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Abstract Purpose: Sodium citrate
has antibacterial and anticoagulant
properties that are confined to the
catheter when used as a catheter lock.
Studies of its use as a catheter lock in
chronic hemodialysis patients suggest
it may be efficacious in preventing
infection and thrombotic complica-
tions. We compared sodium citrate
with saline catheter locks for non-
tunneled hemodialysis central venous
catheters in critically ill adult
patients. Primary endpoint was cath-
eter life span without complication.
Methods: This was a randomized,
controlled, open-label trial involving
intensive care patients with acute
renal failure requiring hemodialysis.
Events were defined as catheter-rela-
ted bloodstream infection and
catheter malfunction. Results: Sev-
enty-eight patients were included.
Median catheter life span without
complication was 6 days (saline
group) versus 12 days (citrate group)
[hazard ratio (HR) 2.12 (95% CI
1.32–3.4), p = 0.0019]. There was a
significantly higher rate of catheter

malfunction in the saline group com-
pared with in the citrate group (127
catheter events/1,000 catheter-days,
saline group vs. 26 events/
1,000 catheter-days, citrate group,
p \ 0.00001). There was no signifi-
cant difference in incidence of
infections between groups. We
observed a significantly longer time
to occurrence of infection in the cit-
rate group (20 days vs. 14 days, HR
2.8, 95% CI 1.04–7.6, p = 0.04). By
multivariate analysis, age and citrate
group were the only independent
factors that influenced catheter life
span. Conclusions: This study
shows for the first time that citrate
lock reduced catheter complications
and increased catheter life span as
compared to saline lock in critically
ill adults requiring hemodialysis.
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Introduction

Venous catheters are the only feasible invasive approach
in patients with acute renal failure requiring emergency
hemodialysis [1–3]. Complications of venous catheters
are common and can be classified as either minor com-
plications, which do not involve the patient’s prognosis
but result in intermittent failures; or major complications,

which can be life-threatening, such as thrombosis, infec-
tion, or pulmonary embolism.

The systematic use of an antiseptic ‘‘fluid lock’’
between two dialysis sessions can significantly reduce the
incidence of infectious complications [4, 5]. These locks
prevent proliferation of bacteria and other pathogens in the
catheter lumen [6]. Locks using antithrombotic agents such
as heparin injected into the catheter lumen between two
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dialysis sessions maintain the permeability of the endo-
vascular catheter and prevent thrombus formation [7, 8].

Some studies have shown that locking catheters
between two hemodialysis sessions with solutions con-
taining sodium citrate could prevent the occurrence of
thrombosis and catheter infections in patients suffering
from chronic kidney disease [9–11]. This can be explained
not only by the role of citrate in chelation of calcium, which
is an essential factor for coagulation, but also by the bac-
teriostatic role of citrate [11–13]. Traditionally, heparin is
used as the standard catheter lock, particularly in North
America [14, 15]. A recent meta-analysis of pooled data
from all trials using citrate locks, as compared with heparin,
showed a significant reduction in catheter-related blood-
stream infections (CRBSI), need for catheter removal, and
exit-site infections [16]. However, in the intensive care unit
(ICU) setting, the use of heparin can be associated with life-
threatening side effects such as bleeding [17], or heparin-
induced thrombocytopenia [18]. Similarly, other drugs
frequently used in critical care, in addition to a wide range
of non-drug causes, can induce thrombocytopenia [19]. In
ICU patients, occurrence of thrombocytopenia reportedly
increases the prevalence of bleeding and the need for
transfusion, and can indirectly influence mortality rates
[20]. Heparin is also contraindicated in patients at high
hemorrhagic risk [21]. In this context, it is common practice
in France to lock catheters with a solution of physiological
(saline) serum in the ICU, rather than heparin.

We hypothesized that the use of a citrate lock would
reduce the incidence of catheter malfunction and CRBSI,
and lead to an increase in the duration of the catheter
before occurrence of a first event (i.e., its life span) in ICU
patients with acute renal insufficiency undergoing emer-
gency hemodialysis.

We report a randomized, controlled trial aiming to
compare a citrate lock versus saline lock in terms of
catheter life span without complications in an ICU pop-
ulation of hemodialysis patients.

Methods

This was a prospective, randomized, open-label trial con-
ducted from May 2009 to August 2010 in one medical and
one surgical ICU in the University Hospital of Dijon,
France. The study protocol was approved by the Institu-
tional Review Board of Dijon University Hospital (Comité
Consultatif de Protection des Personnes), according to
French law, and the research was carried out in compliance
with the Helsinki Declaration. All patients (or next of kin)
were informed about study participation.

Study data management and data analyses were shared
by an independent committee financed by the clinical
research division (DRCI) of the University Hospital of

Dijon. Outcomes were evaluated locally and adjudicated
by an independent clinical event committee composed of
a nephrologist and an infectious disease specialist who
were not involved in the trial and were blinded to
patients’ treatment group assignments. The study proce-
dures were performed by research nurses, who were
aware of the treatment allocation, but were not involved
in routine care of the patient. As far as possible, the nurses
and physicians in the unit in charge of the routine care
were blinded to each patient’s treatment.

Patients

The inclusion criteria were adult patients ([18 years)
requiring continuous or intermittent hemodialysis for
acute renal failure hospitalized in the ICU. Patients had to
be included before the beginning of hemodialysis and
before catheter insertion. In accordance with published
recommendations for the prevention of central venous
catheter complications [22, 23], all catheters were inser-
ted under ultrasound guidance, and standard hygiene
precautions were taken (e.g., use of mask, cap, gown,
sterile gloves, sterile drapes, disinfection of catheter hubs)
to minimize contamination.

Exclusion criteria were known allergy to citrate,
pregnancy, liver failure, and history of thromboembolic
disease.

Definition of events

In clinical practice, blood flow rates, as well as inflow and
outflow line pressures are monitored during hemodialysis
sessions. Low flows can hamper the efficiency of dialysis.
A maximum arterial and venous pressure of -250 mmHg
and ?250 mmHg respectively are the accepted limits. In
case of problems with catheter flow or pressures, both
catheter lumens were flushed with a saline solution using
a 10-ml syringe. If the problem persisted, the catheter was
mobilized and the lines inversed. If all these maneuvers
failed to restore adequate flow or pressure levels, the
catheter was removed. Catheter malfunction was thus
defined as a reduction of 20% or more in blood flow
through the catheter, despite attempts to restore patency.

Catheter-related bloodstream infection (CRBSI) was
defined as fever (temperature [38�C) with concordant
positive blood cultures drawn from the catheter and a
peripheral vein or a peripheral blood culture and a con-
cordant exit-site culture, in the absence of any other
clinically identifiable source of bloodstream infection other
than the catheter. Probable CRBSI was defined as fever
with one positive blood culture, in the absence of any other
clinically identifiable source of infection other than the
catheter. Probable CRBSIs were included as endpoints.
Study patients were evaluated for fever and other signs
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suggestive of infection every 3 h by the nurses on duty,
according to standard practice in our unit. Blood cultures,
exit-site cultures if there was purulence at the exit site, and
other studies, as indicated, were obtained whenever study
patients had fever or chills, unexplained hypotension, or
other clinical signs or symptoms suggestive of systemic
infection, as previously described [24].

Recorded data

We prospectively recorded age, sex, type of unit (medi-
cal/surgical), SAPS II score [25], body mass index (BMI),
diagnosis at admission, comorbidities, localization of
vascular access, type of extracorporeal renal replacement
therapy (ERRT), occurrence of CRBSI and catheter
malfunction, and catheter life span until occurrence of
first complication (if any).

Intervention

All patients included in the study were randomized
between the control group (saline group) and the experi-
mental group (citrate group) (treatment allocation given
in numbered sealed envelopes). In the saline group, locks
were made by injecting 10 ml of saline in the two bran-
ches of the catheter; these branches were then rinsed
every 6 h with 10 ml of saline after aspiration of their
contents. In the citrate group, locks were made by
injecting 10 ml saline and then filling each branch of the
catheter with the corresponding volume of citrate solution
(Dura Lock� 46.7%). Once citrate locks were in place,
manipulations of the catheter were forbidden until the
next hemodialysis. Before the next hemodialysis, the
citrate lock was removed by aspiration. In both medical
and surgical ICUs, the catheters used were 13-Fr bio-
compatible, polyurethane, double-lumen, radio-opaque
dialysis catheters in both groups (Jet CathTM, Jet Medical
Inc, Mainland, PA, USA); 16 cm in length for jugular
access, and 25 cm in length for femoral access.

Statistics

Quantitative data are shown as mean ± standard devia-
tion, with minimum and maximum values, and qualitative
data as frequency (n) and percentage. Quantitative data
were compared using the Student t test and qualitative
data with the v2 test.

In the design of the study, on the basis of observational
data from our own department and in the absence of any
published precedent, we hypothesized that the catheter
life span would be increased by 30% by the use of citrate
locks. According to Fleming’s one-stage procedure [26],
we calculated that 39 patients per arm would be required

with an alpha risk of 5% and a beta risk of 10%. All
analyses were performed by intention-to-treat.

The life span of the catheter in each group was
determined as the duration from the date of catheter
placement to the date of withdrawal for any cause. All
catheters still in use when dialysis was stopped, or at last
follow-up date were censored.

The life span of the catheter without infection in both
groups was determined as the duration from the date of
catheter placement to the date of withdrawal because of
catheter infection as demonstrated by a positive bacteri-
ological culture of the catheter. All catheters still in use
and without infection when dialysis was stopped, or at last
follow-up date were censored.

Catheter life span without thrombosis in both groups
was determined as the duration from the date of catheter
placement to the date of withdrawal because of catheter
thrombosis, as proven by the presence of a thrombus
preventing dialysis. All catheters still in use and without
thrombosis when dialysis was stopped, or at last follow-
up date were censored.

Catheter life span without any event, without infec-
tion, or without thrombosis was estimated using the
Kaplan–Meier method and groups were compared with
the log-rank test. The hazard ratios (HR) and related 95%
confidence interval (95% CI) were calculated using a
univariate Cox model for each of the variables of interest.
All variables with p value less than 0.20 as estimated by
the Cox univariate method were selected for inclusion in
the Cox multivariate model. All p values were two-tailed.
The level of statistical significance was 5%.

Comparison of event rates per 1,000 catheter-days
between groups was performed according to the binomial
exact test.

All analyses were performed by one author (FG) using
MedCalc software (MedCalc, Mariakerke, Belgium).

Results

Patient characteristics

From May 2009 to August 2010, 78 patients were
included: 39 in each group (Table 1). Clinical character-
istics were similar in both groups, particularly mean age,
sex ratio, and BMI. There were no significant differences
in terms of comorbidities. The predominant cause of
admission to the ICU was sepsis; however, there was no
significant difference in diagnosis at admission or severity
score (SAPS II) between groups. Similarly, there was no
significant difference in vascular access localization or
type of hemodialysis between groups.

The mortality rate at the end of resuscitation was
comparable in both groups: 54% in the saline group and
62% in the citrate group (p = 0.65).
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Catheter life span

During the study, a total of 135 catheters were used: 77 in
the saline group and 58 in the citrate group. The median
catheter life span was 6 days [3–10] in the saline group
and 12 days [8–17] in the citrate group (HR 2.12, 95% CI
1.32–3.4, p = 0.0019) (Fig. 1).

Catheter malfunction

There was a significantly higher rate of catheter malfunction
in the saline group as compared to the citrate group, with 127
catheter events per 1,000 catheter-days in the saline group,

versus 26 events per 1,000 catheter-days in the citrate group
(p \ 0.00001). There was no significant difference in time to
occurrence of first catheter malfunction event, which was
18 days in the citrate group versus 12 days in the saline
group (HR 1.8, 95% CI 0.97–3.45, p = 0.08).

Catheter-related bloodstream infection

No difference was observed in the incidence of CRBSI
between groups (30 vs. 24 infections per 1,000 catheter-
days, saline vs. citrate groups respectively, p = not sig-
nificant). However, we did observe a significantly longer
time to occurrence of infection in the citrate group
(20 days versus 14 days, HR 2.8, 95% CI 1.04–7.6,
p = 0.04) (Fig. 2). The microbes responsible for infection
are detailed in Table 2.

Predictors of catheter malfunction

Univariate analysis identified seven criteria that were related
to occurrence of catheter malfunction and subsequently
included in the multivariate model, namely age, sex, treat-
ment group, SAPS II, diagnosis at admission, catheter
localization, and type of dialysis. Only age, sex, SAPS II, and
treatment group were retained in the final multivariate
model, and of these, only age and treatment group were
identified as independent predictive factors of catheter

Table 1 Characteristics of patients in the two treatment groups

Saline
group
(n = 39)

Citrate
group
(n = 39)

P

Age, years, mean ± SD 65 ± 16 64 ± 15 0.89
Male, n (%) 30 (77) 23 (59) 0.15
Medical ICU 31 (80) 24 (61) 0.32
Surgical ICU 8 (20) 15 (39) 0.28
SAPS II 22 ± 11 24 ± 13 0.71
BMI [ 25 25 (64) 24 (61) 0.78
Diagnosis at admission
Sepsis 21 (54) 16 (41) 0.09
Cardiac 2 (5) 3 (8) 0.79
Post operative 4 (10) 8 (20) 0.11
Trauma 2 (5) 1 (3) 0.85
Other 10 (26) 11 (28) 0.91

Comorbidities
Diabetes 7 (18) 14 (36) 0.13
Cardiovascular disease 25 (64) 25 (64) 1.0
Cancer 9 (23) 11 (29) 0.8
Renal failure 5 (13) 5 (13) 1.0
Cirrhosis 5 (13) 5 (13) 1.0
Pulmonary chronic disease 8 (20) 9 (23) 0.81

Localization of catheter access – – 0.5
Jugular 25 23 –
Femoral 52 35 –

Type of hemodialysis – – 0.9
Continuous 25 34 –
Intermittent 33 43 –

ICU intensive care unit, BMI body mass index, SAPS II Simplified
Acute Physiological Score II

Fig. 1 Kaplan–Meier curves for catheter life span according to
study group

Fig. 2 Kaplan–Meier curves for catheter life span without occur-
rence of CRBSI

Table 2 Microbiology of CRBSI in the sodium citrate and control
groups

Control group
(n = 30)

Sodium citrate group
(n = 24)

Coagulase-negative
staphylococci

8 (27%) 7 (29%)

Staphylococcus aureus 13 (43%) 9 (38%)
Enterococcus 2 (7%) 1 (4%)
Escherichia coli 3 (10%) 2 (8.5%)
Pseudomonas aeruginosa 3 (10%) 2 (8.5%)
Enterobacter 1 (3%) 3 (12%)
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malfunction (HR 2.17, 95% CI 1.35–3.45, for age [60 years
vs.\60 years, p = 0.0014, and HR 0.61, 95% CI 0.39–0.96,
p = 0.034 for the citrate group, respectively].

Discussion

This study shows that citrate locks increase the median life
span of hemodialysis catheters as compared to saline locks
in patients with acute renal failure in the ICU. Complica-
tions associated with hemodialysis catheters are frequent in
the ICU and, in many cases, require removal of the catheter.
Thrombosis is the most frequent problem and can be life-
threatening, by inducing pulmonary embolism. Our results
thus confirm, in an acute setting, previous reports of the
antithrombotic effectiveness of citrate locks in patients on
maintenance hemodialysis [7, 8, 12].

Catheter malfunction is a frequent cause of premature
catheter withdrawal. The primary cause of catheter mal-
function is catheter thrombosis, but complications can
arise from catheter position pressure problems or acci-
dental disengagement of the catheter by the patient or
paramedical staff during medical care. In both units
involved in this study, an institutional protocol is in place
for monitoring catheter blood flow and attempting to
restore patency in cases of reduced permeability. The rate
of catheter malfunction per 1,000 catheter-days observed
in our study was considerably higher than that observed in
other reports [14, 27]. This can be explained firstly by the
different population included in our study, which was
comprised of critically ill patients in need of acute he-
modialysis. Conversely, a recent meta-analysis of
published studies evaluating antibiotic catheter locks was
mainly focused on patients on chronic hemodialysis [16].

Secondly, the type of equipment used may partially
explain the differences in findings. Indeed, in the studies
by Maki and Hemmelgarn [14, 27], tunneled catheters of
the upper central venous system were used, whereas in
our study, non-tunneled catheters were used, with both
jugular and femoral access. It has previously been shown
that tunneled catheters induce a lower risk of event [28].

Thirdly, the type of dialysis was also different, with
both continuous and intermittent dialysis in our study, as
compared to maintenance hemodialysis in other reports.
The use of continuous dialysis can indeed increase the
potential for malfunction or infectious complications [29].
However, the type of dialysis was not significantly asso-
ciated with the incidence of complications in our study.
This failure to observe any difference may be due to the
small sample size or to a greater effect of citrate locks in
this subset of patients.

Fourthly, in the studies by Maki and Hemmelgarn,
jugular access only was used, whereas both femoral and
jugular approaches were used in our study. However,
according to recent reports from the French Cathedia study

group, jugular access was not shown to be superior to
femoral access in terms of catheter dysfunction and dialysis
performance [29, 30].

Importantly, despite the US Federal Drug Agency
(FDA) warning against using concentrated sodium citrate
catheter lock solutions in hemodialysis patients, we did
not observe the classical side effects described with cit-
rate injection, such as hydroelectrolyte disorders that may
cause cardiac arrhythmias [31], or adverse events leading
to curtailed citrate treatment as reported by Power et al.
[32]. This suggests that the citrate lock is not followed by
release of the solution into the systemic circulation or, if
there is any release, then the only very small amounts that
did not affect overall biological parameters.

Infections are also a frequent cause of catheter
removal. We also investigated the capacity of citrate lock
to prevent catheter infection, and observed that the inci-
dence of infections was similar in both groups. However,
the life span of the catheter before first occurrence of
infection was longer in the citrate group. This could
suggest a bacteriostatic role of citrate, as has been shown
in previous studies [11–13]. Given the higher rate of
catheter malfunctions in the saline group, it is likely that
the increased frequency of catheter manipulations in this
group may have promoted infection and shorter catheter
life span. Previous studies have suggested that filling
catheters with antiseptic solution between two dialysis
sessions can reduce the incidence of infectious compli-
cations [6, 33].

Finally, multivariate analysis confirmed that only age
and the use of citrate lock significantly affected catheter
complications. Older age was associated with a higher
rate of complications, and this can probably be explained
by the more frequent comorbidities in elderly patients,
which may favor infection and thrombotic events.

Surprisingly, in this study, SAPS II and BMI were not
associated with catheter complications. Indeed, the severity
of disease at admission is often associated with thrombotic
events, and catheter insertion is much more difficult in these
patients, thus potentially favoring catheter events. The
number of insertion sites is smaller, because femoral
venous access may be impossible and jugular routes are
already used for the central venous catheter (for therapies
and parenteral nutrition). These difficulties result in
increased punctures, which can favor sepsis events [34–36].

Study limitations

This study suffers from several limitations that deserve to
be underlined. The sample size of the study is relatively
small. However, this sample size was calculated accord-
ing to established statistical methods in order to ensure
sufficient statistical power for the analysis of catheter life
span. Secondly, the study population is heterogeneous,
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with the inclusion of both medical and surgical patients.
Similarly, the study was conducted in two different ICUs
(medical and surgical). Nonetheless, a standardized
institutional protocol for catheter hygiene is in place and
thus, in theory, practices are identical in both units.
Thirdly, the study was performed according to an open-
label design, such that both nurses and physicians han-
dling the catheters knew the treatment allocation.
However, the study procedures were performed by
research nurses not involved in the routine care of the
patient, and the analysis of the results was performed by
an independent statistician, who was blinded to the
treatment assignments of all patients. Lastly, the com-
parator used in the control group was saline serum, and
not heparin. As stated previously, it is current practice in
France to use saline locks rather than heparin as in pre-
vious reports [29]. The difference observed in our study
might have been less pronounced if the control group
comparator had been heparin, and we would undoubtedly
have required a larger sample size in order to be able to
detect such a difference with sufficient statistical power.

Conclusion

This study is the first prospective randomized study con-
ducted in an ICU setting that compares the effectiveness of
citrate locks versus saline locks to avoid catheter compli-
cations. We demonstrate the superiority of citrate locks in
this context. Citrate locks increase the catheter life span and
decrease the incidence of catheter malfunction. Given the
longer time to occurrence of first infection observed with
citrate catheter locks, the findings of this study strongly
support the use of citrate locks in patients hospitalized in
intensive care and undergoing hemodialysis.
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