ADULT INFECTIOUS DISEASE NOTES

Central venous catheter-associated bloodstream
infections in hemodialysis patients:
Another patient safety bundle?

B Lynn Johnston MD', John M Conly MD?

n a previous issue of The Canadian Journal of Infectious

Diseases & Medical Microbiology, we reviewed the ‘Safer
Healthcare Now!” campaign’s focus on reducing central venous
catheter (CVC)-associated bloodstream infections (BSIs) as a
way of improving patient safety (1). This initiative is focused
on preventing CVC-associated BSls in intensive care units.
However, other patient groups are also at risk for CVC-related
BSIs, suggesting that there are other individuals who would
benefit from preventive efforts. A 1996 hospital-wide survey of
nosocomial bacteremia in an Israeli university hospital (2)
found that 9% of infected patients were on chronic hemodialy-
sis. Surveillance in 73 hospitals in England between 1997 and
2001 found a CVC BSI rate of 21/1000 nephrology patients at
risk who were hospitalized in teaching hospitals (3). This rate
was similar to that found in special care neonatal units,
although not quite one-half that of patients in a general inten-
sive care unit. In a population-based survey performed in the
Calgary Health Region from 2000 to 2002 (4), hemodialysis
(HD) posed the greatest risk (RR 208.7; 95% CI 142.9 to
296.3) for acquiring severe BSI.

The Canadian Organ Replacement Register is the national
information system on renal failure and renal dialysis activities
in Canada. It reports that between 1993 and 2002, there was a
55% increase (from 102 patients/million population to
158 patients/million population) in the rate of incident end-
stage renal disease (ESRD) patients requiring renal replace-
ment therapy (5). This rate is approximately one-half of that
reported from the United States (5). Hemodialysis was the pre-
dominant renal replacement therapy for new ESRD in 2002 in
Canada, with 80% of these patients started on HD, compared
with 63% in 1993 (5). In terms of absolute numbers,
1822 patients began HD in 1993 and 3945 began this treat-
ment in 2002, for a total of 17,116 patients registered as being
on dialysis —a 111% increase from 1993 (5). A CVC served as
the access type for 37% of patients in 2002 (5). It is clear from
these numbers that a great many Canadians are at risk for
HD-related BSI and that this number will only increase as the
population ages.

The occurrence of bacteremias over a six-month period in
chronic HD patients in 19 dialysis units in France was studied
prospectively in 1994 (6). Most patients attended hospital
dialysis centres (both university and nonuniversity affiliated).

The incidence of bacteremic episodes was 0.93/100 patient-
months and the predominant pathogens were Staphylococcus
aureus and coagulase-negative staphylococci (20 and 15 of
51 bacteremias, respectively). Independent risk factors for bac-
teremia were type of vascular access, history of bacteremia, cor-
puscular hemoglobin and immunosuppressive therapy.
Prospective BSI surveillance in 11 adult Canadian HD units
was performed from December 1998 to May 1999, involving
133,158 HD procedures and 316,953 patient-days (7). The BSI
rate was found to be 1.4/1000 procedures (0.6/1000 patient-
days), ranging from 0.2/1000 procedures with arteriovenous
(AV) fistulae to 3.1/1000 procedures for tunnelled and
5.2/1000 procedures for nontunnelled CVCs. A substudy of
patients starting HD with a new CVC in nine of these units
found a somewhat higher rate of BSI at 11.97/10,000 patient-
days and 28.81/10,000 dialysis procedures (8). The risk of BSI
was significantly higher for patients dialyzed through cuffed
(RR 8.49; 95% CI 3.03 to 23.78) and uncuffed (RR 9.87; 95%
CI 3.46 to 28.20) CVCs as compared with an AV fistula, with
no excess risk for dialysis through an AV graft (RR 1.47; 95%
CI 0.36 to 5.96). Other risk factors for BSI, on multivariable
analysis, were previous BSI, patient hygiene and superficial
access-site infection. S aureus and coagulase-negative staphylo-
cocci each accounted for 36% of the BSIs (7). Investigators in
Saudi Arabia had similar findings, with a BSI rate of
3.95/1000 dialysis sessions from August 1999 to January 2001
(9). In this study, rates ranged from 1.29/1000 dialysis ses-
sions for AV fistulae/grafts to 8.30/1000 dialysis sessions for non-
tunnelled catheters. Finally, the Dialysis Surveillance Network
in the United States (US) reported an overall vascular access
BSI rate of 1.78/100 patient-months from its 109 participating
centres, with rates varying by access type from 0.25/100 patient-
months for AV fistulae to 4.84/100 patient-months for cuffed
and 8.73/100 patient-months for noncuffed CVCs (10).

The latter studies point to the role of access type as a major
determinant of developing a BSI. Studies generally also point
to colonization with S aureus as a risk for HD-related BSI
(6,11). The relative roles of other factors such as poor hygiene
(8), iron storage levels (12), immunosuppression (6), diabetes
mellitus (11,12) and low albumin remain to be defined (13).
Two studies (7,10) found that BSI rates varied substantially
among dialysis centres, suggesting that being dialyzed at a
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particular centre may increase the risk for an HD-related BSI
and that surveillance results may be used for quality improve-
ment.

Information from the US Renal Data System indicated that
infection accounted for 15.5% of deaths in adults with ESRD
from 1993 to 1995 (13). In their study of 110 HD patients with
CVC BSI, Siegman-Igra et al (2) identified an attributable
mortality of 17%. Hemodialysis patients in the US Dialysis
Surveillance Network had 14.3 hospitalizations (not confined
to infection), 3.82 outpatient intravenous antimicrobial treat-
ment courses and 3.22 vascular access infections (local and
BSI) per 100 patient-months (10). A retrospective analysis of
data collected on HD patients at one US centre found that
32 of 2239 (1.4%) patients developed infective endocarditis
between 1990 and 2000, with a one-year mortality of 56.3%
(14). S aureus accounted for 84% of infections. This rate was
similar to that in another US centre, where eight of 445 HD
patients (1.8%) developed S aureus endocarditis over an
18-month period (15). Of more concern, however, is that
endocarditis complicated 12% of S aureus BSI in these patients
(15). Other complications of S aureus BSI in this latter study
included osteomyelitis (11%), septic arthritis (3%), epidural
abscess (3%) and death (14%). In another study (16), these
same authors identified 210 HD patients with S aureus BSI
from 1994 to 2001. Vascular access was the suspected source of
the BSI in 88% of these patients, with only 1% of them being
dialyzed through an AV fistula. Complications occurred in
31% of bacteremic patients, most often endocarditis or another
metastatic infection. The 12-week mortality was 19%, and the
relapse rate was 12.9%. The mean cost of treating S aureus BSI
was US$24,034 per episode. Of interest is a recent study by
Ishani et al (17), which showed that septicemia or bacteremia
was an independent risk factor for death, myocardial infarc-
tion, peripheral vascular disease and stroke in a 1996/1997
cohort of US dialysis patients. Ishani et al speculated that sep-
ticemia contributes to the burden of cardiovascular disease in
this population through its inflammatory effects.

Given the number of HD-related BSIs that occur, one
would anticipate the availability of treatment guidelines
based on evidence from randomized, controlled trials.
Disappointingly, this is not the case, although there are several
studies describing the outcomes associated with treatment
strategies employed by its investigators. The main area of
debate regarding the management of CVC-related BSI in the
HD patient is related to catheter salvage.

One of the larger studies examining the outcome of CVC-
related bacteremia was conducted at four dialysis centres affili-
ated with Duke University Medical Center (North Carolina,
USA) between April 1995 and January 1996 (18). All patients
had tunnelled CVCs. The clinical management of patients,
including choice and duration of antibiotics, was left to the
discretion of the treating physician. The physicians were,
however, provided with guidelines for line removal. Their
guidelines recommended prompt CVC removal in patients
who developed signs of sepsis, tunnel infection or persistent
fever (72 h or longer) or bacteremia during antibiotic therapy.
In this study, 41 of 102 patients developed 62 BSIs
(3.9/1000 catheter-days), with 63% caused by Gram-positive
cocci. Most of the BSIs (77%) and 90% of the Gram-positive
BSIs were treated for longer than two weeks. In 24 of 62 (39%)
episodes, the CVC was removed within three days of the BSI.
In 26 of 38 (68%) episodes, the CVC was later removed
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because of infection. Of the 12 catheters successfully salvaged,
only six were in place at the end of the three-month follow-up.
Nine of the 41 bacteremic patients (22%) had complications.
Although complications were not more frequent in patients in
whom catheter salvage was attempted, the incidence of recur-
rent bacteremia was higher in this group (RR 4.1; 95% CI 1.6
to 10.3). This study suggests that while catheter salvage may be
successful for some patients, its overall success is limited and
may increase the risk for recurrent bacteremia.

In a study by Beathard (19), one of three strategies was used
to manage 123 episodes of CVC-related BSI in HD patients. In
patients with severe symptoms (n=37), the catheter was
removed as soon as practical. Patients with mild symptoms
underwent either an over-the-wire change (n=49) or place-
ment of a new line (n=37), dependent on whether there was
clinical evidence of tunnel or exit site infection. Culture and
clinical cure rates were similar in the three groups, all of whom
were treated with antibiotics for 21 days, suggesting to the
investigators that it was possible to preserve the catheter in
selected patients. A three-pronged strategy, also determined at
the discretion of the attending nephrologist, was employed to
manage 86 episodes of BSI in 52 patients dialyzed at one uni-
versity centre from November 1995 to October 1997 (20). At
30-day follow-up, patients treated with antibiotics and over-
the-wire exchange experienced higher cure rates than those
treated with antibiotics alone (81.4% and 36.7%, respectively;
p=0.0005). All patients received antibiotics for 21 days and
five patients had immediate catheter removal because of severe
sepsis. In an attempt to determine whether over-the-wire
exchange and catheter removal with delayed replacement have
a similar outcome, Tanriover et al (21) retrospectively com-
pared these two strategies in 69 patients with CVC-associated
BSI. Infection-free survival time, mortality and catheter mal-
function rates were found to be similar in both groups.

The evidence from these studies supports the need for
catheter removal in the face of tunnelled catheter-associated
BSI. The question remains whether catheter exchange is as
effective as removal and delayed replacement in terms of pro-
longed infection-free survival. Certainly, catheter exchange
avoids the logistical problem of providing dialysis when the
access has been removed and minimizes the number of access
procedures the patient is exposed to. Investigators have studied
the use of antibiotic lock solutions as an adjunct to systemic
antimicrobials in treating CVC-associated BSI without
catheter removal (22,23). These investigations have been
small, noncomparative studies, leaving it impossible to make a
recommendation in support of their routine use.

The US Centers for Disease Control and Prevention
(CDC) has published guidelines for the prevention of intravas-
cular catheter-related infections (24). Given that the single
biggest risk factor for BSI among HD patients is the presence of
a CVC, it stands to reason that the most obvious preventive
strategy would be to avoid its use. Indeed, one of the CDC rec-
ommendations explicitly states that a fistula or graft be used
instead of a CVC for permanent dialysis access (24). In a study
of vascular access infections at six outpatient HD centres in
the western US, Stevenson et al (25) predicted that they
would have had a 24% reduction in BSIs had they followed the
National Kidney Foundation’s Dialysis Outcomes Quality
Initiative recommendation that 40% of prevalent patients have
a native AV fistula. Placement of a native fistula makes good
financial and medical sense. In a comprehensive analysis of
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total vascular access costs for new HD patients in Calgary,
Alberta, between July 1999 and November 2001, Manns et al
(26) determined that patients selected for AV fistula place-
ment incurred the lowest costs during the first year of dialysis.
Despite this, there is good evidence of considerable centre-to-
centre variation in vascular access type (7,27). Many factors
contribute to suboptimal utilization of AV fistulae, not all of
which can be avoided. However, one study identified long
delays in obtaining access surgery and a high rate of immature
fistulae as two major obstacles explaining the low rate of per-
manent access in their dialysis population (28). Oliver et al
(29) at the University of Toronto identified a need for research
to determine methods for increasing early referral and timely
fistula creation, as well as tools to predict when hemodialysis
will be required.

Although a cuffed CVC is recommended if the period of
HD is anticipated to be more than three weeks, this is not
based on evidence from randomized, controlled trials specifi-
cally in this population (30). In contrast with the nontun-
nelled CVC literature, the risk of infection with tunnelled
HD catheters placed in the femoral vein does not exceed that
of catheters placed in the internal jugular, although they
have a shorter patency (31,32). The beneficial effect of topi-
cal povidone-iodine at the CVC exit site was demonstrated a
number of years ago (33). A more recent study (34) found that
Polysporin ointment (Pfizer Canada Inc) reduced the rate of
infections and improved survival in patients being dialyzed
with a cuffed CVC, although this latter finding was not a pri-
mary outcome in the study. It has been shown that topical
mupirocin is effective in reducing S aureus BSIs in HD patients
(35). However, the routine and widespread use of mupirocin
has been associated with an increasing prevalence of mupirocin-
resistant S aureus, making this a less appealing strategy for BSI
prevention (36). To avoid this, a group of investigators in
Australia looked at the effectiveness of an antibacterial honey
in preventing CVC-associated BSI (37). In their study of
101 patients, the incidences of CVC BSIs were comparable in
honey- and mupirocin-treated patients (0.97 and 0.85
episodes/1000 CVC-days, respectively). The use of antibacterial
honey could hold future promise. As for all CVC insertions,
maximal sterile barrier precautions during the procedure are
recommended (24).

There has been recent interest in preventing CVC-associated
BSIs by instilling an antimicrobial solution into the catheter
lumens at the end of each dialysis run. An early study compar-
ing gentamicin (40 mg/mL)/citrate with heparin as catheter-
lock solutions (38) showed longer infection-free catheter
survival with gentamicin but reported median predialysis gen-
tamicin levels of 2.8 mg/L, suggesting significant risk for
chronic aminoglycoside exposure and ototoxicity. Using a
smaller dose of gentamicin (5 mg/mL), Mclntyre et al (39)
found similar benefits in terms of infection-free survival and
random gentamicin levels consistently under 0.2 mg/L.
However, depending on the concentration used, gentamicin
may be poorly soluble in heparin and perform even more poorly
than other antimicrobials in biofilm (40). Given this latter
finding, and concerns regarding the emergence of aminoglyco-
side resistance, other antibiotic lock solutions have been stud-
ied. In a randomized study involving 50 HD patients (41),
BSI-free survival at 90 days was statistically more likely among
patients who received a catheter lock solution containing the
antimicrobial agent taurolidine (94%) than it was among
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those who received heparin (47%). On the other hand, unas-
sisted catheter patency was lower in the taurolidine group
(32% versus 76%; p<0.001). Trisodium citrate (TSC) offers
promise as a catheter lock solution with both anticoagulant
and antibacterial properties. TSC was compared with heparin
in a 17-month multicentre study (42) that randomly assigned
291 patients into one of two treatment arms: TSC 30% or
heparin. TSC locks were associated with lower CVC-
associated BSI rates (1.1 episodes/1000 CVC-days versus
4.1 episodes/1000 CVC-days; p<0.001), and the benefit was
seen for both tunnelled and nontunnelled catheters. There
were fewer major bleeding episodes in the TSC group, and
catheter patency was similar between groups. However, sys-
temic instillation of concentrated citrate has the potential to
produce life-threatening hypocalcemia (30) and may represent
too great a safety concern for HD centres.

It is clear from the literature that CVC-related BSIs are a
frequent and costly complication of hemodialysis. As the pop-
ulation ages, it can be expected that the numbers of these
infections will only increase. Although more remains to be
learned about effective preventive strategies, there are a few
well-proven strategies that should be employed. HD-related
BSIs as the next patient safety initiative might be a worthwhile
target.
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