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Abstract

Background. Central venous catheters are frequently
needed for the provision of haemodialysis, but their
clinical usefulness is severely limited by infectious
complications. The risk of such infections can be
reduced by topical application of mupirocin to the exit
sites of non-cuffed catheters or by the use of tunnelled,
cuffed catheters. Whether mupirocin offers any addi-
tional protection against infection in patients with
tunnelled, cuffed haemodialysis catheters has not been
studied.
Methods. An open-label, randomized controlled trial
was performed comparing the effect of thrice-weekly
exit site application of mupirocin (mupirocin group)
vs no ointment (control group) on infection rates
and catheter survival in patients receiving haemo-
dialysis via a newly inserted, tunnelled, cuffed central
venous catheter. All patients were followed until
catheter removal and were monitored for the develop-
ment of exit site infections and catheter-associated
bacteraemias.
Results. Fifty patients were enrolled in the study. Both
the mupirocin (ns27) and control (ns23) groups
were similar at baseline with respect to demographic
characteristics, comorbid illnesses and causes of renal
failure. Compared with controls, mupirocin-treated
patients experienced significantly fewer catheter-
related bacteraemias (7 vs 35%, P-0.01) and a longer
time to first bacteraemia (log rank score 8.68, P-0.01).
The beneficial effect of mupirocin was entirely attrib-
utable to a reduction in staphylococcal infection
(log rank 10.69, Ps0.001) and was still observed
when only patients without prior nasal Staphylococcus
aureus carriage were included in the analysis (log
rank score 6.33, Ps0.01). Median catheter survival
was also significantly longer in the mupirocin group

(108 vs 31 days, log rank score 5.9, P-0.05).
Mupirocin use was not associated with any adverse
patient effects or the induction of antimicrobial
resistance.
Conclusions. Thrice-weekly application of mupirocin
to tunnelled, cuffed haemodialysis catheter exit sites is
associated with a marked reduction in line-related
sepsis and a prolongation of catheter survival.
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Introduction

Central venous catheterization is an established method
of providing rapid, temporary access for the pro-
vision of haemodialysis to patients with serious acute
or chronic renal failure. Unfortunately, the clinical
usefulness of this method is severely limited by the
frequent occurrence of bloodstream infections in
up to 40% of cases [1–7]. A number of randomized
controlled trials have convincingly demonstrated that
tunnelled, cuffed catheters are associated with a much
lower risk of bacterial colonization, exit site infection,
and bacteraemia compared with non-tunnelled and
non-cuffed devices [1,6,8,9]. The protective effect of
tunnelling and cuffing is postulated to be due to
a combination of prevention of bacterial migration
along the sinus tract and provision of more effective
catheter anchorage and immobilization [7].

Catheter-associated infection rates have also
recently been shown to be significantly reduced by
regular topical application of mupirocin to the exit
sites of non-cuffed, non-tunnelled haemodialysis can-
nulae [2,10]. Mupirocin is an antibiotic with activity
against Gram-positive organisms and is thought to
reduce device-related infections by preventing staphylo-
coccal exit site colonization [10]. There have been no
studies on the use of mupirocin in combination with
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tunnelled, cuffed catheters and it is, therefore, uncer-
tain whether a further reduction in infection rates
would be achieved beyond that afforded by tunnelled,
cuffed catheters alone. Moreover, the regular use of
mupirocin is not without risk, as it has been shown by
some authors to be associated with the appearance
of resistant staphylococcal strains [11,12].

The aim of the present study was to determine
the safety and efficacy of topical exit site application
of mupirocin in preventing infections secondary to
tunnelled, cuffed haemodialysis catheters.

Subjects and methods

Study population

All adult patients with acute or chronic renal failure who
required haemodialysis via a newly inserted tunnelled, cuffed
central venous catheter at the Princess Alexandra Hospital
were invited to participate in the study. Informed consent
was obtained from all patients prior to their inclusion in the
trial and the study protocol was reviewed and approved by
the Princess Alexandra Hospital Research Ethics Committee.

Study design

The study was a prospective, open-label, randomized, con-
trolled trial. Patients who were enrolled in the study
were randomly assigned to receive either topical 2% calcium
mupirocin ointment (Bactroban, SmithKline Beecham
Pharmaceuticals, Australia; mupirocin group) or no oint-
ment (control group) in addition to standard exit site care
and 10% povidone iodine disinfection. The randomization
was performed using sequentially numbered, opaque, sealed
envelopes. The sequence of interventions was obtained from
a computer-generated random number list.

All patients underwent ultrasound-guided placement of
a subcutaneously tunnelled, internal jugular venous haemo-
dialysis catheter (PermCath, Quinton Instrument Company,
Seattle, WA, USA) by dedicated vascular access surgeons
according to the method described by Schwab et al. [7].
Prophylactic pre-operative antibiotics were not prescribed.
All catheters received 10% povidone iodine disinfection at
the site of insertion and were covered by an opaque, air-
permeable, non-woven fabric dressing (Primapore, Smith
& Nephew, Sydney, Australia). Chest radiographs were
obtained after insertion to confirm the position of the
catheter tip in the superior vena cava. Central venous
catheters were dedicated to haemodialysis use and were not
accessed for other purposes. Subsequent catheter site care
was performed by trained haemodialysis registered nurses
using a rigorous aseptic technique. Primapore dressings were
changed thrice-weekly at each haemodialysis treatment and
the sites were recleansed with 10% povidone iodine solution.
Patients allocated to the mupirocin group additionally
received approximately 10 mm of mupirocin ointment
squeezed directly on to their exit sites from a 15 g tube with
an outlet diameter of 5 mm. At the completion of each
haemodialysis treatment, sodium heparin (1000 Uuml) was
injected into each lumen in a volume equivalent to the
priming volume of the catheter.

At the time of inclusion in the study, demographic and
clinical data were recorded. Patients had their anterior nares

cultured for Staphylococcus aureus, but identified nasal
carriers were not treated. Patients were followed up until
the catheter was removed. The primary outcome measures
were exit site infection, catheter-related bacteraemia and
adverse reactions (primarily mupirocin resistance amongst
staphylococcal isolates).

Definitions

Catheter-related infections were defined according to stand-
ard guidelines [1,13,14]. Exit site infection was defined as
purulent exit site discharge or two out of three of exit site
eythema, tenderness and induration with a positive culture.
Catheter-associated bacteraemia was defined as either: (i) a
single positive blood culture together with a positive culture
of the catheter tip or exit site with an identical organism, or
(ii) two or more positive blood cultures (or a single positive
blood culture for S. aureus) with no evidence of infection
source other than the device.

Microbiology

Exit site swabs were obtained using sterile, premoistened
calcium alginate swabs in all suspected cases of exit site
infection (erythema, tenderness, induration, or discharge).
The swabs were streaked onto plates containing blood
agar, colistin-nalidixic acid agar, McConkey’s media, and
mannitol-salt agar. All cultures were incubated at 358C for
48 h and examined daily for growth. Patients with suspected
bacteraemia (fever greater than 388C, rigors, leukocytosis, or
clinically unwell) were investigated with exit swabs and at
least two sets of blood cultures (20 ml). Staphylococcal isol-
ates were routinely screened for mupirocin resistance by
agar dilution in which samples were streaked on plates con-
taining 1 mguml mupirocin. The microbiologists processing
the specimens were blinded to the patient’s allocation group.

In cases of probable or definite catheter-associated bac-
teraemia, the catheter was removed and the tip sent for
microbiologic culture. Approximately 50 mm of catheter tip
was rolled across chocolate agar plates and processed
according to the semiquantitative method of Maki et al.
[14]. Catheter colonization was defined as the recovery of
greater than 15 colony-forming units.

Statistical analysis

Normality of data was evaluated by the Kolmogorov–
Smirnov test with Lilliefor’s correction. Results are expressed
as mean"SEM for continuous parametric data, median
(interquartile range) for continuous non-parametric data,
and frequencies and percentages for categorical data.
Comparisons between the control and mupirocin groups
were performed using Student’s t-test or the Mann–Whitney
U test, depending on data distribution. Differences in
proportions were evaluated by x2 or Fisher’s exact tests.
Infection-free survival curves, survival probabilities, and
estimated mean survival times were generated according to
the Kaplan–Meier method. Differences in the survival curves
between the two groups were evaluated using the log rank
test. A multivariate Cox’s proportional hazards model was
also applied, which included mupirocin administration, age,
sex, race, body mass index, diabetic status, prior immuno-
suppression, acuity of renal failure, and serum albumin as
covariates. All data were analysed on an intention-to-treat
basis using the statistical software package SPSS release
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version 10.0.5 (SPSS Inc., Chicago, IL, USA). P values less
than 0.05 were considered significant.

Power calculations for the infection-free survival analyses
were performed using the software package PS version 1.0.17
(Vanderbilt University Medical Center, Nashville, TN,
USA). It was estimated that the study had adequate
statistical power (90% probability) to detect at least a
doubling in mean catheter-associated infection-free survival
from a control level of 50 days, assuming as0.05, if 46
patients were recruited in the study (23 in each group).

Results

Patient characteristics

A total of 50 patients required insertion of tunnelled,
cuffed central venous catheters for the provision of
haemodialysis at the Princess Alexandra Hospital
between 1 August 1999 and 31 May 2001. All patients
agreed to participate in the study and none were lost to
follow-up. Twenty-three patients were randomly
allocated to the control group, whilst 27 patients
received mupirocin. There were no significant
differences between the two groups with respect to
their baseline characteristics (Table 1).

Exit site infections

Exit site infections were observed in five controls (6.6
episodes per 1000 catheter-days) and no mupirocin-
treated patients (P-0.05). The time to first exit site
infection was significantly shorter in the control group
than in the mupirocin group (log rank 7.3, P-0.01)
(Figure 1). The organisms responsible for exit site
infection in the control group were S. aureus (ns4)
and Pseudomonas aeruginosa (ns1). Four of the
five exit site infections (80%) were accompanied by
bacteraemia.

Bacteraemia

Catheter-associated bacteraemias were observed more
frequently in controls (ns8, 35%) than in mupirocin-
treated patients (ns2, 7%, P-0.01). The incidences
of bacteraemia were 10.5 and 1.6 episodes per 1000
catheter-days, respectively. Mupirocin treatment was
associated with an odds ratio for bacteraemia of 0.15
(95% CI 0.03–0.80). The number needed to be treated
with mupirocin to prevent one episode of bacteraemia
was 3.7. Mupirocin significantly increased the median
bacteraemia-free survival from 55 to 108 days (log rank
score 7.0, P-0.01) (Figure 2). Staphylococcus aureus
septicaemia accounted for half of the bacteraemias
in the controls (ns4), but was not observed

Table 1. Baseline patient characteristics

Characteristic Control
(ns23)

Mupirocin
(ns27)

Age (years) 56.6"2.9 53.8"3.6
Female sex 61% 44%
Caucasoid race 83% 89%
Body mass index (kgum2) 26.4"1.4 28.6"1.7
Serum albumin (gul) 31.8"0.8 31.9"0.8
Serum ferritin (mgul) 322"59 343"51
Diabetes mellitus 43% 37%
Symptomatic vascular disease 48% 41%
Prior immunosuppression 22% 22%
Prior catheter use 13% 11%
Nasal staphylococcal carriage 26% 22%

Catheter indication
Acute temporary dialysis 22% 19%
Commencing chronic dialysis 26% 32%
Clotted vascular access 26% 19%
Failed peritoneal dialysis 25% 26%
Permanent access 0% 4%

None of the differences between the groups was statistically different.

Fig. 2. Cumulative hazard plot of catheter-associated bacteraemias.
The difference between the mupirocin and control groups was
statistically significant (log rank score 7.0, P-0.01). The number
of patients at risk within each group is indicated beneath the
corresponding time periods on the x-axis.

Fig. 1. Cumulative hazard plot of exit site infections. The difference
between the mupirocin and control groups was statistically signific-
ant (log rank score 7.3, P-0.01). The number of patients at risk
within each group is indicated beneath the corresponding time
periods on the x-axis.
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in mupirocin-treated patients (ns0). The other organ-
isms identified in the control group included
Enterobacter cloacae (ns1), Enterobacter aerogenes
(ns1), P. aeruginosa (ns1), and Staphylococcus
epidermidis (ns1), whilst the organisms in the mupiro-
cin group were P. aeruginosa (ns1) and a Rhodococcus
species (ns1). Exit site infections accompanied half
of the bacteraemic episodes in controls, but none of
the episodes in mupirocin-treated patients.

When the results for bacteraemias and exit site
infections were combined, median infection-free sur-
vival was significantly increased in the mupirocin
group (108 vs 55 days, log rank score 8.7, P-0.01).
One episode of catheter-associated infection was pre-
vented for every 3.1 patients treated with mupirocin.
On multivariate Cox proportional hazards model
analysis, mupirocin administration was a significant
predictor of infection-free survival (adjusted hazard
ratio 0.02, 95% CI 0.00–0.39, P-0.01) independent of
age, sex, race, body mass index, diabetic status, prior
immunosuppression, acuity of renal failure, and serum
albumin. The improved infection-free survival was
primarily explained by a reduction in staphylococcal
infection (log rank score 10.7, Ps0.001). The occur-
rence of non-staphylococcal infection was not different
between the two groups (log rank score 0.7, Ps0.4).

Twelve patients harboured S. aureus in their anterior
nares at the commencement of the study (six in each
group). Mupirocin use tended to be associated with a
reduced occurrence of catheter-related sepsis in nasal
staphylococcal carriers (0% mupirocin vs 50% controls,
Ps0.09) and with a prolonged time to first infection
(log rank score 3.2, Ps0.07). Patients who did not
have nasal colonization with staphylococci at baseline
exhibited a lower frequency of catheter-associated
infection (10 vs 26%, Ps0.06) and a significantly
increased time to first infection (log rank score 6.3,
Ps0.01) if they were allocated to the mupirocin rather
than control groups.

Catheter survival

Tunnelled, cuffed central venous catheters were
removed prematurely in 13 (57%) controls and five
(19%) mupirocin-treated patients (P-0.01, odds ratio
0.18 mupirocin vs controls, 95% CI 0.05–0.63). The
median catheter survivals, censored for end of treat-
ment, in the control and mupirocin groups were 31 and
108 days, respectively (log rank score 5.9, P-0.05)
(Figure 3). Infection was the major reason for pre-
mature removal (39 vs 7%, respectively, P-0.01). The
other reasons for removal included catheter throm-
bosis (9 vs 7%, PsNS), cracking (4 vs 0%, PsNS),
and inadvertent patient removal (4 vs 4%, PsNS).

Adverse reactions and costs

No local or systemic adverse reactions to mupirocin
ointment were observed during the period of the study.
Mupirocin-resistant staphylococcal isolates were not
detected.

The median cost of exit site application for the
average life of a catheter was $7.50 US per patient.
This compared favourably with the median costs of
reinserting a new tunnelled, cuffed catheter follow-
ing premature catheter removal (catheter, surgeonu
anaesthetistutheatre fees, fluoroscopy—$824 US per
catheter) and therapy for catheter-related septicaemia
(hospitalization, medications, investigation—$1744 US
per episode).

Discussion

The present study demonstrated for the first time that
regular, three times a week, topical exit site application
of 2% calcium mupirocin ointment was safe and sub-
stantially reduced the risk of catheter-related infections
and premature catheter removal in patients with
tunnelled, cuffed haemodialysis catheters. This benefit
was entirely explained by a reduction in staphylococcal
infection rates and was able to be demonstrated even
in patients who were not nasal carriers of S. aureus at
the time of catheter insertion.

Our results are similar to a previous study by Sesso
et al. [2] involving chronic renal failure patients with
non-cuffed, non-tunnelled haemodialysis catheters in
whom topical mupirocin prophylaxis reduced S. aureus
bacteraemia rates from 8.9 to 0.7 episodes per 1000
patient-days. Unfortunately, a significant limitation
of that study was the applicability of their findings
to patients with tunnelled, cuffed catheters. Numerous
randomized controlled trials [6,8,9] and a meta-
analysis [1] have clearly demonstrated that cuffing
and tunnelling of central venous catheters result
in a significant 44–77% reduction in the risk of
catheter-related sepsis compared with catheters that

Fig. 3. Kaplan–Meier curve for catheter survival. The difference
between the mupirocin and control groups was statistically
significant (log rank score 5.9, P-0.05). The number of patients at
risk within each group is indicated beneath the corresponding time
periods on the x-axis.
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are not cuffed or tunnelled. This risk reduction may
occur as a result of both improved catheter stability
and impeded migration of bacteria from the cutaneous
exit site to the venous entry site. Although such an
effect could potentially have negated the beneficial
impact of mupirocin on catheter-related sepsis, our
study has clearly demonstrated that this is not the case.

Mupirocin also conferred considerable protection
against bacteraemia in patients who were not nasal
carriers of S. aureus, with one episode prevented for
every 6.7 such patients treated. Nasal staphylococcal
colonization has been shown to be associated with at
least a 3-fold increased risk of S. aureus infection in
both haemodialysis and peritoneal dialysis patients [4].
Moreover, eradication of nasal carriage by local
mupirocin application was reported in one study of
chronic haemodialysis patients to promote a 4-fold
reduction in S. aureus bacteraemia compared with
historical controls [4]. In the present study, the odds
ratio for staphylococcal infections in patients who were
not nasal carriers was 0.26. Despite their lower risk of
staphylococcal sepsis, mupirocin prophylaxis was still
effective in this population.

The incidence of catheter-related bacteraemia in the
study control group (10.5 episodesu1000 catheter-days)
was somewhat higher than has been reported in other
series [3,5,7,15–17], where the observed occurrence
rates have ranged between 1.0 and 5.5 episodesu1000
catheter-days. This may have been related to the fact
that the study was performed in sub-tropical condi-
tions and included a larger number of ‘high-risk’
patients, such as those with diabetes mellitus (44%),
recent (O1 month) infections (24%), acute renal failure
(20%), nasal staphylococcal carriage (24%), and recent
immunosuppressive therapy (22%). In addition, the
relatively prompt removal of uninfected catheters in
our study due to early completion of temporary access
therapy (i.e. maturation of permanent vascular access
or recovery of acute renal failure) would have tended
to relatively inflate our infection rate, when expressed
per 1000 catheter-days, due to the fact that catheter-
associated infections are more likely to occur shortly
after catheter insertion. Thus, when catheter-associated
bacteraemias were alternatively expressed as time to
first episode, the median time interval between catheter
insertion and onset of infection in our control patients
(55 days) was comparable with that reported by
Beathard [16] (62 days), despite a sizeable observed
variation in bacteraemic episodes per 1000 catheter-days
(10.5 vs 3.4, respectively). The similarity in reported
infection-free survival between our control patients
and this recent, large series of haemodialysis patients
with tunnelled, cuffed catheters suggests that the
results obtained with topical mupirocin prophylaxis
should be generalizable to other dialysis units.

Two potential weaknesses of the trial were its open-
label design and the failure to use placebo ointment in
the control group. Placebo ointment was intentionally
avoided because it was reasoned that such a prepara-
tion may have promoted infection by providing a
favourable culture medium, thereby necessitating an

additional (untreated) control group and decreasing
the feasibility of performing the study. The subsequent
lack of blinding could have potentially introduced
co-intervention and observer bias. For example,
Wagman et al. [18] showed an 8-fold higher rate of
infections associated with tunnelled, cuffed catheters
managed outside study protocol compared with those
managed using the technique required by the study.
Such protocol deviations were strictly avoided in the
present study by ensuring that nursing staff adhered
to a standardized exit site care protocol and carefully
documented their actions at each dressing change.
Moreover, observer bias was minimized by the use
of clearly defined, objective outcome measures and
by blinding microbiology laboratory staff proces-
sing culture samples to the patient’s study group
assignment.

This study has important implications for the
management of haemodialysis patients with temporary
haemodialysis catheters. Such patients account for
6% of all haemodialysis patients in Australia [19] and
are at great risk of morbidity and mortality from
catheter-related sepsis. Although some papers have
reported the development of mupirocin resistance
following routine prophylactic use of this antimicro-
bial agent, particularly for dermatologic indications
[12], most studies [20], including ours, have not found
antimicrobial resistance to be a significant problem in
dialysis populations. Nevertheless, routine surveillance
of staphylococcal isolates for mupirocin resistance
would be prudent in units where topical mupirocin
prophylaxis is employed.

In conclusion, the present investigation demon-
strated that the application of 2% calcium mupirocin
ointment to the exit sites of tunnelled, cuffed haemo-
dialysis catheters, in addition to standard disinfection
with 10% povidone iodine, significantly prolonged
catheter survival and reduced the incidence of exit site
infection and catheter-associated bloodstream infec-
tion. The reduction in device-related sepsis was due to
a decreased risk of S. aureus infection, whilst the risk
of non-staphylococcal infection was unaltered. The
benefit of mupirocin prophylaxis was not restricted to
nasal carriers of S. aureus. Although additional studies
are warranted to confirm these findings, mupirocin
chemoprophylaxis appears to be a safe and highly cost-
effective infection control strategy in patients with
tunnelled, cuffed haemodialysis catheters.
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