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SCOPE: CVC infection
•When to salvage the catheter?
•When…….

•How to salvage the catheter? 
•When is not possible salvage 
catheter?

ever possible
•When to salvage the catheter?
•When…….ever possible
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Exit site infection
• Hyperemia and induration ≤2 cm from exit site

Mermel LA, et al. Clin Infect Dis. 2009;49(1):1-45; 
Böhlke M, et al. J Vasc Access 2015;16(5):347-355, Miller LM, et al. Can J Kidney Health Dis 2016;3:1-11.

• Obtain culture
• Non-tunneled catheter: systemic 

antibiotics (5-7 days) to cover 
Gram-positive organisms ± 
catheter removal (if possible)

• Tunneled catheter: systemic 
antibiotics (5-7 days) to cover 
Gram-positive organisms
• Catheter removal: no resolution of the infection despite 

systemic antibiotics
• In my practice: extend antibiotics to 2-3 weeks
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Tunneled infection
• Tenderness and hyperemia 

that extends >2 cm from the 
exit site and along the 
subcutaneous tunnel

• Obtain culture
• Systemic antibiotics to cover 

both Gram-positive and Gram-
negative organisms (10-14 
days) 

• Catheter removal: always 
remove??
• In my practice: try to salvage, 

not exchange over guide wire
Mermel LA, et al. Clin Infect Dis. 2009;49(1):1-45, Miller LM, et al. Can J Kidney Health Dis 2016;3:1-11.
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Catheter-related blood stream 
infection (CRBSI)

• 2 blood cultures from…
• 1 (or 2) dialysis catheter and  

1 peripheral site OR
• 2 dialysis catheter 10-15 min 

apart
• Diagnosis: cultures from 

catheter with growth of 
microorganism…
• at least 3 times higher 

number of colonies, OR 
• at least 2 hr earlier

Fever/chills
Exit site/tunnel infection
Others

60-80%

25%

5%

•Hemodynamic instability
•Altered mental status
•Nausea/vomiting

Mermel LA, et al. Clin Infect Dis. 2009;49(1):1-45, Sychev D, et al. Semin Dial. 2011;24(2):239-241.
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Epidemiology and microbiology 
of CRBSI

• CRBSI: 1.1 to 5.5 episodes per 1,000 catheter-
days 
= 1 case every 6 to 30 month

• Microbiology:
• Coagulase-negative staphylococci (including 

Staphylococcus epidermidis): 32-45% 
• Staphylococcus aureus: 22-29%
• Gram-negative bacteria: 21-30%
• Enterococci: 9-13%

Dopirak M, et al. Hosp Epidemiol. 2002;23(12):721-724, Taylor G, et al. Am J Infect Control. 2004;32(3):155-160,
Klevens RM, et al. Semin Dial. 2008;21(1):24-28, Hannah EL, et al. Infect Control Hosp Epidemiol. 2002;23(9):538-541.

7

Antimicrobial therapy
• Empirical therapy

• Vancomycin 0.5-1 gm IV during the last 30 min of dialysis 
session (or after dialysis) for Gram-positive

   + Ceftazidime 2 gm IV after dialysis for Gram-negative 
• Negative culture - stop antibiotics
• Positive culture - tailored therapy

• Methicillin-sensitive Staphylococcus - cefazolin 2-3 gm IV after 
dialysis for 2-3 weeks (S. epidermis) and 4-6 weeks (S. aureus)

• Gram-negative - continue ceftazidime for 2-3 weeks 

Barth RH, et al. Kidney Int.1996;50(3):929, Mermel LA,et al. Clin Infect Dis. 2009;49(1):1, 
Marx MA, et al. Am J Kidney Dis. 1998;32(3):410, Stryjewski ME, et al. Clin Infect Dis. 2007;44(2):190.
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Table 3. Clinical outcomes and MICs for methicillin-susceptible
Staphylococcus aureus strains recovered from patients who had
been mainly treated with vancomycin.

MIC of
vancomycin, mg/mL

No. (%) of patients

Cure Treatment failurea

0.5 20 (37.7) 7 (30.4)
1 31 (58.5) 15 (65.2)
2 2 (3.8) 1 (4.4)

a Data were available for 23 of 24 strains.

Table 4. Bivariable and multivariable analysis for clinical variables associated with
treatment failure at 12 weeks.

Variable

Bivariable analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Age 150 years 0.79 (0.35–1.81) .58 …
Male sex 1.98 (0.86–4.55) .11 …
APACHE II score 120 1.43 (0.59–3.50) .42 …
Vancomycin as principal therapy 3.02 (1.13–8.08) .02 3.53 (1.15–13.45) .04
Retention of hemodialysis accessa 5.08 (1.95–13.24) !.01 4.99 (1.89–13.76) .001

a Data were available for 112 patients, regardless of the source of infection status.

tical significance (table 2). Variables associated with treatment
failure in the bivariable analysis were retention of hemodialysis
access (OR, 5.08; 95% CI, 1.95–13.24) and use of vancomycin
as the predominant antibiotic regimen (OR, 3.02; 95% CI, 1.13–
8.08). In the multivariable analysis, both retention of hemo-
dialysis access (OR, 4.99; 95% CI, 1.89–13.76) and the use of
vancomycin as the predominant antibiotic (OR, 3.53; 95% CI,
1.15–13.45) were associated with treatment failure (table 4).
No significant interactions between variables in the final model
were detected. To adjust for patient comorbidity, an APACHE
II score 120 was incorporated into the model with the use of
vancomycin as the predominant antibiotic and retention of
hemodialysis access. Inclusion of the APACHE II score did not
affect the model or the predictive variables.

DISCUSSION

Vancomcyin is widely used for empirical treatment of hemodi-
alysis-dependent patients with suspected gram-positive bacter-
emia. Many physicians continue to administer vancomycin as
the principal antibacterial treatment for confirmed MSSA bac-
teremia. Clinical data suggesting that vancomycin is inferior to
b-lactams to treat MSSA infection come from studies involving
populations with different comorbidities [12–14, 16, 17]. There-
fore, clinical outcomes associated with vancomycin use for the
treatment of MSSA bacteremia in well-defined patient groups
remain unclear. This study, which included a prospective and
homogeneous cohort of hemodialysis-dependent patients with
MSSA bacteremia, provides important observations.

First, the use of vancomycin as the predominant antibacterial
therapy was associated with higher rates of treatment failure at
12 weeks. In our cohort, almost one-third of patients receiving
vancomycin experienced treatment failure. Importantly, van-
comycin was identified as an independent risk factor for treat-
ment failure even after adjustment for confounders, such as
access removal. This finding is consistent with prior reports
suggesting that vancomycin is a suboptimal agent for treatment
of severe MSSA infection [13, 14, 16, 17]. Other investigations
have found vancomycin therapy to be associated with inferior
clinical outcomes in the treatment of patients with MSSA bac-
teremia. For example, Chang et al. [13] showed that vanco-
mycin therapy was independently associated with relapse in a
subgroup of patients with S. aureus bacteremia. Similarly, Gon-

zalez et al. [14] found that vancomycin was associated with
higher mortality in patients with bacteremic S. aureus pneu-

monia, although only 10 cloxacillin recipients were included
in the comparison. However, unlike these previous studies, our
investigation involved a large, homogeneous cohort of he-
modialysis-dependent patients with MSSA bacteremia. Impor-
tantly, inadequate empirical therapy was eliminated as a po-
tential confounder in our study, because all strains of S. aureus
were susceptible to the initially administered antibiotics.

In agreement with other investigations [7–9], our study sug-
gests that cefazolin therapy is safe and effective for the treatment
of MSSA infection in patients undergoing hemodialysis. Im-
portantly, patients who received cefazolin as their principal
antibacterial therapy had superior outcomes, despite the fact
that these patients tended to be older and had more metastatic
infections at presentation than did patients who were treated
with vancomycin. Interestingly, these results also suggest that
physicians administered cefazolin to patients whom they be-
lieved to be at high risk of having adverse outcomes.

Hemodialysis access retention was independently associated
with treatment failure, regardless of the antibiotic therapy. This
finding is in agreement with several clinical studies, indicating
that removal of the vascular access is a key treatment factor
for most patients with S. aureus bacteremia [1, 13, 28–30]. In
the vast majority of our patients (∼90%), hemodialysis access
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Catheter salvage or removal
Removal

Risk of 
placement 

of new 
catheter

Cost of new 
catheter

Salvage
Complications 

from 
persistent 
infection: 

septic shock, 
metastatic 
infection
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Catheter management
(1) Leave the catheter in place without either replacing or 

instilling antibiotic lock — some expert think this is “not 
recommended”??

(2) Catheter removal, followed by placement of a temporary 
non-tunneled catheter
• Non-tunneled catheter - immediately remove (if possible)
• Tunneled catheter - fever ± bacteremia persist 48-72 hr 

after initiation of antibiotics, evidence of metastatic 
infection, infection with difficult-to-cure pathogens, such 
as S. aureus, Pseudomonas

(3) Exchange over guide wire
(4) Antibiotic lock

Rijnders BJ, et al. Intensive Care Med. 2004;30(6):1073, Miller LM, et al. Can J Kidney Health Dis 2016;3:1-11 
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Meta-analysis on management of hemodialysis 
catheter-related bacteremia

Aslam S, et al. J Am Soc Nephrol 2014;25:2927–2941.

staphylococcal versus nonstaphylococcal bacteremia (sub-
group analysis for S. aureus specifically did not find a differ-
ence as well). The cost of a guidewire exchange procedure is
expected to be significantly higher than antibiotic lock solu-
tion. Thus, it may be more cost-effective to treat certain or-
ganisms, such as CNS, with antibiotic lock solution upfront
and use guidewire exchange primarily for certain organisms,
such as GNRs or S. aureus. This use may lead to cost savings as
well as securing access sites in HD patients.

We acknowledge several limitations of our study. The
foremost limitation of the results of this meta-analysis is that
none of the included studieswereRCTs.Thisfinding highlights
the lack of RCTs in the field of HD CRB treatment, despite the
fact that it is a common clinical scenario. Furthermore,
observational cohorts and uncontrolled trials have inherent
biases on the basis of themethod and nature of data collection.
We noted significant heterogeneity of cure proportions within
each treatment group, although did adjust for it in our analysis
(overall: Q=127.2 [df=28], P,0.001, I2=80.0). We minimized

selection bias by using a predefined search
strategy with independent data selection
and extraction by two independent review-
ers without any language restrictions. Data
abstractors were not blinded to the au-
thors, affiliations, and journals, and thus,
there is potential for selection bias. There
was no evidence of publication bias for
studies included in the SABX group by
the funnel plot. However, for ABL and
GWX groups, cure rates tended to be
smaller for larger studies than smaller stud-
ies, indicating publication and/or selection
bias, with smaller studies with lower cure
rates possibly not published. We weighted
the analysis by study size so that any single
study would not be overrepresented. The
data were collected from numerous types
of studies, including some studies with a
primary purpose that was not to describe
treatment outcomes or all three treatments
that are under consideration in the meta-
analysis; thus, there is concern for potential
reporting bias. Assessment of study quality
did not reveal any study that had a high risk
of bias, although about one half of the stud-
ies fell in the moderate risk category.
Follow-up time differed between studies,
although it did not significantly affect the
results on the basis of sensitivity analysis.

Despite the above limitations, this study
is the only meta-analysis that we are aware
of that included data only from ESRD
patients with tunneled HDCRB and hence,
is very relevant to the target population and
question that we are trying to answer. There

is a great need for evidence-based practice in the clinical
management of CRB in HD patients, and this meta-analysis
highlights the need for head-to-head trials between the use of
antibiotic lock solution and guidewire exchange as well as
elucidation of the role that the infecting pathogen plays in the
success of a particular management strategy. Additional ques-
tions that require answers include information on the use of
sequential and/or combinations of different therapies as well as
optimal timing of an intervention, such as guidewire exchange.

We conclude that use of antibiotic lock solution or guide-
wire exchange leads to significantly higher success than
systemic antibiotics alone for treatment of CRB in ESRD
patients undergoing HD through a tunneled catheter. We were
unable to show a difference between the use of antibiotic lock
solution and guidewire exchange, most likely because of the
heterogeneitywithin the included studies; however, the studied
patient populations did mirror clinical situations and there-
fore, would be applicable to most ESRD patients that develop
HD CRB. Use of guidewire exchange is superior to the other

Figure 3. Success rates and 95% CIs for individual studies in the three treatment
groups. The vertical lines give the mean success rates (and 95% confidence bands;
shaded areas) for each group, taking into account within-group variation. We also
provide the numbers cured and total infected for each study and the duration of follow-
up in days. There were significant differences in cure proportions between ABL and
SABX (OR, 2.08; 95% CI, 1.25 to 3.45; P,0.01) and between GWX and SABX (OR,
2.88; 95% CI, 1.82 to 4.55; P,0.001). The difference between GWX and ABL was not
significant (OR, 1.39; 95% CI, 0.78 to 2.46; P=0.27).

J Am Soc Nephrol 25: 2927–2941, 2014 Catheter-Related Bacteremia 2937

www.jasn.org META-ANALYSIS

OR for cure = 2.08 
(95%CI, 1.25–3.45, 

p <0.01)

OR for cure = 2.88
(95%CI, 1.82–4.55, 

p <0.001)

 OR for 
cure = 1.39; 

95% CI, 
0.78–2.46; 

p=0.27
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Cure rates stratified by the type of pathogen

Aslam S, et al. 
J Am Soc Nephrol 2014;25:2927.
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Catheter management
• Exchange over guide wire

• Afebrile after 48 hr of antibiotic therapy
• Clinically stable
• No evidence of tunnel involvement

• Antibiotic lock
• Cefazolin 1 ml of 10 mg/ml in NSS + heparin 1 ml 

(1,000 units/ml)
• Ceftazidime 1 ml of 10 mg/ml in NSS + heparin 1 ml 

(1,000 units/ml)
• Vancomycin 1 ml of 5 mg/ml in NSS + heparin 1 ml 

(1,000 units/ml)
• Mixing solutions used for systemic administration

Poole CV, et al. Nephrol Dial Transplant. 2004;19(5):1237, 
Robinson D, et al. Kidney Int. 1998;53(6):1792, Allon M. Am J Kidney Dis. 2009;54(1):13. 
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When to salvage the catheter?
• Whenever possible; however, depends on catheter type and infection type
• Non-tunneled catheter

• Exit site infection — remove if possible depending on severity, can try to 
salvage with systemic antibiotics cover Gram-positive organisms for 7 days

• CRBSI — remove if possible (not try to salvage)
• Tunneled catheter

• Exit site infection — try to salvage with systemic antibiotics cover Gram-
positive organisms for 7 days

• Tunnel infection — try to salvage with systemic antibiotics cover Gram-
positive and Gram-negative organisms for 10-14 days

• CRBSI — try to salvage with systemic antibiotics ± antibiotic lock according 
to organisms for 2-3 weeks for S. epidermidis and Gram-negative and 4-6 
weeks for S. epidermidis
• S. aureus and Pseudomonas — usually, but not always, fail with salvage 
therapy

• Exchange over guide wire — afebrile, clinically stable, no tunnel infection 
• Catheter removal — fever persists 48-72 hr or metastatic infection
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Thank you for your attention
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