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The incidence of central venous catheter (CVC)-related bloodstream infections is high in
patients requiring a long-term CVC. Therefore, infection prevention is of the utmost
importance. The aim of this study was to provide an updated overview of randomized
controlled trials (RCTs) comparing the efficacy of taurolidine containing lock solutions (TL)
to other lock solutions for the prevention of CVC-related bloodstream infections in all
patient populations. On 15th February 2021, PubMed, Embase and The Cochrane Library
were searched for RCTs comparing the efficacy of TLs for the prevention of CVC-related
bloodstream infections with other lock solutions. Exclusion criteria were non-RCTs,
studies describing <10 patients and studies using TLs as treatment. Risk of bias was
evaluated using the Cochrane Risk of Bias 2 tool. A random effects model was used to pool
individual study incidence rate ratios (IRRs). Subgroup analyses were performed based on
the following factors: CVC indication, comparator lock and bacterial isolates cultured. A
total of 14 articles were included in the qualitative synthesis describing 1219 haemo-
dialysis, total parenteral nutrition and oncology patients. The pooled IRR estimated for all
patient groups together (nine studies; 918 patients) was 0.30 (95% confidence interval 0.19
e0.46), favouring the TLs. Adverse events (10 studies; 867 patients) were mild and scarce.
The quality of the evidence was limited due to a high risk of bias and indirectness of
evidence. The use of TLs might be promising for the prevention of CVC-related blood-
stream infections. Large-scale RCTs are needed to draw firm conclusions on the efficacy of
TLs.
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Introduction

Central venous catheters (CVC) are essential for patients
requiring long-term central venous access. CVCs, however, are
associated with high rates of CVC-related bloodstream infec-
tions, which mainly depend on the patient group observed and
CVC type inserted [1e3]. CVC-related bloodstream infections
often result in hospital admissions for the administration of
intravenous antibiotics, postponement of treatment for pri-
mary disease, early CVC removal, or intensive care unit
admissions due to severe sepsis [4]. Prevention of CVC-related
bloodstream infections is therefore of the utmost importance
[5,6].

The use of prophylactic antimicrobial lock solutions with or
without the addition of an anticoagulant have been suggested
as a method for the prevention of CVC-related bloodstream
infections by preventing biofilm formation, killing bacteria
and/or the inhibition of bacterial growth. However, the effi-
cacy of these antimicrobial lock solutions is still debated.
Currently, in many hospitals, heparin-only lock solutions (HL)
are used to maintain CVC patency. Heparin locks, however, do
not have antimicrobial properties and current evidence sug-
gests that regular saline locks might be as effective as heparin
locks to maintain CVC patency [7e9]. A consensus meeting in
2016 reported that a lock solution containing taurolidine and/
or citrate appears to be themost promising lock solution for the
prevention of CVC-related bloodstream infections [9]. Taur-
olidine and citrate have antimicrobial, anti-biofilm and anti-
coagulant properties without reported antimicrobial resistance
[9,10]. Taurolidine causes a chemical reaction with the bac-
terial cell wall, endotoxins and exotoxins, resulting in irre-
versible damage to the bacteria and inhibition of bacterial
pathogenicity and surface adhesion of bacteria [11e14].

Currently, it is not yet clear how effective taurolidine-
containing lock solutions (TLs) are for the prevention of CVC-
related bloodstream infections and which patient populations
are most likely to benefit from this lock solution [9]. Previous
meta-analyses have been performed on this topic [15e20].
However, the majority of these meta-analyses did not include
studies performed in all different patient groups. The most
recent systematic review and meta-analysis including
randomized controlled trials (RCTs) investigating the efficacy
of TLs in all patient populations was published in 2014 [16]. Liu
et al. included three RCTs and observed a possible beneficial
effect of TLs for the prevention of CVC-related bloodstream
infections. They concluded that further RCTs need to be per-
formed to confirm the results [16]. We identified 11 additional
articles published since then, or not included by Liu et al. [16].
Therefore, this systematic review and meta-analysis was con-
ducted to give an updated overview of all the available evi-
dence and draw more robust conclusions concerning the
efficacy of TLs for the prevention of CVC-related bloodstream
infections in several patient populations.
Methods

Search strategy and selection process

A systematic search in PubMed, The Cochrane Library and
Embase was performed on 15 February 2021. All databases
were searched from inception to 15 February 2021. Search
strings were developed with the assistance of a medical
librarian and contained terms and synonyms for taurolidine
and infections (Appendix B). The systematic screening was
performed following the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analysis (PRISMA) guidelines of 2009
[21]. After removal of the duplicates, a title/abstract and
full-text screening was performed independently by two
authors (C.B., B.J.) using pre-defined in- and exclusion cri-
teria. All original RCTs comparing the efficacy of TLs with any
other lock solution for the prevention of CVC-related blood-
stream infections in all patient populations were included.
Exclusion criteria were non-RCTs, studies describing <10
patients and studies using TLs as treatment instead of pre-
vention. The search was finalized by hand searches and
snowballing. Disagreements were resolved by discussion
(Figure 1).
Data collection process

Data from each study were extracted and double-checked
by two authors (C.B., B.J.). Our primary outcome was the
pooled incidence rate ratio (IRR) comparing the efficacy of TLs
to non-antibiotic lock solutions in terms of the incidence rates
(IRs) of CVC-related bloodstream infections per 1000 CVC-days.
CVC-related bloodstream infection events were scored fol-
lowing the definitions stated in the original article, but must
have at least included a positive blood culture in a patient with
a CVC in situ.

Secondary outcomes were the incidence of adverse events
(i.e. side-effects reported during lock replacement) and mal-
function events (i.e. inability to flush and/or aspirate, throm-
bosis, administration of thrombolytics). Other data collected:
first author, year of publication, study design, patient charac-
teristics (number of patients included, CVC indication, age, in-
or outpatient setting during CVC use, previous infections, and
the administration of antibiotic prophylaxis), CVC character-
istics (number of CVCs inserted, newly inserted CVCs, type,
dwell time), lock characteristics (type, dose, frequency,
method of removal), and CVC-related bloodstream infection
characteristics (number of events following the definition
reported in the article, CVC-related bloodstream infection
definition and number of Gram-positive and Gram-negative
bacteria cultured). In case of missing or unclear data, the
authors were contacted by e-mail. If no response was obtained,
the data was reported as missing.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. PRISMA Flow-diagram.
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Risk of bias and applicability

The risk of bias per study was evaluated and double checked
by two authors (C.B., B.J.) using the Risk of Bias (RoB) 2.0 tool
for RCTs [22]. Additionally, the applicability of the included
studies was assessed per PICOS (Population, Intervention,
Comparator, Outcomes, and Setting) domain. Each domain was
assessed for low (þ), high (-), or moderate (�) applicability
concerns [23].
Synthesis methods

The IRR along with the 95% confidence interval (CI) was used
to compare the IRs of CVC-related bloodstream infections per
1000 CVC-days between the two study groups. If the IRR was
not given, the IRR was estimated based on the total number of
events and CVC-days reported. The exact confidence limits for
the IRRs were computed based on the polynomial algorithm for
person time data [24,25].

RCTs comparing TLs with other non-antibiotic locks were
used in the meta-analyses using IRRs along with their 95% CIs.
Additional meta-analyses were planned focusing on (1) the
indication for CVC insertion (total parenteral nutrition (TPN),
haemodialysis, oncology treatment), (2) the bacterial isolates
cultured, (3) age per indication for CVC insertion (paediatrics
and adults), and (4) the comparator lock used (i.e. HL, saline,
citrate). A meta-analysis was performed if �3 studies could be
included. Sensitivity analyses were performed excluding stud-
ies where (1) antibiotic prophylaxis use was reported by the
authors, (2) citrate locks (CLs) (because citrate also has anti-
biofilm properties) were used as a comparator, (3) non-
tunnelled CVCs were included, and (4) only high-risk patients
(i.e. history of �1 CVC-related bloodstream infections) were
included in one or both groups. A random effects model was
employed to pool the IRR in order to estimate an overall IRR
and its 95% CI. An overall test on heterogeneity between the
studies was performed for each meta-analysis (I2). The heter-
ogeneity was considered ‘serious’ if the I2 was >50% and ‘very
serious’ if the I2 was >80%. Cochrane Review Manager Version
5.4 was used for the statistical analysis [26].

Reporting bias and quality of evidence assessment

To assess the presence of reporting bias, a funnel plot was
used, where the estimate of the reported effect size was
plotted against a measure of precision (standard error of log
rate ratio). The quality of evidence was assessed using the
Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) approach for all outcomes and subgroup
analyses performed [23].

Results

Study selection process

A total of 480 articles were identified from PubMed
(N ¼ 204), Embase (N ¼ 275) and The Cochrane Library (N ¼ 1).
After duplicate removal, 363 articles were included for the



Table I

Study characteristics

First author,

year [Ref.]

Total N and

population

(in/out clinic)

CVC type Study design Patients (CVCs) Age in years, mean

or median* (SD or range)

Lock

characteristics

TL group Control

group

TL group Control

group

TL group Control

group

Frequency and ml

HD Winnicki,
2018 [68]

106 Adult (in) Tunnelled RCT
Partially
blinda

52 (52) 54 (54) 56 (15) 58 (15) T1.35 C4 H500
(2x)/U25,000
(1x)

C4 2.3 mL 3�/week

Zwiech,
2016 [70]

53 Adult (in) (Non)-tunnelled RCT Open 24 (24) 29 (29) 56 (12) 57 (15) T1.35 C4 H500 H5000 CVC volume � 0.1
mL after use

Filiopoulos,
2011 [60]

119 Adult (in) Non-tunnelled RCT Open 59 (76) 60 (74) 75* (36e95) 72* (50e80) T1.35 C4 G40 H5000 2.0 mL after use

Solomon,
2010 [66]

107 Adult (in) Tunnelled RCT Double
blind

53 (56) 54 (56) 60 (15) 57 (17) T1.35 C4 H5000 CVC volume after
use

Betjes, 2004
[57]

58 Adult (in) (Non)-tunnelled RCT Open e (37) e (39) 58 (16) 50 (20) T1.35 C4 H5000 CVC
volume þ 0.1 mL
after use

Oncology Gudiol, 2020
[61]

141 Adultb (in) Non-tunnelled RCT Double
blind

72 (e) 69 (e) 56 * (e) 57 * (e) T1.35 C4 H100 H1000 2.5 mL 3�/week

Longo, 2017
[64]

160 Adult (in/out) VAP RCT Open 84 (84) 76 (76) 62 (54e70) 61 (53e69) T1.35 C4 S0.9 3.0 mL after use

Handrup,
2013 [62]

112 Paediatric (in) Tunnelled, VAP RCT Open 58 (64) 54 (65) 6 * (0e19) 5 * (0e16) T1.35 C4 H100 H250 2.5 mL after use

Dümichen,
2012 [59]

71 Paediatric (in) Tunnelled RCT Open 35 (35) 36 (36) 9 * (8) 8 * (6) T1.35 C4 H100 CVC volume after
use

TPN Wouters,
2018 [69]

105 Adult (out) (Non)-tunnelled,
VAP

RCT Double
blind

53 (53) 52 (52) 59e47 * (e)c 55e47 * (e)c T2 S0.9 5.0 mL 2e7�/
week

Tribler,
2017 [67]

41 Adult (out) Tunnelled RCT Double
blind

20 (20) 21 (21) 56 (13) 58 (12) T1.35 C4 H100 H100 2.0e4.0 mL 2e7x/
week

Klek, 2015
[63]

30 Adult (out) Tunnelled RCT Open 10 (10) and
10 (10)

10 (10) 44 (e) and
46 (e)

46 (e) T2 and T1.35 C4 S0.9 -mL after use

Bisseling,
2010 [58]

30 Adult (out) Tunnelled, VAP RCT Open 16 (16) 14 (14) 55 (13) 49 (16) T2 H150 5.0 mL e

Other qyszkowska,
2019 [65]

86 Paediatrics
<2 years old
undergoing
surgery (in)

(Non)-tunnelled RCT Open e (48) e (49) e (e) e (e) T- C- e 2.0 mL after use

-, missing; C, citrate; CO, cross-over; CVC, central venous catheter; G, gentamicin mg/mL; H, heparin IU/mL; HD, haemodialysis; NA; not applicable; PC, prospective cohort study; RC,
retrospective cohort study; RCT, randomized controlled trial; SD, standard deviation; SL; saline %; T; taurolidine %; TL, taurolidine lock; TPN, total parenteral nutrition; U, urokinase IU/mL;
VAP, vascular access port.
a Partially blinded: blinding of patients, laboratory staff, and assessors. Nurses and physicians were not blinded.
b Only patients in neutropenia.
c Patients were divided into a new CVC/pre-existing CVC group for the baseline characteristics.
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Figure 2. Risk of bias (RoB 2.0) evaluation and applicability concerns of randomized controlled trials.
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title and abstract screening. Three conflicts were observed
afterwards, which were resolved by discussion. A total of 44
articles were eventually included in the full-text screening, of
which one article was added after snowballing. Thirty articles
were excluded after full-text screening [27e56]. Fourteen
articles (1219 patients) were included in the qualitative syn-
thesis, nine (918 patients) of these articles were included in
the quantitative synthesis [57e70] (Figure 1).

Study characteristics

Of the 14 included articles, five (36%) had a blinded study
design, of which four had a double-blinded design [61,66e69].
Two (14%) non-blinded studies used an assessor-masked design
to avoid bias [62,64]. The 14 included articles described
patients receiving haemodialysis (N ¼ 5, 36%) or TPN (N ¼ 4,
29%), oncology patients (N ¼ 4, 29%), or a combination of these
(N ¼ 1, 7%). The majority, described patients with tunnelled
CVCs and/or vascular access ports (VAPs) (N¼ 12, 86%). A small
number of articles discussed also or only patients with non-
tunnelled CVCs (N ¼ 6, 43%).

In three (21%) studies, the use of prophylactic antibiotics
during the study period was reported; cotrimoxazole for the
prevention of Pneumocystis jirovecii pneumonia [59], nasal
mupirocin ointment before CVC insertion for the prevention of
Staphylococcus aureus infections [68], and systemic antibiotic
prophylaxis not further specified [61].

Most studies compared TLs with or without the addition of
heparin and/or citrate to regular saline or heparin locks
(N¼ 12, 86%), and one study used CLs as a comparator. Another



Table II

Study outcomes

First author, year [Ref.] Study design (N) Lock type Infection events,

total (GP/GN isolatesd)

CVC-days CVC-related

bloodstream infection

IR per 1000 CVC-days

CVC-related bloodstream

infection IRR per

1.000 CVC days

(CI), P-value

CVC-related

bloodstream

infection definition

TL Control TL Control TL Control TL Control

HD Winnicki, 2018 [68] RCT Partially
blinda (106)

TCHL/UL CL 6 (4/4) 18 (5/19) 8982 6708 0.67 2.68 0.25 (0.09e0.63), <0.01 Symptoms, CVC
BCþ, no other
source OR
defervescence
after removal

Zwiech, 2016 [70] RCT Open (53) TCHL HL 0 (0/0) 26 (26/0) e 7558c 0.00 3.44 NA Routine BCþ
Filiopoulos, 2011 [60] RCT Open (119) TCL GHL 8 (8/0) 6 (3/3) 2180c 2190c 3.67 2.74 1.34c (0.47e3.86), 0.78c Symptoms, CVC

BCþ, no other
source

Solomon, 2010 [66] RCT Double
blind (107)

TCL HL 11 (10/2) 23 (12/12) 8129 9642 1.35 2.39 0.57c (0.28e1.16), 0.16c Symptoms, CVC
BCþ

Betjes, 2004 [57] RCT Open (58) TCL HL 0 (0/0) 4 (4/0) 1519 1885 0.00 2.12 NA Symptoms, CVC
BCþ, no other
source

Oncology Gudiol 2020 [61] RCT Double
blind (141)

TCHL HL 2 (2/0) 1 (1/0) 719c 690c 2.78 1.45 1.92 (0.18e20.66), 1.00c Symptoms,
peripheral BCþ
(2 � BCþ for
commensals), no
other source.

Longo, 2017 [64] RCT Open (160) TCL SL 1 (1/0) 4 (4/0) 10,000c 10,000c 0.1 0.4 0.23 (0.03e2.06), 0.21 Peripheral BCþ
with same
organism as
exudate/CVC
segment/BC with
differential time
to positivity
difference of>2 h.

Handrup, 2013 [62] RCT Open (112) TCHL HL 7 (5/4) 26 (13/11) 17,500c 18,571c 0.4 1.4 0.26 (0.09e0.61), <0.01 CVC BCþ >2 h
before peripheral
BCþ. If no
peripheral BC
available:
symptoms,
BCþ(2 � BCþ for
commensals), no
other source.

Dümichen, 2012 [59] RCT Open (71) TCL HL 2 (e/e) 9 (e/e) 6576 7233 0.30 1.24b 0.24c (0.05e1.13), 0.09c Symptoms, BCþ
(2 � BCþ for
commensals), no
other source

C
.H

.
va

n
d
e
n
B
o
sch

e
t
a
l.

/
Jo

u
rn
a
l
o
f
H
o
sp
ita

l
In
fe
ctio

n
123

(2022)
143

e
155

148



TPN Wouters, 2018 [69] RCT Double
blind (105)

TL SL 5 (4/1) 18 (7/10) 15,318 12,493 0.33 1.44 0.23 (0.07e0.63), <0.01 Symptoms, CVC
BCþ (2 � BCþ for
commensals), no
other source

Tribler, 2017 [67] RCT Double
blind (41)

TCHL HL 0 (0/0) 7 (4/2) 9622 6956 0.00 1.01 NA Symptoms, CVC
BCþ, no other
source

Klek, 2015 [63] RCT Open (30) TL;
TCL

SL 0 (0/0);
1 (0/1)

0 (0/0) 3658;
3650

3660 0.00; 0.27 0.00 NA Symptoms, BCþ

Bisseling, 2010 [58] RCT Open (30) TL HL 1 (0/0) 10 (7/3) 5370 4939 0.19 2.02 0. (0.01e0.72), <0.01c Symptoms,
2 � BCþ, no other
source

Other qyszkowska, 2019 [65] RCT Open (86) TCL e 1 (1/0) 14 (12/2) 942 976 1.06 14.34 0. (0.01e0.56), <0.01c Symptoms, BCþ
-, missing; BC, blood culture; CI, confidence interval; CO, cross-over study; CVC, central venous catheter; GHL, gentamicin heparin lock; G Gram-negative; GP, Gram-positive; HD, hae-
modialysis; HL, heparin lock; IR, incidence rate; IRR, incidence rate ratio; NA, not applicable; PC, prospective cohort study; RC, retrospective hort study; RCT, randomized controlled trial;
SL, saline lock; TCHL, taurolidine citrate heparin lock; TCL, taurolidine citrate lock; TL, taurolidine lock; TPN, total parenteral nutrition; UL rokinase lock.
a Partially blinded: blinding of patients, laboratory staff, and assessors. Nurses and physicians were not blinded.
b The authors describe a different incidence rate of 1.3 for the control group which we cannot trace back to the data described in the art .
c Estimated by hand because no IRR and/or CVC-days were given in the article.
d The total number of GP/GN isolates can be less than the total number of infections since yeast and fungi infections are not reported her nd might also be higher since the isolates of

combined GP and GN infection episodes were reported separately.
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Table III

Adverse events

First author, year [Ref.] TL lock

(total number of patients)

Control lock

(total number of patients)

TL aspirated TL group adverse events

(number of patients)

Control lock aspirated Control group adverse

events (number of

patients)

HD Filiopoulos, 2011 [60] T1.35 C4 (59) G40 H5000 (60) Yes 0 Yes 0
Betjes, 2004 [57] T1.35 C4 (X) H5000 (X) Yes 0 Yes 0

Oncology Gudiol, 2020 [61] T1.35 C4 H100 (72) H1000 (69) Yes 0 Yes 0
Longo, 2017 [64] T1.35 C4 (84) S0.9 (76) Yes Local paresthesia (9),

body warm sensation (4),
unpleasant taste (1),
pain (1)

No e

Handrup, 2013 [62] T1.35 C4 H100 (58) H250 (54) e Unpleasant taste (-) e 0
Dümichen, 2012 [59] T1.35 C4 (35) H100 (36) Yes Discomfort chest/neck

(1), perioral dysesthesia
(1), unpleasant taste (2),
nausea (2), vomiting (1)

Yes 0

TPN Wouters, 2018 [69] T2 (53) S0.9 (52) e Unpleasant taste (1),
dizziness (1), erhythema
exit-site (1)

e Flushing (1)

Tribler, 2017 [67] T1.35 C4 H100 (20) H100 (21) No Unpleasant taste (8),
paresthesia (3), nausea/
vomiting (2)

No Heartburn/acid reflux
(1), paresthesia (1),
dizziness (1)

Klek, 2015 [63] T2 (10) S0.9 (10) No 0 No 0
T1.35 C4 (10) “ No 0 No “

Bisseling, 2010 [58] T2 (16) H150 (14) e 0 e 0

-, missing; C, citrate %; CO, cross-over study; G, gentamicin mg/mL; H, heparin IU/mL, HD, haemodialysis; PC; prospective cohort study; RC, retrospective cohort study; RCT, randomized
controlled trial; S, saline %; T, taurolidine %’ TL, taurolidine lock.
TPN, total parenteral nutrition.
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Table IV

Forest plot summary table

Population Primary or sensitivity analyses Studies Studies/outcomes included in the analysis IRR (95%CI) I2, P-value

All patients Primary analyses 9 All RCTs 0.30 (0.19e0.46) 14%, <0.01
7 Only Gram-positive CVC infections as

outcome
0.63 (0.38e1.02) 0%, 0.06

4 Only Gram-negative CVC infections as
outcome

0.21 (0.11e0.40) 0%, <0.01

5 All RCTs comparing TLs with a heparin-only
lock solution

0.36 (0.18e0.71) 33%, <0.01

Sensitivity analyses 6 Excluding RCTs with antibiotic prophylaxis 0.28 (0.16e0.49) 26%, <0.01
8 Excluding RCTs with citrate locks as

comparator
0.30 (0.18e0.50) 23%, <0.01

6 Excluding RCTs with non-tunnelled CVCs 0.33 (0.21e0.50) 0%, <0.01
8 Excluding RCTs with only high-risk patients 0.31 (0.20e0.48) 11%, <0.01

Oncology patients Primary analyses 4 All RCTs 0.30 (0.15e0.59) 0%, <0.01
Sensitivity analyses 3 Excluding RCTs with non-tunnelled CVCs 0.25 (0.12e0.51) 0%, <0.01

CI, confidence interval; CVC, central venous catheter; IRR, incidence rate ratio; RCT, randomized controlled trial; TL, taurolidine-containing lock
solution.

C.H. van den Bosch et al. / Journal of Hospital Infection 123 (2022) 143e155 151
study used gentamicin locks as a comparator, this study was
therefore not included in the meta-analyses (Table I).
Risk of bias and applicability

A ‘moderate’ to ‘high’ risk of bias was observed in a majority
of the studies, mainly due to open-labelled study designs,
inappropriate definitions of CVC-related bloodstream infec-
tions and/or confounding factors (Figure 2).

The applicability per evaluated domain was scored as
‘moderate’ or ‘high’ concerns for some studies, because
patients with previous CVC-related bloodstream infections or
not newly inserted CVCs were included, the comparator lock
was not described, and/or the CVC-related infection definition
was inappropriate (Figure 2).
Results of individual studies

Many studies observed an IRR per 1000 CVC-days of less
than 1.00, suggesting a beneficial effect associated with the
TLs compared with other lock solutions for the prevention of
CVC-related bloodstream infections. Two studies reported an
IRR of more than 1.00, both with P-values of >0.05 [60,61].
For four (28.6%) studies, the IRR could not be estimated
because in one of the groups no events occured [57,63,67,70]
(Table II).

A total of 867 patients (417 in the TL group and 392 in the
control group, one study did not report the number of patients
per group) were followed up to observe the occurrence of
adverse events. In the TL group, the most frequently reported
adverse events were: paraesthesia (N ¼ 13, 3.1%), unpleasant
taste (N ¼ 12, 2.9%), and nausea/vomiting (N ¼ 5, 1.2%). In the
control group, four patients reported adverse events
(Table III).

A significant difference between the groups regarding the
IRs of malfunctions and/or administration of thrombolysis was
observed by two RCTs, one favouring the TL group [68] and one
favouring the control group [66] (see Supplementary Table S1).
Results of syntheses

The pooled overall CVC-related bloodstream infection IRR
including all patient groups together comparing TLs with non-
antibiotic locks was 0.30 (0.19e0.46 95% CI), favouring the
TL. Subgroup analyses showed IRRs of 0.63 (0.38e1.02 95% CI)
for Gram-positive bloodstream infections (Gram-positive pro-
phylaxis was reported by three studies), and 0.21 (0.11e0.40
95% CI) for Gram-negative bloodstream infections (Gram-neg-
ative prophylaxis use was not reported by these studies). Fur-
ther subgroup analyses showed IRRs of 0.36 (0.18e0.71 95% CI)
for studies with a HL as comparator, and 0.30 (0.15e0.59 95%
CI) for studies including oncology patients only, all favouring
the TL. Not enough RCTs were identified to perform analyses
for haemodialysis and TPN patients, paediatric and adult
patients per CVC indication, and other comparator lock sol-
utions (i.e. saline and citrate). Sensitivity analyses showed no
major differences in the pooled IRR compared with the primary
analyses (Table IV or see Supplementary Figures S1 and S2).

Reporting bias and quality of evidence assessment

The quality of evidence was reduced from ‘high’ to ‘mod-
erate’ or ‘low’ due to a high risk of bias and indirectness of
evidence. After evaluation of the funnel plots, reporting bias
was not suspected (see Supplementary Table S2 and
Supplementary Figure S3).

Discussion

This comprehensive review and meta-analysis suggests that
the use of TLs is promising and safe for the prevention of CVC-
related bloodstream infections. Adverse events observed were
all mild and scarce. The quality of evidence however, is not yet
high due to a high risk of bias and indirectness of evidence
observed, as described in more detail below. These results are
in accordance with previously performed reviews and meta-
analyses [15e19,71e75].

The outcomes of the subgroup analyses for Gram-positive
and Gram-negative isolates suggest that TLs may be more
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effective against Gram-negative compared with Gram-positive
bacteria, as also reported by previous authors [17,60,66,68].
In vitro studies, however, did not show this difference in effect
[10,11]. This finding, might be explained by the limitations of
the CVC-related bloodstream infections definitions used,
resulting in the registration of positive blood cultures as a CVC-
related bloodstream infection instead of colonization, con-
tamination or a non-CVC-related bloodstream infection [2,76].

Strengths of this review and meta-analysis are that it pro-
vides an updated summary of the available evidence regarding
the efficacy of TLs, that data on all possible confounders are
collected, and that subgroup and sensitivity analyses are per-
formed. In addition, it underlines the importance of further
qualitative research in larger populations with the aim of sig-
nificantly reducing the high IR of CVC-related bloodstream
infections. We identified several aspects that are important for
future research and the correct interpretation of the results
from CVC lock studies, that were not always taken into account
in the included studies.

Future RCTs should ideally be double-blind or at least
assessor-masked. Only a small number of studies used a
double-blinded design and two non-blinded studies used an
assessor-masked design to avoid bias [61,62,64,66e69]. Fur-
thermore, the CVC-related bloodstream infection definition
should be clear and at least include clinical symptoms and a
positive blood culture, exclude other sources of infections, and
ideally use the central line-associated bloodstream infection
(CLABSI) or catheter-related bloodstream infection (CRBSI)
definition [2,76]. This was done by 10 (71.4%) of the included
studies [57e62,64,67e69]. Additionally, confounding factors,
such as diagnosis, CVC type, CVC insertion days, antibiotic
prophylaxis and TPN administration, CVCs that were already in
situ at the beginning of the study, previous CVC-related
infections, lock dwell time and lock frequency should be
equally distributed between the intervention groups [2,9].
Most of these factors were not taken into account in many of
the included studies.

Indirectness of evidence was also suspected. First, due to
the inclusion of studies including only high risk patients (i.e.
patients with a history of CVC-related bloodstream infections),
resulting in the use of TLs as secondary instead of primary
prophylaxis [58]. Second, due to the use of inappropriate (i.e.
not following the minimal requirements as described above)
CVC-related bloodstream infection definitions [63,65,66,70].

We did not observe a high heterogeneity between the
studies (i.e. I2 values <50%). However, the minimal hetero-
geneity that was observed, could be explained by the differ-
ences between the study populations included, CVC types
inserted, lock solutions and protocols used, and outcome
measures observed [2,3]. Gudiol et al. (2020) reported an IRR
of >1.00. This might be explained by the inclusion of only non-
tunnelled CVCs. The sensitivity analysis excluding RCTs with
non-tunnelled CVCs also showed a much lower I2 value com-
pared with the primary meta-analysis. Other additional and
sensitivity meta-analyses performed suggested no major dif-
ferences in the effect of TLs against CVC-related bloodstream
infections [61].

Filiopoulos et al. (2011) used a gentamicin lock instead of a
non-antibiotic lock as a comparator and was therefore exclu-
ded from the meta-analysis. They reported an IRR of >1.00,
P > 0.05. This might suggest a similar or even superior efficacy
of gentamicin locks compared with TLs [60]. Compared with
TLs, however, gentamicin and other antibiotic locks might
increase the risk of microbial resistance and the use of these
locks is therefore not preferred. Microbial resistance to taur-
olidine has not been observed [9,10].

Limitations of this review are that not all articles could be
included in the meta-analysis because the IRRs along with their
95% CIs were not given or could not be estimated due to data
not reported in the article or the presence of zero events.
Additionally, not enough RCTs were identified to perform
analyses for haemodialysis, TPN and paediatric patients sepa-
rately. The efficacy of TL might differ between these pop-
ulations due to the differences in the aetiology and primary risk
of CVC-related bloodstream infections between these groups
caused by the underlying disease, treatments received, and
CVC protocols used (e.g., high-risk chemotherapy, TPN, anti-
biotic prophylaxis, total CVC insertion days, CVC types and lock
frequency) [2,3].

Large-scale RCTs for each patient population, including
cost-effectiveness analyses, are required to draw more robust
conclusions on the efficacy of TLs for the prevention of CVC-
related bloodstream infections. Additionally, further research
is required to provide information about the efficacy of TLs for
the prevention of Gram-positive CVC-related bloodstream
infections.

In conclusion, the results of this review and meta-analysis
suggest that the use of TLs for the prevention of CVC-related
bloodstream infections is promising. The quality of the evi-
dence was limited due to a high risk of bias and indirectness of
evidence, mainly due to the presence of non-blinded study
designs, confounding factors and a wide heterogeneity in
populations observed and outcome definitions used. In the
future, large blinded RCTs, including cost-effectiveness anal-
yses, should be performed investigating the efficacy of TLs for
the primary prevention of CVC-related bloodstream infections
in different patient groups and the efficacy of TLs against
Gram-positive CVC-related bloodstream infections specifically.
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Appendix B. Search string

PubMed (N ¼ 204)

(“taurolidine” [Supplementary Concept] OR Taurolidin*
[tiab] OR Tauroflex*[tiab] OR Taurolin*[tiab] OR Taurolock*
[tiab]) AND (“Infections" [Mesh] OR Infection*[tiab] OR Infec-
ted*[tiab] OR Infestation*[tiab] OR Infectious*[tiab] OR Sepsis*
[tiab] OR Septicemia*[tiab] OR Blood Poisoning*[tiab] OR Bac-
teremia*[tiab] OR Fungemia*[tiab] OR Mycoses*[tiab] OR CRBSI*
[tiab] OR CLABSI*[tiab]).

Embase (N ¼ 275)

Filters: Article; Article in press; Review; (‘taurolidine’/exp
OR ‘taurolidin*’:ti,ab,kw OR ‘tauroflex*’:ti,ab,kw OR ‘taur-
olin*’:ti,ab,kw OR ‘taurolock*’:ti,ab,kw) AND (‘infection’/exp
OR ‘infection*’:ti,ab,kw OR ‘infected*’:ti,ab,kw OR ‘infesta-
tion*’:ti,ab,kw OR ‘infectious*’:ti,ab,kw OR ‘sepsis*’:ti,ab,kw
OR ‘septicemia*’:ti,ab,kw OR ‘blood poisoning*’:ti,ab,kw OR
‘bacteremia*’:ti,ab,kw OR ‘fungemia*’:ti,ab,kw OR ‘myco-
ses*’:ti,ab,kw OR ‘CRBSI*’:ti,ab,kw OR ‘CLABSI*’:ti,ab,kw).

Cochrane (N ¼ 1)

(taurolidin*:ti,ab,kw OR tauroflex*:ti,ab,kw OR taur-
olin*’:ti,ab,kw OR taurolock*:ti,ab,kw) AND (infection*:-
ti,ab,kw OR infected*:ti,ab,kw OR infestation*:ti,ab,kw OR
infectious*:ti,ab,kw OR sepsis*:ti,ab,kw OR septicemia*:-
ti,ab,kw OR blood poisoning*:ti,ab,kw OR bacter-
emia*:ti,ab,kw OR fungemia*:ti,ab,kw OR mycoses*:ti,ab,kw
OR CRBSI*:ti,ab,kw OR CLABSI*:ti,ab,kw).

Total (N ¼ 480)

After duplicate removal N ¼ 363.
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