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Taurolidine/Heparin Lock Solution and Catheter-Related
Bloodstream Infection in Hemodialysis
A Randomized, Double-Blind, Active-Control, Phase 3 Study

Anil K. Agarwal ,1 Prabir Roy-Chaudhury ,2,3 Phoebe Mounts ,4 Elizabeth Hurlburt,4 Antony Pfaffle ,4

and Eugene C. Poggio5

Abstract
Background Catheter‐related bloodstream infections (CRBSIs) are one of the most prevalent, fatal, and
costly complications of hemodialysis with a central venous catheter (CVC). The LOCK IT-100 trial
compared the efficacy and safety of a taurolidine/heparin catheter lock solution that combines taurolidine
13.5 mg/ml and heparin (1000 units/ml) versus heparin in preventing CRBSIs in participants receiving
hemodialysis via CVC.

Methods LOCK IT-100 was a randomized, double-blind, active-control, multicenter, phase 3 study that enrolled
adults with kidney failure undergoing maintenance hemodialysis via CVC from 70 US sites. Participants
were randomized 1:1 to taurolidine/heparin catheter lock solution or heparin control catheter lock solution
(1000 units/ml). The primary end point was time to CRBSI as assessed by a blinded Clinical Adjudication
Committee. Secondary end points were catheter removal for any reason and loss of catheter patency. On the
basis of a prespecified interim analysis, the Data and Safety Monitoring Board recommended terminating the
trial early for efficacy with no safety concerns.

Results In the full analysis population (N5795), nine participants in the taurolidine/heparin arm (n5397; 2%)
and 32 participants in the heparin arm (n5398; 8%) had a CRBSI. Event rates per 1000 catheter days were 0.13
and 0.46, respectively, with the difference in time to CRBSI being statistically significant, favoring taurolidine/
heparin (P , 0.001). The hazard ratio was 0.29 (95% confidence interval, 0.14 to 0.62), corresponding to a 71%
reduction in risk of CRBSIs with taurolidine/heparin versus heparin. There were no significant differences
between study arms in time to catheter removal for any reason or loss of catheter patency. The safety of
taurolidine/heparin was comparable with that of heparin, and most treatment-emergent adverse events were
mild or moderate.

Conclusions Taurolidine/heparin reduced the risk of developing a CRBSI in study participants receiving
hemodialysis via CVC compared with heparin with a comparable safety profile.

Clinical Trial registry name and registration number Study Assessing Safety & Effectiveness of a Catheter Lock
Solution in Dialysis Patients to Prevent Bloodstream Infection, NCT02651428.
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Introduction
Hemodialysis patients are at high risk for blood-
stream infections because of the need for frequent
vascular access via central venous catheter (CVC)
and their immunocompromised status.1 Catheter-
related bloodstream infections (CRBSIs) are associ-
ated with higher risk of mortality and can lead to
complications, such as metastatic infections.2–4 Al-
though CVCs comprise approximately 19% of he-
modialysis vascular accesses, they account for 70%
of access-related bloodstream infections.5 In 2021,

approximately 36,000 cases of CRBSIs associated
with CVCs occurred in the United States.6 The high-
est rates of hemodialysis-associated bloodstream
infections occur in Black and Hispanic patients.7

The average hospitalization cost of CRBSIs with
hemodialysis CVCs is ;$17,000–$32,000 per epi-
sode and is higher with systemic infections and
sepsis.8 Given the significant morbidity, mortality,
and cost associated with CRBSIs in CVC‐dependent
patients, prevention of CRBSIs is an unmet need in
hemodialysis.9
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Antimicrobial lock solutions can prevent CRBSIs.10

Taurolidine/heparin is a novel antimicrobial catheter lock
solution that combines taurolidine 13.5 mg/ml and heparin
(1000 units/ml). Taurolidine is an antibacterial and anti-
fungal agent with a mechanism of action that does not
lend itself to resistance.11,12 Taurolidine/heparin is
designed to be instilled and dwell in the arterial and
venous lumens of the CVC after each hemodialysis ses-
sion. It is aspirated before initiation of the next session,
without intended systemic administration.13

In the United States, heparin is the current standard-of-
care catheter lock solution to prevent thrombosis. Heparin,
however, does not have any antimicrobial properties.
Taurolidine/heparin catheter lock solution is an investiga-
tional drug in the United States for CRBSI prevention in
patients receiving hemodialysis via CVC. We report results
from the phase 3 LOCK IT-100 study designed to evaluate
the efficacy and safety of taurolidine/heparin catheter lock
solution compared with heparin control for the prevention
of CRBSIs in participants with kidney failure receiving
hemodialysis via CVC.

Methods
Study Design and Participants
LOCK IT‐100 (ClinicalTrials.gov Identifier: NCT02651428;

registration date: January 7, 2016) was a randomized, dou-
ble‐blind, active‐control, multicenter, phase 3 study. Par-
ticipants with kidney failure undergoing hemodialysis
using a permanent tunneled cuffed silicone or polyurethane
CVC were enrolled from 70 centers in the United States.
Eligible participants were aged 18 years or older and un-
derwent hemodialysis $2 times per week in an outpatient
hemodialysis unit. Catheters were required to be in place
for $14 days and to have been used successfully to dialyze
the participant $2 times before enrollment. Exclusion cri-
teria included treatment with antibiotics #14 days of en-
rollment, catheter exit-site infection, thrombolytic treatment
(i.e., tissue plasminogen activator) in the patient’s current
catheter #30 days of randomization, systemic immunosup-
pression (e.g., patients actively on immunosuppressants),
or malignancy with life expectancy #6 months. Detailed
inclusion and exclusion criteria are listed in the
Supplemental Methods.
Participants were screened to determine eligibility for

enrollment #14 days before dosing. On day 1, participants
were randomly assigned to taurolidine/heparin or heparin
(1000 units/ml) to be instilled after hemodialysis. For sub-
sequent dialysis sessions, taurolidine/heparin or heparin
was removed from the hemodialysis catheter before initi-
ation of dialysis and instilled as a fresh lock solution at the
end of dialysis. Study visits occurred on dialysis treatment
days when standard laboratory data for maintenance di-
alysis were collected. Every 4 weeks (65 days), a more
extensive visit occurred, including collection of vital signs
and laboratory testing. A final safety visit occurred 28 days
(17 days) after removal of the last dose of study drug.
Participants remained in the study until they met one of the
following criteria: had a CRBSI, completed all assessments
through study closure, withdrew from the study (including
death), had catheter removed for any reason, or transferred
to a nonstudy site. Participants not returning to the study

site for follow-up visits and not able to be contacted by the
site staff were counted as protocol violations. All partici-
pants received standard of care consistent with current
practice guidelines for all aspects of hemodialysis. At
each hemodialysis center, a nephrologist served as medical
director, and daily care was provided by a team of clinical
professionals, including nephrologists, registered nurses,
and technicians. On suspicion of CRBSI, participants
were evaluated by clinical staff of the hemodialysis center
and often referred to the emergency department for a more
thorough evaluation and treatment. Participants also may
have developed symptoms outside a dialysis session and
presented directly to an emergency department. CRBSIs
were assessed after blood cultures were obtained and con-
firmed on the basis of medical records from an acute care
setting (e.g., hospital or dialysis unit).
The trial was conducted in accordance with the principles

of the Declaration of Helsinki and applicable laws and
regulations. The protocol and informed consent form
were reviewed by a centralized institutional review board.
All participants provided written informed consent. The
trial had ongoing assessment by an independent Data and
Safety Monitoring Board (DSMB) comprising two nephrol-
ogists, an infectious disease specialist, and a statistician.

Randomization and Blinding
Participants were randomized 1:1 to either taurolidine/

heparin or heparin. Randomization was done centrally via
an interactive voice/web response system using per-
muted blocks of size 4 without additional stratification.
At randomization, once eligibility was confirmed, the site
staff used the interactive system to obtain a randomiza-
tion number and the first vial of assigned treatment. All
participants, investigators, study staff, and dialysis cen-
ter staff were blinded to treatment assignment. The kit
number was assigned and blinded treatment adminis-
tered per protocol. Only registered nurses were allowed
to access CVCs and instill and aspirate the catheter
lock solution.
Taurolidine/heparin matched heparin control for vol-

ume, color, viscosity, and smell and was packaged in
identical containers at an off-site, central facility. The
labels remained affixed to the product containers and
contained all identifying information except for the iden-
tity of the drug. The blind was not broken until the
database was locked.

Outcomes
The primary end point was time to CRBSI, which re-

quired that the same organism was grown from $1 blood
culture from a peripheral site or bloodline sample and
either the arterial or venous catheter hub (or the venous
or arterial dialysis circuit bloodlines if on dialysis)14 as
well as the clinical suspicion of infection. The necessary
clinical indication for suspicion of infection included one
of the following symptoms: fever ($37.8°C) or rigors, often
with sweating, as documented by a medical professional,
or $2 of the following symptoms: tachycardia (heart
rate .100 beats per minute), tachypnea (.24 breaths per
minute), systolic BP,90 mmHg or a decrease.30 mm Hg,
or a change in mental status from baseline. Each potential

CJASN 18: 1446–1455, November, 2023 Taurolidine/Heparin Catheter Lock Solution to Reduce CRBSIs, Agarwal et al. 1447
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primary end point event was reviewed for ascertainment
of CRBSI by a blinded independent Clinical Adjudication
Committee. Secondary end points assessed the impact of
study drug on catheter functioning and included catheter
removal for any reason and loss of catheter patency.
Catheter removal because of improvement was defined
as the catheter being no longer needed for hemodialysis
(e.g., transplant, fistula maturation) or improved kidney
function. Catheter removal because of suspected CRBSI
was based on the clinician’s judgment. Loss of catheter
patency was defined as required use of tissue plasminogen
activator or removal of catheter because of dysfunction.
The study was originally designed to ascertain CRBSI

cases on the basis of pathogen culturing by a centralized
laboratory using samples collected from both the patient’s
peripheral blood and catheter after clinical indications of
infection during a dialysis session. Most participants pre-
sented with symptoms of infection outside the dialysis
center, and the standard of care for collection of blood
samples to diagnose CRBSI at an emergency facility or
hospital is a single peripheral blood culture. Conse-
quently, the protocol was modified in consultation with
the US Food and Drug Administration to define the re-
quired information to be collected (including all blood
culture results) from medical center records where the
patient presented with evidence of infection.14,15 The

information was analyzed by the Clinical Adjudication
Committee, which could request additional information to
ensure no other sources of infection were present, such as
catheter exit-site infections.
Safety parameters included adverse events, clinical lab-

oratory evaluations, vital signs, and physical examination
findings. Treatment-emergent adverse events (TEAEs), de-
fined as those that began or worsened on or after admin-
istration of the first dose of study drug up to 28 days after
the last dose, were coded using Medical Dictionary for Reg-
ulatory Activities version 21.0. Definitions for serious ad-
verse events are provided in the Supplemental Methods.

Statistical Analyses
This trial was designed to achieve 80% power for com-

parison of the primary end point between study arms
according to the following specifications: testing conducted
at a two‐sided overall 5% alpha level, taurolidine/heparin
associated with a 55% reduction in CRBSI risk relative to
control (i.e., risk reduction that might be expected on the
basis of previous studies16,17,18), and one interim analysis
performed at the trial midpoint with adjustment of the
alpha level using the method of Pocock. In total, 56 CRBSI
events were needed to achieve the desired power, and event
rates were monitored over the course of the trial to de-
termine the times of the interim and final statistical

Assessed for eligibility
(N=1066)

Screen failures (n=260)

Taurolidine/heparin (n=403)
• Received allocated intervention (n=397)
• Did not receive allocated intervention (n=6)

Heparin (n=403)
• Received allocated intervention (n=398)
• Did not receive allocated intervention (n=5)

Full analysis population
(n=397)

Early withdrawal (n=44)
• Patient withdrew consent (n=16) 
• Physician decision (n=8)
• Adverse event (n=6)
• Protocol violation (n=2)
• Other (n=12)

Early withdrawal (n=47)
• Patient withdrew consent (n=14)
• Protocol violation (n=12)
• Physician decision (n=9)
• Adverse event (n=5)
• Other (n=7)

Safety population
(n=398)a

Enrollment

Allocation

Follow-up

Full analysis population
(n=398)

Safety population
(n=399)a

Analysis

Randomized (n=806)

Figure 1. Study flow diagram. aTwo participants with laboratory values at screening not meeting eligibility criteria were mistakenly dosed
without being randomized (one in each study arm) and were subsequently withdrawn. These two participants were included in the safety
population but not the full analysis population.
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analyses. It was expected that approximately 900 partici-
pants would be randomized.
The primary end point was analyzed in a planned in-

terim analysis on the basis of the first 28 cases of CRBSI
(half the required total of 56 events), as adjudicated by the
Clinical Adjudication Committee. If statistical significance
was obtained for the primary end point at this time, the
DSMB would recommend terminating the study early for
efficacy. If the futility analysis indicated continuing the
study would be futile, the recommendation would be to
terminate the study for futility.
The primary end point was analyzed in the interim

analysis and at study completion in the full analysis pop-
ulation, which included all randomized participants who
received $1 dose of study drug. Time to CRBSI was
compared between study arms using a log-rank test at
an overall two-sided 5% alpha level. The null hypothesis
was that there is no difference in CRBSI risk between the
two arms. Participants were censored in this analysis at
the time of catheter removal for reasons other than CRBSI
(e.g., catheter no longer required), patient withdrawal, 3
days after the last dose of study drug administration, or
study completion. Because an interim analysis was to be
performed, the method of Pocock was used to control the
overall alpha level. Therefore, the nominal significance
level at the interim and final statistical analyses for the

primary end point was 0.0294. A Cox proportional haz-
ards model was used to estimate the hazard ratio (HR;
active/control) with 95% confidence interval (CI). CRBSI
incidence rate, calculated as the number of participants
with CRBSI divided by the aggregate number of catheter
days of follow‐up, was calculated for each group. Catheter
days were counted as the number of days from random-
ization until the occurrence of either a CRBSI or censoring.
CRBSI rates are presented as the event rate per 1000
catheter days with a 95% CI, which was derived assuming
the number of catheter days until CRBSI followed an
exponential distribution. A prespecified sensitivity anal-
ysis of time to CRBSI in the full analysis population was
performed in which cases considered to be indeterminate
by the Clinical Adjudication Committee were treated as
CRBSIs. The primary end point was also assessed in the
full analysis population using HRs for prespecified sub-
groups on the basis of baseline characteristics (age, race,
sex, time since first dialysis, and catheter location).
The secondary end points of time until catheter removal

for any reason and time to loss of catheter patency were
analyzed using similar methods as for the primary analysis.
Participants were considered censored as of their final
clinical assessment if the event was not observed. Other-
wise, event time was the number of catheter days between
randomization and event. Secondary end points were

Table 1. Baseline demographic and disease characteristics of participants in the LOCK IT-100 study

Characteristic Taurolidine/Heparin (n5403) Heparin (n5403)

Age, mean (SD), yr 61 (14) 61 (14)
Age category, yr, No. (%)
,65 239 (59) 236 (59)
$65 to ,75 99 (25) 95 (24)
$75 65 (16) 72 (18)

Female, No. (%) 184 (46) 154 (38)
Race, No. (%)
American Indian or Alaska Native 3 (1) 2 (,1)
Asian 15 (4) 18 (4)
Black 126 (31) 112 (28)
Native Hawaiian or other Pacific Islander 10 (2) 4 (1)
White 248 (62) 262 (65)
Others 1 (0.2) 5 (1)

Ethnicity, No. (%)
Not Hispanic or Latino 226 (56) 214 (53)
Hispanic or Latino 177 (44) 189 (47)

BMI, mean (SD), kg/m2a 29.7 (7.9) 29.2 (10.3)
Diabetes, No. (%) 278 (69) 277 (69)
Time since first dialysis, mob

Mean (SD) 21.2 (37.5) 19.8 (37.0)
Minimum, maximum 0.2, 280.2 0.1, 254.8

Time receiving dialysis, No. (%)
#30 d 35 (9) 31 (8)
1–12 mo 237 (59) 246 (61)
.12 mo 131 (33) 126 (31)

Catheter location, No. (%)
Jugular vein 371 (92) 365 (91)
Subclavian vein 30 (7) 31 (8)
Othersc 2 (,1) 6 (1)

BMI, body mass index.
aTaurolidine/heparin, n5401; heparin, n5402.
bTaurolidine/heparin, n5403; heparin, n5402.
cThe classification of participants as others was due to site staff data entry errors. Catheter location (jugular or subclavian) for these
participants was confirmed after data entry and documented in study records.
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analyzed in the full analysis population using a fixed-
sequence testing procedure. The analysis comparing the
two groups for catheter loss for any reason was to
be formally conducted only if the primary end point anal-
ysis yielded a statistically significant result, favoring
taurolidine/heparin. The analysis comparing loss of pa-
tency was to be formally conducted only if the analysis for
catheter loss for any reason also yielded a statistically

significant result, favoring taurolidine/heparin. In addition
to basic descriptive statistics, rates per 1000 days of follow-
up are presented for both end points. Post hoc analyses were
performed to assess reasons for catheter loss and are sum-
marized by study group.
Safety analyses were conducted on the safety popula-

tion, which included all participants who received$1 dose
of study drug. Adverse event data were collected from day

Censored

Taurolidine/heparin Heparin

1.0

0.9

0.8

0.7

0.6

0.5

0
0

397

398

215

218

104

103

37

41

9

14

2

4

2

1

4 8 12

Time after randomization, months

16 20 24

P
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n 
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nt
s

Patients at risk, No.

Taurolidine/heparin

Heparin

Figure 2. Kaplan–Meier survival curve for time to CRBSI through 24 months (primary outcome, full analysis population). CRBSI, catheter‐
related bloodstream infection.

Table 2. Time to catheter‐related bloodstream infection (primary outcome, full analysis population)

Outcome Assessment Taurolidine/Heparin Heparin

Interim efficacy and futility analyses
Total No. of participants 327 326
Participants with CRBSI, No. (%) 6 (2) 22 (7)
Total catheter days follow-upa 43,954 44,836
CRBSIs per 1000 catheter days (95% CI) 0.14 (0.06 to 0.30) 0.49 (0.32 to 0.75)
HR (95% CI)b 0.28 (0.11 to 0.70)
P valuec 0.003

Study completion
Total No. of participants 397 398
Participants with CRBSI, No. (%) 9 (2) 32 (8)
Total catheter days follow-upa 67,593 68,890
CRBSIs per 1000 catheter days (95% CI) 0.13 (0.07 to 0.26) 0.46 (0.33 to 0.66)
HR (95% CI)b 0.29 (0.14 to 0.62)
P valuec 0.001

CRBSI, catheter‐related bloodstream infection; CI, confidence interval; HR, hazard ratio.
aCatheter days were counted as the number of days from randomization up through the occurrence of either a catheter‐related
bloodstream infection event or censoring.
bCox proportional hazards model.
cLog-rank test.

1450 CJASN

D
ow

nloaded from
 http://journals.lw

w
.com

/cjasn by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 02/20/2024



1 through 28 days after the last removal of study drug.
TEAEs were summarized by preferred term and study
group, with the number and percentage of participants
reporting the event.
Statistical analyses were conducted by an independent

statistical group using SAS version 9.4.

Results
Patient Disposition and Baseline Characteristics
Of the 1066 participants screened, 806 were random-

ized to taurolidine/heparin or heparin (403 participants
in each arm; Figure 1). Eleven participants did not re-
ceive any doses of study drug and were excluded from
the analyses. In the full analysis population, there were
795 participants (taurolidine/heparin arm, n5397; hep-
arin arm, n5398). In the safety population, there were
797 participants (taurolidine/heparin arm, n5398; hep-
arin arm, n5399). Two participants with laboratory val-
ues at screening not meeting eligibility criteria were
mistakenly dosed without being randomized (one in
each study arm) and subsequently withdrawn. They
are included in the safety population but not the full
analysis population. Among randomized participants,
715 (89%) completed the study. The mean length of
follow-up in the full analysis population was 200 days
(SD, 142 days).

The study population reflected hemodialysis patients
in the United States, with 41% aged 65 years and older;
30%, 45%, and 42% self-identifying as Black, Hispanic,
and female, respectively; 70% with a body mass
index $30 kg/m2; and 69% with diabetes at baseline
(Table 1). Most (68%) participants had been receiving
dialysis for #12 months. All baseline demographic/
disease characteristics were balanced between study arms.

Efficacy—Primary Outcome
The primary end point was analyzed as planned at the

interim analysis once the first 28 CRBSI cases were adju-
dicated by the Clinical Adjudication Committee. There
were six participants (2%) with CRBSI in the
taurolidine/heparin arm versus 22 (7%) in the heparin
arm, with event rates per 1000 catheter days of 0.14 and
0.49, respectively (Table 2). The analysis of time to CRBSI
yielded a P value of 0.003, favoring taurolidine/heparin.
The HR (95% CI) was 0.28 (0.11 to 0.70), corresponding to a
72% reduction in CRBSI risk with taurolidine/heparin
versus heparin. This highly statistically significant result,
favoring taurolidine/heparin with no safety concerns, re-
sulted in a DSMB recommendation to terminate the
study early.
After discussing the DSMB recommendation to termi-

nate the study with the US Food and Drug Administration,
additional information was collected per protocol as

Overall

Age, years
<65

≥65 to <75
≥75

Race
White
Black
Other

Sex
Male

Female

≤12
>12

Age of catheter, months
<3
≥3

CVC location
Jugular vein

Other

Taurolidine/heparin 

9/397 (2)

6/235 (3)
2/98 (2)
1/64 (2)

6/244 (2)
3/124 (2)
0/29 (0)

3/215 (1)
6/182 (3)

5/267 (2)
4/130 (3)

4/202 (2)
5/191 (3)

7/366 (2)
2/31 (6)

Heparin

32/398 (8)

14/233 (6)
10/94 (11)
8/71 (11)

19/259 (7)
9/110 (8)
4/29 (14)

14/246 (6)
18/152 (12)

17/272 (6)
15/126 (12)

11/183 (6)
21/214 (10)

31/361 (9)
1/37 (3)

HR

0.30

0.43
0.20
0.18

0.38
0.33

0

0.25
0.29

0.34
0.26

0.37
0.26

0.23
2.76

 P value

0.57

0.96 

0.86

0.70

0.69

0.06

95% CI

(0.14, 0.62)

(0.17, 1.13)
(0.04, 0.91)
(0.02, 1.43)

(0.15, 0.96)
(0.09, 1.21)

 –

(0.07, 0.88)
(0.12, 0.75)

(0.13, 0.93)
(0.09, 0.79)

(0.12, 1.16)
(0.10, 0.70)

(0.10, 0.53)
(0.25, 30.88)

Patients with CRBSI, n/N (%)

Favors taurolidine/heparin Favors heparin

0.0625 0.250.5 1 2 4 8 16

Time since first dialysis, months

Figure 3. HR (95% CI) of incidence of CRBSI by subgroups (primary outcome, full analysis population). CI, confidence interval; CVC,
central venous catheter; HR, hazard ratio.
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orderly termination of study participants proceeded. At
study completion, nine participants (2%) had a CRBSI in
the taurolidine/heparin arm versus 32 (8%) in the heparin
arm, with a clinically significant lower event rate per
1000 catheter days for taurolidine/heparin (0.13 versus
0.46, respectively; Table 2). Time to CRBSI was highly
statistically significantly different between arms, favoring
taurolidine/heparin (P , 0.001). The Kaplan–Meier curve
for time to CRBSI through 24 months is shown in Figure 2.
The HR (95% CI) was 0.29 (0.14 to 0.62), corresponding to a
71% reduction in CRBSI risk with taurolidine/heparin
versus heparin. The results of the sensitivity analysis,
considering indeterminate cases as positive for CRBSI,
were consistent with those of the primary analyses.
In prospectively defined subgroup analyses of the pri-

mary end point, the HR estimates were, with one minor
exception (i.e., the small subgroup of participants with
catheter locations other than the jugular vein), consis-
tently ,0.5, corresponding to a .50% reduction in risk,
favoring taurolidine/heparin (Figure 3).

Secondary Outcomes
There was no statistically significant difference between

arms at study completion in time to catheter removal for
any reason, a secondary end point of the trial (Table 3). The
median time to catheter removal for any reason was 197
days for taurolidine/heparin and 225 days for heparin, with
an HR (95% CI) of 1.08 (0.90 to 1.29). Post hoc analyses
performed to assess and describe incidences and reasons for
catheter removal are described in Table 3, Supplemental
Results, and Supplemental Table 1. The analysis of loss of

catheter patency is described in the Supplemental Results
and Supplemental Table 2.

Safety
Overall, 314 participants (79%) in the taurolidine/heparin

arm and 315 (79%) in the heparin arm experienced a TEAE
(Table 4). Most TEAEs were mild to moderate in intensity,
with no serious TEAEs with a probable or definite rela-
tionship to the study drug as determined by the investi-
gator. There were no reported TEAEs associated with the
infrequent inadvertent flushing of taurolidine/heparin
through the catheter into the body. Early withdrawals
because of TEAEs were infrequent and comparable be-
tween arms. The taurolidine/heparin and heparin arms
saw a similar death rate (5%). The most common cause of
death was cardiac disorders (five participants in each
arm). Information on specific TEAEs is provided in the
Supplemental Results.

Discussion
In LOCK IT-100, taurolidine/heparin significantly re-

duced CRBSIs in participants receiving hemodialysis via
CVC for the treatment of kidney failure compared with
heparin, the current standard of care. There were no sig-
nificant differences in rates of catheter removals for any
reason or loss of catheter patency between study arms. The
safety profile for taurolidine/heparin was comparable with
that of heparin.
LOCK IT‐100 is the largest randomized, double-blind,

active-comparator trial conducted to date in US participants

Table 3. Time to catheter removal and reasons for removal (secondary outcome, full analysis population)

Outcome Assessment Taurolidine/Heparin (n5397) Heparin (n5398)

Participants with catheter removal, No. (%) 236 (59) 225 (57)
Time to catheter removal, median (95% CI), d 197 (171 to 224) 225 (187 to 248)
Total catheter days follow-upa 67,912 69,575
Event rate per 1000 catheter days (95% CI) 3.48 (3.06 to 3.95) 3.23 (2.84 to 3.69)
HR (95% CI)b 1.08 (0.90 to 1.29)
P valuec 0.42
Catheter removal because of improvementd

Participants with catheter removal because of improvement, No. (%) 162 (41) 132 (33)
No longer needed for hemodialysis, No. (%) 162 (41) 131 (33)
Improved kidney function 0 1 (0.3)

Total catheter days follow-up 67,780 69,465
Event rate per 1000 catheter days (95% CI) 2.39 (2.05 to 2.79) 1.90 (1.60 to 2.25)

Catheter removal because of CRBSI or catheter malfunction
Participants with catheter removal because of CRBSI, catheter

malfunction, or other reasons, No. (%)
74 (19) 93 (23)

Catheter malfunction/dysfunction, No. (%) 62 (16) 57 (14)
Loss of patency 28 (7) 26 (7)
Others 34 (9) 31 (8)

CRBSI 8 (2) 29 (7)
Others 4 (1) 7 (2)

Total catheter days follow-up 67,708 69,318
Event rate per 1000 catheter days (95% CI) 1.09 (0.87 to 1.37) 1.34 (1.09 to 1.64)

CI, confidence interval; HR, hazard ratio; CRBSI, catheter‐related bloodstream infection.
aCatheter days were counted as the number of days from randomization up through the occurrence of catheter removal (for any
reason) or censoring.
bCox proportional hazards model.
cLog-rank test.
dCatheter was no longer needed for hemodialysis (i.e., transplant, fistula maturation) or because of improved kidney function.
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receiving hemodialysis via CVC. It was conducted at 70 in-
vestigative centers with 150 outpatient dialysis units.
Centers included large dialysis organizations, independent
centers, and the US Veterans Affairs system.
The finding in this study of a 71% reduction in CRBSIs

with the use of taurolidine/heparin is consistent with
the findings of two earlier studies in hemodialysis
patients.16,17 Solomon et al. found a 59% reduction
with the use of taurolidine/heparin in all bloodstream
infections (including those not catheter related), and
Murray and colleagues reported a 56% reduction in all
Staphylococcus infections. The results of this study are
also consistent with a randomized controlled trial in 106
participants receiving hemodialysis via CVC, which
reported a CRBSI rate of 0.67 per 1000 catheter days
with a taurolidine-based catheter lock solution versus 2.7
per 1000 catheter days with a citrate solution.19 In this
study, rates of total catheter dysfunctions and catheter re-
moval because of infectious and mechanical complications
were significantly lower in the taurolidine group.
Similarly, a meta-analysis of the efficacy of taurolidine
lock solutions in reducing CRBSIs in children reported a
77% reduced risk of CRBSI with taurolidine versus con-
trol (P , 0.00001).20

The results of LOCK IT-100 clearly document a substan-
tial reduction in CRBSIs in CVCs used for hemodialysis.
Early termination of the trial by the DSMB speaks to the
magnitude of this effect, which will likely result in a sig-
nificant reduction in morbidity and mortality, as well as
better utilization of scarce health care resources. A reduc-
tion in CRBSIs may result in an improved quality of life in
this vulnerable population by reducing hospitalizations
with significant clinical and public policy impacts. The
availability of taurolidine/heparin will facilitate a precision
medicine approach to vascular access care by benefiting

patients who have no choice besides a dialysis CVC be-
cause they have run out of possible sites for arteriovenous
access. The 2019 Kidney Disease Outcomes Quality Initia-
tive guidance on vascular access emphasizes a new para-
digm of getting the right access in the right patient at the
right time.21 Given the continuing need for some patients to
dialyze via CVC, a safe and effective antimicrobial catheter
lock solution will play a very important role in reducing
CRBSIs in this patient population.
Reducing CRBSIs in hemodialysis patients will also

synergize with new global payment plans. The new
Comprehensive Kidney Care Contracting payment
plans that are part of the Advancing American Kidney
Health Executive Order emphasize a reduction in hospi-
tal admissions and readmissions.22 Reducing CRBSIs in
hemodialysis patients will likely increase the efficiency of
care and reduce the number and duration of hospitali-
zations and overall costs.
In conclusion, taurolidine/heparin, a novel antimicrobial

catheter lock solution, significantly reduces CRBSI risk
in patients receiving hemodialysis via CVC versus the
standard-of-care heparin without any safety concerns.
These findings support the use of taurolidine/heparin
in hemodialysis patients to reduce risk of CSRBIs, which
are associated with very significant clinical, economic, and
quality of life burdens in this vulnerable patient population.
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