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A B S T R A C T

Background. Taurolidine citrate with heparin (Taurolock/Hep)
is a promising central venous catheter lock solution. Despite its
universal use among our hemodialysis patients, the prevalence
of catheter malfunction was high. We aimed to compare
Taurolock/Hep and taurolidine citrate with urokinase
(Taurolock/U) as a catheter lock solution in order to identify
whether either solution could reduce catheter-related
dysfunction.
Methods. In this prospective, randomized, controlled trial,
patients were randomized to receive either Taurolock/Hep or
Taurolock/U and were followed for 6 months. Episodes of
acute catheter thrombosis, requirement of recombinant tissue
plasminogen activator (rt-PA) and incidence of catheter-
related blood stream infection (CRBSI) were recorded, along
with dialysis adequacy (Kt/V), blood flow rates (BFRs) and
adverse events.
Results. There were 93 inclusions (85 patients) in the
Taurolock/Hep group and 84 inclusions in the Taurolock/U
group (79 patients). Three catheters were removed in the
Taurolock/Hep group because of acute thrombosis, while no
catheter was removed for the same reason in the Taurolock/U
group. The total number of all-causes catheter exchange (acute
thrombosis and CRBSI) was significantly lower in Taurolock/U
group (P¼ 0.028). rt-PA was used significantly less often in the
Taurolock/U group than in the Taurolock/Hep group
(P¼ 0.006). Moreover, higher BFR and Kt/V were noted in the
Taurolock/U group than in the Taurolock/Hep group, although
the differences were not uniformly significant.
Conclusion. Taurolock/U is a safe and effective tunneled dialy-
sis catheter lock solution, with a low rate of catheter exchange.

Keywords: catheter lock solution, catheter-related dysfunc-
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I N T R O D U C T I O N

The use of tunneled catheters in hemodialysis is one of the lead-
ing causes of morbidity and mortality among dialysis patients
[1]. The drawbacks include recurrent thrombosis, which
decreases the delivered dose of dialysis and increases the rate of
catheter-related blood stream infection (CRBSI) [2]. Although
The National Kidney Foundation Kidney Disease Outcome
Quality Initiative (NKF KDOQI) guidelines [3] have recom-
mended that not >10% of chronic kidney disease patients on
dialysis should be maintained on catheters, the prevalence of
tunneled catheters is still high in most countries, including the
USA, where the prevalence is �18–19% according to the
United States Renal Data System 2010 annual report [4].
Among dialysis units in the state of Qatar, the prevalence of
tunneled catheter use is high at �27%, which can be attributed
mainly to patient refusal for the creation of an arteriovenous fis-
tula (AVF), as well as the high number of medically unfit
patients [5]. Catheter malfunction due to thrombosis is consid-
ered as the most frequently encountered complication and is
responsible for about two-thirds of all cases of catheter removal
among tunneled catheter patients [6].

Studies have shown that recombinant tissue plasminogen
activator (rt-PA) is an efficient treatment to restore the patency
of the clotted catheter with a high safety margin [7], and this
was further confirmed in a meta-analysis [8]. Recently, the inci-
dences of malfunction and bacteremia were shown to be signifi-
cantly lower with the use of rt-PA once weekly than with the
use of heparin thrice weekly as a lock solution for central
venous catheters [9]. However, the use of rt-PA will add a fur-
ther burden on dialysis resources as rt-PA is both expensive
and not commonly available in all dialysis units.

Taurolidine citrate in combination with heparin (TauroLock
Hep500) is an emerging antimicrobial catheter lock solution
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with broad-spectrum activity and a property of eradicating
pathogens from the catheter biofilm [10, 11]. In a randomized
trial, taurolidine citrate use was associated with a decreased rate
of CRBSI caused by Gram-negative microbes; however, there
was a high need for thrombolytic treatment [12]. In a retrospec-
tive study, the addition of 500 U of heparin/mL to taurolidine
citrate appeared to reduce thrombosis in comparison with the
use of taurolidine citrate alone, without increasing the bactere-
mia rate [13].

Recently, after the application of ‘TauroLock Hep500’ as a
standard lock solution in our dialysis patients, we noticed that
the prevalence of CRBSI ranged from 0.57 to 0.83/1000 catheter
days; however, the prevalence of catheter malfunction, includ-
ing thrombosis, poor blood flow, high venous pressure, etc., was
as high as 50% of our patients per year.

Several small studies have suggested the use of periodic fibri-
nolytic agents, such as urokinase, for decreasing tunneled
catheter-related complications [14]. TauroLock U25.000 is a
new catheter lock solution, which contains urokinase in addi-
tion to (cyclo)-taurolidine and citrate (4%). In an attempt to
reduce the catheter malfunction and thrombosis rates further
and to identify the best catheter lock solution, we performed a
comparative study between Taurolock/Hep (TauroLock
Hep500VR ) and Taurolock/U (TauroLock U25.000VR ).

The primary objective of this study was to identify the best
catheter lock solution in order to decrease the incidences of
catheter malfunction and thrombosis through assessment of
the following:

(i) Number of catheter exchanges owing to acute or recur-
rent episodes of thrombosis that interrupt dialysis.

(ii) Time to the first episode of catheter thrombosis that
leads to catheter exchange.

The secondary objective was to evaluate the effectiveness of
each catheter lock solution by measuring the following:

(i) Amount of rt-PA used to treat acute catheter thrombo-
sis or to lock catheters.

(ii) Incidence of CRBSI that required catheter exchange.
(iii) Number of catheter exchanges.
(iv) Hospitalization days related to catheter malfunction or

CRBSI.
(v) Impact of catheter lock solution on adequacy of dialysis,

as measured by monthly Kt/V.
(vi) Impact of catheter lock solution on the blood flow rate

(BFR) as an estimate of catheter patency.

M A T E R I A L S A N D M E T H O D S

This prospective, randomized, controlled and comparative
study was approved by the local ethics committee at Hamad
Medical Corporation in accordance with the ethical standards
of the responsible committee on human experimentation and
with the Helsinki Declaration of 1975, as revised in 2000. The
study was conducted at three dialysis units in the state of Qatar
between November 2013 and April 2015. All patients under-
going tunneled catheter hemodialysis thrice weekly were
included in the study after obtaining signed informed consent

from the patients or their guardians, as specified in the ICMJE
Recommendations.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) age �18 years; (ii)
hemodialysis via a tunneled hemodialysis catheter; and (iii)
BFR of �250 mL/min at the start of the study. The exclusion
criteria were as follows: (i) catheter malfunction defined by a
BFR of <250 mL/min; (ii) allergy to used drugs; and (iii) major
hemorrhage in the previous 4 weeks.

Study design

This study was single-blinded as patients were blinded to the
treatment administered, but the administering clinician was not
blinded. Computer-generated randomization was followed
with allocation concealment. All patients who were undergoing
regular tunneled catheter hemodialysis and met the inclusion
criteria were included. Patients were randomized on a 1:1 basis
to either the Taurolock/Hep or Taurolock/U group.

In the Taurolock/Hep group, patients underwent catheter
lock with TauroLockTM-HEP500 at the end of all hemodialysis
sessions (thrice weekly). The active ingredients in
TauroLockTM-HEP500 are (cyclo)-taurolidine, citrate (4%) and
heparin (mucosa, 500 IU/mL).

In the Taurolock/U group, patients underwent catheter lock
with TauroLockTM-U25.000 at the end of the third hemodialy-
sis session before the end of the week. The first two weekly
hemodialysis sessions were followed by catheter lock with
TauroLockTM-HEP500. The active ingredients in Tauro
LockTM-U25.000 are (cyclo)-taurolidine, citrate (4%) and uro-
kinase (25 000 IU).

Long-term TYCOVR cuffed double lumen central venous
catheters were used in this study. The catheters are made of
poly-tetra-fluoro-ethylene (PTFE). The French size of the cath-
eters varied from 11 to 14, with variable venous lumen sizes
between 1.4 and 2.4 and arterial lumen volumes between 1.3
and 2.3 mL. The lock solution was administered according to
the volume of each catheter lumen. All patients were followed
up for 6 months after randomization.

Episodes of acute catheter thrombosis that interrupted dialy-
sis or resulted in malfunction, with a maximum catheter deliv-
ered BFR of <150 mL/min, were treated with rt-PA catheter
installation (1 mg/mL as per catheter fill volume) along with
reassessment of catheter function after 60 min to check for
restored patency. Failure to restore catheter patency after sec-
ond rt-PA catheter installation was considered as primary end-
point and the patient was referred for catheter exchange.

Episodes of catheter dysfunction with a reduced BFR of
<200 mL/min during most of the dialysis session were treated
with rt-PA lock of the catheter at the end of the session, which
was left in situ until the next session.

The BFR from the dialysis machine monitor reading was
taken four times on an hourly basis for each patient at every ses-
sion, and then the mean BFR is calculated for every session. The
mean BFR reading was then entered for every session three
times weekly, for a total of 24 weeks, which is the total study
duration for every included patient.
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Dialysis adequacy was calculated for every patient on a
monthly basis using Kt/V, using the Daugirdas formula with the
single pool method of blood urea measurement [15]. Patients
with clinical signs suggestive of CRBSI had 10 mL of blood
obtained from each catheter lumen and from a peripheral vein,
and all samples were split equally between the anaerobic and aero-
bic blood collection bottles. Diagnosis of CRBSI was made if the
same organism was obtained from blood aspirated through the
catheter hub and from blood sample obtained from peripheral
vein with no other identifiable cause of infection [16].

Statistics

Collected data were entered into the SPSS 22 statistical pack-
age (IBM Corp., Armonk, NY, USA) for analysis. Descriptive
statistics were performed for all continuous and categorical var-
iables, as appropriate. Parametric and non-parametric statistical
techniques were applied to determine the significance of differ-
ences between the groups. Repeated-measures ANOVA was
used to measure and compare the impact of time on changes in
the BFR in each group. A P � 0.05 was considered statistically
significant. Statistics were performed with intention-to-treat
analysis.

R E S U L T S

A total of 177 eligible (single and twice enrolled) patients were
included in the present study. Of these patients, 93 and 84 were

randomized to the Taurolock/Hep and Taurolock/U groups,
respectively. Eight and five patients were twice enrolled in the
Taurolock/Hep and Taurolock/U groups, respectively (they fin-
ished the study duration or reached the endpoint and then inserted
a new catheter). The patients in the two groups were homoge-
nously distributed with regard to age, sex, cause of end-stage renal
disease (ESRD), comorbidities and associated relevant medica-
tions. A total of 30 patients were censored in both groups during
the study mainly because of AVF cannulation (Table 1, Figure 1).

Most catheters were inserted through the right internal jugu-
lar vein, while three catheters involved the iliac veins. Both
groups were comparable with regard to catheter age, pre-study
BFR and venous pressure (Table 2).

The primary endpoint was met thrice in the Taurolock/Hep
group and was not met in the Taurolock/U group (P ¼ 0.078).
Three patients in the Taurolock/Hep group were referred for
catheter exchange after a mean period of 90.6 days owing to
acute catheter thrombosis not responding to rt-PA intervention.

For secondary objectives, catheter exchange because of
CRBSI was more common in the Taurolock/Hep group than in
the Taurolock/U group (four episodes versus one episode,
respectively). The overall CRBSI rate was 0.3 incidence/1000
catheter days in the Taurolock/Hep group versus 0.08 inci-
dence/1000 catheter days in the Taurolock/U.

Total catheter exchanges was significantly more common in
the Taurolock/Hep group than in the Taurolock/U group
(seven episodes versus one episode, P¼ 0.028) (Table 3).

Table 1. Demographic characteristics of the study patients

Taurolock/Hep Taurolock/U P-value

Included catheters, n 93 84
Enrolled patients 85 79
Single-enrolled patients 77 74
Twice-enrolled patients 8 5

Age (years), mean 6 SD 56.7 6 14.7 55.3 6 15.6 0.6
Gender, n (%)

Male 49 (52.7) 47 (56) 0.6
Female 44 (47.3) 37 (44)

Cause of ESRD, n (%)
Diabetes mellitus 47 (50.5) 47 (55.9) 0.7
Hypertension 10 (10.7) 8 (9.5)
Chronic GN 7 (7.5) 8 (9.5)

Advanced GS 3 4
IgA nephropathy 2 2
FSGS 1 1
MCGN 0 1
MPGN 1 0

Reflux nephropathy 0 1 (1.2)
Single kidney 0 1 (1.2)
Unknown 29 (31.1) 19 (22.6)

Comorbidities, n (%)
Diabetes mellitus 54 (58) 49 (58.3) 0.8
Hypertension 67 (72) 67 (79.7) 0.6
Heart failure 6 (6.4) 6 (7.1) 0.9
Connective tissue disease 1 (1.1) 1 (1.2) 0.7

Medications, n (%)
Aspirin 39 (41.9) 45 (53.5) 0.1
Clopidogrel 16 (17.2) 16 (19) 0.2
Warfarin 8 (8.6) 7 (8.3) 0.3

Censored, n (%) 20 (21.5) 10 (11.9) 0.089
Follow-up period (days), mean 6 SD 124 6 77.2 135.3 6 68.4 0.305
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The number of patients who required rt-PA intervention
(both for catheter installation to restore patency and as catheter
lock) was higher in the Taurolock/Hep group than in the
Taurolock/U group; however, the difference was not significant
(P ¼ 0.083). Further analysis revealed that a higher number of
patients in the Taurolock/Hep group required rt-PA repeatedly,
with 12 patients requiring rt-PA intervention five times or
more (Figure 2). Therefore, repeated rt-PA use was compared
between the two groups, and we found that rt-PA use was sig-
nificantly higher in the Taurolock/Hep group than in the
Taurolock/U group (4.3 times versus 2.1 times, P ¼ 0.006)
(Table 4).

To estimate the possible impact of a catheter lock solution
on dialysis adequacy, we measured the delivered dialysis
adequacy as expressed by Kt/V in both study groups on a
monthly basis. The Kt/V values were found to be uniformly
higher in the Taurolock/U group than in the Taurolock/Hep
group; however, the difference reached statistical significance
only once at the first month estimation (P¼ 0.050) (Table 5).

Tunneled catheter patency can be expressed by the delivered
BFR during dialysis sessions. Therefore, the measured BFRs
during each hemodialysis session for all studied patients were
evaluated. The mean BFR per week was persistently higher in
the Taurolock/U group than in the Taurolock/Hep group for all

FIGURE 1: Consort diagram. PD, peritoneal dialysis.

Table 2. Tunneled catheter characteristics

Tunneled Catheters Taurolock/Hep Taurolock/U P-value
(n ¼ 93) (n ¼ 84)

Site, n
Right internal jugular vein 91 83
Right external iliac vein 1 0
Left external iliac vein 1 1

New catheters (0–90 days) 37 39
Catheter age at start (days), mean 6 SD 218.4 6 306.7 291.2 6 431.9 0.237
Pre-study, BFR (mL/min), mean 6 SD 262.8 6 21.6 265.0 6 26.0 0.541
Pre-study venous pressure (mmHg), mean 6 SD 143.0 6 16.4 141.9 6 19.1 0.686
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Table 3. Catheter-related complications and management

Catheter Exchange Taurolock/Hep Taurolock/U P-value
(n ¼ 93) (n ¼ 84)

Exchange due to malfunction
Number 3 0.078
Time to removal (days), mean 6 SD 90.6 6 15.3
Hospital stay (days), mean 6 SD 7.3 6 10.1

Exchange due to CRBSI
Number 4 1 0.167
Hospital stay (days), mean 6 SD 170 6 71.5 62 0.613
Hospital stay (days), mean 6 SD 6.2 6 4.5 5 0.823

Total number of catheter exchanges 7 1 0.028*

*P� 0.05.

FIGURE 2: Cumulative use of rt-PA.

Table 4. Use of rt-PA for the treatment of catheter thrombosis/malfunction

Use of rt-PA Taurolock/Hep Taurolock/U P-value
(n ¼ 93) (n ¼ 84)

Use of rt-PA installation to restore catheter patency
Number of patients 12 5 0.612
Repeated treatments, mean 6 SD 2.50 6 2.11 1.20 6 0.44 0.200

Use of rt-PA for catheter lock
Number of patients 27 21 0.113
Repeated use, mean 6 SD 3.26 6 2.3 2.10 6 1.2 0.032*

Use of rt-PA for both treatment and catheter lock
Number of patients 27 23 0.083
Repeated use, mean 6 SD 4.37 6 3.58 2.17 6 1.30 0.006*

*P� 0.05.
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studied weeks; however, the difference did not reach statistical
significance (P ¼ 0.144; data not shown). As Taurolock/U was
used for catheter lock after the third weekly session before the
end of the week (as per the protocol), we were interested to
determine if there was any improvement in the BFR in subse-
quent sessions (particularly the first session of the following
week). As shown in Figure 3, the mean BFR for the first hemo-
dialysis sessions per week was persistently higher in the
Taurolock/U group than in the Taurolock/Hep group for all
studied weeks, and the difference approached statistical signifi-
cance in the repeated-measures ANOVA test (P ¼ 0.066).
Further, weekly comparison using the independent t-test
showed that the BFR in the first weekly session was significantly
higher in the Taurolock/U group than in the Taurolock/Hep
group at many of the measured time points (Figure 3).

D I S C U S S I O N

A catheter lock solution is used to prevent thrombosis during
the period between dialysis sessions and guard against catheter-
related infection. However, evidence supporting the use of vari-
ous lock solutions to achieve these objectives is limited. Heparin
has been the traditional locking solution. The addition of 500 U
of heparin/mL to taurolidine citrate (Taurolock/Hep) was
found to further reduce thrombosis when compared with that
with heparin alone [13].

However, in view of the persistently high rate of thrombotic
complications with currently used tunneled catheters among
our dialysis patients, there was a need to use new catheter lock
solutions with better anticoagulant properties. In this context,
the new taurolidine citrate/urokinase (Taurolock/U) solution
was assessed for safety and efficacy as a novel catheter lock solu-
tion in comparison with currently used taurolidine citrate/hep-
arin (Taurolock/Hep).

In this study, repeated episodes of acute catheter thrombosis
that required catheter removal were encountered only in the
Taurolock/Hep group, with no removed catheters for the same
reason from the Taurolock/U group. Furthermore, a greater
anticoagulant benefit of Taurolock/U was evidenced by a signif-
icantly lower number of rt-PA interventions to restore catheter
patency in this group.

CRBSI is a serious complication, with an estimated incidence
of 2.5–6.5 per 1000 catheter days [17]. In a recent systematic
review and meta-analysis that included 13 randomized controlled
trials (1770 patients, 221 064 catheter days), it was found that an
antimicrobial-containing citrate lock is better than a heparin lock
for the prevention of catheter-related infection, while citrate alone

Table 5. Impact of catheter lock solution on dialysis adequacy as measured
by Kt/V

Time Taurolock/Hep Taurolock/U P-value
(mean 6 SD) (mean 6 SD)

Pre-study 1.31 6 0.19 1.32 6 0.24 0.941
First month 1.36 6 0.17 1.43 6 0.27 0.050*
Second month 1.39 6 0.23 1.43 6 0.29 0.360
Third month 1.40 6 0.22 1.46 6 0.28 0.170
Fourth month 1.40 6 0.20 1.48 6 0.30 0.134
Fifth month 1.44 6 0.18 1.47 6 0.33 0.586
Sixth month 1.46 6 0.22 1.52 6 0.37 0.335

*P� 0.05.

FIGURE 3: BFR at the first dialysis session/week.
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fails to show a similar advantage [18]. In our study, catheter
removal because of CRBSI was more common in the Taurolock/
Hep group than in the Taurolock/U group, although the differ-
ence was not significant, likely due to low event rate in both
groups, which was 0.3 versus 0.08 incidence/1000 catheter days
in the Taurolock/Hep and Taurolock/U group, respectively.

On estimation of the possible impact of the catheter lock sol-
ution on dialysis adequacy, Kt/V values were found to be uni-
formly higher in the Taurolock/U group than in the Taurolock/
Hep group, a finding that further confirms better catheter per-
formance in Taurolock/U group.

Furthermore, the tunneled catheter-delivered BFR during
dialysis sessions was measured and evaluated as an indicator of
catheter patency in both groups. It was found that mean BFR
was significantly higher in the Taurolock/U group than in the
Taurolock/Hep group at many of the measured time points, a
finding that adds further evidence of better tunneled catheter
performance with Taurolock/U lock solution, most probably
due to its higher anti-thrombotic benefit.

No reported serious adverse event or bleeding related to the lock
solution was encountered during the study period in either group.

Our study strengths include being the first randomized clini-
cal trial to assess the safety and efficacy of taurolidine citrate
with urokinase as a tunneled catheter lock solution; in addition,
it provided direct comparison with currently used taurolidine
citrate with heparin. The limitations of the study included the
relatively small number of patients, short follow-up period and
being a single-center study, and further confirmation in a larger
multicenter clinical trial is needed.

C O N C L U S I O N

The use of taurolidine citrate/urokinase once a week as a tun-
neled dialysis catheter lock solution (with taurolidine citrate/
heparin used the other two times), as compared with tauroli-
dine citrate/heparin administered three times a week, led to
reduced incidence of catheter exchanges and decreased the
need for emergency thrombolysis with rt-PA.
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