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Abstract

Background: Infection is the major source of morbidity and mortality among hemodialysis patients, mainly due to bacteremia associated to
vascular access. Antimicrobial lock may induce emergence of resistant organisms.

Design: Observational cohort study.

Setting & Participants: The study cohort comprised all prevalent adults treated with hemodialysis through a tunneled catheter from March
1, 1999, to December 31, 2008, in Vichy, France (31 536 catheter-days, 144 tunneled catheters, 102 patients).

Quality Improvement Plan: Universal hygienic rules, set-up of a follow-up registry, antimicrobial locks: heparin plus gentamicin (Period 1,
March 99 - June 2000); heparin alone (Period 2, July 2000 - December 2004); citrate (Period 3, from January 2005 on).

Measures: Repeated observations of catheter-related bacteremia (CRB), catheter colonization and orifice infection, analyzed by using
simple descriptive statistics, chi2 tests and Kaplan Meier tests.

Results: Gentamicin lock was associated with a reduction in CRB incidence from 1.96 to 0.29 per 1000 catheter-days (p<0.005), but with
significant emergence of bacterial resistance (p<0.005). Heparin alone was associated with a decrease of resistance but a higher CRB incidence
of 0.63, despite reinforcement of hygienic rules. Citrate lock was associated with a CRB incidence of 0.28/1000 catheter-days without any
emergence of bacterial resistance. No adverse event or catheter thrombosis was observed for this period.

Limitations: This is an uncontrolled observational study and cannot prove causality, but the follow-up period of 9 years is long enough to
provide a clear experience back-up.

Conclusion: Hygiene recommendations associated with citrate lock solution and thorough monitoring keep infection associated to
hemodialysis at very low risk.
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Abbreviations: CRB: Catheter-Related Bacteraemia; HD: Haemodialysis; CNS: Coagulase-Negative Staphylococci

Introduction

The prevalence of haemodialysis is expected to annually
increase by 4% due to increased life expectancy and progression
of pathologies leading to renal failure [1]. Infection either
localized or systemic, is the major source of morbidity and
mortality among haemodialysis patients. Its incidence varies
from 2.6 to 5.7 infections per 100 dialysis months [2,3]. The main
source of these infections is bacteremia associated to vascular
access, implied in 48 to 73% of them [4] and responsible for
26% of catheter withdrawals [5]. The incidence of catheter-
related bacteraemia (CRB) ranges from 0.65 to 5.5 per 1 000

days of catheterization, depending on the type of catheter
[4,6,7], and is even higher for uncuffed catheter (3.8-12.8 events
per 1000 catheter-days) than for tunneled-cuffed catheter
[7,8,9]. The relative risk of bacteraemia is 7.64 fold higher in
patients requiring catheter compared to those having a native
arteriovenous fistula, as shown in a prospective study involving
988 end-stage renal disease patients [10].

Native arteriovenous fistula is the gold-standard vascular
access for haemodialysis, nevertheless venous catheter use is
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widespread and remains the simplest and fastest mean to face
haemodialysis urgency or difficulties of vascular access [11].
The catheter is a temporary or permanent alternative to vascular
access when arterio-vascular status prevents the creation of an
arteriovenous fistula (diabetes, age, arterial calcification).

The optimal intervention for reducing catheter-related
infections is to reduce to less than 10% the number of patients
dependent on central venous catheters [12]. However, there will
always be a proportion of patients who require catheters and
who will remain susceptible to these infections. Reduction of
these infections implies several techniques, including universal
hygiene rules, catheter design, use of antimicrobial impregnated
catheters, use of tunneled-cuffed catheters, local topical
treatments, nasal carriage eradication, and use of antimicrobial
lock solutions.

On March 1999, we observed an incidence of 1.96 CRB per
1000 catheters-days. In order to decrease this incidence, we
set up a reinforced protocol to monitor all catheter-related
haemodialysis procedures, regarding hygiene recommendations,
use of lock solutions and setting a follow-up registry with
systematic culture of stagnation fluid and monthly evaluation
of bacteriological results (CRB, orifice infection, microbial
colonization).

We started a prospective evaluation of our quality procedures
in clinical and hygiene practice. We present the results of more
than 8 years of follow-up evaluating measures and optimal
actions to get the lowest incidence of CRB.

Materials and Methods
Study population

This prospective study was performed in the Renal-Metabolic
Department at Vichy Hospital, France. There were 88 patients
on dialysis therapy, 64 treated with haemodialysis (HD) and 24
with peritoneal dialysis. HD was performed thrice weekly using
Fresinus 4008 machinery, with bicarbonate-based dialysate and
synthetic high-flux hemodialyzers. All HD sessions were of 4
hours duration.

All catheters were uncuffed tunneled; they were inserted
percutaneously on preferably the right jugular vein, according to
Bernard Cannaud technique [13] and without prior prophylactic
antibiotherapy. Catheters were inserted by a nephrologist, in
a surgery room with maximal sterile barrier precautions and
without ultrasound guidance. Prevalent catheter use ranged
between 16% and 20% during the study period.

Data collection

Data collected included age, sex, diabetes, orifice infection,
colonization and catheter-related bacteremia. The emergence of
staphylococcus epidermidis resistance (MRSE) was assessed by
the rates of gentamicin, methicillin, quinolone, and vancomycin
resistance. Catheter characteristics included the type of catheter,
the number of inserted catheters, duration of placement and

reason for catheter removal (catheter no longer needed, use of a
fistula, transplantation, infection and patient death).

Intervention

A reinforcement of universal hygiene rules, following the
1996 guideline for prevention of intravascular device-related
infections [14], included a designated trained personnel
and procedures for catheter connection-disconnection to be
performed by two nurses:

o Use of sterile Kkits specific to the centre, with a defined
number of gloves, compresses, blouses, helmets ...;

o One nurse is dressed with sterile blouse, mask, helmet,
gloves and is in charge of all cleaning and connecting-
disconnecting procedures. Gloves are to be changed each
time the machinery is touched; the other nurse wears sterile
gloves, helmet and mask and is in charge of the machinery
and in providing the material to the first nurse;

0 Connection using a specific sterile kit, in two steps:
cleaning of orifice and dressings, using sodium hypochlorite
0.5g/100mL; aspiration of stagnation fluid then connection;

0 Disconnection using a specific sterile kit.

o Every month there is a sampling of catheter lock
solution before HD session for bacteriological culture.

Three types of lock solution have been used:

o Period 1 (P1) (March 1999 to June 2000) gentamicin-
heparin lock solution (heparin 5000UI/ml, gentamicin 2mg/
ml).

o Period 2 (P2) (July 2000 to December 2004) heparin
alone lock solution (heparin 5000UI/ml).

0 Period 3 (P3) (January 2005 - on going) citrate lock
solution (citrate 46.7 mg/ml).

From January 2003 on, a hygiene-specialized nurse realized
every six months an audit of our quality procedures in clinical
and hygiene practice. The follow-up registry allowed for
periodical re-evaluation of our procedures and for corrective
actions to be taken.

Microbiological techniques

Catheter: seeding using Brun-Buisson method. The catheter
tip is put in 1 ml of sterile physiological water and vortexed. A
sampling of 100pL is then seeded in streak on blood agar plates.
After 24 to 48 hours, colonies are counted. Positivity threshold
is 103CFU/mL.

Catheter orifice: Samplings on swab are seeded in streak on
blood agar plate. Stagnation fluid is directly seeded on blood
culture vials (BioMérieux aerobic vials) in the Renal Metabolic
department, and then incubated 6 days in BactAlert 3D
controller (BioMérieux).
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Standard microbiological methods were used to identify the
colonizing/infecting organisms.

Definitions

CRB, the primary outcome in our study, is defined as the
isolation of the same phenotypic microorganism from both
peripheral-blood culture and orifice infection or catheter lock
solution, with clinical and biological signs of infection (fever >
38 °C, chills, systolic blood pressure < 90mmHg, leukocytosis/
leucopenia) with compeling evidence of catheter as the only
source.

Catheter colonization is defined as the isolation of a
microorganism in the catheter lock solution without CRB.

Infection of the orifice is defined as the isolation of a
microorganism in the orifice catheter with clinical signs of
infection (orifice inflammation, purulent flow) without CRB.

Statistical analysis

Patient characteristics were expressed by descriptive
statistics.

Colonization and CRB rate were expressed by using
cumulative incidences and incidence densities. Cumulative
incidences were expressed as percentage, and incidence
densities, per 1000 catheter-days. Categorical variables were
compared by using Chi2 test. Kaplan-Meier test was used to
compare survival catheters in the three periods.

Results

The cohort consisted in 102 patients representing a total
of 144 non-cuffed tunneled catheters. Patients’ characteristics
are listed in Table 1. The population was aged 69.2+16 years,
63.5% were male and 41.5% had diabetes. The study included
31536 catheter-days. Overall, we observed 21 (14.6%) CRB,
representing 0.66 per 1000 catheter-days, 100 (69.4%) catheter

colonized representing 1.2 per 1000 catheter-days and 122 (84%) orifice infection representing 6.01 per 1000 catheter-days (Table

2 &3).
Table 1: Patients characteristics.
ALL Period 1 Period 2 Period 3
Number* 102 23 55 43
Age (years) 69.2+16 66.9+21.3 68.98+14.9 70.39+15.96
Men 63.5% 60.9% 53.9% 67.2%
Diabetes 41.5% 39.1% 38.2% 46.6%
Table 2: Catheter characteristics.
ALL Period 1 Period 2 Period 3
Number* 144 23 76 58
Catheter-days 31536 4163 12543 14830
Mean catheter 200.81 181 165.64 255.7
Day exposure (3to 1215) (5 to 484) (3 to 843) (6to1215)
* Catheters could belong to several periods
Table 3: Measurements and Outcomes of catheter-related bacteremia, colonized catheters and orifice infection.
ALL Period 1 Period 2 Period 3
Catheter-days 31536 4163 12543 14830
Catheter Related Bacteremia
Cumulative incidence 21 (14,6%) 5(21.7%) 11 (14.4%) 5 (8.6%)
Incidence density 0.66 1.2 0.88 0.34
(per 1000 catheter-days)
Catheter Colonization
Cumulative incidence 100 (69.4%) 44 (191%) 32 (42.1%) 24
(41.3%)
Incidence density 3.27 9.85 2.55 1.62
(per 1000 catheter-days)
Orifice Infection
Cumulative incidence 122 (84%) 25 (108.7%) 62 (81.5%) 34 (58.6%)
Incidence density 3.86 6.04 4.94 2.29
(per 1000 catheter-days)
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*per 1000 catheter-days
tincrease due to one diabetic patient who presented twice a bacteremia and a furonculosis

Table 4: Overall incidence of catheter-related infections: bacteremia and colonized catheters.

Gentamlc.ln * Gentamicin + Heparin Citrate
Heparin
Lock
. 4954 catheter-days 12 405 catheter-days 11 729 catheter-days
solution
Period 1 2a 2b 3
Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Orifice
Infection* 5.22 3.76 5.07 5.28 3.78 6.95 3.86 2.08 1.27 1.93
Bacteremia* 1.96 0.29 0.39 2.03 0.76 0.63 0.28 0.30 0.63t 0

Period 1 included 23 patients, representing 23 non-cuffed tunneled catheters. The population was aged 66.9+21.3 years, 60.9%
were male and 39.1% had diabetes. The mean catheter day exposure was 181 days (5 to 484), representing 4163 catheter-days. The

CRB for this period was 5 (21.7% and 1.2 per 1000 catheter-
days). There was 44 catheters colonized (191% and 9.85 per
1000 catheter-days), and 25 orifice infections (108.7% and 6.04
per 1000 catheter-days).

Period 2 included 55 patients, representing 76 non-cuffed
tunneled catheters. The population was aged 68.98+14.9 years,
53.9% were male and 38.2% had diabetes. The mean catheter
day exposure was 165.64 days (3 to 843), representing 12543
catheters-days. The CRB for this period was 11 (14.4% and
0.88 per 1000 catheter-days). There was 32 catheters colonized
(42.1% and 2.55 per 1000 catheter-days) and 62 orifice
infections (81.5% and 4.94 per 1000 catheter-days).

Period 3 included 43 patients, representing 58 non-cuffed
tunneled catheters. The population was aged 70.39+15.96 years,
67.2% were male and 46.6% had diabetes. The mean catheter
day exposure was 255.7 days (6 to 1215), representing 14830
catheters-days. The CRB for this period was 5 (8.6%% and 0.34
per 1000 catheter-days). There was 24 catheters (41.3% and
1.62 per 1000 catheter-days) and 34 orifice infections (58.6%
and 2.29 per 1000 catheter-days).

The overall results of the study is summarized Figure 1,
showing the different study periods altogether with CRB and
gentamicin-multiresistant staphylococcus epidermidis. Table 4
displays the bacteriological follow-up across all periods of the
study.
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Figure 1: Strategies applied for prevention of infections, according to catheter-related bacteremia and emergence of gentamicin resistance.
\ The audit that took place in December 2002 defines 2 sub-periods (2a and 2b) during Period 2

/
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The gentamicin lock solution (Period1) allowed decreasing
the CRB incidence from 1.96 to 0.29 per 1000 catheters-days
(p<0.005), the orifice infection to 3.76 catheters-days and the
microbial colonization to 3.4 catheters-days. However, antibiotic
lock solution generated a significant (p<0.005) emergence
of bacterial resistance to antibiotics. A 83% resistance to
gentamicin was already noted in 1999, which increased to 100%

in June 2000, while resistance to methicillin was 50% in 1999,
increasing to 80% in 2000.

In 2000 (period 2), the antibiotic lock was discarded to only
keep universal hygiene rules and a heparin-alone lock from July
2000. The MRSE rate decreased within the next 18 months, and
return back to the initial bacteriological situation 30 months
later (Figure 2).
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Figure 2: Progression of Multiresistant Staphylococcus Epidermidis Emergence (MRSE) between 1999 and 2003.

Appearance of Multiresistant Staphylococcus Epidermidis after use of antibiotic lock solution (gentamicin).The multiresistant were tested
with different types of antibiotics: methicillin (methi R), gentamicin (genta R), Quinolone (quino R), and vancomycin (Vanco R)) from 1999

/

During the second period of the study (July 2000 to December
2004), the incidence of catheter-related bacteremia increased
from 0.39 in 2001 to 2.03 per 1000 catheter-days in 2002
(Period 2a). An audit of hygiene practices revealed breakages in
the universal hygiene recommendations by the youngest nurses.
Therefore the procedure included an intensive nurse training
and a 6-monthly follow-up of the nursing staff by a hygiene
specialized nurse. The incidence of bacteremia decreased to 0.76
and 0.63 per 1000 catheter-days in 2003 and 2004 respectively
(Period 2b).

However, incidence of CRB was still greater than that
obtained after antibiotic lock solution (respectively 0.63 and
0.28 per 1000 catheters-days respectively), and we observed
an increase in orifice infection from 3.78 to 6.95 per 1000
catheters-days. If the association of heparin lock solution and the
practice of hygiene recommendations improved the incidence
of CRB, a bacterial biofilm persisted on the internal surface of
the catheter, which facilitates adhesion and colonization and

bacterial resistance.

In 2005 (period 3), the heparin lock solution was replaced by
an antiseptic/anticoagulant lock solution (citrate lock solution
46.7mg/ml) in order to obtain a low level of CRB without the
disadvantages of antibiotic lock solution (MRSE) and heparin
lock solution (Biofilm catheter formation). The incidence of CRB
decreased from 0.37 to 0.28 per 1000 catheter-days and was
eventually null in 2008. The target low level of CRB was reached.
No adverse events and no catheter thrombosis were observed.

The infection rates according to study periods were 1.2 (P1),
0.88 (P2; 0.92 for P2a; 0.83 for P2b) and 0.34 per 1000 catheter-
days (P3), with an overall infection rate of 0.67 per 1000 catheter-
days. As seen in Figure 3, the Kaplan-Meier comparison showed
no difference in cumulative survival of catheters according to
periods. It can be concluded that antibiotic locks provide no
advantages as compared to Universal Hygiene Rules, which have
the additional superiority of respecting bacterial ecology and
avoid resistance emergence.
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Discussion

Infectious complications of vascular access are the major
source of morbidity and mortality among haemodialysis
patients. The prevention of infections could be assumed by a
prophylaxis associating the respect of hygienicrecommendations
and surveillance and control of infection. We investigate a
prospective study to evaluate this prophylaxis further to a high
level of infection in our haemodialysis unit. The efficiency of
this prophylaxis was evaluated by a monthly monitoring of CRB
incidence.

In order to decrease the bacteremia detected in our unit,
we have used antibiotic lock solution (gentamicin and heparin).
According to Kim et al. [15], the use of antibiotic lock solution
(heparin and gentamicin or cefazolin) compared to lock solution
without antibiotic (heparin alone), resulted in considerable
reduction of incidence of CRB (0.44 events per 1000 catheter-
days vs. 3.12 events per 1000 catheter-days). Many investigators
have selected gentamicin as an antibiotic for preventing CRB,
Kim [15] used gentamicin (5mg/ml) associated to cifazol
(10mg/ml) and heparin (1000U/ml), Dogra et al. [16] used
gentamicin combined with citrate and Mc Intyre et al. [17]
compared gentamicin associated to heparin to heparin alone.
All these studies concluded to positive action of gentamicin lock
solution on incidence of CRB, as observed in our series. As in
all these studies, we observed the same action of gentamicin on
the incidence of CRB, which reached its lowest level 15 months
after implementation of our antibiotic lock solution (from 1.99
events per 1000 catheter-days at the beginning to 0.29 events
per 1000 catheter-days after). However the other studies did not
detect adverse effects, such as MRSE or increased complications

with the use of antibiotic lock solution [18]. The limited follow-
up of the studies do not exclude the onset of adverse events or
bacterial resistance with longer use of antibiotic lock solution.
Katneni et al in their study noted that chronic use of antibiotic
lock solution could induce an emergence of antibiotic resistant
organisms [19]. Studies using antibiotic lock solution were
short-term studies (3 to 12 months) while in our study the
period was longer than 12 months. A meta-analysis of all
prospective randomized studies that compared antibiotic lock
solution to heparin confirmed that antibiotic locking solutions
reduce the catheter-related infections without significant
side effects, but outlined an important limitation, namely the
relatively short duration of follow-up of the studies which does
not allow complete reassurance regarding the development of
antibiotic resistance [20]. In an editorial to this meta-analysis,
Allon acknowledged this limitation and expressed an important
concern regarding the use of antibiotic locks [21]. More recently,
Abbas et al. reported the emergence of gentamicin-resistant
coagulase-negative staphylococci following the use of heparin-
gentamicin lock [22]. Similarly, Landry reported the emergence
of gentamicin resistance in his 4 years series of dialyze with a
gentamicin lock initiated to decrease the incidence of catheter-
related infections. This emergence led to discard this type of lock
and Landry recommend a special vigilance with long-term use of
antibiotic-lock [23].

The first conclusion is that long-time antibiotic lock
solution is a feature to induce emergence of antibiotic resistant
organisms. To prevent this MRES, we decided to discard the
antibiotic in lock solution, associated with the strict respect of
hygiene recommendations. Antibiotic lock solution was replaced
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by heparin lock solution to prevent thrombosis in catheter.
The incidence of CRB was constant excepted in 2002 where it
reached a high level. Further to this, an audit was realized by a
hygiene nurse. The actions have been intensification of hygiene
recommendations, training of the nursing staff and monitoring
of hygiene recommendations every six months. All these actions
allowed decreasing strongly the incidence of CRB from 2.03 to
0.63 events per 1000 catheter-days. This experience confirms
the conclusion of Bearthard et al. [24] which show that the strict
respect of the standards of hygiene can reduce considerably the
incidence of CRB. Moreover, Hajjar et al in their study concerning
surveillance of infection in several centers emphasized the
importance of hygiene standard recommendations and their
impacts on decrease of infection in haemodialysis center despite
the presence of others infection risk factors [3,6]. Although
there was a decrease in the incidence of CRB, we observed a
bacterial biofilm formation. The bacterial biofilm is known as
a source for bacteremia and to promote formation of bacterial
resistance. We have looked for an alternative lock solution
having an anticoagulant effect. In the US, as the most widely
used anticoagulant catheter lock solution is sodium heparin,
studies examine the effect of several alternative catheter lock
solutions on in vitro biofilm formation by laboratory and clinical
isolates of S. aureus and coagulase-negative staphylococci (CNS).
It was demonstrated that sodium citrate at concentrations
above 0.5% efficiently inhibits bacterial biofilm formation
and cell growth of S. aureus and Staphylococcus epidermidis
[25]. Several experiments demonstrated that trisodium citrate
(30%), citrate (4%) and taurolidine (1.35%) solutions are
effective and safe for the prevention of CRB, while heparin
stimulates bacterial biofilm catheter formation. In addition to its
anticoagulant effect, an antimicrobial concentration-dependant
effect of citrate is observed. At concentrations of 2% or lower
the antimicrobial effect is low, whereas at concentrations 2.2%-
15% an antimicrobial effect to Gram Positive organisms is
observed. At the concentration of 30% citrate has bactericide
properties as observed by Weijmer [25]. This property can be
increased by addition of gentamicin, vancomycin, or cefazolin.
As a high concentration of trisodium citrate provides local
anticoagulation effect, it had been advocated as catheter lock
solution. However high concentration of citrate in clinical
practice was little investigated, and its efficacy and safety has
yet not been established [25-27]. Citrate offers several clinical
advantages over concentrated heparin: it avoids heparin-
associated bleeding complications, and provides an effective
alternative for patients with suspected or confirmed heparin-
induced thrombocytopenia [28]. Some showed the preventive
effect of the gentamicin citrate mixture on the incidence of CRB
in patients with tunneled cuffed catheters, others confirmed the
compatibility of ethanol and 4% trisodium citrate for potential
use as a catheter locking solution. Flushing of an ethanol solution
trough an intravascular device is likely to be convenient and to
have limited side effect [29]. This study confirmed eradication
of microorganisms after 1h contact with ethanol-citrate lock

007

solution [30]. Recent studies reported that locking the catheter
with an ethanol solution may be of value as an adjunct to the
treatement of intrascular device-related bloodstream infection
[29] and to prevent recurrent catheter related sepsis [30,31].
The ethanol lock solution can prevent and eradicate biofilm
in vitro [32,33]. Betjes et al. [34] demonstrated that a taurine-
based antiseptic locking solution was effective for preventing
catheter-related sepsis [34]. The association of taurolidin citrate
would seem to be interesting for a near future. Indeed no biofilm
formation is observed with taurolidin, neither emergence of
resistance. It seems to be effective with a concentration of 4%
citrate and 1.35% taurolodin.

This study confirms that hygiene recommendations
associated with a surveillance of infection by routine
measurement of CRB incidence are able to control the risk of
infection and to avoid MRSE and bacterial biofilm formation. We
have observed that primary feature of surveillance and control is
able to keep alow level of incidence of infection in haemodialysis
at the long-term. Today we continue with this protocol and we
still have a low level of infection, reaching even zero for 2008.
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