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Conclusion  There was no difference on CRBSI-free or 
dysfunction-free survival between jugular vein CVC locked 
with heparin or 30  % citrate. However, subclavian CVC 
locked with 30 % citrate presented shorter event-free sur-
vival. This difference may be related to anatomical and 
positional effects, CVC design, and hydraulic aspects of the 
lock solution.
ClinicalTrials.gov identifier  NCT02563041.
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Introduction

The prevalence of end-stage renal disease (ESRD) requir-
ing renal replacement therapy (RRT) has increased in the 
last decade, and it is expected a continuous increase over 
the next years [1, 2]. Hemodialysis (HD), the main modal-
ity of RRT, depends on long term and effective vascular 
access. The vascular access of choice is the arteriovenous 
fistula (AVF). Vascular grafts and central venous cath-
eters (CVC) are considered second and third options, due 
to the greater risk of infection, thrombosis, need of rescue 
procedures, and higher mortality and hospitalization rates 
[3, 4]. However, recent data show that 42–71 % of ESRD 
patients in Europe and 67 % in the US started the HD pro-
gram using a CVC [5]. Furthermore, a significant num-
ber of patients need temporary vascular access to manage 
acute kidney injury, during delayed AVF maturation, or as a 
bridge to kidney transplantation or peritoneal dialysis.

Infection is the second leading cause of death in patients 
on HD [6, 7]. The use of a CVC is the major risk factor 
for bacteremia in HD, which can result in life-threatening 
complications in over 10 % of cases, such as septic shock, 
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endocarditis, septic arthritis, osteomyelitis, and epidural 
abscesses. The relative risk of hospitalization for infec-
tion and death is 2–3 times greater in patients using CVC 
compared with patients with AVF or vascular graft [4], with 
consequent increase in health expenditures.

Considering the widespread use of CVC, adherence to 
prophylaxis protocols, early diagnosis, and effective treat-
ment of CVC-related infections are fundamental to improve 
outcome. Antibiotic lock solutions have been presented as 
a potential strategy to reduce infectious complications and 
catheter dysfunction. The principle of CVC lock is to instill 
an anticoagulant solution into the lumen of the catheter 
after each hemodialysis session, leaving it in until the next 
session. Heparin is the most frequently used substance in 
lock solutions, exerting its anticoagulant activity by bind-
ing to antithrombin and antagonizing coagulation factors. 
The addition of antibiotics as gentamicin or taurolidine 
to heparin decreases catheter-related bloodstream infec-
tions by 60–70 %, according to five recent meta-analyses, 
[8–12]. However, this result was limited by heterogeneity 
among studies, few large trials, evidence of publication 
bias, and most studies conducted in populations with higher 
than expected infections rates. Furthermore, the use of anti-
biotic locks is not recommended by guidelines mainly due 
to concerns on induction of bacterial resistance [13, 14].

Citrate is an alternative to heparin, exerting its effect by 
chelation of calcium, essential element to the coagulation 
cascade. In addition to anticoagulant effects, chelation of 
calcium by citrate can also prevent the biofilm formation, 
rendering this lock solution more effective than heparin in 
reducing infectious complications, without the concerns on 
bacterial resistance. However, the previous studies on the 
effects of citrate lock solutions have heterogeneous find-
ings [9, 11, 12, 15–22].

This study was designed to compare the effectiveness of 
30 % trisodium citrate with heparin as CVC lock solutions 
on the prevention of premature withdrawal for catheter-
related bloodstream infections or dysfunction in hemodi-
alysis patients.

Methods

Study design

This double-blind randomized controlled trial (RCT) was 
conducted from July 2012 until July 2014 in the dialy-
sis and transplantation unit of a Brazilian university hos-
pital. Each new double-lumen non-tunneled catheter to 
be implanted was randomly assigned to be locked with 
either unfractionated sodium heparin 5000 U/mL or 30 % 
trisodium citrate (Citra-Lock™ 30  %, Fresenius Medi-
cal Care). The randomization was performed through a 

computer-generated list of random numbers in blocks of 
six. Patients and investigators were unaware of the treat-
ment assignments. Allocation concealment was performed 
using opaque, sealed envelopes.

After each HD session, the catheter lumens were flushed 
with 0.9 % sodium chloride and locked with a volume of 
the assigned solution exactly equivalent to the catheter 
internal lumen. Catheter care was according to the interna-
tional guidelines, including strict asepsis on insertion and 
exit-site dressing changes after each HD session by staff 
wearing masks and sterile gloves. No intranasal mupirocin 
was used.

Selection of patients

Patients eligible for enrollment in the RCT were older 
than 18 years, with a diagnosis of chronic or acute renal 
failure that required hemodialysis through a catheter. 
Patients admitted to the intensive care ward, receiv-
ing a tunneled catheter, with suspected heparin-induced 
thrombocytopenia, allergy to heparin or TSC30  %, with 
systemic or localized infection, or pregnant women were 
excluded. The site of insertion and specific type of dou-
ble-lumen catheter were submitted to interventionist phy-
sician discretion.

Primary outcomes

Catheter‑related bloodstream infection (CRBSI)

CRBSI was defined according to criteria of definite or 
probable bloodstream infection from the Centers for Dis-
ease Control (CDC, Atlanta, GA, USA) [14]. The CDC def-
initions are as follows: (1) definite bloodstream infection: 
isolation of the same organism from a semiquantitative cul-
ture of the catheter tip (>15 colony-forming units per cath-
eter segment) and from a peripheral or catheter blood sam-
ple in a symptomatic patient with no other apparent source 
of infection; and (2) probable bloodstream infection: defer-
vescence after antibiotic therapy with or without removal 
of the catheter in the setting, where blood cultures confirm 
infection, but the catheter tip does not, or the catheter tip 
confirms infection, but blood cultures do not in a sympto-
matic patient with no other apparent source of infection.

The management of the CRBSI was performed accord-
ing to guidelines, including empirical antibiotic therapy 
and catheter removal.

Catheter dysfunction

Dysfunction was defined as a persistent inability to 
obtain a blood flow above 200  mL/min (extreme dys-
function) at a pre-pump arterial pressure more negative 
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than −250  mmHg. In this setting, the catheter would be 
removed or exchanged over guidewire.

Potential confounding factors, adverse events, 
and death rates

Patients related

Data were also collected about age, gender, skin color, 
presence of diabetes, diagnosis of CKD or acute kidney 
injury, and hemodialysis vintage.

Catheter related

Site of insertion (jugular, subclavian, or femoral veins), and 
ordinal number of the catheter in the same patient (consid-
ering only the study period) are catheter related.

Adverse events that were considered as related to the 
lock solutions and all-cause mortality were registered.

Statistical analysis

Calculation of the required sample size was based on 
primary outcomes. It was assumed that the group with 
heparin lock would have a rate of catheter-related blood-
stream infection of 150  % greater than that of catheters 
with TCS30 % lock (based on the previous evidence) [11, 
12, 15–22]. With a two-sided test, and an alfa error of 5 
and 80 % of power, it was required 112 catheters for each 
group.

The primary analysis was made through survival analy-
sis with Cox proportional hazard regression. Initially, we 
proceed to univariate analysis using Kaplan–Meier curves 
and log-rank test for the categorical variables and univari-
ate Cox regression for continuous variables. The predictors 
which have a p value lower than 0.25 in univariate analysis 
were included in final model. Two final models were con-
structed, one with the outcome infection-free survival and 
another with dysfunction-free survival as dependent vari-
ables. Predictors which had no significant association with 
the outcome were progressively removed from the mod-
els, starting with those with lower association (backward 
regression). Interactions were checked for any possible 
association of predictors. The likelihood ratio test was used 
for compare nested with full models. The proportionality of 
predictors was verified by introduction of time-dependent 
variables in the model. If any predictor violates the propor-
tionality assumption, the analysis would be stratified for 
that predictor. Well-functioning catheters at the end of the 
study period, catheters removed, because patients acquired 
functional arteriovenous fistula, renal function recovery, 
changed to peritoneal dialysis, had transplantation, or death 
were analyzed as censored data. The analysis was all done 

on intention-to-treat base. All reported p values are two 
sided. The analysis was performed using the STATA 11.2 
statistical software (Stata Corporation, College Station, TX, 
USA).

Ethical aspects

The study protocol was approved by the local review board. 
Written informed consent was obtained from all patients 
before enrollment.

The protocol was registered in ClinicalTrials.gov with 
identifier NCT02563041.

Results

A total of 179 patients, who received 464 non-tunneled cen-
tral venous catheters, were selected for the study. There was 
no refusal to participate. After randomization, 233 catheters 
were included in the heparin group and 231 catheters in 
the 30  % TSC group. Each patient received a median of 
2 (range 1–18) catheters throughout the study. The major-
ity of the sample was composed of CKD patients (76 %), 
who used 87 % of the catheters, with mean hemodialysis 
vintage of 2 (±3.3)  months. Among CKD patients, there 
were 26 % of diabetic renal disease and 26 % of obstructive 
nephropathy. Twenty-four percent of patients suffered acute 
kidney injury, mostly (50 %) in a sepsis context. There was 
no difference on baseline characteristics between heparin 
and 30 % TSC groups (Table 1). There was no difference in 
the insertion site according to the physician. There was also 
no difference in infection-free survival or dysfunction-free 
survival according to the operator.

The catheter median length of stay was of 18.00 (IQR 
37) days in heparin group and 18.00 (IQR 25) days in 30 % 
TSC group, with a total of 6927 catheter/days in heparin 
group and 6052 catheter/days in TSC group. The rate of 
CRBI was 5.2 per 1000 catheter-days in TSC30 % group 
and 3.4 per 1000 catheter-days in heparin group [RR 1.53 
(95  % CI 0.90–2.58)]. The more frequently micro-organ-
ism responsible for CRBSI was coagulase-negative staphy-
lococci (46 % blood cultures), followed by Staphylococcus 
aureus (35 %), with no significant difference between lock 
solution groups. The rate of dysfunction was 11.4 per 1000 
catheter-days in TSC30 % group and 9.4 per 1000 cathe-
ter-days in heparin group [RR 1.21 (95 % CI 0.87–1.70)]. 
There were only two records of adverse events, both in 
30  % TSC group and both of less severity (metallic taste 
in the mouth during lock solution instillation). There were 
34 deaths during the study period, 18 patients died with a 
30 % TSC locked CVC and 16 using a heparin-locked cath-
eter (RR 0.88 95 % CI 0.46–1.68). No death was consid-
ered to be related to the catheter lock solution.
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Catheter‑related bloodstream infection

The predictors’ site of insertion, diabetic renal disease, and 
lock solution groups were associated with CRBSI in the 
univariate analysis. There was a longer CRBSI-free sur-
vival for catheters placed in subclavian vein, for non-dia-
betic patients, and for CVC locked with heparin (Fig.  1). 
The multivariate model, including these variables, main-
tained a significant association only between CRBSI and 
lock solution group, with the predictors’ diabetic state and 
site of insertion no more significantly associated with the 
outcome in adjusted analysis. However, these variables 
were maintained in the model, because of their well-known 
effect on CVC infectious complications (Table  2). There 
was no interaction between any pair of model predictors. 
The 30 % TSC group presented a hazard ratio of 1.95 (95 % 
CI 1.03–3.67) in the final model, which means that the use 
of citrate lock was associated with a risk 95 % greater of 
catheter removal for CRBSI when compared with heparin 
lock, after adjusting for diabetic state and insertion site. 

However, the predictor insertion site violated the pro-
portionality assumption, which led to a stratified analy-
sis for CVC inserted in jugular vein and CVC inserted in 
subclavian vein. No predictor had any significant associa-
tion with CRBSI-free survival in the subgroup of jugular 
CVC (Table 2), not even lock solution (Fig. 2). However, 
30  % TSC lock solution maintained an association with 
event-free survival among subclavian catheters, with a haz-
ard ratio of 3.36 (95  % CI 1.02–11.04) (Table  2; Fig.  3). 
It means that subclavian catheters locked with 30 % TSC 
presented a risk 236 % greater to be removed for infection. 

The small number of femoral insertions precludes their 
inclusion in analysis.

Catheter poor blood flow

The predictors site of insertion, ordinal number of catheter, 
and lock solution groups showed a tendency of association 
with catheter removal for dysfunction in the univariate 
analysis (p value <0.25). There was a tendency for longer 
event-free survival for catheters placed in jugular vein, for 
initial catheters, and for CVC locked with heparin. The 
multivariate model, including these variables, showed no 
significant association with the outcome (Table 3). There 

Table 1   Demographic and 
clinical characteristics of study 
groups

* Wilcoxon–Mann–Whitney test

Heparin group (n = 233) 30 % citrate group (n = 231) p value

Age, years (mean ± SD) 57.44 (18.27) 58.61 (17.14) 0.70

 Male (%) 50.21 47.82 0.60

White skin 63.09 59.68 0.50

 CKD (87 %) diagnosis (%) 87.5 86.6 0.79

 Diabetes 18.8 21.0 0.57

 Obstructive nephropathy 26.6 23.2 0.43

 Glomerulonephritis 17.5 15.6 0.59

HD vintage, months (mean ± SD) 2.54 (3.16) 2.76 (3.29) 0.77

 AKI (13 %) diagnosis (%) 12.5 13.4 0.79

 Sepsis 6.7 5.4 0.54

 Hypoperfusion 2.7 3.1 0.78

 Rhabdomyolysis 0.9 2.2 0.25

CVC site of insertion (%)

 Internal jugular vein 59.45 69.23 0.09

 Subclavian vein 32.26 23.53

 Femoral vein 8.29 7.24

# Catheter (median ± range) 2 (1–15) 2 (1–18) 0.14*

Fig. 1   CRBSI-free survival by lock solution
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was no interaction between any pair of model predictors. 
The predictor insertion site violated the proportionality 
assumption, which led to a stratified analysis for CVC 
inserted in jugular vein and CVC inserted in subclavian 
vein. The ordinal number of the catheter presented a sig-
nificant association with dysfunction-free survival in the 
subgroup of jugular CVC, favoring initially placed cath-
eters with a hazard ratio of 1.13 (95  % CI 1.03–1.23) 
(Table  3). This finding means that each subsequent cath-
eter if implanted in jugular vein in the same patient had a 
13 % greater risk of dysfunction. The lock solution group 
presented an association with dysfunction-free survival 
only among subclavian catheters, with a hazard ratio of 
1.80 (95  % CI 1.00–3.22) (Table  3). It means that sub-
clavian catheters locked with 30 % TSC presented a risk 
80  % greater to be removed for dysfunction. The small 
number of femoral insertions precludes their inclusion in 
analysis.

Discussion

This RCT analyzed almost 500 non-tunneled hemodialysis 
CVC comparing CRBSI-free and dysfunction-free survival 
between heparin and 30 % TSC lock solution groups. It is 
the largest RCT on the issue published so far. The study 
found no advantage of 30  % TSC, with similar dysfunc-
tion-free survival between the lock groups as a whole, and, 
surprisingly, an increased CRBSI-free survival in heparin 
lock group. The analysis stratified for insertion site found 
that catheters placed into subclavian veins and locked with 
30  % citrate attained worse results in both infection and 
dysfunction outcomes.

Table 2   Multivariate modeling for catheter-related bloodstream 
infection, total, and stratified by site of insertion

Hazard ratio 95 % CI p value

Total CVC

 TSC lock solution 1.95 1.03–3.67 0.04

 Diabetes 1.65 0.90–3.01 0.10

 Subclavian vein CVC 0.78 0.40–1.54 0.48

Stratified by insertion site

 Jugular vein CVC

  TSC lock solution 1.65 0.78–3.48 0.18

  Diabetes 1.48 0.75–2.95 0.26

 Subclavian vein CVC

  TSC lock solution 3.36 1.02–11.04 0.04

  Diabetes 1.86 0.52–6.62 0.33

Fig. 2   CRBSI-free survival by lock solution—jugular vein

Fig. 3   CRBSI-free survival by lock solution—subclavian vein

Table 3   Multivariate modeling for malfunction-free survival, total, 
and stratified by site of insertion

Hazard ratio 95 % CI p value

Total CVC

 TSC lock solution 1.18 0.81–1.71 0.38

 Ordinal # CVC/patient 1.03 0.98–1.09 0.21

 Subclavian vein CVC 1.21 0.80–1.83 0.37

Stratified by insertion site

 Jugular vein CVC

  TSC lock solution 0.88 0.55–1.41 0.60

  Ordinal # CVC/patient 1.13 1.03–1.23 0.008

 Subclavian vein CVC

  TSC lock solution 1.80 1.00–3.22 0.04

  Ordinal # CVC/patient 0.99 0.92–1.06 0.73
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This finding goes against the results of Weijmer et al., who 
randomized 291 HD patients with CVC, most of them with 
non-tunneled catheters, and compared 30 % TSC lock solution 
with a standard heparin lock [18]. The frequency of catheter-
related bacteremia was substantially lower in patients using 
the concentrated citrate lock (1.1 versus 4.1 episodes/1000 
catheter-days). However, in the stratified analysis, the sub-
group of non-tunneled catheters had no significantly different 
rates of bacteremia between citrate or heparin-locked CVC. 
Betges et al. also found a significantly longer sepsis-free sur-
vival for tunneled catheters locked with citrate, but non-tun-
neled catheters had no significantly different survival curves if 
locked with citrate or heparin [19]. Other studies using high 
or low citrate concentration as lock solution in hemodialysis 
CVC have found heterogeneous results [9, 11, 12, 15–22]. 
However, most of them include a small number of non-tun-
neled catheters or do not include this type of CVC at all.

A recently published meta-analysis describes the inter-
esting finding that lock solutions with lower concentration 
of citrate, but not that with higher concentration, is more 
effective in prevent infectious complications than heparin 
[12]. There are some potential explanations for this, at first 
sight, illogical difference in effect. First of all, around 20 % 
of the volume of any catheter locks leaks into systemic cir-
culation at the time of instillation, due to parabolic flow that 
occurs within cylindrical tubes [23]. Furthermore, the spill-
age is even greater if the lock solution has higher concen-
tration of citrate, because its greater density compared with 
blood leads to gravity-induced loss of lock solution into the 
systemic circulation [24]. Hence, the intra-luminal citrate 
concentration varies from zero (at the tip in CVC with side 
holes) to unchanged concentration at the highest point of the 
CVC, with possible differences in antimicrobial effects [25].

In addition to spillage and heterogeneous lock concen-
trations within the CVC, even the in  vivo antimicrobial 
effect of citrate lock solution has been questioned. Schil-
cher et  al. found that 46.7  % citrate reduced the number 
of E. coli by 2 log units, but after 24 h, 106 CFU/mL were 
still present. Citrate 3  % and citrate-free blood, as were 
found in medium and lower CVC sections after spillage 
and dilution of citrate 46.7 %, had no antimicrobial effect 
on E. coli. Citrate 46.7  %, citrate 3  %, and citrate-free 
blood had scarce antimicrobial effect on S. aureus within 
24 h [25]. There is a huge predominance of staphylococ-
cus species in blood cultures of CRBSI in hemodialysis 
patients, exactly the micro-organism with lower sensibility 
to citrate.

The same previously cited meta-analysis [12] found that 
CRBSI rate was lower with citrate lock, but CRBSI-free 
catheter survival was similar between citrate and heparin 
groups. The analysis included 11 RCTs comparing the inci-
dence of CRBSI between citrate and heparin, but only 3 of 
them reported CRBSI-free catheter survival [26–28].

Nevertheless, there is no obvious explanation for the 
longer CRBSI-free and dysfunction-free survival in subcla-
vian catheters locked with heparin solution. It is known that 
citrate solutions reduce biofilm formation, although there 
are doubts about its effect on floating micro-organisms. In 
addition, there is some evidence that hypertonic citrate lead 
to protein precipitation inside CVC [29]. The actual implica-
tions of this phenomenon are not clear. There is worry that 
this proteinaceous material could lead to venous embolism, 
but it has not been documented. Another concern relates to 
the occlusion of CVC holes causing malfunction. However, 
there is also evidence that the proteins that are precipitated 
by hypertonic citrate are readily again solubilized when 
citrate is diluted after gravitational and injection spillage. 
The worse results of citrate in subclavian catheters may be 
related to anatomical and positional aspects, CVC design, 
and/or hydraulic effects of the lock solution. Most of the pre-
vious trials include a small number of subclavian catheters 
[18, 22, 26, 28], and no study had compared citrate with hep-
arin lock solutions stratifying for insertion site. However, our 
RCT was not powered to analyze subclavian catheter alone, 
and this finding should be confirmed in adequately powered 
studies. Another weak point is that only non-tunneled CVC 
was included in this trial, which precludes the extrapola-
tion of the findings to tunneled catheters. Most guidelines 
suggest that a tunneled CVC should be implanted if the 
intended stay is above 3 weeks [14, 30]. However, the evi-
dence on advantages of tunneled catheters over non-tunneled 
is entirely based on observational studies, and there is no 
randomized clinical trial comparing the two options in HD 
patients [13, 31, 32], therefore, it is unknown to what extent 
the tunneling could actually reduce the CVC complications 
in HD. In addition, tunneled CVC insertion is associated 
with increased cost, the need for skilled operators, and fluor-
oscopic monitoring facilities, which sometimes is not readily 
available. According to The Dialysis Outcomes and Practice 
Patterns Study (DOPPS), 75 and 31 % of catheters in Europe 
and 48 and 41 % in the USA among incident and prevalent 
HD patients, respectively, were non-tunneled CVC [33].

Despite all these unanswered questions, there seem to be 
currently enough evidences to proscribe the use of higher 
concentrations of citrate as lock solution in hemodialysis 
central venous catheters. In addition to the risks associated 
with inadvertent systemic instillation of citrate [34], and 
the higher economic costs, there is now a growing body 
of evidence signaling to the lack of additional benefits of 
hypertonic citrate compared to heparin-locking solutions.
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