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ABSTRACT
Background: A significant proportion of incident and prevalent hemodialysis patients have cen-
tral venous catheters for vascular access. No consensus is available on the prevention of catheter
dysfunction or catheter-related bloodstream infections in patients undergoing hemodialysis by
means of catheter lock solutions.
Method: We reviewed the effects of single and combined anticoagulants with antibacterial cath-
eter lock solutions or other antimicrobials for the prevention of thrombosis or infections in
hemodialysis patients. Relative risks with 95% confidence intervals for trials of the same type of
catheter locking solution were pooled.
Sources of information: We included original research articles in English from PubMed,
EMBASE, SpringerLink, Elsevier and Ovid using the search terms ‘hemodialysis,’ ‘central venous
catheter,’ ‘locking solution,’ ‘UFH,’ ‘low molecular weight heparin,’ ‘EDTA,’ ‘citrate,’ ‘rt-PA,’
‘urokinase,’ ‘gentamicin,’ ‘vancomycin’, ‘taurolidine,’ ‘sodium bicarbonate,’ ‘hypertonic saline’ and
‘ethanol’ and ‘catheter’.
Findings: Low-dose heparin lock solution (< 5000U/ml) can efficiently achieve anticoagulation
and will not increase the risk of bleeding. Low-concentration citrate (< 5%) combined with rt-PA
can effectively prevent catheter infection and dysfunction. Catheter-related infections may be
minimized by choosing the appropriate antibiotic and dose.
Limitations: There is a lack of follow-up validation data for LMWH, EDTA, taurolidine, sodium
bicarbonate, ethanol, and other lock solutions.
Implications: Since catheterization is common in hemodialysis units, studies on long-term treat-
ment and preventative strategies for catheter dysfunction and catheter-related infection
are warranted.
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Introduction

Hemodialysis (HD) central venous catheters (CVCs) are
divided into nontunnelled catheters and tunneled cath-
eters. Nontunnelled catheters are the main vascular
access for continuous renal replacement therapy and
extracorporeal membrane oxygenation (ECMO), which
is usually used in emergency HD treatment, whereas
tunneled catheters are used extensively as a permanent
vascular access in HD patients. The Kidney Disease
Outcomes Quality Initiative (KDOQI) suggests that
arteriovenous access (arteriovenous fistula or arterio-
venous graft) takes precedence over CVC in most
patients undergoing HD due to the lower infection risk
associated with arteriovenous access use. However, the
KDOQI does not have sufficient evidence to make such

recommendations on the selection of the vascular
access types based on their association with all-cause
hospitalization or mortality [1].

Maintaining the function of the CVC is a prerequisite
for successful extracorporeal blood purification therapy.
Thrombosis and induced stenosis and infection are the
main factors of CVC dysfunction, especially in long-term
tunneled catheters. In a cohort of 1,041 patients who
received outpatient maintenance HD therapy with a
tunneled CVC, at 1 year, the risks of CVC-related bacter-
emia, dysfunction, and central stenosis were 9%, 15%,
and 2%, respectively [2]. The occurrence of catheter
dysfunction in tunnel HD is usually due to thrombosis,
and a ‘fibrin sheath’ is the most common culprit [3].
CVCs are used in only 19% of the dialysis procedures in
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the United States but are responsible for 70% of the
vascular access-related bloodstream infections [4].

In this review, we evaluated the pharmacological
effects, clinical efficacy, and safety of CVC lock solutions
to better comprehend the KDOQI Clinical Practice
Guideline for Vascular Access: 2019 Update [1]. We fur-
ther address the scope and problems of various lock
solutions used in CVC to promote the rational selection
of CVC lock solutions.

Methods

PubMed, EMBASE, SpringerLink, Elsevier and Ovid were
searched for relevant studies. The subject words
included ‘hemodialysis,’ ‘central venous catheter,’
‘locking solution,’ ‘UFH,’ ‘low molecular weight heparin,’
‘EDTA,’ ‘citrate,’ ‘rt-PA,’ ‘urokinase,’ ‘gentamicin,’
‘taurolidine,’ ‘sodium bicarbonate,’ ‘hypertonic saline’
and ‘ethanol’. This review only considered articles in
English. We focused on HD patients with CVC. In this
review, we discuss the pros and cons of each lock solu-
tion and write an exhaustive narrative review of the
hemodialysis CVC lock issue.

We analyzed the data using R software (version
4.1.2). Relative risks with 95% confidence intervals (CIs)
for trials of the same type of catheter locking solution
were pooled.

Heparin

Pros of using heparin catheter locks
Unfractionated heparin (UFH) is the most commonly
used central venous lock solution clinically and is of
economic and applicable value. The negatively charged
heparin can bind to the positively charged arginine on
the antithrombin III (AT-III) molecule, which can change
the configuration of AT-III and expose the active site of
arginine, which combines with a coagulation factor
containing serine to become inactive, to achieve antico-
agulation. Due to its powerful anticoagulant effect
in vivo and in vitro, heparin can effectively prevent cath-
eter thrombosis. Nevertheless, the KDOQI guidelines
have not yet reached a consensus on the optimal con-
centration of UFH in lock solutions [1]. The recom-
mended dose of heparin sodium lock solution is
1000–10000U/mL.

In an RCT study comparing low-dose heparin
(1000U/mL) and high-dose heparin (5000U/mL) to
maintain the patency of newly imbedded tunnel cathe-
ters, there was no significant difference in blood flow,
venous pressure, arterial pressure, or dialysis adequacy;
no serious infection or bleeding events were observed

[5]. In a prospective trial comparing a higher dose hep-
arin lock (5000U/mL) with a lower dose heparin lock
(1000U/mL), there was no difference in the cumulative
catheter survival, catheter infection rate, or catheter
patency; the use of low-concentration heparin resulted
in significant savings despite the higher rt-PA use; and
no major bleeding complications were observed in
either group [6]. Renaud et al. [7] retrospectively
observed 238 patients without high-risk bleeding after
CVC implantation and found that there was no signifi-
cant difference in the CVC-related infection-free sur-
vival, bleeding events, or insufficient blood flow among
different doses of heparin (500, 1000, and 5000U/mL).

However, there are some contradictory results in cer-
tain studies. In a retrospective study, Yevzlin et al. [8]
found that concentrated heparin (5000U/mL) was asso-
ciated with increased major bleeding complications
after tunnel catheter placement compared with low-
dose heparin (1000U/mL) or citrate catheter lock solu-
tions (p¼ 0.02). A meta-analysis showed that compared
with a high-concentration heparin lock (� 5000U/mL),
a low-concentration heparin lock (< 5000U/mL) could
significantly reduce the incidence of bleeding events
and catheter-related infection, but there was no signifi-
cant difference in the cumulative catheter survival and
catheter dysfunction [9]. In addition, Holley et al. [10]
and Thomas et al. [11] found that the use of rt-PA in
the patients in the low-dose heparin (1000 u/ml) group
was greater than that in the high-dose heparin
(10000U/mL) group and was not significantly related to
catheter dysfunction. Despite the high use of rt-PA, the
overall medical cost of 1000U/mL heparin was signifi-
cantly reduced. There were no differences in the sec-
ondary outcomes, including severe bleeding
complications or hospitalization [10,11].

Cons of using a heparin catheter lock
A low-concentration lock solution is prone to catheter
thrombosis and requires more use of rt-PA. However,
theoretically, patients with a hypercoagulability ten-
dency are suitable for a high-concentration heparin
lock, but this will increase the risk of bleeding. Several
studies have found that severe systemic anticoagulation
usually occurs 10min after 5000U/mL of heparin lock
solution enters the patient’s blood circulation and lasts
for at least 1–2 h after dialysis, resulting in the risk of
bleeding [12,13]. Thompson and colleagues found simi-
lar results in their RCT study. There was a statistically
significant increase in the measured activated partial
thromboplastin time (APTT) and percent change
in APTT at 10min post-catheter heparin locking
between the heparin 1,000 IU/ml group and the heparin
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5,000 IU/ml group (p< 0.001) [14]. In an RCT study,
there was a significant increase in APTT at 10min after
heparin locking in the low-dose (1000U/mL) and high-
dose (5000U/mL) heparin groups, especially in the high
concentration group, while there was no significant dif-
ference in the infection incidence and occlusion rate of
the catheters. In the 5000U/mL group, more patients
had massive bleeding, and their hematocrit values were
significantly decreased [15]. Hryszko et al. [16] com-
pared heparin 5000U/mL with heparin 2500U/mL in an
RCT and found that high-dose heparin and prolonged
APTT 2 h after injection of the lock solution were inde-
pendent risk factors for patients with bleeding events.

Studies in vitro suggest that approximately 20% of
the lock solution will eventually leak in vitro, and the
amount of leakage is related to the proportion of lock
solution in the conduit volume [17,18]. In addition,
in vivo studies have confirmed that 12% to 31.3% of the
catheter lock will leak into the patient’s blood 10min
after the injection of the lock solution, and 24.6% to
41.9% of the catheter lock will leak 48 h later [19]. The
above studies confirmed that the systemic anticoagula-
tion caused by high-dose heparin lock solution leakage
in vivo will lead to the risk of bleeding.

We conducted a pooled analysis for the above stud-
ies that included all patient groups and that compared
low-concentration heparin with high-concentration
heparin. The pooled overall catheter dysfunction IRR
was 0.89 (95% CI, 0.61–1.31), which was not significant.
However, the pooled overall catheter-related bleed
event IRR was 0.29 (95% CI, 0.14–0.56), favoring low
concentrations of heparin (see Table 1).

In addition, in vitro studies suggested that heparin
promoted the formation of staphylococcal biofilms and
made the patients prone to CRBSI, which increased
with increases in heparin concentration and stimulation
time. A biofilm consists of bacteria or fungi that aggre-
gate in a glycocalyx matrix of their own synthesis.
Biofilms allow microorganisms to survive and proliferate
despite host immunity and therapeutic doses of antibi-
otics, and this constitutes a permanent source of bac-
teremia and can favor the development of bacterial
resistance [20]. Moreover, the bacteria associated with
heparin-stimulating biofilms have a high level of resist-
ance to vancomycin [21].

Another important adverse reaction is heparin-
induced thrombocytopenia (HIT), which has a high inci-
dence rate in the HD population (3.9–17.9%) [22].
Argatroban or sodium mesylate are used as alternative
anticoagulants during HD. These drugs do not cross-
react with heparin because their molecular structures
are completely different, and they are likely to be

used as an alternative locking solution for HIT
patients [23].

Clinical recommendation
The American Society of Diagnostic and Interventional
Nephrology recommends 1000 IU/mL heparin as the
CVC lock solution [24]. Heparin can cause allergies or
HIT and has no antibacterial effect (it may promote the
formation of Staphylococcus aureus biofilms). Therefore,
this study considers that 1000 IU/mL heparin lock solu-
tion should only be used in patients without a history
of heparin allergy and HIT, as well as those with a low
risk of infection. For patients with catheter obstruction
or thrombosis, a higher concentration of UFH should be
retained, and the concentration of common heparin
should be 5000U/mL. However, the changes in the
APTT value should be monitored over time. In addition,
it is necessary to pay attention to certain problems,
such as the drug compatibility between heparin and
other antibiotics, including aminoglycosides, b-lactams,
glycopeptides, quinolones, and macrocyclic lipid antibi-
otics (such as gentamicin, cephalothin, vancomycin,
ciprofloxacin, and adriamycin).

Low-molecular-weight heparin (LMWH)

Pros of using an LMWH catheter lock
LMWH is a heparin mixture that is depolymerized by
chemical or enzymatic methods, with a molecular
weight of 2000–12000 Daltons. LMWH only has an AT-III
binding site without a thrombin-binding site, thus
weakening the effects of antithrombin and preventing
the prolongation of APTT. At the same time, LMWH
shows less nonspecific binding with platelets, circulat-
ing plasma proteins, macrophages, and endothelial
cells, which prolongs the half-life, enhances the antith-
rombotic ability of the vascular endothelium, and
reduces the occurrence of HIT [25]. The data showed
that the incidence of type II HIT in dialysis patients with
heparin anticoagulation was between 2.8% and 12%
[22], while in patients with LMWH anticoagulation, it
was less than 1% [26].

Clinically, LMWH anticoagulation has great advan-
tages in HD and is commonly used, but there are few
studies on LMWH lock solutions. A crossover RCT study
[27] compared UFH (5000U/mL) and tinzaparin (2000U/
mL) as lock solutions and found that the alteplase use
of the tinzaparin group decreased by 47.4% compared
to the heparin group. The results show that tinzaparin
may be a suitable substitute for HD CVC lock solution,
but these results should be confirmed by conducting
larger trials.
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Cons of using an LMWH catheter lock
LMWH has potency, is easy to administer, has predict-
able clinical effects, and has few side effects [28].
Therefore, it is recommended as the preferred anti-
coagulant in dialysis patients, but this advantage does
not exist when it is used as a lock solution. LMWH has a
low risk of bleeding because it cannot directly inhibit
the effect of antithrombin, but its anticoagulant effect
is only partially blocked by protamine when there is a
risk of bleeding [29]. Moreover, in terms of pharmaco-
kinetics, LMWH has a longer half-life, but this also
means that the LMWH lock will affect the coagulation
state for a longer time when leaking into the patient’s
systemic circulation [30]. In terms of health economics,
the price of LMWH is significantly higher than that of
UFH. Therefore, in theory, LMWH is not suitable as a
CVC locking solution.

Citrate

Pros and cons of using citrate
Trisodium citrate (TSC) is also an alternative anticoagu-
lant used extensively in clinical blood purification treat-
ments. Unlike heparin, the anticoagulant mechanism of
TSC is to chelate calcium ions in the blood to form
insoluble soluble complex calcium citrate, which can
reduce the number of active calcium ions in the blood,
prevent the transformation of prothrombin to throm-
bin, and inhibit the transformation of fibrinogen to
fibrin, thereby achieving a good anticoagulant effect
[31]. Compared with the risk of bleeding caused by the
leakage of a heparin lock, sodium citrate solution enter-
ing the blood does not produce a systemic anticoagu-
lant effect and reduces the tendency of systemic
bleeding because citrate can be quickly metabolized
into bicarbonate in vivo [32]. In addition, in vitro studies
have shown that citrate alone can effectively inhibit
biofilm formation and bacterial growth, but citrate
alone at a concentration higher than 30% can com-
pletely kill bacteria, possibly without completely eradi-
cating preexisting biofilms [30].

Clinical studies have shown that 4% sodium citrate is
as effective as heparin in preventing hemodialysis cath-
eter thrombosis. MacRae et al. [33] compared citrate 4%
with heparin (5000U/mL) and found no significant dif-
ference in the incidence of catheter dysfunction and
the risk of CRBSI, but the incidence of bleeding
decreased. Grudzinski et al. [34] found that 4% citrate
was associated with less need for thrombolysis.
Although this did not reach statistical significance,
more clots were observed during dialysis, and there
was no reduction in bacteremia [34]. However, Lok

et al. [35] prospectively observed that the catheter
exchange rate, the use of rt-PA rate, incidence of bac-
teremia and hospital stay were significantly decreased
after replacing a 5000U/mL heparin lock solution with
a citrate 4% lock. Yon et al. [36] also found that CRBSI,
catheter exchange, and the extraction rate (due to
infection and/or thrombosis) decreased significantly
after replacement with a citrate 4% lock. The above
studies were analyzed by comparing citrate 4% with
high-concentration heparin and showed that the overall
catheter dysfunction IRR was 0.74 (95% Cl, 0.55–0.98),
and the overall catheter-related infection IRR was 0.59
(95% Cl, 0.41–0.85), both of which showed the benefits
of using citrate 4%. (see, Tables 1 and 2)

However, Yahav et al. [37], in a systematic review of
7 trials (818 patients; 75185 catheter days), found that
citrate catheter lock (with or without antibiotics) signifi-
cantly reduced the infection rate by 64% and the cath-
eter removal rate by 44% but had no effect on catheter
thrombosis. Chen et al. [38] reviewed 21 studies (4832
patients, 318,769 catheter-days) and found that the
incidence of catheter-related bloodstream infections
(CRBSIs) and exit-site infections (ESIs) was significantly
lower in citrate-based regimens than in heparin-based
regimens. No significant difference in preserving cath-
eter function or all-cause mortality was found between
the two groups [38]. Zhao et al. [39] analyzed 13 studies
(1,770 patients; 221,064 catheter-days) and found that
overall there is a large benefit to the use of citrate in
combination with other antimicrobial solutions, instead
of using citrate alone even at the highest concentra-
tions, over heparin in the prevention of CRBSI.

Nevertheless, as for the anticoagulation mechanism,
compared with heparin, high concentrations of citrate
provide local anticoagulation by chelating calcium ions
in the blood and reducing the bleeding risk. As a cath-
eter lock, it has considerable anticoagulation advan-
tages. Weijmer et al. [40] found that 30% citrate
significantly reduced the incidence of catheter-related
bacteremia and bleeding complications caused by acci-
dental systemic heparinization, when compared with
5000U/mL heparin. A retrospective study confirmed
that a 46.7% citric acid lock solution reduced the inci-
dence of catheter bacteremia and hospitalization rate
in long-term dialysis patients, as compared with
1500U/mL heparin [41]. In a prospective randomized
controlled study, compared with 5% heparin, 46.7% cit-
ric acid showed no significant difference in CRBSI, cath-
eter exit infection, or hospitalization rate, but the
number of patients requiring the thrombolytic agent
urokinase (u-PA) increased. The cumulative survival rate
of the catheter decreased by 15% at 6months; 34% of
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patients needed to have the dose reduced, and 15% of
patients stopped the trial due to abnormal taste and
skin sensations [42]. Presently, there seems to be insuffi-
cient evidence to confirm that high-concentration cit-
rate is better than heparin in CRBSI.

In vivo studies showed that 46.7% and 20% citrate
could induce protein aggregation in the catheter after
injection of these lock solutions, which have potential risk
of inducing pulmonary embolism, while 10% and 4% cit-
ric acid did not [43]. A crossover RCT study from Europe
compared 10% TSC with 5% TSC and found a reduction
in nonocclusive thrombosis in the 10% citrate group per
HD session. However, there was no significant difference
in the incidence of u-PA thrombolytic therapy, and no
adverse effects were reported [44]. In contrast, the 10%
TSC lock solution is safe and can be recommended.

However, there is no evidence that the use of high
concentrations of citrate alone is beneficial to maintain
catheter patency and prevent CRSBI. Although Ash et al.
[45] sealed the catheters with 2mL of 23% citrate, and
no adverse reactions were observed, Power et al. [42]
reported that approximately 10% of patients complained
that they had a ‘metallic’ taste or temporary tingling in
their fingers shortly after approximately 6mL of 46.7%
citrate was injected into the central vein (approximately
10mmoL/L). According to the U.S. Food and Drug
Administration, an end-stage renal disease (ESRD) patient
died of cardiac arrest shortly after receiving 5mL of a
47% citrate lock solution after placing central venous
tunnel catheters [46]. The reason for this is unclear; a
drop in blood glucose reportedly as the single contribu-
ting factor is most significantly related to the symptoms
of citrate-induced hypocalcemia [47]. Therefore, high
concentrations of citrate may not be safe since the cath-
eter tip embedded in the internal jugular vein is located
at the inlet of the right atrium, and TSC provides local
anticoagulation by binding Ca2þ. Even if a small amount
of citrate enters the right atrium, it may also lead to a
local reduction of calcium ions in myocardium, can inter-
fere with myocardial contraction, and lead to serious
pacemaker dysfunction and a fatal arrhythmia [48].
Another reason is that a hypertonic citrate lock solution
can lead to a decrease in the calcium content in the local
blood at the catheter outlet, metabolic acidosis, and a
slight increase in PCO2 [49]. Therefore, the authors
believe that it is strictly prohibited to use a high-concen-
tration citrate locking solution in patients with internal
jugular vein catheters or liver failure.

Clinical recommendation
The KDOQI recommends the use of a low concentration
citrate (< 5%) CVC lock solution, if feasible, to prevent

CRBSI and CVC dysfunction [1]. The American Society of
Diagnostic and Interventional Nephrology recommends
the use of 4% citrate as an acceptable choice of CVC
locking solution for patients who cannot tolerate hep-
arin [24]. Since citrate locking solutions may induce car-
diovascular events, low concentrations of citrate can be
suitable for patients without serious arrhythmias, and
high concentrations of citrate are not recommended for
patients with internal jugular vein catheters or liver fail-
ure. Citrate can be used as the basic anticoagulant of
combined antibacterial locking solution, provided that
there is no incompatibility with the antibiotics and anti-
bacterial agents used.

Ethylene diamine tetraacetic acid (EDTA)

Pros and cons of EDTA
Ethylenediaminetetraacetic acid (EDTA) has anticoagu-
lant and antibacterial effects, but there is not enough
evidence that suggests the use of EDTA as a lock solu-
tion alone. EDTA can chelate divalent metal ions such as
Mg2þ, Ca2þ, Mn2þ, and Fe2þ and has an anticoagulant
effect. In addition, EDTA tetrasodium has broad-spec-
trum inhibitory activity against methicillin-resistant
Staphylococcus aureus (MRSA) and gram-negative bac-
teria, and can effectively kill all of the live bacteria in bio-
films [50]. In a multicenter prospective randomized
controlled study, 4% EDTA significantly reduced the col-
onization of tunnel CVC compared with heparin 5000U/
mL, but the reduction rate of CRBSI was not significant
and was associated with a higher thrombolysis rate. Its
safety is equivalent to that of heparin locking solutions
[51]. A RCT, including 270 hemodialysis patients with a
prevalent CVC and that compared an antimicrobial cath-
eter lock, showed that the use of a trimethoprim anti-
biotic, ethanol, and a Ca-EDTA lock solution significantly
reduced the incidence of CLABSI than heparin 5000U/
mL (p< 0.03) and that the use of thrombolytics
increased (40%vs12%, p< 0 .001), but the rates of cath-
eter removal did not differ [52]. However, Ouellet [53]
found that in a group of maintenance HD patients with
catheter dysfunction, the replacement of 4% citrate with
4% tetrasodium EDTA resulted in a significant reduction
in the use of alteplase. The pooled analyses of EDTA-con-
tained lock solution versus heparin lock solution show
that the incidence of CRBSI decreased by 71%, but no
there was no significant decrease in the catheter dys-
function incidence (p¼ 0.16).

Clinical recommendation
EDTA and metal chelation agents play a significant role
in reducing the occurrence of catheter CRBSI. However,
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they are not equivalent to heparin in maintaining cath-
eter patency, and they are not inferior to sodium cit-
rate. Due to the lack of adequate research evidence, the
KDOQI guidelines do not recommend EDTA alone as a
locking solution. However, EDTA is rarely incompatible
with common preservatives/antibiotics and can be used
as a basic anticoagulant along with other antibiotics.

Plasminogen activators

Pros and cons of plasminogen activators
Plasminogen activators such as streptokinase (SK), rt-PA
and its derivatives, single-chain u-PA, or double-chain
u-PA are commonly used to treat CVC thrombosis clin-
ically. Streptokinase may cause severe bleeding events
and allergic reactions [54], so it is rarely used as a cath-
eter lock solution for clinical research. Tissue plasmino-
gen activator alteplase (rt-PA) and its derivatives and
single-chain u-PA have fibrin binding sites, which can
directly activate plasminogen and convert it into plas-
min, and rt-PA can strongly dissolve fibrin by protein
hydrolysis and single peptide bond breaking [55].
Alteplase has a weak antifibrinogen effect, a strong
antithrombotic effect, and a low bleeding risk.

A single randomized crossover trial involving 12
patients undergoing hemodialysis showed that a 2mg rt-
PA lock in each lumen decreased the incidence of throm-
botic events by 20% compared with a 2000 units/ml hep-
arin lock in each lumen [56]. The large multicenter trial
pre-CLOT that included 225 participants compared 1mg
rt-PA lock once a week plus a heparin lock after the other
dialysis sessions, in which a heparin lock was used after
each dialysis session for 6months follow-up. The results
showed that compared with the heparin group, the inci-
dence of catheter dysfunction in the rt-PA lock group
decreased by 53% (p¼ 0.01), and the CRSBI incidence
decreased from 1.37/1000 catheter days to 0.4/1000 cath-
eter days (p¼ 0.01). Despite early discontinuation and
high withdrawal rates (114/225 patients), this study pro-
vides evidence for the use of rt-PA as a catheter lock [57].
In addition, a multicenter cohort study in Canada com-
pared the prophylactic use of rt-PA lock once a week and
a 4% citrate lock after each HD session in high-risk
patients with TCC-TD (thrombosis dysfunction) or with a
history of CRBSI and suggested that rt-PA lock solution
reduced the use of thrombolytic agent by 61%, but rt-PA
had no significant effect on the incidence of catheter
removal [58]. Despite the higher cost of rtPA, and after
considering the hospitalization expenses caused by CRBSI
and catheter failure, the intermittent use of rtPA lock is
still a good choice for patients with suspected catheter
failure, thrombosis or catheter-related bacteremia.

In addition, recombinant TPA has primarily been
used as a thrombolytic drug in the treatment of CVC
thrombosis. The KDOQI suggests that the success rate
of rt-PA in restoring CVC patency is between 50% and
90% [1]. The most commonly used thrombolytic dose
of alteplase is a 2mg lumen. The minimum effective
dose of alteplase is still unknown. Fink et al. [59] and
Haymond et al. [60] reported that the 1.0mg rt-PA dose
may be as effective as the 2.0mg dose in restoring CVC
function. However, Yaseen et al. [61] observed that the
clearance of catheter dysfunction by 2.0-mg rt-PA
dwells was better than that by 1.0-mg rt-PA dwells, and
the average survival life was improved. In addition,
Savader et al. [62] and Davies et al. [63] found that the
administration methods of the thrombolytic agent rt-PA
mainly included push/withdrawal or dwell or thrombo-
lytic agent (TLA) infusion in the treatment of CVC dys-
function, and these two techniques were equivalent to
each other in restoring CVC function.

Reteplase (rPA) is a deletion mutant of rt-PA that can
directly activate plasminogen without complexing with
plasminogen [64]. Several studies conducted short
dwell repeats of 0.4 U per catheter port for 30–60min,
and it was found that the success rate of relieving cath-
eter dysfunction was approximately 85%–91%, which
was equivalent to that of alteplase [65–67]. In addition,
there was no significant difference in the patency rate
improvement between the low-dose (0.5 U) reteplase
and high-dose (2 or 3 U/lumen): 84% vs. 90% [68]. A
systematic review compared thrombolytic drugs in
patients with HD-occlusive CVC and found that the
highest success rate of clearing catheter dysfunction
was 88± 4%, followed by alteplase 81 ± 37% and tenec-
teplase (TNK) 41 ± 5% [69].

Tenecteplase (TNK) is a multipoint mutation of rt-PA
that binds to fibrin and converts plasminogen into plas-
min, thus stimulating local fibrinolysis [64]. Compared
with the other plasminogen activators, the 1 h success
rate of TNK (2mg/mL) in the treatment of catheter dys-
function is approximately 22%–34%, and the long-term
success rate can reach 49% [70,71]. Double-blind and
placebo-controlled studies have evaluated non-HD
patients with catheter failure treated with TNK and pla-
cebo (PBO), and the patients were assigned to two
treatment arms (TNK-TNK-PBO and PBO-TNK-TNK). The
initial 2 h success rates of catheter dysfunction were
60% and 23%, respectively; the cumulative restoration
rates for CVC function increased to 87% after the
second dose of TNK in both of the study arms com-
bined [72]. It can be seen that TNK was efficacious for
the restoration of catheter function, and prolonging its
effect time can improve the success rate.
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Urokinase-type plasminogen activator (u-PA) is a ser-
ine protease that binds to specific cell receptors
(u-PARs), resulting in enhanced activation of cell-bound
plasminogen [55] and it can dissolve fibrinogen and
reduce the continuous formation of thrombosis.
However, there is no consensus on its appropriate dose
and use during treatment. Clase et al. [73] systematically
reviewed several studies and concluded that the success
rate of local catheter-guided u-PA 5000 IU in alleviating
catheter obstruction was 74%–95%, while the success
rate of systemic thrombosis with 250000 IU u-PA in com-
pletely improving blood flow was 81%–100%.
Kumwenda et al. [74] used 12500–50000 IU or
100000–250000 IU u-PA infusion in patients with tunnel
CVC dysfunction. The cumulative success rate of thromb-
olysis after the first intervention was 90.5%, 97% after
the second intervention, and 99% after more than two
interventions. There were no significant differences
between the groups [74]. Compared with rt-PA and its
derivatives, u-PA has no antithrombotic selectivity and
reduces the thrombolytic fibrinolytic activity. A retro-
spective study and three RCT studies compared alteplase
1mg/mL and u-PA 5000 IU/mL dwell for 30–120min to
improve catheter dysfunction. After comparing the suc-
cess rate (defined by Qb > 200mL/min) of the restor-
ation of catheter function of alteplase (88.2%–95%) vs. u-
PA (42.8%–85%) [75–77], it was found that the success
rate (defined by Qb � 300mL/min) of alteplase is twice
that of u-PA (70.0% vs. 35%) [29].

Clinical recommendation
There are few studies on thrombolytic drugs as locking
solutions, and the PreCLOT trial is the only one in which
an ALS was able to reduce both catheter malfunction
and CRBSI. The KDOQI suggests that rt-PA can be used
prophylactically as a CVC lock solution once a week to
help reduce CVC dysfunction [1]. However, with regard
to CVC without thrombosis, evidence of the effect of
the early use of rt-PA as a lock solution on the preven-
tion of thrombosis is limited, which may lead to a waste
of medical expenses. Therefore, rt-PA and its derivatives
are suitable for patients with CVCs with confirmed or
suspected thrombosis. Instead of a locking solution,
KDOQI recommends the use of alteplase or urokinase
plus citrate 4% per limb for restoring the intraluminal
CVC blood flow in an occluded CVC [1].

Antibiotic lock solutions

Pros and cons of antibiotic lock solutions
Antibiotics combined with anticoagulants can effect-
ively reduce CRBSI, but they can increase the risk of

adverse drug reactions. Catheter thrombosis and CRBSI
are interrelated, leading to catheter dysfunction.
Theoretically, the antibiotic and anticoagulant locks can
effectively prevent catheter dysfunction, but they also
increases the risk of antibacterial toxicity and bacterial
drug resistance.

Gentamicinþheparin/sodium citrate lock solution.
Gentamicin is an aminoglycoside antibiotic that has effi-
cacy against a broad bacteriological spectrum with the
common bacteria in CRBSI. Dogra et al. [78] found that
catheters locked with gentamycin-citrate (40mg/mL
with 3.13% citrate) performed better than those locked
with heparin concerning CRBSI, but the difference in
dysfunction was not significant. The measurable genta-
micin level in some patients raised concerns about
potential ototoxicity. Padilla-Orozco et al. [79] found
that treatment with gentamicin (8mg/mL and heparin
1000U/mL lock solution) was associated with a signifi-
cant decrease in CRBSI, especially with Pseudomonas
aeruginosa. The other two studies confirmed that 5mg/
mL gentamicin combined with heparin as a lock solu-
tion could reduce the incidence and duration of CRBSI
but had no significant effect on catheter function, and
there was no bacterial drug resistance or clinical ototox-
icity [80,81]. Nori et al. [82] confirmed that gentamicin
(4mg/mL)/citrate and minocycline/EDTA lock solutions
were superior to heparin lock alone in the prevention
of CRBSI, and the curative effect was equivalent to that
of high concentration gentamicin. Nevertheless, Landry
et al. [83] found that the incidence and mortality of
gentamicin-resistant CRBSI were significantly higher in
HD patients who were given gentamycin 4mg/mL as a
catheter lock within 6months. To avoid drug resistance
caused by the toxic accumulation of gentamicin, Moran
et al. [84] and Moore et al. [85] combined 0.32mg/mL
gentamicin with citrate 4% as the sealing solution and
found that a low concentration of gentamicin com-
bined with citrate 4% could significantly reduce the
rate of CRBSI without microorganisms developing
resistance to gentamicin.

We pooled the results of the above studies, included
all the patient groups together and found that com-
pared with the heparin group, the incidence of CRBSI in
both the low gentamicin concentration (0.32mg/ml)
and high gentamicin concentration (>4mg/ml) groups
was significantly lower than that in the heparin group
(RR 0.19; 95% cl, 0.09–0.41; RR 0.26; 95% cl, 0.19–0.37,
respectively). Therefore, considering the efficacy and
safety, using low concentrations of gentamicin (<
4mg/mL) and low concentrations of citrate (< 4%) as a
lock solution can prevent and treat CRBSI. The low
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concentration of gentamicin as a blocking solution did
not increase the bacterial drug resistance, and the risk
of drug toxicity was lower than that of the high concen-
tration gentamicin.

Vancomycinþheparin/gentamicin locking solution.
Vancomycin is a glycopeptide antibiotic with a narrow
antibacterial spectrum. It is mainly used to treat methi-
cillin-resistant infections, such as Staphylococcus spp.
and Enterococcus. In vitro studies showed that the add-
ition of 2500U/mL heparin and 5mg/mL vancomycin
was effective in reducing the biofilm formation of S. epi-
dermidis, Enterococcus faecalis, and S. aureus [86]. A
randomized, double-blind, prospective study, including
131 hemodialysis patients with nontunnel catheters,
showed that compared with heparin (2000U/ml),
vancomycin (5mg/ml) combined with heparin (2000U/
ml) reduced the incidence of CRBSI by 82%, but during
that period, vancomycin-resistant Enterococcus (VRE)
was isolated from the vancomycin group, from which
these patients had to be hospitalized [87]. A 12-month
study confirmed that the combination of vancomycin
(25mg/mL) and gentamicin (40mg/mL) could prevent
Staphylococcus and other gram-negative bacterial infec-
tions in tunneled cuffed catheters (TCCs) and could sig-
nificantly reduce the incidence of CRBSI and clinical
sepsis; however, the exit infection rate was not signifi-
cant [88]. We conducted pooled analyses that evaluated
vancomycin-containing lock solutions versus heparin
lock solutions and found that the incidence of CRBSI
was 84% lower in the antibiotic group compared with
the heparin group.

Cefazolinþ gentamicin locking solution. Cefazolin is
a broad-spectrum semisynthetic cephalosporin anti-
biotic that has good antibacterial activity against other
Gþ and G- bacilli, especially vancomycin-resistant enter-
ococci, except methicillin-resistant Staphylococcus.
Fogel et al. [89] found that cefazolin is equivalent to
vancomycin and that the combination of cefazolin and
gentamicin is better than vancomycin in stable out-
patient HD patients with a low MRSA infection rate. Kim
et al. [90] used the gentamicin (5mg/mL) combined
with cefazolin 10mg/mL antibiotic lock technique (ALT)
in 120 patients with nontunnelled central catheters and
found that the CRBSI rate in the ALT group was signifi-
cantly reduced compared with the non-ALT group.
Moreover, in a study by Silva et al. [91], antibiotics (cefa-
zolin 10mg/mL) and lower concentrations of gentami-
cin (gentamicin 5mg/mL) added to heparin (1000U/
mL) as a locking solution significantly reduced the inci-
dence of CRBSI and extubation rate due to infection,

and the difference in the amount of drug-resistant bac-
teria was not significant. Bueloni et al. [92] found that
there was a difference between the gentamicin-cefazo-
lin group and taurine-citrate group in the emergence of
oxacillin-resistant strains but that there was no differ-
ence in CRBSI rates, which differs from the results of an
analysis of these agents performed in a previous study
by Silva. A meta-analysis including 5 trials of topical
antibiotics (630 patients) and 11 trials of intraluminal
antibiotics (765 patients) showed that prophylaxis with
intraluminal agents significantly reduced the rate of
catheter-related bloodstream infections (rate ratio, 0.32
(95% CI, 0.22–0.47); however, the reductions in the bac-
teremia rates remained significant for locks containing
vancomycin and gentamicin but not for those contain-
ing cefazolin and gentamicin [93]. We conducted
pooled analyses of cefazolin and gentamicin lock solu-
tions versus heparin lock solutions and found that the
incidence of CRBSI was 69% lower in the antibiotic
group compared with the heparin group.

Other antibioticsþ heparin
Cefotaximeþheparin locking solution. Cefotaxime is
a third-generation semisynthetic cephalosporin that is
not as effective as cefazolin against gram-positive bac-
teria but has strong activity against gram-negative bac-
teria. Saxena et al. [48,94,95] conducted three RCT
studies on ESRD, diabetes, and elderly patients with
nasal colonization by S. aureus. The studies confirmed
that compared with the heparin group (5000U/mL), the
cefotaxime group (10mg/mL) had improved throm-
bosis-free TCC survival at 365 days and infection-free
survival but reductions in the incidence of CRBSI and
the mortality of diabetes mellitus. However, further
studies are needed to determine the long-term effects
of antibiotic locking on drug resistance. Cefotaxime-
heparin locking solutions can effectively reduce the
incidence of gram-positive cocci (including MSSA)-
related CRBSI when patients have nasal colonization by
S. aureus [48,94,95].

Minocyclineþ EDTA locking solution. Minocycline is a
semisynthetic tetracycline antibiotic with a wide anti-
bacterial spectrum, and it can combine with tRNAs to
achieve antibacterial effects. S. aureus, Streptococcus,
Escherichia coli, and P. aeruginosa are sensitive to mino-
cycline. Luiz et al. [96] found that compared with hep-
arin 1000 IU/mL, minocycline 3mg/mL with EDTA
30mg/mL or 30% citrate as a lock solution could signifi-
cantly reduce the incidence of CRBSI and improve the
infection-free survival of catheters, but there was no
significant difference between catheter survival and
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dysfunction. Campos et al. [97] compared the effects of
minocycline (3mg/mL, EDTA (30mg/mL), and conven-
tional UFH on CRBSI in HD patients within 90 days. The
results showed that the CRBSI-free survival rate in the
minocycline EDTA group was significantly higher than
that in the heparin group, but there was a significant
difference in the catheter removal rate due to dysfunc-
tion [97].

Compound sulfamethoxazoleþheparin locking solu-
tion. Sulfamethoxazole, a compound prepared from
sulfamethoxazole and methoxy benzidine, mainly inter-
feres with the synthesis of bacterial genetic material
and exerts strong antibacterial activity, and it is used
for S. aureus, Klebsiella spp., E. coli, and other drug-
resistant bacteria. Moghaddas et al. [98] found that
compared with heparin 2500U/mL, compound sulfa-
methoxazole (10mg/mL with heparin 2500U/mL lock-
ing solution) reduced CRBSI and prolonged the survival
time of CVCs in HD patients.

In this review, the pooled overall CVC-related blood-
stream infection IRR, which was evaluated by including
all the patient groups together and was used to com-
pare the antibiotic locks with other lock solutions,
showed that most IRRs per 1000 CVC-days were less
than 1.00, suggesting a beneficial effect association
with the antibiotic locks for the prevention of CVC-
related bloodstream infections. Similarly, Labriola et al.
[99] reviewed eight studies (829 patients, 882 catheters
and 90191 catheter-days) and found that the use of
antimicrobial lock solutions (ALS) significantly
decreased the 68% incidence of CRBSI Additionally, in a
systematic review of 11 trials assessing antibiotic cath-
eter lock solutions (924 patients with 176,332 catheter-
days) and 5 trials assessing 661 patients with 63,345
catheter-days, Yahav et al. [37] found that antibiotic
catheter locks significantly reduced the catheter-related
bloodstream infection rates by 56% and the catheter
removal rates by 65%, as compared with heparin
locks alone.

Clinical recommendation of antibiotic lock solutions
Gentamicin, vancomycin, and cefazolin are the most
commonly used antibiotics for the prevention of CRBSI.
However, there is insufficient evidence regarding
adverse reactions and drug resistance in the use of
cefotaxime, minocycline, and cotrimoxazole as locking
solutions. Antibiotic locking solution can reduce the
incidence of CRBSI, but due to the lack of anticoagulant
properties, they need to be used in combination with
heparin or citrate. The KDOQI guidelines recommend
specific prophylactic antibiotic locks for patients in

need of a long-term CVC at high risk of CRBSI, instead
of using them for routine use.

Antimicrobial agents combined with anticoagulants
The use of antimicrobial agents combined with anticoa-
gulants as locking solutions has been a research hot-
spot in recent years and can effectively reduce CRBSI,
but there is no standard scheme.

Taurolidine
Taurolidine, a derivative of the amino acid taurine, is
one of the latest ALTs and has broad-spectrum antibac-
terial activity against gram-positive and gram-negative
bacteria and fungi (such as Candida) (including MRSA
and VRE) by the binding of its hydroxymethyl group to
cell walls, proteins, and cytotoxins [100]. Therefore,
taurolidine can prevent the formation of biofilm in the
catheter and reduce CRBSI. In recent years, in some
European countries, a trisodium citrate 30% lock has
been gradually replaced by the catheter locking solu-
tion containing taurolidine. At present, there are two
commercial lock compound preparations, TaurolockTM

(containing taurolidine and citrate 4%) and NeutrolinVR

(containing taurolidine, heparin, and calcium citrate).
The earliest research report on TaurolockTM that

showed its association with increased frequency of
catheter thrombosis versus heparin is attributed to
Allon. This nonrandomized controlled study showed
that although a significantly higher CRB-free survival at
90 days was observed with taurolidine/citrate than with
heparin 5,000U/ml (94 vs. 47%), almost 70% of the
patients in the TaurolockTM group required thrombo-
lytics to maintain catheter patency [101]. Betjes et al.
[102] conducted an RCT test involving 58 patients, who
mainly had nontunnel catheters (23.7%), and this study
found that the antimicrobial taurolidine may signifi-
cantly reduce the incidence of catheter-related sepsis
but may not increase the risk of side effects. In a
randomized controlled trial that included 119 chronic
hemodialysis patients, Filiopoulos et al. [103] compared
the antibiotic group(Gent 40mg/mlþheparin 5000 u/
ml, group A) and taurolidine/citrate group(group B),
and found that the taurolidine/citrate lock was not
superior to gentamicin/heparin in the prevention of
CRB. Additionally, Solomon et al. [104] found that com-
pared with heparin (5000 u/ml) in a randomized con-
trolled trial, TaurolockTM did not reduce all-cause
bacteremia and was associated with a greater need for
thrombolytic therapy. However, the infection incidence
caused by gram-negative bacteria decreased [104]. The
pooled analyses of taurolidine/citrate lock solutions ver-
sus heparin lock solutions showed that the incidence of
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CRBSI was decreased by 65%, but there was no signifi-
cant changes in the catheter dysfunction inci-
dence (p¼ 0.69).

To increase the antithrombotic effect, Solomon et al.
[105] added 500 u/ml heparin to 4% taurine citrate, and
TauroLockTM-Hep500 (1.35% taurolidine, 4% citrate and
500 u/ml heparin) was compared to TauroLockTM

(1.35% taurolidine, 4% citrate) and heparin 5000 u/ml
by using retrospective data. Comparing with
TauroLockTM,TauroLockTM -Hep500 reduced the need
for thrombolysis, which was equivalent to that of hep-
arin 5000 u/ml, and the use of TauroLockTM-Hep500
decreased the bacteremia rates from all causes by a fac-
tor of 2 [105]. An observational study showed that
NeutrolinVR was also able to reduce the incidence of
CRBSI and catheter thrombosis [106]. The pooled analy-
ses of all studies containing the TauroLockTM-Hep500
lock solution showed that the patency of the catheter
can be improved by 71% by adding heparin to tauroli-
dine-citrate, but there was no significant difference in
the incidence of CRBSI.

A prospective randomized controlled study con-
firmed that the twice a week TauroLockTM-Hep500
(taurolidine-citrate-heparin 5000U/mL) and weekly
TauroLockTM-U25,000 (taurolidine-citrate-urokinase
25000 IU) treatment schemes were very effective in pre-
venting repeated thrombotic dysfunction of tunnel CVC
catheters and significantly reduced the catheter
replacement rate and the need for rt-PA emergency
thrombolysis than TauroLockTM-Hep500 after each HD
session, but there was no significant difference in CRSBI
[107]. Winnicki et al. [108] compared TauroLockTM-
U25,000U once a week with 4% citrate three times a
week for high-risk HD patients with a history of multiple
TD with incident catheters and found that the CRBSI
rates in the TG was decreased by 75% compared to CG,
and the catheter dysfunction incidence was 58% lower
in the TG, which was significant. A prospective random-
ized study from Qatar investigated TaurolockHep500
and TauroLockTM-U25,000 locks at the end of the third
hemodialysis of the week in an unselected cohort
(prevalent TCC accounted for 65%) and showed that
TauroLockTM-U25,000 could improve the catheter sur-
vival rate during the last dialysis [109]. Similarly, a
cohort of TCC-TD high-risk patients or patients with a
history of CRBSI in prevalent catheters showed that
once a week rt-PA added to the citrate 4% lock solution
significantly reduced the comprehensive outcome of
catheter loss caused by thrombosis and infection [58].
We conducted a pooled analysis of the above studies
by including all the studies’ patient groups and found
that taurolidine combined with citrate based locking

solution can reduce the CRBSI rates by 66% and that
the catheter failure incidence decreased by 53% in the
hemodialysis patients with CVC after adding urokinase.
(See, Tables 1 and 2)

Therefore, it is confirmed that the taurolidine/citrate
combined preparation solution did work, but the effect
of taurolidine lock alone is uncertain. In general, com-
pared with heparin, the taurolidine/citrate locking solu-
tion can reduce the incidence of CRBSI, but it was not
significant in improving catheter dysfunction. Adding
heparin to the taurolidine/citrate locking solution can
improve the patency of the catheter, but there was no
significant difference in the incidence of CRBSI.
However, the addition of urokinase to the taurolidine/
citrate locking solution can reduce both the incidence
of CRBSI and the incidence of catheter dysfunction.

Alcohol
Alcoholþheparin/4% sodium citrate combination.
Ethanol is an easily available and inexpensive fungicide
that is widely used in clinics. It works by denaturing
nonspecific proteins and usually does not produce bac-
terial resistance. In vitro studies confirmed that 70%
ethanol was most effective against the common patho-
gens causing CRBSI [110]. Therefore, considering the
toxicity and resistance of antibiotics, ethanol may be a
promising alternative lock solution for the prevention
of CRBSI in HD patients. Slobbe et al. [111] found that a
70% ethanol lock alone did not significantly reduce the
incidence rate of CRBSI, and more preventive treat-
ments were discontinued due to alcohol-related nonse-
vere adverse reactions. Vercaigne et al. [112] found that
the 30% ethanol/4% sodium citrate lock reduced the
incidence of catheter dysfunction and prolonged the
survival time of catheters compared with heparin
1000U/mL. In addition, the HEALTHY-CATH study con-
firmed that 70% ethanol once a week and 5000U/mL
heparin twice a week could reduce the infection rate
compared with 5000U/mL heparin three times a week;
the catheter dysfunction and catheter-related blood
infections were not significant [113]. Another prospect-
ive randomized study showed that 70% ethanol com-
bined with heparin 2000U/mL reduced the incidence of
CRBSI compared with heparin 2000U/mL, but there was
no significant difference in the mean cumulative infec-
tion-free survival and thrombotic events [114].
Eventually, the pooled analyses of all the above studies,
including ethanol-based lock solution, show that etha-
nol and anticoagulants can reduce the CRBSI rates by
57% but increase the catheter dysfunction incidence.
There is no unified scheme for the appropriate
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concentration of ethanol and the type and concentra-
tion of anticoagulants.

Hypertonic saline
It is well known that hypertonic saline has antibacterial
effects. Oguzhan et al. [115] confirmed that the average
catheter survival rate in 26% NaCl solution and heparin
(1mL 26% NaCl and 500U/mL heparin in a 3mL syr-
inge) was significantly higher than that in 5000U/mL
heparin, but there was no significant difference in the
CRBSI rate. A single-center RCT study from China found
that for HD patients at a high risk of bleeding, the sur-
vival time of 10% NaCl catheter lock and dialysis blood
flow were not significantly different from 3125U/mL
heparin. However, the incidence of catheter thrombosis
and the need for u-PA treatment have increased signifi-
cantly [116]. Considering that hypertonic saline can
cause protein aggregation and increase the risk of
thromboembolic diseases, there is still a lack of relevant
research on the safety of hypertonic saline lock solu-
tions. Therefore, hypertonic saline is not recommended
as a conventional lock solution in the guidelines.

Sodium bicarbonate
Sodium bicarbonate-mediated calcium ion chelation
indirectly inhibits the transformation of fibrinogen to
fibrin, resulting in a decrease in coagulation function.
Sodium bicarbonate has been proven to inhibit bacter-
ial proliferation by reducing bacterial adhesion and pre-
venting biofilm formation. A study conducted by a
community hospital in the United States confirmed that
sodium bicarbonate is safe as a lock solution and plays
a better role than normal saline in preventing hemodi-
alysis catheter removal caused by catheter thrombosis
and CRBSI [117]. An RCT showed that the incidence of
catheter removal due to thrombosis (CRT) in the
sodium bicarbonate group was higher than that in the
heparin group, whereas the incidence of CRBSI and ESI
was lower in the sodium bicarbonate group. Sodium
bicarbonate is considered an alternative catheter lock
used in every HD session with rt-PA every 3weeks,
especially when heparin is prohibited [118].

However, Sayed et al. [119] compared the safety and
efficacy of acute CVC using sodium a bicarbonate lock
solution (SBCLS) versus an antibiotic catheter lock solu-
tion (ACLS) in the SBCLS (7.5% sodium bicarbonate)
group and the ACLS (antibioticsþheparin) group. They
found that there was no significant difference in catheter
removal and catheter dysfunction caused by CRBSI
between the two groups [119]. We conducted a pooled
analyses of the sodium bicarbonate lock solution versus
the control lock solution and found that the incidence of

CRBSI decreased by 93%, but the catheter dysfunction
incidence was increased by a factor of 6.03 (9.79% vs.
1.77%). In theory, sodium bicarbonate may be an alterna-
tive catheter lock solution because it has certain antibac-
terial and antithrombotic properties in theory. Due to the
limited relevant research, the evidence is insufficient.

Summary

Based on the available evidence, we can conclude that:

1. the optimal composition of a lock is still matter of
debate, and a low-dose heparin lock solution
(such as 1000U/mL) can efficiently achieve antico-
agulation and will not increase the risk of bleed-
ing. However, it does not completely eliminate the
risk of HIT and promotes biofilm formation.

2. rt-PA and its derivatives can effectively prevent
catheter dysfunction or diagnosed/suspected
thrombosis in CVC, and no lock solution has dem-
onstrated a benefit on catheter patency or cath-
eter flow compared to heparin, excepted rt-PA.

3. there is no proof that citrate alone, even at high
concentrations, is beneficial in comparison with
heparin regarding CRBSI.

4. in theory, LMWH is not suitable as a lock solution.
5. there is a lack of unified formula composition and

drug concentration of antibiotic/antimicrobial
agents combined with an anticoagulant lock solu-
tion; therefore, a standard scheme needs to be
established and further evaluated and verified. For
patients at a high risk of suspected or confirmed
CRBSI, the use of antibiotics and an anticoagulant
lock solution is clinically beneficial.

6. there is a lack of follow-up validation data for
LMWH, EDTA, taurolidine, sodium bicarbonate,
ethanol, and other lock solutions.

In the future research on CVC lock solutions, patients
with different thrombosis and infection risks should be
stratified, and different lock solutions should be
adopted for different patients. Thus, the indication and
standardized formula of different CVC lock solutions
should be established to maximize the curative effect
and health economic benefits.

Acknowledgments

The authors thank AJE (www.aje.com) and Taylor & Francis
Editing Services (www.tandfeditingservices.com) for its lin-
guistic assistance during the preparation of this manuscript.

RENAL FAILURE 1513

http://www.aje.com
http://www.tandfeditingservices.com


Disclosure statement

No potential conflict of interest was reported by
the author(s).

Funding

This work was supported by the National Natural Science
Foundation of China under Grant 92049103.

ORCID

Yiqin Wang http://orcid.org/0000-0001-6179-3460
Xuefeng Sun http://orcid.org/0000-0003-2984-8905

References

[1] Lok CE, Huber TS, Lee T, et al.; National Kidney
Foundation. KDOQI clinical practice guideline for vas-
cular access: 2019 update. Am J Kidney Dis. 2020;
75(4 Suppl 2):S1–S164.

[2] Poinen K, Quinn RR, Clarke A, et al. Complications
from tunneled hemodialysis catheters: a canadian
observational cohort study. Am J Kidney Dis. 2019;
73(4):467–475.

[3] Beathard G. Dysfunction of new catheters by old
fibrin sheaths. Semin Dial. 2004;17(3):243–244.

[4] Nguyen DB, Shugart A, Lines C, et al. National
healthcare safety network (NHSN) dialysis event sur-
veillance report for 2014. Clin J Am Soc Nephrol.
2017;12(7):1139–1146.

[5] Chu G, Fogarty GM, Avis LF, et al. Low dose heparin
lock (1000U/mL) maintains tunnelled hemodialysis
catheter patency when compared with high dose
heparin (5000U/mL): a randomised controlled trial.
Hemodial Int. 2016;20(3):385–391.

[6] Ivan DM, Smith T, Allon M. Does the heparin lock
concentration affect hemodialysis catheter patency?
Clin J Am Soc Nephrol. 2010;5(8):1458–1462.

[7] Renaud CJ, Lim EK, Tho SJ, et al. Effect of ultra-low
dose and standard heparin locks on early tunnelled
dialysis catheter outcomes in low-risk dialysis
patients. Nephrology (Carlton). 2015;20(2):85–90.

[8] Yevzlin AS, Sanchez RJ, Hiatt JG, et al. Concentrated
heparin lock is associated with major bleeding com-
plications after tunneled hemodialysis catheter place-
ment. Semin Dial. 2007;20(4):351–354.

[9] Han X, Yang X, Huang B, et al. Low-dose versus high-
dose heparin locks for hemodialysis catheters: a sys-
tematic review and Meta-analysis. CN. 2016;86(07):1–8.

[10] Holley JL, Bailey S. Catheter lock heparin concentra-
tion: effects on tissue plasminogen activator use in
tunneled cuffed catheters. Hemodialysis Inter. 2010;
11(1):96–98.

[11] Thomas CM, Zhang J, Lim TH, et al.; Alberta Kidney
Disease Network. Concentration of heparin-locking
solution and risk of Central venous hemodialysis
catheter malfunction. Asaio J. 2007;53(4):485–488.

[12] H€useyin K, Pierre P, Daniel B, et al. Risk of heparin
lock-related bleeding when using indwelling venous
catheter in haemodialysis. Nephrol Dialysis
Transplant. 2001;16(10):2072–2074.

[13] Pepper RJ, Gale DP, Wajed J, et al. Inadvertent post-
dialysis anticoagulation due to heparin line locks.
Hemodial Int. 2007;11(4):430–434.

[14] Thomson PC, Morris ST, Mactier RA. The effect of
heparinized catheter lock solutions on systemic anti-
coagulation in hemodialysis patients. CN. 2011;
75(03):212–217.

[15] Hu HH, Hsu CY, Fang HC, et al. Low-dose heparin
retention in temporary hemodialysis double-lumen
catheter does not increase catheter occlusion and
might reduce risk of bleeding. Blood Purif. 2011;
32(3):232–237.

[16] Hryszko T, Brzosko S, Mysliwiec M. Low concentra-
tion of heparin used for permanent catheters canal
locking is effective and diminishes the risk of bleed-
ing. Int Urol Nephrol. 2013;45(3):825–829.

[17] Sungur M, Eryuksel E, Yavas S, et al. Exit of catheter
lock solutions from double lumen acute haemodialy-
sis catheters–an in vitro study. Nephrol Dial
Transplant. 2007;22(12):3533–3537.

[18] Polaschegg HD. Loss of catheter locking solution
caused by fluid density. Asaio J. 2005;51(3):230–235.

[19] Markota I, Markota D, Tomic M. Measuring of the
heparin leakage into the circulation from Central
venous catheters-025EFan in vivo study. Nephrol Dial
Transplant. 2009;24(5):1550–1553.

[20] Mermel LA. What is the evidence for intraluminal col-
onization of hemodialysis catheters? Kidney Int.
2014;86(1):28–33.

[21] Shanks RM, Donegan NP, Graber ML, et al. Heparin
stimulates Staphylococcus aureus biofilm formation.
Infect Immun. 2005;73(8):4596–4606.

[22] Yamamoto S, Koide M, Matsuo M, et al. Heparin-
induced thrombocytopenia in hemodialysis patients.
Am J Kidney Dis. 1996;28(1):82–85.

[23] Wang Y, Liu C, Zhang L, et al. Evaluating the safety
and efficacy of argatroban locking solution in the
prevention of the dysfunction of haemodialysis
Central venous catheters: a study protocol for a
randomized controlled trial. Ann Palliat Med. 2021;
10(2):2260–2270.

[24] Moran JE, Ash SR, Asdin Clinical Practice Committee
Locking solutions for hemodialysis catheters; heparin
and citrate–a position paper by ASDIN. Semin Dial.
2008;21(5):490–492.

[25] Hirsh J, Guyatt G, Albers GW, et al. Heparin and low
molecular weigh heparin. The seventh ACCP confer-
ence of antithrombotic and thrombolytic therapy.
Chest. 2004;126(3):188S–203S.

[26] Warkentin TE, Levine MN, Hirsh J, et al. Heparin-
induced thrombocytopenia in patients treated with
low-molecular-weight heparin or unfractionated hep-
arin. N Engl J Med. 1995;332(20):1330–1336.

[27] Malo J, Jolicoeur C, Theriault F, et al. Comparison
between standard heparin and tinzaparin for haemo-
dialysis catheter lock. Asaio J. 2010;56(1):42–47.

1514 Y. WANG AND X. SUN



[28] Suranyi M, Chow JS. Review: anticoagulation for
haemodialysis. Nephrology (Carlton). 2010;15(4):
386–392.

[29] Eyrich H, Walton T, Macon EJ, et al. Alteplase versus
urokinase in restoring blood flow in hemodialysis-
catheter thrombosis. Am J Health Syst Pharm. 2002;
59(15):1437–1440.

[30] Shanks RM, Sargent JL, Martinez RM, et al. Catheter
lock solutions influence staphylococcal biofilm for-
mation on abiotic surfaces. Nephrol Dial Transplant.
2006;21(8):2247–2255.

[31] Perfilieva OA, Pyshnyi DV, Lomzov AA. Molecular
dynamics simulation of polarizable gold nanopar-
ticles interacting with sodium citrate. J Chem Theory
Comput. 2019;15(2):1278–1292.

[32] Daloso DM, Muller K, Obata T, et al. Thioredoxin, a
master regulator of the tricarboxylic acid cycle in
plant mitochondria. Proc Natl Acad Sci U S A. 2015;
112(11):E1392–E1400.

[33] Macrae JM, Dojcinovic I, Djurdjev O, et al. Citrate 4%
versus heparin and the reduction of thrombosis
study (CHARTS. CJASN. 2008;3(2):369–374. )

[34] Grudzinski L, Quinan P, Kwok S, et al. Sodium citrate
4% locking solution for Central venous dialysis cathe-
ters–an effective, more cost-efficient alternative to
heparin. Nephrol Dial Transplant. 2007;22(2):471–476.

[35] Lok CE, Appleton D, Bhola C, et al. Trisodium citrate
4%–an alternative to heparin capping of haemodialy-
sis catheters. Nephrol Dial Transplant. 2007;22(2):
477–483.

[36] Yon CK, Low CL. Sodium citrate 4% versus heparin
as a lock solution in hemodialysis patients with
Central venous catheters. Am J Health Syst Pharm.
2013;70(2):131–136.

[37] Yahav D, Rozen-Zvi B, Gafter-Gvili A, et al.
Antimicrobial lock solutions for the prevention of
infections associated with intravascular catheters in
patients undergoing hemodialysis: systematic review
and Meta-analysis of randomized, controlled trials.
Clin Infect Dis. 2008;47(1):83–93.

[38] Chen CH, Chen YM, Yang Y, et al. Re-evaluating the
protective effect of hemodialysis catheter locking sol-
utions in hemodialysis patients. JCM. 2019;8(3):412.

[39] Zhao Y, Li Z, Zhang L, et al. Citrate versus heparin
lock for hemodialysis catheters: a systematic review
and Meta-analysis of randomized controlled trials.
Am J Kidney Dis. 2014;63(3):479–490.

[40] Weijmer MC, Dorpel M, Ven P, et al. Randomized,
clinical trial comparison of trisodium citrate 30% and
heparin as catheter-locking solution in hemodialysis
patients. JASN. 2005;16(9):2769–2777.

[41] Lu�ıs BJ, Guilhem GJ, Brito S, et al. Comparison of tri-
sodium citrate and heparin as catheter-locking solu-
tion in hemodialysis patients. J Bras Nefrol. 2011;
33(1):86–92.

[42] Power A, Duncan N, Singh SK, et al. Sodium citrate
versus heparin catheter locks for cuffed Central ven-
ous catheters: a single-center randomized controlled
trial. Am J Kidney Dis. 2009;53(6):1034–1041.

[43] Gernot S, Hubert S, Horina JH, et al. Trisodium citrate
induced protein precipitation in haemodialysis

catheters might cause pulmonary embolism. Nephrol
Dial Transplant. 2012;27(7):2953–2957.

[44] Meeus G, Kuypers DR, Claes K, et al. A prospective,
randomized, double-blind crossover study on the
use of 5% citrate lock versus 10% citrate lock in per-
manent hemodialysis catheters. Blood Purif. 2005;
23(2):101–105.

[45] Ash SR, Mankus RA, Sutton JM, et al. Concentrated
citrate (23%) for catheter lock solution. Asaio J. 2000;
46(2):22–31.

[46] US FDA issues warning on TriCitrasol. Inpharma
Weekly. 2000;1234(1):21.

[47] Ladenson JH, Miller WV, Sherman LA. Relationship of
physical symptoms, ECG, free calcium, and other
blood chemistries in reinfusion with citrated blood.
Transfusion. 1978;18(6):670–679.

[48] Saxena AK, Panhotra BR, Sundaram DS, et al.
Tunneled catheters’ outcome optimization among
diabetics on dialysis through antibiotic-lock place-
ment. Kidney Int. 2006;70(9):1629–1635.

[49] Willicombe MK, Vernon K, Davenport A. Embolic
complications from Central venous hemodialysis
catheters used with hypertonic citrate locking solu-
tion. Am J Kidney Dis. 2010;55(2):348–351.

[50] Kite P, Eastwood K, Sugden S, et al. Use of in vivo-
generated biofilms from hemodialysis catheters to
test the efficacy of a novel antimicrobial catheter
lock for biofilm eradication in vitro. J Clin Microbiol.
2004;42(7):3073–3076.

[51] Kanaa M, Wright MJ, Akbani H, et al. Cathasept line
lock and microbial colonization of tunneled hemodi-
alysis catheters: a multicenter randomized controlled
trial. Am J Kidney Dis. 2015;66(6):1015–1023.

[52] Rijnders B, DiSciullo GJ, Csiky B, et al. Locking hemo-
dialysis catheters with trimethoprim-ethanol-Ca-EDTA
to prevent bloodstream infections: a randomized,
evaluator-blinded clinical trial. Clin Infect Dis. 2019;
69(1):130–136.

[53] Ouellet G. POS-602 tetrasodium edta reduces alte-
plase use in patients with dysfunctional hemodialysis
catheters. Kidney Int Rep. 2021;6(4):S263.

[54] Banerjee A, Chisti Y, Banerjee UC. Streptokinase–a
clinically useful thrombolytic agent. Biotechnol Adv.
2004;22(4):287–307.

[55] Gilabert-Estelles J, Castello R, Gilabert J, et al.
Plasminogen activators and plasminogen activator
inhibitors in endometriosis. Front Biosci. 2005;10:
1162–1176.

[56] Schenk P, Rosenkranz AR, Wolfl G, et al.
Recombinant tissue plasminogen activator is a useful
alternative to heparin in priming quinton permcath.
Am J Kidney Dis. 2000;35(1):130–136.

[57] Hemmelgarn BR, Moist LM, Lok CE, Prevention of
Dialysis Catheter Lumen Occlusion with rt-PA versus
Heparin Study Group, et al. Prevention of dialysis
catheter malfunction with recombinant tissue plas-
minogen activator. N Engl J Med. 2011;364(4):
303–312.

[58] Hemmelgarn BR, Manns BJ, Soroka SD, et al.
Effectiveness and cost of weekly recombinant tissue
plasminogen activator hemodialysis catheter locking
solution. Clin J Am Soc Nephrol. 2018;13(3):429–435.

RENAL FAILURE 1515



[59] Fink JM, Capozzi DL, Shermock KM, et al. Alteplase
for Central catheter clearance: 1mg/mL versus 2mg/
2mL. Ann Pharmacother. 2004;38(2):351–352.

[60] Haymond J, Shalansky K, Jastrzebski J. Efficacy of
low-dose alteplase for treatment of hemodialysis
catheter occlusions. J Vasc Access. 2005;6(2):76–82.

[61] Yaseen O, El-Masri MM, El Nekidy WS, et al.
Comparison of alteplase (tissue plasminogen activa-
tor) high-dose vs. low-dose protocol in restoring
hemodialysis catheter function: the ALTE-DOSE study.
Hemodial Int. 2013;17(3):434–440.

[62] Savader SJ, Haikal LC, Ehrman KO, et al. Hemodialysis
catheter-associated fibrin sheaths: treatment with a
low-dose rt-PA infusion. J Vasc Interv Radiol. 2000;
11(9):1131–1136.

[63] Davies J, Casey J, Li C, et al. Restoration of flow fol-
lowing haemodialysis catheter thrombus. Analysis of
rt-PA infusion in tunnelled dialysis catheters. J Clin
Pharm Ther. 2004;29(6):517–520.

[64] Baruah DB, Dash RN, Chaudhari MR, et al.
Plasminogen activators: a comparison. Vascul
Pharmacol. 2006;44(1):1–9.

[65] Castner D. The efficacy of reteplase in the treatment
of thrombosed hemodialysis venous catheters.
Nephrol Nurs J. 2001;28(4)403–404,:403–410.

[66] Falk A, Samson W, Uribarri J, et al. Efficacy of rete-
plase in poorly functioning hemodialysis catheters.
CN. 2004;61(01):47–53.

[67] Hyman G, England M, Kibede S, et al. The efficacy
and safety of reteplase for thrombolysis of hemodi-
alysis catheters at a community and academic
regional medical center. Nephron Clin Pract. 2004;
96(2):c39–c42.

[68] Hilleman DE, Dunlay RW, Packard KA. Reteplase for
dysfunctional hemodialysis catheter clearance.
Pharmacotherapy. 2003;23(2):137–141.

[69] Hilleman D, Campbell J. Efficacy, safety, and cost of
thrombolytic agents for the management of dysfunc-
tional hemodialysis catheters: a systematic review.
Pharmacotherapy. 2011;31(10):1031–1040.

[70] Tumlin J, Goldman J, Spiegel DM, et al. A phase III,
randomized, double-blind, placebo-controlled study
of tenecteplase for improvement of hemodialysis
catheter function: TROPICS 3. CJASN. 2010;5(4):
631–636.

[71] Fishbane S, Milligan SL, Lempert KD, et al.
Improvement of hemodialysis catheter function with
tenecteplase: a phase III, open-label study: TROPICS
4. J Thromb Thrombolysis. 2011;31(1):99–106.

[72] Jeske WP, Fareed J, Hoppensteadt DA, et al.
Pharmacology of argatroban. Expert Rev Hematol.
2010;3(5):527–539.

[73] Clase CM, Crowther MA, Ingram AJ, et al.
Thrombolysis for restoration of patency to haemodi-
alysis Central venous catheters: a systematic review.
J Thromb Thrombolysis. 2001;11(2):127–136.

[74] Kumwenda MJ, Mitra S, Khawaja AZ, et al.
Prospective audit to study urokinaSe use to restore
patency in occluded Central venous caTheters
(PASSPORT 1). J Vasc Access. 2019;20(6):752–759.

[75] Pollo V, Dionizio D, Bucuvic EM, et al. Alteplase vs.
urokinase for occluded hemodialysis catheter: a
randomized trial. Hemodial Int. 2016;20(3):378–384.

[76] Zacharias JM, Weatherston CP, Spewak CR, et al.
Alteplase versus urokinase for occluded hemodialysis
catheters. Ann Pharmacother. 2003;37(1):27–33.

[77] Haire WD, Atkinson JB, Stephens LC, et al. Urokinase
versus recombinant tissue plasminogen activator in
thrombosed Central venous catheters: a double-
blinded, randomized trial. Thromb Haemost. 1994;
72(4):543–547.

[78] Dogra GK, Herson H, Hutchison B, et al. Prevention
of tunneled hemodialysis catheter-related infections
using catheter-restricted filling with gentamicin and
citrate: a randomized controlled study. JASN. 2002;
13(8):2133–2139.

[79] Padilla-Orozco M, Mendoza-Flores L, Herrera-Alonso
A, et al. Generalized and prolonged use of gentami-
cin-lock therapy reduces hemodialysis catheter-
related infections due to gram negatives. Nephron.
2019;143(2):86–91.

[80] McIntyre CW, Hulme LJ, Taal M, et al. Locking of tun-
neled hemodialysis catheters with gentamicin and
heparin. Kidney Int. 2004;66(2):801–805.

[81] Fern�andez-Gallego J, Mart�ın M, Guti�errez E, et al.
Prophylaxis with gentamicin locking of chronic tun-
neled Central venous catheter does not cause bac-
terial resistance. Nefrologia. 2011;31(3):308–312.

[82] Nori US, Manoharan A, Yee J, et al. Comparison of
low-dose gentamicin with minocycline as catheter
lock solutions in the prevention of catheter-related
bacteremia. Am J Kidney Dis. 2006;48(4):596–605.

[83] Landry DL, Braden GL, Gobeille SL, et al. Emergence
of gentamicin-resistant bacteremia in hemodialysis
patients receiving gentamicin lock catheter prophy-
laxis. Clin J Am Soc Nephrol. 2010;5(10):1799–1804.

[84] Moran J, Sun S, Khababa I, et al. A randomized trial
comparing gentamicin/citrate and heparin locks for
Central venous catheters in maintenance hemodialy-
sis patients. Am J Kidney Dis. 2012;59(1):102–107.

[85] Moore CL, Besarab A, Ajluni M, et al. Comparative
effectiveness of two catheter locking solutions to
reduce catheter-related bloodstream infection in
hemodialysis patients. Clin J Am Soc Nephrol. 2014;
9(7):1232–1239.

[86] Luther MK, Mermel LA, LaPlante KL. Comparison of
telavancin and vancomycin lock solutions in eradica-
tion of biofilm-producing staphylococci and entero-
cocci from Central venous catheters. Am J Health
Syst Pharm. 2016;73(5):315–321.

[87] Sofroniadou S, Revela I, Smirloglou D, et al. Linezolid
versus vancomycin antibiotic lock solution for the
prevention of nontunneled catheter-related blood
stream infections in hemodialysis patients: a pro-
spective randomized study. Semin Dial. 2012;25(3):
344–350.

[88] Al-Hwiesh AK, Abdul-Rahman IS. Successful preven-
tion of tunneled, Central catheter infection by anti-
biotic lock therapy using vancomycin and
gentamycin. Saudi J Kidney Dis Transpl. 2007;18(2):
239–247.

1516 Y. WANG AND X. SUN



[89] Fogel MA, Nussbaum PB, Feintzeig ID, et al.
Cefazolin in chronic hemodialysis patients: a safe,
effective alternative to vancomycin. Am J Kidney Dis.
1998;32(3):401–409.

[90] Kim SH, Song KI, Chang JW, et al. Prevention of
uncuffed hemodialysis catheter-related bacteremia
using an antibiotic lock technique: a prospective,
randomized clinical trial. Kidney Int. 2006;69(1):
161–164.

[91] Silva TN, Mendes ML, Abrao JM, et al. Successful pre-
vention of tunneled Central catheter infection by
antibiotic lock therapy using cefazolin and gentami-
cin. Int Urol Nephrol. 2013;45(5):1405–1413.

[92] Bueloni TNV, Marchi D, Caetano C, et al. Cefazolin-
gentamicin versus taurolidine-citrate for the preven-
tion of infection in tunneled Central catheters in
hemodialysis patients: a quasi-experimental trial. Int
J Infect Dis. 2019;85:16–21.

[93] James MT, Conley J, Tonelli M, Alberta Kidney
Disease Network, et al. Meta-analysis: antibiotics for
prophylaxis against hemodialysis catheter-related
infections. Ann Intern Med. 2008;148(8):596–605.

[94] Saxena AK, Panhotra BR, Sundaram DS, et al.
Enhancing the survival of tunneled haemodialysis
catheters using an antibiotic lock in the elderly: a
randomised, double-blind clinical trial. Nephrology.
2006;11(4):299–305.

[95] Saxena AK, Panhotra BR, Al-Hafiz AA, et al.
Cefotaxime-heparin lock prophylaxis against hemodi-
alysis catheter-related sepsis among Staphylococcus
aureus nasal carriers. Saudi J Kidney Dis Transpl.
2012;23(4):743–754.

[96] Luiz MVSJ, Scavone C, Tzanno C. The CLOCK trial, a
double-blinded randomized controlled trial: triso-
dium citrate 30% and minocycline 3mg/mL plus
EDTA 30mg/mL are effective and safe for catheter
patency maintenance among CKD 5D patients on
hemodialysis. Hemodial Int. 2017;21(2):294–304.

[97] Campos RP, do Nascimento MM, Chula DC, et al.
Minocycline-EDTA lock solution prevents catheter-
related bacteremia in hemodialysis. J Am Soc
Nephrol. 2011;22(10):1939–1945.

[98] Moghaddas A, Abbasi MR, Gharekhani A, et al.
Prevention of hemodialysis catheter-related blood
stream infections using a cotrimoxazole-lock tech-
nique. Future Microbiol. 2015;10(2):169–178.

[99] Labriola L, Crott R, Jadoul M. Preventing haemodialy-
sis catheter-related bacteraemia with an antimicro-
bial lock solution: a Meta-analysis of prospective
randomized trials. Nephrol Dial Transplant. 2008;
23(5):1666–1672.

[100] Torres-Viera C, Thauvin-Eliopoulos C, Souli M, et al.
Activities of taurolidine in vitro and in experimental
enterococcal endocarditis. Antimicrob Agents
Chemother. 2000;44(6):1720–1724.

[101] Allon M. Prophylaxis against dialysis catheter-related
bacteremia with a novel antimicrobial lock solution.
Clin Infect Dis. 2003;36(12):1539–1544.

[102] Betjes MG, van Agteren M. Prevention of dialysis
catheter-related sepsis with a citrate-taurolidine-con-
taining lock solution. Nephrol Dial Transplant. 2004;
19(6):1546–1551.

[103] Filiopoulos V, Hadjiyannakos D, Koutis I, et al.
Approaches to prolong the use of uncuffed hemodi-
alysis catheters: results of a randomized trial. Am J
Nephrol. 2011;33(3):260–268.

[104] Solomon LR, Cheesbrough JS, Ebah L, et al. A
randomized double-blind controlled trial of tauroli-
dine-citrate catheter locks for the prevention of bac-
teremia in patients treated with hemodialysis. Am J
Kidney Dis. 2010;55(6):1060–1068.

[105] Solomon LR, Cheesbrough JS, Bhargava R, et al.
Observational study of need for thrombolytic therapy
and incidence of bacteremia using taurolidine-cit-
rate-heparin, taurolidine-citrate and heparin catheter
locks in patients treated with hemodialysis. Semin
Dial. 2012;25(2):233–238.

[106] Reidenberg BE, Wanner C, Polsky B, et al.
Postmarketing experience with neutrolin(R) (tauroli-
dine, heparin, calcium citrate) catheter lock solution
in hemodialysis patients. Eur J Clin Microbiol Infect
Dis. 2018;37(4):661–663.

[107] Bonkain F, Stolear JC, Catalano C, et al. Prevention of
tunneled cuffed catheter dysfunction with prophylac-
tic use of a taurolidine urokinase lock: a randomized
double-blind trial. PLoS One. 2021;16(5):e0251793.

[108] Winnicki W, Herkner H, Lorenz M, et al. Taurolidine-
based catheter lock regimen significantly reduces over-
all costs, infection, and dysfunction rates of tunneled
hemodialysis catheters. Kidney Int. 2018;93(3):753–760.

[109] Fadwa AA, Hamdy AF, Abdullah H, et al. Safety and
efficacy of taurolidine/urokinase versus taurolidine/
heparin as a tunneled catheter lock solution in
hemodialysis patients: a prospective, randomized,
controlled study. Nephrol Dial Transplant. 2018;33(4):
619–626.

[110] Visek J, Ryskova L, Safranek R, et al. In vitro compari-
son of efficacy of catheter locks in the treatment of
catheter related blood stream infection. Clin Nutr
ESPEN. 2019;30:107–112.

[111] Slobbe L, Doorduijn JK, Lugtenburg PJ, et al.
Prevention of catheter-related bacteremia with a
daily ethanol lock in patients with tunnelled cathe-
ters: a randomized, placebo-controlled trial. PLoS
One. 2010;5(5):e10840.

[112] Vercaigne LM, Allan DR, Armstrong SW, et al. An
ethanol/sodium citrate locking solution compared to
heparin to prevent hemodialysis catheter-related
infections: a randomized pilot study. J Vasc Access.
2016;17(1):55–62.

[113] Broom JK, Krishnasamy R, Hawley CM, et al. A rando-
mised controlled trial of heparin versus EthAnol lock
THerapY for the prevention of catheter associated
infecTion in haemodialysis patients – the HEALTHY-
CATH trial. BMC Nephrol. 2012;13(1):146.

[114] Sofroniadou S, Revela I, Kouloubinis A, et al. Ethanol
combined with heparin as a locking solution for the
prevention of catheter related blood stream infec-
tions in hemodialysis patients: a prospective random-
ized study. Hemodial Int. 2017;21(4):498–506.

[115] Oguzhan N, Pala C, Sipahioglu MH, et al. Locking tun-
neled hemodialysis catheters with hypertonic saline
(26% NaCl) and heparin to prevent catheter-related

RENAL FAILURE 1517



bloodstream infections and thrombosis: a randomized,
prospective trial. Ren Fail. 2012;34(2):181–188.

[116] Chen FK, Li JJ, Song Y, et al. Concentrated sodium
chloride catheter lock solution–a new effective alter-
native method for hemodialysis patients with high
bleeding risk. Ren Fail. 2014;36(1):17–22.

[117] El-Hennawy AS, Frolova E, Romney WA. Sodium bicar-
bonate catheter lock solution reduces hemodialysis
catheter loss due to catheter-related thrombosis and
blood stream infection: an open-label clinical trial.
Nephrol Dial Transplant. 2019;34(10):1739–1745.

[118] Wathanavasin W, Phannajit J, Poosoonthronsri M,
et al. A randomized controlled trial of comparative
effectiveness between sodium bicarbonate and hep-
arin as a locking solution for tunnelled Central ven-
ous catheters among haemodialysis patients.
Nephrology. 2021;26(S1):3–31.

[119] Sayed SA, Ahmed S, Godha N, et al. Safety and
efficacy of acute Central venous catheters for
hemodialysis with sodium bicarbonate versus anti-
biotic catheter lock solution. Indian J Nephrol.
2019;29(7):S45.

1518 Y. WANG AND X. SUN


	Abstract
	Introduction
	Methods
	Heparin
	Pros of using heparin catheter locks
	Cons of using a heparin catheter lock
	Clinical recommendation

	Low-molecular-weight heparin (LMWH)
	Pros of using an LMWH catheter lock
	Cons of using an LMWH catheter lock

	Citrate
	Pros and cons of using citrate
	Clinical recommendation

	Ethylene diamine tetraacetic acid (EDTA)
	Pros and cons of EDTA
	Clinical recommendation

	Plasminogen activators
	Pros and cons of plasminogen activators
	Clinical recommendation

	Antibiotic lock solutions
	Pros and cons of antibiotic lock solutions
	Gentamicin + heparin/sodium citrate lock solution
	Vancomycin + heparin/gentamicin locking solution
	Cefazolin + gentamicin locking solution

	Other antibiotics + heparin
	Cefotaxime + heparin locking solution
	Minocycline + EDTA locking solution
	Compound sulfamethoxazole + heparin locking solution

	Clinical recommendation of antibiotic lock solutions
	Antimicrobial agents combined with anticoagulants
	Taurolidine
	Alcohol
	Alcohol + heparin/4% sodium citrate combination

	Hypertonic saline
	Sodium bicarbonate


	Summary
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	References


