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Abstract

Background: Parenteral nutrition administered via central venous catheter is an

established treatment option for people with intestinal failure. A serious complica-

tion of central venous catheters is the high risk of catheter‐related bloodstream

infections (CRBSIs). Catheter‐locking solutions are one strategy for CRBSI preven-

tion, with the solution taurolidine showing beneficial effects. The aim of this meta‐

analysis was to identify and synthesize evidence to assess taurolidine efficacy

against comparators for the prevention of CRBSI for people with intestinal failure

receiving parenteral nutrition.

Methods: Six health literature databases were searched for efficacy data of rate of

CRBSI for taurolidine vs control among our study population; no study design limits

were applied. Individual study data were presented for the number of CRBSIs and

catheter days, and rate ratio. Overall data were synthesized as a pooled risk ratio,

with subgroup analyses by study design, control type, and taurolidine solution.

Results: Thirty‐four studies were included in the final analysis. At the individual level,

all studies showed superior efficacy of taurolidine vs control for prevention of

CRBSIs. When the data were synthesized, the pooled risk ratio was 0.49 (95% CI,

0.46–0.53; P ≤ 0.0001), indicating a 51% decreased risk of CRBSI through the use of

taurolidine. Subgroup analysis showed no difference depending on study design

(P = 0.23) or control type (P = 0.37) and a significant difference for taurolidine type

(P = 0.0005).

Conclusion: Taurolidine showed superior efficacy over controls regardless of study

design or comparator group. The results show that taurolidine provides effective

CRBSI reduction for people with intestinal failure receiving parenteral nutrition.
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CLINICAL RELEVANCY STATEMENT

Prevention of catheter‐related bloodstream infections (CRBSIs)

for people with intestinal failure receiving parenteral nutrition is

imperative as they are at high risk of associated morbidity and

mortality. The use of the catheter locking solution taurolidine has

been shown to be beneficial at preventing CRBSI in a number of

populations using central venous catheters, but a comprehensive

data synthesis has not been carried out specifically for those with

intestinal failure receiving parenteral nutrition. This meta‐analysis

has identified and synthesized data from all study types to assess

overall efficacy of taurolidine use for prevention of CRBSIs in this

population. All individual studies showed superior efficacy

of taurolidine against all comparator types. The overall data

synthesis provides compelling evidence that taurolidine provides

effective prevention of CRBSI for those with intestinal failure

receiving parenteral nutrition, with subgroup analysis confirming

the results are consistent across study types, and comparator

groups. This research significantly adds to the previous literature

and provides evidence for clinical decision making.

INTRODUCTION

Long term parenteral nutrition (PN) is an established treatment

option for adults and children with intestinal failure (IF).1,2 The

principal access method for the delivery of PN and essential

medications is a central venous catheter (CVC). The most serious

and common complication of CVCs is catheter‐related blood-

stream infections (CRBSIs), which may be life‐threatening, but

may also lead to significant morbidity, requiring hospitalization,

antibiotic therapy, possible line removal and replacement, and

incur substantial healthcare costs.3–7 For individuals requiring

prolonged PN, the consequences of multiple CRBSIs may include

the development of PN‐related liver failure or loss of venous

access, both of which may increase the possibility of needing

intestinal transplantation.6,8

For people with IF receiving PN, strict catheter management

protocols regarding line‐handling hygiene are essential but may

be insufficient to prevent CRBSIs and additional measures may be

required.7,9,10 Catheter‐locking agents such as antibiotics, hepa-

rin, alcohol, and taurolidine are frequently used to prevent

infection and clotting, and to maintain catheter patency.11,12

Taurolidine locks for those receiving PN were first used in the

early 1990s, and many studies have subsequently reported

beneficial effects of taurolidine use, including when compared

with other catheter locks. Taurolidine has broad antimicrobial and

antifungal activity, inhibits biofilm development, has no reported

bacterial resistance, and in combination with citrate provides

additional anticoagulant benefits as a catheter lock.13,14

Two previous meta‐analyses of randomized controlled trials

(RCTs) have been carried out to assess the efficacy of taurolidine for

combined CVC uses (PN, hemodialysis, chemotherapeutic agents).13,15

These meta‐analyses identified minimal evidence available that fitted their

inclusion criteria, with seven RCTs identified between both papers. Both

papers stated that their findings required corroboration with further trials.

An additional meta‐analysis confirmed efficacy of taurolidine specifically

for those receiving PN, but minimal evidence was found fitting their

inclusion criteria based on study design with the inclusion of just three

RCTs.16 The format of meta‐analysis often precludes the use of

nonrandomized clinical trials, but much has been published on the

benefits of taurolidine use in the form of observational studies. One

systematic review that included observational studies reported on

taurolidine as being beneficial but included studies where CVCs were

used for (PN, hemodialysis and delivery of chemotherapeutic agents, and

reported in vivo and in vitro studies.12

The rationale for this meta‐analysis was to include evidence

from observational studies as a means to enhance available data

from more rigorous RCTs, and thus be able to present a broader

overview of taurolidine efficacy data for people with IF receiving

PN. In addition, with the use of PN itself recognized as a risk

factor for CRBSIs, it is pertinent to identify literature reporting on

this use, only with the exclusion of other indications for CVC

use.10 The objective of the study was to identify all literature

presenting data on efficacy of taurolidine vs control to minimize

the risk of CRBSIs among children and adults receiving PN

administered via CVC.

METHODS

Eligibility criteria

The following inclusion criteria were required to be met to satisfy

eligibility for the meta‐analysis; reporting data on patients receiving PN

specifically (with exclusion of data relating to other CVC uses), and the

inclusion of overall efficacy data of taurolidine vs a control group in the

form of a rate of CRBSIs per 1000 days or contain data to make this

calculable.

Information sources

The search strategy and implementation were performed using the

Preferred Reporting Items for Systematic Reviews and Meta‐Analyses

(PRISMA) guidelines.17 The following databases were searched in

December 2020: Medline, Embase, Cumulative Index to Nursing and

Allied Health Literature (CINAHL), Cochrane database, Scopus, and

ProQuest.

Search strategy

The individual search strategies are included (Appendix S1), but the

main terms included were related to taurolidine and PN. Additional

search limits were not applied.
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Selection and data collection process

All identified papers were synthesized into a database, the duplicates

removed, and the remaining titles and abstracts examined by two

reviewers (A.V‐R. and R.N.L.) to identify those relevant for a full text

review. Disputes were resolved by discussion between three

reviewers (A.V‐R., R.N.L., and A.S.D.). All relevant articles were read

in full text by two reviewers (A.V‐R. and R.N.L.), and those not

considered as satisfying eligibility criteria were categorized with a

reason for exclusion. Data from included studies were extracted and

entered in to a spreadsheet by two reviewers (A.V‐R. and R.N.L.) to

record study, cohort, and outcome data. If papers presented data on

their cohort using different study designs (pretest‐posttest or

independent cohorts), the data for each comparator group

were presented and assessed separately according to the design. If

papers included data on cohorts also using PN for reasons other

than IF, then only data for patients with IF were extracted and

assessed.

Data items

Data were collected relating to details of the study location, study

design, and cohort descriptives. Outcome data were collected for

taurolidine efficacy vs a control group; number of CRBSIs experi-

enced, the number of catheter days for the cohort, and the rate of

CRBSIs per 1000 catheter days where available. Additional data were

collected relating to the type of taurolidine used, the control type,

and secondary outcomes relating to frequency of side effects, cost,

and further reports of efficacy between taurolidine and control

groups.

Study risk of bias assessment

The risk of bias assessment for included studies was carried out using

the Critical Appraisal Checklist for Cohort Studies developed by the

Joanna Briggs Institute.18 This checklist includes 11 items of bias

assessment relating to participant selection, intervention factors,

confounding, and analysis, as below:

1. Were the two groups similar and recruited from the same

population?

2. Were the exposures measured similarly to assign people to both

exposed and unexposed groups?

3. Was the exposure measured in a valid and reliable way?

4. Were confounding factors identified?

5. Were strategies to deal with confounding factors stated?

6. Were the groups/participants free of the outcome at the start of

the study (or at the moment of exposure)?

7. Were the outcomes measured in a valid and reliable way?

8. Was the follow‐up time reported and sufficient to be long

enough for outcomes to occur?

9. Was follow‐up complete, and if not, were the reasons to loss to

follow‐up described and explored?

10. Were strategies to address incomplete follow‐up utilized?

11. Was appropriate statistical analysis used?

Studies were rated for each of the 11 items according to whether

they had addressed each possible source of bias appropriately with

response options of yes, no, unclear, or not applicable, and these

results were tabulated.

Effect measures

For the assessment of taurolidine efficacy against controls in

individual studies the rate ratio was calculated, or the reported rate

ratio used, for all papers. An overall pooled risk ratio (RR) was

calculated using all studies reporting sufficient data on the number of

CRBSIs as well as the number of catheter days for each study group.

Synthesis methods

Data presentation

Data on study characteristics and cohorts were presented in a descriptive

table, as are outcome data for each study. Additional information is also

reported relating to supplementary data on taurolidine/control efficacy,

and secondary outcomes. Where missing data were identified for any

study or patient descriptives, or results, the first or senior author of the

relevant paper was contacted with a request to provide this data—this

represented 24 studies, with responses received from 9.

Individual study results

To ensure consistency of data, the CRBSI rates and rate ratios were

calculated using raw data on the number of CRBSIs and catheter days

where available. If raw data were not available, the stated CRBSI rate and

rate ratios were used. The CRBSI rate was calculated using the formula

× 1000
Number CRBSI

Catheter days
. The rate ratio was calculated using the formula:

Taurolidine CRBSI rate

Control CRBSI rate
, with results <1 indicating greater efficacy of taurolidine,

and results >1 indicating greater efficacy of the control solution. The rates

for the taurolidine and control groups were entered in to SPSS19 and a

clustered bar graph produced to include data from each study depicting

the control and taurolidine CRBSI rates.

Data synthesis

For the meta‐analysis to calculate an overall RR, and associated forest

plot of results, the number of CRBSIs and the number of catheter days for

each cohort were required. If one of these variables was missing, but a
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rate per 1000 catheter days was included, the missing data were

calculated from the other two results using the CRBSI rate formula stated

above. For papers not reporting the total number of catheter days for

each group the reported mean or median number of days was multiplied

by the cohort size to provide an estimate of the total.

The 95% confidence intervals for the RRs were extracted from the

publications or calculated directly from the CRBSI number and the

number of catheter days. The log RR, and standard error, were entered in

to the meta‐analytical program Review Manager 5.420 using a random‐

effects model to produce a pooled RR, with 95% confidence interval.

Those studies with a rate ratio of zero, due to there being no infections in

either the taurolidine or control group, were excluded from the meta‐

analysis and forest plot. As heterogeneity in the rate ratios was

anticipated between studies, this was specifically explored in relation to

the study design, taurolidine solution, the form of the control group, and

age of the study cohort, with summary measures generated and

compared between these subgroups.

Certainty assessment

A certainty assessment will be discussed in relation to the assessment

of bias, the populations included in this analysis, feasibility of

treatment adoption, and whether potential benefits outweigh

potential harms.

RESULTS

Study selection

Four hundred and forty‐one publications were identified from

searches (Appendix S1), and 34 met the inclusion criteria of reporting

the efficacy of taurolidine vs control for prevention of CRBSIs among

children and adults with IF receiving PN (Figure 1).

Study characteristics

Study descriptives

Details of study design and cohort descriptives were extracted from

the literature (Table 1). There were 26 (76%) studies carried out in

European countries, 5 (15%) from Asian‐Pacific countries, and 3 (9%)

from countries in the Americas. Overall study designs (three papers

included data from two study designs, therefore results >100%)

included 13 (38%) prospective studies, of which 5 (15% overall) were

RCTs, 1 (3%) cohort control study, and 8 (24%) pretest‐posttest

design. Of the 21 (62%) retrospective studies 7 (24% overall) were

cohort control, and 16 (47%) pretest‐posttest design. Nineteen (56%)

of the identified articles were full articles and 15 (44%) were peer

reviewed conference abstracts.

F IGURE 1 PRISMA flowchart of search
strategy and identified articles. HPN, home
parenteral nutrition.
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Cohort descriptives

The combined cohort size was 1485 participants from the 34

studies, with a range of 6–212 participants per study. The

combined cohort included participants with an age range from

birth to 82 years, and for those studies that reported cohort

gender approximately 50% were female. The most frequent

indications for PN were reported as short‐bowel syndrome,

dysmotility, and obstruction. The most common type of CVCs

used were tunneled CVCs (Hickman or Broviac) in 23 (68%) of

studies, Port‐a‐cath implanted devices in nine (26%) of studies,

and peripheral CVCs in five (15%), with more than one type used

in many cohorts. The CVC type was not reported in nine (26%)

studies. There were 23 (68%) of studies that reported all or part

of their cohort as being at high risk of CRBSIs; however, due to

the wide variation in how “high risk” was classified it was not

possible to do a summary of this data. In the 11 (32%) studies that

did not state that their cohort was high risk for CRBSIs, the

assumption was made that the cohort represented all PN patients

regardless of their previous CRBSI status.

Results of individual studies

Data from each of the 34 studies were examined for overall trends

(Table 2). Four studies reported data from different subgroups,

therefore, data are presented for 38 comparisons. There were 12

(32%) comparisons between heparin and taurolidine, 16 (42%)

comparisons were not stated but assumed as “standard care,” 3

(8%) with antibiotic locks, and 6 (16%) with saline solution, and 1 (2%)

study compared both heparin and ethanol locks. “Standard care”

practices were not assumed to be homogenous and may have

included comparators stated in the other control groups.

Three different taurolidine solutions were used, with 13 (34%) stating

they used taurolidine lock solution, 21 (55%) a taurolidine citrate solution,

and 4 (11%) taurolidine citrate and heparin solution. There were 30 (70%)

comparisons that reported either the concentration of each solution used,

or the brand name of solution with manufacturer information providing

specific concentration data.

Due to the variation in cohort sizes there was a wide range of

reported catheter days for the control groups (976–147,842

days) and for the taurolidine group (942–71,112 days). The

number of CRBSIs experienced in the control groups ranged from

4 to 464, and in the taurolidine group from 0 to 43. The rate of

CRBSIs in the control groups ranged from 0.89 to 14.9 per 1000

catheter days, and the taurolidine group from 0 to 4.3 per 1000

catheter days. The calculated rate ratio ranged from 0 to 0.57,

with 37 out of 38 (97%) having a rate ratio below 0.5 and in favor

of taurolidine efficacy.

The calculated or reported CRBSI rate for control and taurolidine

groups for each study were compared (Figure 2), with all studies

reporting a lower CRBSI rate in the taurolidine group than control

group.
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Results of syntheses

Of the 34 studies identified in the searches, three were excluded

from the meta‐analytical data synthesis due to insufficient raw

data.3,34,40 Of the 31 studies with sufficient data for inclusion four

had a rate ratio of zero due to there being no CRBSIs in the

taurolidine group, and were therefore excluded from the forest plot

data synthesis.36,48,49,52 Twenty‐seven studies had sufficient data for

inclusion in the data synthesis and of these four studies reported data

for two different cohort comparisons, therefore providing data for 31

comparisons.

Data from qualifying studies were synthesized as a forest plot

according to study design (Figure 3). The pooled RR for all studies

included in the synthesis was 0.49 (95% CI, 0.46–0.53; P ≤ 0.0001).

This indicates a 51% decrease in risk of CRBSIs through the use of

taurolidine compared with controls. This result should also be

interpreted in the context of four studies being excluded from the

pooled RR due to the taurolidine group having zero CRBSIs,

therefore, the result favoring taurolidine efficacy is likely to be

underestimated. Pooled data for each study design type all showed

significant differences between taurolidine and control (P ≤ 0.0001).

Tests for subgroup differences between study designs showed that

there was no difference between pooled RRs depending on

methodology (P = 0.23), with pooled RRs varying from 0.44 to 0.57

between the study designs. Within‐group heterogeneity was not

significant for the prospective RCT's (P = 0.10), although significant

for all other study design groups (P ≤ 0.0001).

Further subgroup analysis was carried out according to the

control used, the type of taurolidine solution, as well as age group

(children vs adults) from studies where age data were reported.

Subgroup analysis by control type showed that pooled RRs were

similar among the following comparisons between taurolidine and

“standard care” (RR, 0.45; 95% CI, 0.39–0.53), heparin (RR, 0.49; 95%

CI, 41–0.59), saline (RR, 0.51; 95% CI, 0.46–0.56), and antibiotics (RR,

0.60; 95% CI, 0.44–0.82), all of which favored taurolidine (Figure 4).

Tests for subgroup differences between control type showed that

there was no difference between pooled RRs (P = 0.37). Between

study heterogeneity was not significant for the saline comparator

studies (P = 0.23), but significant for heparin (P = 0.01), standard care,

and antibiotics (P ≤ 0.0001).

Subgroup analysis by taurolidine solution type showed similar

pooled RRs for taurolidine (RR, 0.51; 95% CI, 0.45–0.57) and

taurolidine citrate (RR, 0.45; 95% CI, 0.4–0.51), although higher for

taurolidine citrate heparin (RR, 0.7; 95% CI, 0.68–0.72) (Figure S1).

The overall test for differences between subgroups was significant

(P ≤ 0.0001), although when the two taurolidine citrate heparin

studies were removed from the analysis this difference became

nonsignificant (P = 0.13). Heterogeneity between studies were

significant (P = 0.0005) except for the taurolidine citrate heparin

studies (P = 0.8), although this should be interpreted with caution due

to the small study numbers in this group.

The subgroup analysis by age group included 17 sets of data

from 15 studies in the children's group, and 13 sets of data fromT
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12 studies for the adults (Figure S2). Pooled RRs were similar for

children (RR, 0.49; 95% CI, 0.44–0.54) and adults (RR, 0.50; CI,

0.47–0.54) with subgroup analysis showing that the difference

between groups was not significant (P = 0.66). The data presented

by studies involving children showed significant heterogeneity

(P ≤ 0.0001), but not for studies involving adults (P = 0.27).

Secondary outcomes

A number of secondary outcomes were reported in the studies

relating to CRBSI‐free days, CVCs, adverse events or side effects,

satisfaction, and the cost difference of taurolidine vs control

treatment.

F IGURE 2 Results of individual studies: rates of catheter‐related bloodstream infections per 1000 catheter days for control and
taurolidine comparisons.
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F IGURE 3 Forest plot of risk ratio for included studies for the number of catheter‐related bloodstream infections experienced in the stated
number of catheter days, with subgroups for study design. SE, standard error; CI, confidence interval.
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F IGURE 4 Forest plot of risk ratio for included studies for the number of catheter‐related bloodstream infections (CRBSI) experienced in the
stated number of catheter days, with subgroups for control type.
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CRBSI‐free days

The comparison of CRBSI‐free days was made in five papers, with all

reporting superior outcomes for patients in the taurolidine group.

Wouters et al51 reported that the cumulative proportion of CRBSI‐

free patients after 1 year was significantly higher in the taurolidine

group (88%) than in the control group (49%, P = 0.002). The report by

Bisseling et al22 stated that the control group experienced 10

reinfections during 4939 catheter days and in the taurolidine group

one reinfection during 5370 catheter days, a highly significant result.

Jurewitsch et al31 reported that CRBSI‐free days were significantly

higher in the taurolidine group, and Chu et al25 state that 74% of their

patients had no infections for up to 32 months after changing to

taurolidine. The mean time to the first CRBSI episode after

taurolidine implementation increased from 87 to 296 days

(P = 0.012) in a further study.26

Catheter‐related outcomes

Outcomes relating to the use of taurolidine compared with control on

the CVC itself were reported in seven papers.22,27,33,42,46,49,52 The

number of catheter removals due to CRBSI was significantly reduced

in the taurolidine group compared with control in two studies by

Wouters et al52 (control group, 8 removals; taurolidine, 2 removals;

P = 0.049) and Chong et al24 (control group, 11 removals; taurolidine

group, 1 removal). Wouters et al52 also reported a prolonged time to

CVC removal due to CRBSI in the taurolidine group, and a lower

proportion requiring CVC removal due to CRBSI in the taurolidine

(both results significant, P ≤ 0.05). Tribler et al49 reported that CVC

survival time was greater in the taurolidine group compared with

control (control group, 159 days; taurolidine, 194 days; P = 0.06). The

number of CVC changes was reported as being lower in the

taurolidine group (mean, 0.71 per 1000 catheter days) than in the

control group (mean, 4.71 per 1000 catheter days) in another

study.27

The number of CVC occlusions were reported as being lower in

the taurolidine group by Olthof et al42 (control group, 137;

taurolidine, 34), and not being experienced by either the control or

taurolidine group in a study by Bisseling et al.22 The number of CVCs

requiring salvage due to breakage was reported by Lambe et al,33

showing no significant difference between groups (control group, 25

repairs in 99,774 days; taurolidine group, 2 repairs in 20,403 days;

P = 0.18). Similarly, Saunders et al46 reported on successful CVC

salvage, with no significant difference between groups (control

group, 19 [45%] salvaged; taurolidine group, 4 [33%]; P = 0.46).

Adverse events or side effects

Fourteen papers reported on whether their study cohort

experienced side effects or adverse events relating to the use of

taurolidine.22,25,29–31,33,34,36,42,45,47,49,52,53 Ten papers reported that

no side effects or adverse events were experienced, and 4 papers (all

among the adult population), reported effects from among a total of

77 patients (5.2% of pooled study cohort).42,47,49,52 Side effects or

adverse reactions were reported as dysgeusia, paresthesia, palpita-

tions, anaphylactic like reaction (N = 1), burning sensation, CVC

occlusion, dizziness, nausea, vomiting, or pain.

Satisfaction

Only one study by Tribler et al49 reported on patient satisfaction with

their assigned treatment group, and no significant difference

between the two groups was observed (P = 0.48).

Cost

Seven studies reported on costs associated with treatment for

CRBSIs for both control and taurolidine groups36,43–45,49,52,53

(Table 3). All studies showed reduced costs associated with

taurolidine treatment as relating to the cost of hospital admissions

for CRBSIs, drug costs, or CVC removal.

Risk and reporting of bias in studies

An assessment of the included studies identified a number of

potential sources of bias, predominantly due to minimal consideration

of confounders and missing information (Table S1). With 20 of the

studies being of a pretest/posttest design, the chance of participant

selection bias was minimized, although 7 further studies had

insufficient information to make assumptions relating to this aspect.

All studies were found to measure exposure and outcomes in a

standardized way, and as such allowed for their inclusion in the meta‐

analysis. Visual inspection of results tables and graphs showed no

pattern of skewed data for those studies missing data for a full bias

assessment. The studies that identified possible confounding factors

highlighted a number of variables that may affect the risk of CRBSIs

related to line type, underlying condition and comorbidities, PN

frequency, PN administrator, PN composition, presence of stoma or

fistula, and immune deficiency. Review of individual study character-

istics (Table 1) and full text for each paper revealed that although

many studies presented data on these confounders, and a number

included them in their between group comparisons, few identified

them as possible sources of bias and adjusted for them using

multivariate regression analysis.

Certainty of evidence

The studies included in this research universally favor taurolidine

regardless of demographic or clinical variables, study design,

comparator type, or taurolidine type. The bias assessment identified
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a number of possible sources but this has not visually skewed results

in favor of taurolidine or controls. The results of the overall and

comparator specific meta‐analysis provide consistent evidence that

taurolidine has superior efficacy over controls when viewed as

pooled results, despite the expected heterogeneity between studies.

The results show compelling evidence that taurolidine efficacy has

been proven regardless of the rigour of study design or comparator

group.

DISCUSSION

This systematic review and meta‐analysis aimed to synthesize

evidence from a number of study types to address the evidence

gap regarding taurolidine efficacy for the reduction of CRBSIs for

those receiving PN. The overall analysis showed a universal reduction

of CRBSIs for all patients using taurolidine, regardless of study design,

population differences, control type, or taurolidine solution. Addi-

tional benefits were reported for catheter‐related outcomes and

treatment cost.

Previous meta‐analyses have shown the superior efficacy of

taurolidine compared with other catheter lock solutions for those

undergoing treatment for oncology conditions, surgery, or hemo-

dialysis.13,15 Although these meta‐analysis limited their study designs

to include only RCT's, with minimal evidence available for synthesis,

their results showed more favorable pooled RRs than in the current

synthesis that reports RR, 0.49 (95% CI, 0.45–0.53), with Sun et al's15

paper reporting an RR of 0.23 (95% CI, 0.13–0.40) and Liu et al13 an

RR of 0.47 (95% CI, 0.25–0.89). This difference may be explained by

the greater number of studies included in this meta‐analysis thereby

analyzing additional representative data producing a higher RR but

narrower confidence intervals. In addition, the higher RR may be due

to the exclusion of all other uses of CVCs other than for PN. The

formulations used in PN are susceptible to increased microbial

growth due to their individual components, with dextrose and amino

acids supporting fungal growth, and fat emulsions sustaining fungal

and bacterial growth.54,55 A further explanation may be that a high

proportion of papers included in this synthesis included participants

selected as having a high CRBSI base rate and, therefore, at greater

risk of experiencing further infections. This factor may introduce

selection bias in favor of studies with patients at low risk of CRBSIs,

with neither the Liu et al13 or Sun et al15 paper reporting their

cohorts as being patients at high risk of CRBSIs.

The studies included in this review used a number of different

taurolidine lock solutions, varying in concentration as well as

presence, and type, of an additive. Our synthesis showed a similar

pooled rate ratio for taurolidine (RR, 0.51; CI 0.45–0.57) and

taurolidine citrate (RR, 0.45; CI, 0.4–0.51) with no significant

TABLE 3 Comparative costs associated with taurolidine use.

Study Associated costs Control Taurolidine

Lyszkowska36 Treatment CRBSI treatment cost €3304/patient ($3621) Prophylactic taurolidine cost €113/patient

Parmar43 Hospital admission bed days 26 CRBSIs, 260 hospital admission bed days 11 CRBSIs, 110 hospital admission bed days

Total: £98,800 (£380/day) ($128,893 total,
$496/day)

Total: £41,800

Rafferty44 Hospital days and treatment CRBSI cost £367,000 (hospital days,
antibiotics) ($478,753)

CRBSI cost £228,240 ($297,746) (£164,000
hospital days ($213,943), £64,240 taurolidine

cost ($82,805)

Total cost savings/year: £138,760 ($181,023)

Rodriguez45 Hospital admission and catheter
removals

€11,635.70/patient, €12.4/day ($12,754/
patient, $13.6/day)

€1871.63/patient, €4.6/day ($2052/patient,
$5/day)

Total: €151,264.14 ($165,787) Total: €24,331.19 ($26,677)

Tribler49 Treatment €6743.9/treatment year, €18.4 per day
($7392/year, $20.2/day)

€2347.7/treatment year, €6.4 per day
($2574/year, $7/day)

Total: €128,134 ($140,452) Total: €61,744 total ($67,702)

Wouters52 CRBSI treatment $4454 per patient $1865 per patient (P = 0.03)

Zamvar53 Hospital days and treatment CRBSIs led to 816 hospital days (£489,108)
($637,994), antibiotics (£14,088)
($18,376)

CRBSIs led to 136 hospital days (£68,000)
($88,696), antibiotics (£2146) ($2799)

Total: £503,196 ($656,394) Total: £94,236 (including taurolidine) ($122,915)

Total cost saving: £408,960 ($533,419)

Notes: Where costs presented in euros (€) or Great British pounds (£) these costs are also reported in the equivalent USD ($).

Abbreviation: CRBSI, catheter‐related bloodstream infection.
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difference between these two solutions (P = 0.13), but a significant

difference (P ≤ 0.0001) when studies using taurolidine citrate heparin

were included (RR, 0.70; CI, 0.68–0.72). Metabolized into taurine,

water, and carbon dioxide, taurolidine's mechanism of action consists

of direct inhibition of pathogenicity against a broad range of

microorganisms in addition to blocking their adhesion to inert

surfaces. An elegant in vitro study compared the microbiocidal

effects of various taurolidine containing lock solutions.14 They

concluded that 2% taurolidine and 1.34% taurolidine, with or without

citrate and heparin, had potent microbiocidal effect on fungal, Gram‐

positive and Gram‐negative pathogens. The more concentrated

taurolidine solution did exhibit greater effect on growth inhibition,

a difference thought minor and of uncertain clinical significance.

Furthermore, the authors found that the addition of citrate and/or

heparin did not have a bearing on the microbiocidal effect of

taurolidine, despite the use of antimicrobial solution with the addition

of citrate solutions previously being shown as superior to heparin

alone.56 These suggest that while the reviewed studies lacked

uniformity insofar as lock solution used, the overwhelmingly positive

impact of taurolidine locks on CRBSI in the home PN population is

likely independent of the specific type of taurolidine lock. The pooled

and individual meta‐analysis completed in this study show superior

efficacy of all taurolidine formulations compared with controls, within

the recognized limitations of bias.

This review included studies using a number of different

control comparisons, stated as heparin, “standard care,” antibiotics,

and saline. Although this factor may be considered a confounder in

the assessment of bias, no clear benefit of any one of these

comparisons has been shown in the available literature, and our

synthesis confirmed this finding with subgroup analysis showing

no significant difference (P = 0.37) between pooled rate ratios for

heparin (RR, 0.49; CI, 0.41–0.59), standard care (RR, 0.45; CI,

0.39–0.53), saline (RR, 0.51; CI, 0.4–0.56), and antibiotics (RR, 0.6;

CI, 0.44–0.82). A meta‐analysis carried out by Wouters et al16 to

assess different lock solutions for patients receiving PN showed

the rate ratio of CRBSI to favor taurolidine over saline and heparin,

and saline as being superior to heparin, although this analysis only

included three datasets. Meta‐analyses by Zhang et al57 reported

superior efficacy of ethanol locks compared with heparin and

saline, and Yahav et al58 reported superiority of antibiotic and

antimicrobial locks compared with heparin. In addition to the use

of lock solutions, the use of standardized CVC care protocols has

been shown to be beneficial in reducing CRBSI for patients with

multitude uses for CVCs.59–61 However, it is unclear in the

included studies how “standard care” was defined and may have

been just an alternative lock solution. The overall and individual

meta‐analysis of taurolidine against all other controls in the

current paper highlights that taurolidine has superior efficacy

within the recognized limitations of bias.

The subgroup analysis performed to compare the CRBSI rate for

children and adults showed that there was no difference between the

two groups, despite significant heterogeneity in the studies carried

out among children. While it has previously been shown that children

may be at higher risk than adults of CRBSI due to hygiene factors,62

and parents performing CVC care,63 this meta‐analysis provides

evidence that there is no difference in efficacy for taurolidine

between the two groups. While it must be acknowledged that the age

of participants may be a confounding factor in studies relating to

CRBSI risk, this meta‐analysis shows that there is no apparent

disadvantage in response to taurolidine as a way to reduce or

minimize this risk.

Seven of the studies included in the present review reported, in

some way, the cost implications of taurolidine lock solution use

(Table 3). Across the board, the reported evidence suggests that

prophylactic use of taurolidine lock solution is cost‐effective when

compared against the treatment cost for CRBSI. It is worth noting

that only one study reported their findings, in this regard, with

statistical significance.51 Although rates of CRBSI have decreased,

the economic cost of this problem remains substantial.64 Systematic

implementation of evidence‐based intervention has proven beneficial

in reducing the rates of CRBSI significantly among hospital‐based

patients receiving PN in a sustained fashion.59 Other high‐quality

evidence has shown that the cost of home PN favors comparably

with hospital PN.65 Therefore, although the present review primarily

sought to examine the impact of taurolidine lock solution on CRBSI

rates, secondary outcome data suggests benefit to its use from a

cost–benefit perspective.

Strengths

The search strategy implemented in this review adequately identified

peer‐reviewed literature from a number of sources to provide data

for comparison. By limiting studies to those reporting specifically on

CRBSI during treatment with PN the confounding factor relating to

the components of the PN solution could be mitigated. The inclusion

of studies with different methodological designs in this review has

provided an overview of a substantially greater amount of literature

than has been presented previously. Although this methodology

increases the chance of bias, the evidence reports superior efficacy of

taurolidine with no clear exaggeration of effect size compared with

previous meta‐analytical literature.

Limitations

The obvious limitation of this study is the inclusion of a range of

study designs and control comparisons. The assessment of bias

highlighted a number of shortcomings in the identified papers;

however, when compared with the available literature and other

meta‐analyses the results do not seem overstated as a consequence

of including observational nonrandomized studies. Although some

studies were missing data that would allow a comprehensive review

of all results, every effort was made to retrieve this data from authors

and the number of studies with insufficient data for inclusion in the

meta‐analysis was low.
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Conclusion

The use of CVC locking is one method among a number of CRBSI

prevention techniques. However, this analysis highlights the impor-

tance of using the locking solution with superior efficacy for reducing

CRBSIs in patients receiving PN. The inclusion of observational

studies in this synthesis adds to the evidence base elucidated in

previous meta‐analyses, while having recognized limitations relating

to study methodologies. This study adds to the growing evidence

base that taurolidine provides effective CRBSI reduction for people

with IF receiving PN.
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