with an antibiotic catheter lock and
do not necessarily require catheter removal or exchange. The authors recommend using clinical judgment based on the patient’s clinical status and local
antibiogram results to determine appropriate catheter management8.

Empiric antibiotics

Gram negative bacteria

Methicillin sensitive
Staphylococcus aureus

Methicillin resistant
Staphylococcus aureus

Catheter lock

Obtain blood cultures from the catheter lumen and the dialysis
circuit and start empiric antibiotics

Antibiotic management Catheter management

Suspected catheter-related bloodstream infection

• Temperature ≥ 37.8° C • Rigors • Tunnel or exit site purulence

Uncomplicated CRBSI

• Responds quickly to empiric
  antibiotics
• No evidence of metastatic
  infection

• Hemodynamically stable

2-3 weeks of tailored systemic
antibiotics with catheter lock

or
4 weeks of tailored systemic

antibiotics with
catheter lock if MRSA*

6-8 weeks of tailored systemic
antibiotics

Complicated CRBSI

• Hemodynamic instability

• Persistent fever and/or
  bacteremia despite appropriate
  antibiotic therapy

• Evidence of metastatic infection
  (endocarditis, epidural abscess,
  osteomyelitis, septic arthritis)

Keep catheter if:

• Rapid improvement after
  empiric antibiotics
• No hemodynamic stability
• No evidence of metastatic
  infection

Presentation is consistent
with uncomplicated CRBSI:

Presentation is consistent
with complicated CRBSI:

Remove catheter if:

• Severe sepsis
• Hemodynamic instability
• Evidence of tunnel or
  exit site infection
• Persistent fever and/or
  bacteremia 48-72 hours
  after starting tailored
  antibiotics
• Resistant pathogens
  (S. aureus*, fungal or
  multidrug resistant
  organisms)

Presentation is consistent
with complicated CRBSI but
patient has limited vascular

access options and is:

Exchange catheter if:

• Afebrile 48-72 hours after
  starting tailored antibiotics
• Hemodynamically stable
  after treatment initiation
• No evidence of tunnel or
  exit site infection

Figure 1. | Recommended algorithm for the diagnosis and treatment of dialysis catheter-related bloodstream infections (CRBSIs). MRSA,
Methicillin-sensitive Staphylococcus aureus; S. aureus, Staphylococcus aureus.
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developed metastatic infection, including endocarditis, os-
teomyelitis, or septic arthritis (8). Notably, these compli-
cations occurred almost exclusively in patients whose fever
persisted 48 hours after antibiotic initiation. In a subsequent
series of 64 patients with Enterococcus CRBSI, metastatic in-
fection occurred in only 6% (9).

Uncomplicated CRBSI
Our first patient responded quickly to systemic antibi-

otics and did not develop metastatic infection. For uncom-
plicated CRBSI, 2–3 weeks (4 weeks for S. aureus) of
systemic antibiotics tailored to the reported sensitivities are
generally sufficient to treat the infection. Adjuvant antibi-
otic lock with the same antibiotic may be used to eradi-
cate catheter biofilm and permit effective clearance of the
organism while allowing for salvage of the CVC.

Complicated CRBSI
Our second patient developed metastatic infection from

S. lugdunensis, a unique coagulase-negative Staphylococci
with virulence similar to that of S. aureus, and it is always
considered a pathogen. Treatment of complicated CRBSI
with sepsis, persistently positive blood cultures, or meta-
static infection (e.g., endocarditis, septic arthritis, epidu-
ral abscess, or osteomyelitis) requires a longer course
of antibiotics (6–8 weeks) compared with uncomplicated
CRBSI; b-lactams (bactericidal) are superior to vancomycin
(bacteriostatic) for treating methicillin-sensitive S. aureus
infections and should be given preferentially, especially in
patients with metastatic infection (10). Experts recommend
catheter removal in the setting of hemodynamic instability,
candidemia, resistant microorganisms, or metastatic infec-
tions (5%–10% of patients) (2). Catheter exchange with
creation of a new tunnel if there is evidence of exit site
infection is a reasonable alternative to catheter removal in
certain patients needing to preserve the catheter site due to
limited vascular access options. In the second patient, the
patient should have been treated with a b-lactam on first
diagnosis on the basis of culture sensitivities; likewise,
the catheter should have been removed or exchanged after
she was found to have a metastatic infection. An earlier
orthopedic intervention may have also helped.

Conclusions
CRBSI is a frequently encountered complication of hemo-

dialysis catheters. The likelihood of developing CRBSI at just 6
months of catheter use exceeds 50%. Although complicated
CRBSI is relatively rare, hospitalization, infectious disease
consultation, a search for metastatic complications, and a
systematic treatment strategy minimize the risk of severe and

potentially life-threatening consequences (Figure 1). After
blood cultures have been obtained from a patient with
suspected CRBSI, initial therapy should include broad
spectrum antibiotic coverage until blood culture growth
and sensitivities are available. A relatively short (2–3 week)
course of tailored systemic antibiotics with an adjuvant
antibiotic catheter lock is reasonable in uncomplicated
CRBSI. A longer (6–8 week) course of tailored antibiotic
therapy with catheter removal or exchange is more appro-
priate in patients with complicated CRBSI.
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