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ABSTRACT

Introduction:

Catheter-related infection (CRI) is a difficult clinical problem in renal medicine with
blood stream infections occurring in up to 40% of patients with haemodialysis (HD)
catheters, conferring significant rates of morbidity and mortality. Several approaches
have been assessed as a means to prevent CRI. Currently an intervention that is the
source of much discussion is the use of antimicrobial lock solutions (ALS). A number
of past conventional meta-analysis has compared different ALS with heparin.
However, there is no a consensus recommendation regarding which type of ALS is
best. The purpose of our study is to carry out a network meta-analysis comparing the
efficacy of different ALS for prevention of CRI in HD patients and ranking these ALS
for practical consideration.

Methods and analysis:

We will search six electronic databases, earlier relevant meta-analysis and reference
lists of included studies for randomized controlled trials (RCTs) that compared ALS
for preventing episodes of CRI in HD patients either head-to-head or against control
interventions using non-ALS. Study selection and data collection will be performed
by two reviewers independently. The Cochrane Risk of Bias Tool will be used to
assess the quality of included studies. The primary outcome of efficacy will be
catheter-related bloodstream infection (CRBSI). We will perform a Bayesian network
meta-analysis to compare the relative efficacy of different ALS by WinBUGS
(Version 1.4.3) and STATA (Version 13.0). The quality of evidence will be assessed
by GRADE.

Ethic and dissemination:

Ethical approval is not required given that this study includes no confidential personal
data and interventions on the patients. The results of this study will be submitted to a
peer-review journal for publication.

Registration details: This protocol has been registered in PROSPERO
(http://www.crd.york.ac.uk/PROSPERO/) under registration number
CRD42015027010.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This is the first comprehensive review comparing the efficacy of different
antimicrobial lock solutions through network meta-analysis.

This Bayesian network meta-analysis can integrate direct evidence with indirect
evidence from multiple treatment comparisons to estimate the interrelations across all
treatments.

We will use the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach to evaluate the quality of evidence.

This study will provide evidence for clinical decision makers to formulate better
prevention of catheter-related infection.

This study is inherently retrospective and based on the published randomized
controlled trials only.

Our study’s work team includes clinical nursing experts and methodologists who have
experience with conducting and reporting systematic and meta-analysis.
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INTRODUCTION

Central venous catheters (CVCs) remain a common form of vascular access for
chronic haemodialysis (HD) patients despite recommendations by several national
and international guidelines to minimize their usage as much as possible. ! It has
been estimated that almost 30% to 40% of chronic HD patients are dependent on
CVCs for their vascular access.!**) Widespread application of CVCs exposes patients
to an enhanced risk for catheter-related infection (CRI), which includes
catheter-related bloodstream infection (CRBSI) and exit-site infection. The incidence
of CRI varies per dialysis unit, site of insertion, and type of catheter inserted.
Generally, the incidence of episodes of CRBSI ranges between 2.5 and 5.5 cases/1000
catheter days for tunneled catheters, and between 3.8 and 12.8 cases/1000 catheter
days for non-tunneled catheters. **! Episodes of exit site infection vary from 0.35 to
8.3 cases /1000 catheter days and 8.2 to 16.75 cases /1000 catheter days for tunneled
and non-tunneled catheters respectively. (7

CRI is associated with a substantial morbidity and mortality. According to the US
Renal Data System, infection is the second leading cause of death in patients with
end-stage renal disease, ! and the leading cause of catheter removal and morbidity in
dialysis patients. '“'"' Data from non-tunneled catheters used in intensive care units
(ICU) indicate an average 3% per annum mortality rate.'") Besides, the costs to the
health care system are also substantial. It has been estimated that the cost per infection
is an estimated $34,508-$56,000, "*'* and the annual cost of caring for patients with
CVC-associated BSIs ranges from $296 million to $2.3 billion. Therefore, it is a real
clinical challenge to prevent CRI.

CRI are a consequence of colonization of the catheter hub or surrounding skin
followed by intraluminal or extraluminal spread. !'*! Prevention strategies are directed
at decreasing growth and/or adherence of pathogens to the catheter hub and surface.
Currently several modalities have been assessed as a means to prevent CRI, which
suggested confusion regarding best practice in this area. A recent promising technique
has been used to instillate an antimicrobial solution into the lumen(s) of the catheter
between HD sessions in order to prevent intraluminal colonization and the
development of a biofilm. The rationale for the use of antimicrobial lock solutions
(ALS) is the high intraluminal concentration achieved, with subsequent elimination of
the internal biofilm. The biofilm constitutes a permanent source of bacteraemia, as
well as a key factor favouring bacterial resistance.!'"

Over recent years, the growing number of research projects investigating this
approach attests to the benefits of ALS in preventing CRI. Efforts to evaluate and
compare the efficacy of ALS for the prevention of CRI have also been performed in
almost ten meta-analysis with conventional methodologies. Jaffer et al meta analyzed
seven RCTs in HD patients, revealing antibiotic lock solutions reduced the frequency
of CRI without significant side effects.'”] Another meta-analysis of the use of ALS for
HD patients concluded that antibiotic lock solutions reduced CRBSL!'"® Similarly,
other six meta-analysis confirmed the positive impact of ALS in reducing CRL["2*
These available antibiotic lock solutions include gentamicin, vancomycin, cefotaxime
and cefazolin. In addition, Liu et al’s meta-analysis results found that
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(5] and another

taurolidine-citrate catheter lock solutions reduced the risk of CRI,
meta-analysis showed that subjects assigned to the ethanol locks had the lower
CRBSI-rate per 1000 catheter days in comparison to heparin locks.* In a word,
results from this relevant literature indicated that ALS had a positive effect on the
reduction of CRL

However, due to head-to-head trials of different ALS are scarce, these systematic
reviews and meta-analysis have not focused on any head-to-head comparisons of
different ALS. Besides, the main drawback of the current state of the art is that
meta-analysis focuses on comparing only two alternatives, while decision-makers
need to know the relative ranking of a set of alternative options and not only whether
option A is better than B. That is, there is no consensus recommendation regarding
which ALS is best.

Thus, the evidence for the efficacy of these ALS in prevention of CRI has never been
assessed in the comprehensive setting of a systematic review and meta-analysis. For
these reasons, a better-designed approach utilizing Bayesian network meta-analysis is
urgently needed in this area, integrating direct evidence (from studies directly
comparing interventions) with indirect evidence (information about two interventions
derived via a common comparator) from multiple intervention comparisons to
estimate the interrelations across all interventions.**

The purpose of our study is to carry out a network meta-analysis comparing the
efficacy of different ALS for prevention of CRI for HD patients based on existing
RCT and ranking these ALS for practical consideration. This study is expected to

begin in September 2015 and conclude in February 2016.

OBJECTIVE
The objective of this study is to explore the efficacy of ALS to prevent CRI for
patients undergoing HD using a network meta-analysis.

METHODS

Design

Bayesian network meta-analysis. This protocol of network meta-analysis will be
conducted and reported mainly according to the preferred reporting items for
systematic review and meta-analysis protocol (PRISMA-P)**! and the PRISMA
extension statement for reporting of systematic reviews incorporating network

meta-analysis.”

Inclusion Criteria

1. Type of study

Any relevant RCTs will be included. Quasi-randomised trials will be excluded.

2. Participants

The participants must be adults, aged at least 18 years, who had or were about to
commence either short-term or maintenance hemodialysis using tunneled or
non-tunneled CVC as vascular access, regardless of the type of kidney failure (acute
or chronic), whatever the cause and duration of use of the catheter.
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3. Type of interventions

RCTs of ALS used to prevent CRI in HD patients will be included, regardless of
whether the antimicrobials were tested between themselves (head-to-head) or against
placebo/control intervention such as heparin. For antimicrobials, antibiotic, citrate,
taurolidine and alcohol will be included regardless of their concentration. All ALS
could be given with anticoagulants (e.g., heparin, citrate or EDTA).

4. Outcomes of interest

The primary outcome will be CRBSI. The Centers for Disease Control (CDC)
definitions for CRBSI will be used. " Only RCTs that used this definition, or RCTs
whose results were detailed enough to be re-adjudicated according to the
aforementioned definition, will be included. In cases when a study separately reported
definite, probable, and possible CRBSI, we will choose not to include “possible”
blood stream infection (defined as the absence of laboratory confirmation of blood
stream infection).

The secondary outcomes will be exit site infection (defined as the development of a
purulent exudates or redness around the site not resulting from residual stitches) and
all-cause mortality.

5. Other criteria

Other inclusion criteria: The RCTs must report sufficient data for calculating the risks
of CRBSI in the intervention and control group. Other exclusion criteria are (1)
duplicated or redundant studies, (2) combined interventions with multiple
antimicrobial solutions and (3) studies dealing with the treatment of CRI rather than
with prophylaxis.

Data sources and Search

We will systematically perform an electronic search of PubMed, Cochrane Library,
Embase (via Embase.com platform), Sciences Citation Index (via Web of knowledge
platform), CINAHL (via EBSCO platform) and Chinese Biomedical Literature
Database from their inception to September 2015 with no language restrictions. In
addition, we will search unpublished theses and dissertations via Conference
Proceedings Citation Index, China Proceeding of Conference Full-text Database,
China Doctoral Dissertation Full-text Database, China Master’s Theses Full-text
Database and the System for Information on Gray Literature database in Europe
(SIGLE). We will also search the World Health Organization International Clinical
Trials Registry Platform Search Portal (www.who.int/trialsearch/) for ongoing trial
registers. Relevant systematic reviews and meta-analyses from these databases will be
identified and bibliographies will be scrutinise for further relevant trials, as well as
those of RCTs included in the review. The search strategy will be developed by Zhang
Jun and Tian JinHui (more than 10 years experience as information specialist). The

search method will include relevant text words and medical subject headings related
to HD, infection, CVC and RCT. The exact search strategy used in the PubMed
database is provided as an example in Item S1.

Selection of literature
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Literature search results will be imported into ENDNOTE X6 literature management
software. Two authors (Li Rongke and Chen KeXin) will independently review the
literature searches from the title, abstract or descriptors and will exclude the study that
clearly does not meet the inclusion criteria. After excluding the duplicated and
apparently irrelevant studies, the remaining studies will be review in full text to assess
eligibility for inclusion. Any disagreements will be resolved by discussion or by
seeking an independent third opinion (Tian JinHui). Excluded trials and the reason for
their exclusion were listed and examined by a third reviewer (Tian JinHui). Selection
process of relevant studies retrieved from databases will be shown in a
PRISMA -compliant flow chart (figure 1).

Data extraction

Two authors (Zhang Jun and Ge Long) will independently extract the data from each
study using a standardized data extraction checklist, which include study
characteristics (e.g., first author’s name, publication year, journal, country where the
study was conducted), characteristics of study subjects (e.g., number of participants,
age, gender distribution), characteristics of catheter (e.g., type of catheters, number of
catheters), interventions details (e.g., type and concentration of lock solutions, patient
involvement, duration of interventions, number of catheter days), outcome variables
(e.g., number of episodes) and any additional prophylactic measures used that may
have affected outcomes. Outcomes will be extracted preferentially by intention to
treat (ITT) at the end of interventions. Quantitative data will be extracted to calculate
effect sizes. Data on effect size that could not be obtained directly will be recalculated,
when possible. Any discrepancy will be resolved by consensus. If necessary, we will
try to contact the corresponding authors for more information.

Methodological quality assessment

Two authors (Zhang Jun and Ge Long) will independently evaluate the
methodological quality of the included studies for major potential sources of bias by
using the Cochrane Collaboration’s risk of bias tool, ®* which including method of
random sequence generation (selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (detection bias), selective
reporting (detection bias), and other sources of bias. We will evaluate methodological
quality of each study on each criterion as low, high, or unclear risk of bias. Any
disagreements will be resolved through discussion, if need be, with another reviewer
(Tian JinHui).

Statistical analysis
We will perform a Baysian network meta-analysis to assess the relative outcomes of
different ALS and control conditions with each other from all direct and indirect

comparisons. Dichotomous outcomes will be analyzed on ITT basis.

Network meta-analysis
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Bayesian network meta-analysis will be performed by using the Markov chain Monte
Carlo method in WinBUGS 1.43
(http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml). The other analyses
will be performed and presented by the STATA 13.0 using the mvmeta command. The
results of dichotomous outcomes will be reported as posterior medians of RR with
95% credible intervasl (Crls). The fixed and random effect models with vague priors
for multi-arm trials will be used. The choices between fixed and random effect models
will be made by comparing the deviance information criteria (DIC) for each model.
The model with the lowest DIC will be preferred (differences >3 are considered
meaningful). **! Three Markov chains will be run simultancously with different
arbitrarily chosen initial values. To ensure convergence, trace plots and
Brooks-Gelman-Rubin plots will be assessed.”*! Convergence will be found to be
adequate after running 20 000 samples for three chains. These samples will be then
discarded as “burn-in”, and posterior summaries will be based on 100 000 subsequent
simulations. When a loop connected three treatments, it will be possible to evaluate
the inconsistency between direct and in direct evidence. The node splitting method
will be used to calculate the inconsistency of the model, which separated evidence on
a particular comparison into direct and indirect evidence. **

We will estimate the ranking probabilities for all treatments of being at each possible
rank for each intervention. Then, we will obtain a treatment hierarchy using the
probability of being the best treatment by using the surface under the cumulative
ranking curve (SUCRA). The larger the SUCRA value, the better the rank of the
treatment with a SUCRA of 1.0 if an intervention always ranks first and 0.0 if it
always ranks last. %

Investigation and Treatment of Heterogeneity

We will assess clinical and methodological heterogeneity by carefully examining the
characteristics and design of included trials. Statistical heterogeneity among the
studies and in the entire network will be assessed on the bias of the magnitude of
heterogeneity variance parameter (I* or 1°) estimated from network meta-analysis
models using R 3.2.2 software (https://cran.r-project.org/src/base/R-3/). Network
meta-regression or subgroup analysis will be used to explore possible sources of
heterogeneity. Network meta-regression will be conducted using random effects
network meta-regression models to examine potential effect moderators such as
patients’ gender, site of catheter insertion, type of catheter, sample size, and study
quality. If we include enough trials per comparison, a sensitivity analysis will be
conducted. We will conduct a sensitivity analysis base on the type of the catheter (e.g.,
tunneled catheters and non- tunneled catheters). And we will conduct another
sensitivity analysis excluding trials with a total sample size of less than 50
randomized patients.

Funnel plot analysis
Publication bias will be examined with the Begg's”” and Egge's”" funnel plot method.
And the contour-enhanced funnel plot will be used as an aid to distinguish asymmetry

8
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due to publication bias from that due to other factors.

Quality of evidence

The quality of evidence will be assess by GRADE four step approach for rating the
quality of treatment effect estimates from network meta-analysis °*:(DPresent direct
and indirect treatment estimates for each comparison of the evidence network. @
Rate the quality of each direct and indirect effect estimate. (3)Present the network
meta-analysis estimate for each comparison of the evidence network. @Rate the
quality of each network meta-analysis effect estimate. The quality of evidence will be
classified by the GRADE group into four levels: high quality, moderate quality, low
quality and very low quality. The quality rating of RCT may be rated down by -1
(serious concern) or -2 (very serious concern) for the following reasons: risk of bias,
inconsistency, indirectness, imprecision and publication bias. This process will
performed using GRADE pro 3.6 software (http://www.gradeworkinggroup.org/).

ETHICS AND DISSEMINATION

Ethical issues

As no primary data collection will be undertaken, no additional formal ethical
assessment and informed consent are required.

Publication plan
This network meta-analysis will be submitted to a peer-reviewed journal. It will be
disseminated electronically and in print.
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PubMed:

#1 “Renal Dialysis”[Mesh]

#2  dialysis[Title/Abstract] OR dialyses|[Title/Abstract] OR hemodialysis[Title/Abstract] OR
hemodialyses|Title/Abstract] OR haemodialysis[Title/Abstract] OR haemodialyses[Title/ Abstract]

OR hemofiltration| Title/Abstract] OR haemofiltration[ Title/Abstract] OR
haemodiafiltration[ Title/Abstract] OR hemodiafiltration| Title/Abstract]
#3 #1 OR#2

#4 “Infection” [Mesh]

#5 infection*[Title/Abstract] OR bacteremia*[Title/Abstract] OR bacteraemia*[Title/Abstract]
OR sepsis[Title/Abstract] OR fungemia*[Title/Abstract] OR pyemia*[Title/Abstract] OR
pyohemia*[Title/Abstract] OR pyaemia*[Title/Abstract] OR septicemia*[Title/Abstract] OR
"blood poisoning"[Title/Abstract] OR "blood poisonings"[Title/Abstract] OR CRBJ[Title/Abstract]
OR CRI[Title/Abstract] OR CRBSI[Title/Abstract]

#6  #4 OR #5

#7 “Catheters, Indwelling” [Mesh]

#8 “Central Venous Catheter” [Mesh]

#9 “Catheterization, Central Venous” [Mesh]

#10 catheter*[Title/Abstract] OR "central venous line"[Title/Abstract] OR "central
line"[Title/Abstract] OR "central venous lines"[Title/Abstract] OR "central lines"[ Title/Abstract]
#11 #7 OR #8 OR #9 OR #10

#12 random*[ Title/Abstract]

#13 "randomized controlled trial*"[ All Fields]

#14 "randomized trial*"[ All Fields]

#15 “Randomized Controlled Trial”’[Publication Type]

#16 “Randomized Controlled Trial as Topic” [Mesh]

#17 #12 OR #13 OR #14 OR #15 OR #16

#18 #3 AND #6 AND #11 AND #17
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol

Section and topic Item Checklist item

No Reported on page

ADMINISTRATIVE INFORMATION

Title:
Identification la  Identify the report as a protocol of a systematic review 1
Update 1b  If the protocol is for an update of a previous systematic review, identify as such N/A
Registration 2 Ifregistered, provide the name of the registry (such as PROSPERO) and registration number 2
Authors:
Contact 3a  Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 1
corresponding author
Contributions 3b  Describe contributions of protocol authors and identify the guarantor of the review 9
Amendments 4 Ifthe p.rotocol represents an amen@mept of a previously completed or published protocol, identify as such and list changes; N/A
otherwise, state plan for documenting important protocol amendments
Support:
Sources S5a  Indicate sources of financial or other support for the review 9
Sponsor 5b  Provide name for the review funder and/or sponsor N/A
Role of sponsor 5S¢ Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol N/A
or funder
INTRODUCTION
Rationale 6  Describe the rationale for the review in the context of what is already known 4,5
Objectives 7  Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 5
comparators, and outcomes (PICO)
METHODS
Eligibility criteria 8  Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 56
considered, language, publication status) to be used as criteria for eligibility for the review ’
Information sources 9  Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 6
grey literature sources) with planned dates of coverage
Search strategy 10  Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be .
repeated Supplementary File
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1

2

3

4

5 Study records:

6 Data 11a Describe the mechanism(s) that will be used to manage records and data throughout the review 7

7 management

8 Selection 11b  State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the 7

9 process review (that is, screening, eligibility and inclusion in meta-analysis)

10 Data collection  11c  Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any

11 process processes for obtaining and confirming data from investigators 7

ig Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 7

assumptions and simplifications

ig Outcomes and 13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 6
prioritization rationale

i? Bis}( Qf bias in . 14 Describe anticipated methods for assessing ri.sk. of bias Qf ind.ividual stu(.iies, including yvhether this will be done at the 7

18 individual studies outcome or study level, or both; state how this information will be used in data synthesis

19 Data synthesis 15a Describe criteria under which study data will be quantitatively synthesised 7

20 15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of hazndling data and 73

21 methods of combining data from studies, including any planned exploration of consistency (such as I", Kendall’s 1) ?

22 15¢  Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 8

23 15d If quantitative synthesis is not appropriate, describe the type of summary planned N/A

24 Meta-bias(es) 16  Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 8

25 Confidence in 17 Describe how the strength of the body of evidence will be assessed (such as GRADE) 9

26 cumulative evidence

27

28 From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and

29 meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2,349(jan021):g7647.
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ABSTRACT

Introduction:

Catheter-related infection (CRI) is a difficult clinical problem in renal medicine with
blood stream infections occurring in up to 40% of patients with haemodialysis (HD)
catheters, conferring significant rates of morbidity and mortality. Several approaches
have been assessed as a means to prevent CRI. Currently an intervention that is the
source of much discussion is the use of antimicrobial lock solutions (ALS). A number
of past conventional meta-analysis has compared different ALS with heparin.
However, there is no a consensus recommendation regarding which type of ALS is
best. The purpose of our study is to carry out a network meta-analysis comparing the
efficacy of different ALS for prevention of CRI in HD patients and ranking these ALS
for practical consideration.

Methods and analysis:

We will search six electronic databases, earlier relevant meta-analysis and reference
lists of included studies for randomized controlled trials (RCTs) that compared ALS
for preventing episodes of CRI in HD patients either head-to-head or against control
interventions using non-ALS. Study selection and data collection will be performed
by two reviewers independently. The Cochrane Risk of Bias Tool will be used to
assess the quality of included studies. The primary outcome of efficacy will be
catheter-related bloodstream infection (CRBSI). We will perform a Bayesian network
meta-analysis to compare the relative efficacy of different ALS by WinBUGS
(Version 1.4.3) and STATA (Version 13.0). The quality of evidence will be assessed
by GRADE.

Ethic and dissemination:

Ethical approval is not required given that this study includes no confidential personal
data and interventions on the patients. The results of this study will be submitted to a
peer-review journal for publication.

Registration details: This protocol has been registered in PROSPERO
(http://www.crd.york.ac.uk/PROSPERO/) under registration number
CRD42015027010.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This is the first comprehensive review comparing the efficacy of different
antimicrobial lock solutions through network meta-analysis.

This Bayesian network meta-analysis can integrate direct evidence with indirect
evidence from multiple treatment comparisons to estimate the interrelations across all
treatments.

We will use the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach to evaluate the quality of evidence.

This study will provide evidence for clinical decision makers to formulate better
prevention of catheter-related infection.

This study is inherently retrospective and based on the published randomized
controlled trials only.

A possible and anticipated weakness may be the quantity and quality of the trials we
identify.

Our study’s work team includes clinical nursing experts and methodologists who have
experience with conducting and reporting systematic and meta-analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"ybuAdoo Ag pajoslold 1senb Aq 20z ‘8T |Hdy uo /woo fwg-uadolwa//:dny woiy pspeojumoq "9T0Z Arenuer § uo ¥9Z0T0-§T0Z-uadolwa/oeTT 0T se paysiignd 1s1y :uado (NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

INTRODUCTION

Central venous catheters (CVCs) remain a common form of vascular access for
chronic haemodialysis (HD) patients despite recommendations by several national
and international guidelines to minimize their usage as much as possible. ! It has
been estimated that almost 30% to 40% of chronic HD patients are dependent on
CVCs for their vascular access.!**) Widespread application of CVCs exposes patients
to an enhanced risk for catheter-related infection (CRI), which includes
catheter-related bloodstream infection (CRBSI) and exit-site infection. The incidence
of CRI varies per dialysis unit, site of insertion, type of catheter inserted and adequacy
of catheter care. Generally, the incidence of episodes of CRBSI ranges between 2.5
and 5.5 cases/1000 catheter days for tunneled catheters, and between 3.8 and 12.8
cases/1000 catheter days for non-tunneled catheters. **! Episodes of exit site infection
vary from 0.35 to 8.3 cases /1000 catheter days and 8.2 to 16.75 cases /1000 catheter
days for tunneled and non-tunneled catheters respectively. [*"*!

CRI is associated with a substantial morbidity and mortality. According to the US
Renal Data System, infection is the second leading cause of death in patients with
end-stage renal disease, ! and the leading cause of catheter removal and morbidity in
dialysis patients. '“'"' Data from non-tunneled catheters used in intensive care units
(ICU) indicate an average 3% per annum mortality rate.'") Besides, the costs to the
health care system are also substantial. It has been estimated that the cost per infection
is an estimated $34,508-$56,000, "*'* and the annual cost of caring for patients with
CVC-associated BSIs ranges from $296 million to $2.3 billion. Therefore, it is a real
clinical challenge to prevent CRI.

CRI results from migration of skin organisms along the catheter into the bloodstream
or contamination and colonization of catheter lumens. Prevention strategies are
directed at decreasing growth and/or adherence of pathogens to the catheter hub and
surface. Currently several modalities including intraluminal and extraluminal
approaches have been assessed as a means to prevent CRI, which suggested confusion
regarding best practice in this area. A recent promising technique has been used to
instillate an antimicrobial solution into the lumen(s) of the catheter between HD
sessions in order to address intraluminal sources of infection. It is known from in vitro
studies that solutions containing antimicrobials can prevent biofilm formation '), The
biofilm constitutes a permanent source of bacteraemia, as well as a key factor
favouring bacterial resistance.'! At the same time, there have been concerns about
the real effect and toxicity of ALS in case of overfills, especially at high
concentrations.

Over recent years, the growing number of clinical research projects investigating this
approach attests to the benefits of ALS in preventing CRI. Efforts to evaluate and
compare the efficacy of ALS for the prevention of CRI have also been performed in
almost ten meta-analysis with conventional methodologies. Jaffer et al meta analyzed
seven RCTs in HD patients, revealing antibiotic lock solutions reduced the frequency
of CRI without significant side effects.'”] Another meta-analysis of the use of ALS for
HD patients concluded that antibiotic lock solutions reduced CRBSL!'"® Similarly,
other six meta-analysis confirmed the positive impact of ALS in reducing CRL!">
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These available antibiotic lock solutions include gentamicin, vancomycin, cefotaxime
and cefazolin. In addition, Liu et al’s meta-analysis results found that
taurolidine-citrate catheter lock solutions reduced the risk of CRI, * and another
meta-analysis showed that subjects assigned to the ethanol locks had the lower
CRBSI-rate per 1000 catheter days in comparison to heparin locks.*® In a word,
results from this relevant literature indicated that ALS had a positive effect on the
reduction of CRL

However, due to head-to-head trials of different ALS are scarce, these systematic
reviews and meta-analysis have not focused on any head-to-head comparisons of
different ALS. Besides, the main drawback of the current state of the art is that
meta-analysis focuses on comparing only two alternatives, while decision-makers
need to know the relative ranking of a set of alternative options and not only whether
option A is better than B. That is, there is no consensus recommendation regarding
which ALS is best.

Thus, the evidence for the efficacy of these ALS in prevention of CRI has never been
assessed in the comprehensive setting of a systematic review and meta-analysis. For
these reasons, a better-designed approach utilizing Bayesian network meta-analysis is
urgently needed in this area, integrating direct evidence (from studies directly
comparing interventions) with indirect evidence (information about two interventions
derived via a common comparator) from multiple intervention comparisons to
estimate the interrelations across all interventions.*’**!

The purpose of our study is to carry out a network meta-analysis comparing the
efficacy of different ALS for prevention of CRI for HD patients based on existing
RCT and ranking these ALS for practical consideration. This study is expected to
begin in September 2015 and conclude in February 2016.

OBJECTIVE
The objective of this study is to explore the efficacy of ALS to prevent CRI for
patients undergoing HD using a network meta-analysis.

METHODS

Design

Bayesian network meta-analysis. This protocol of network meta-analysis will be
conducted and reported mainly according to the preferred reporting items for
systematic review and meta-analysis protocol (PRISMA-P)*’! and the PRISMA
extension statement for reporting of systematic reviews incorporating network
meta-analysis.”

Inclusion Criteria

1. Type of study

Any relevant RCTs will be included. Quasi-randomised trials will be excluded.

2. Participants

The participants must be adults, aged at least 18 years, who had or were about to
commence either short-term or maintenance hemodialysis using tunneled or

5
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non-tunneled CVC as vascular access, regardless of the type of kidney failure (acute
or chronic), whatever the cause and duration of use of the catheter.

3. Type of interventions

RCTs of ALS used to prevent CRI in HD patients will be included, regardless of
whether the antimicrobials were tested between themselves (head-to-head) or against
placebo/control intervention such as heparin. For antimicrobials, antibiotic, citrate,
taurolidine and alcohol will be included regardless of their concentration. All ALS
could be given with anticoagulants (e.g., heparin, citrate or EDTA).

4. Outcomes of interest

The primary outcome will be CRBSI. The Centers for Disease Control (CDC)
definitions for CRBSI will be used. ! Only RCTs that used this definition, or RCTs
whose results were detailed enough to be re-adjudicated according to the
aforementioned definition, will be included. In cases when a study separately reported
definite, probable, and possible CRBSI, we will choose not to include “possible”
blood stream infection (defined as the absence of laboratory confirmation of blood
stream infection).

The secondary outcomes will be exit site infection (defined as the development of a
purulent exudates or redness around the site not resulting from residual stitches),
all-cause mortality and adverse events as reported by study author.

5. Other criteria

Other inclusion criteria: The RCTs must report sufficient data for calculating the risks
of CRBSI in the intervention and control group. Other exclusion criteria are (1)
duplicated or redundant studies, (2) combined interventions with multiple
antimicrobial solutions and (3) studies dealing with the treatment of CRI rather than
with prophylaxis.

Data sources and Search

We will systematically perform an electronic search of PubMed, Cochrane Library,
Embase (via Embase.com platform), Sciences Citation Index (via Web of knowledge
platform), CINAHL (via EBSCO platform) and Chinese Biomedical Literature
Database from their inception to September 2015 with no language restrictions. In
addition, we will search unpublished theses and dissertations via Conference
Proceedings Citation Index, China Proceeding of Conference Full-text Database,
China Doctoral Dissertation Full-text Database, China Master’s Theses Full-text
Database and the System for Information on Gray Literature database in Europe
(SIGLE). We will also search the World Health Organization International Clinical
Trials Registry Platform Search Portal (www.who.int/trialsearch/) for ongoing trial
registers. Relevant systematic reviews and meta-analyses from these databases will be
identified and bibliographies will be scrutinise for further relevant trials, as well as
those of RCTs included in the review. The search strategy will be developed by Zhang
Jun and Tian JinHui (more than 10 years experience as information specialist). The
search method will include relevant text words and medical subject headings related
to HD, infection, CVC and RCT. The exact search strategy used in the PubMed
database is provided as an example in Item Supplementary File S1.
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Selection of literature

Literature search results will be imported into ENDNOTE X6 literature management
software. Two authors (Li Rongke and Chen KeXin) will independently review the
literature searches from the title, abstract or descriptors and will exclude the study that
clearly does not meet the inclusion criteria. After excluding the duplicated and
apparently irrelevant studies, the remaining studies will be review in full text to assess
eligibility for inclusion. Any disagreements will be resolved by discussion or by
seeking an independent third opinion (Tian JinHui). Excluded trials and the reason for
their exclusion were listed and examined by a third reviewer (Tian JinHui). Selection
process of relevant studies retrieved from databases will be shown in a
PRISMA -compliant flow chart (figure 1).

Data extraction

Two authors (Zhang Jun and Ge Long) will independently extract the data from each
study using a standardized data extraction checklist, which include study
characteristics (e.g., first author’s name, publication year, journal, country where the
study was conducted), characteristics of study subjects (e.g., number of participants,
age, gender distribution), characteristics of catheter (e.g., type of catheters, number of
catheters), interventions details (e.g., type and concentration of lock solutions, patient
involvement, duration of hemodialysis, number of catheter days), outcome variables
(e.g., number of episodes) and any additional prophylactic measures used that may
have affected outcomes (e.g., catheter care). Outcomes will be extracted preferentially
by intention to treat (ITT) at the end of interventions. Quantitative data will be
extracted to calculate effect sizes. Data on effect size that could not be obtained
directly will be recalculated, when possible. Any discrepancy will be resolved by
consensus. If necessary, we will try to contact the corresponding authors for more
information.

Methodological quality assessment

Two authors (Zhang Jun and Ge Long) will independently evaluate the
methodological quality of the included studies for major potential sources of bias by
using the Cochrane Collaboration’s risk of bias tool, ®* which including method of
random sequence generation (selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (detection bias), selective
reporting (detection bias), and other sources of bias. We will evaluate methodological
quality of each study on each criterion as low, high, or unclear risk of bias. Any
disagreements will be resolved through discussion, if need be, with another reviewer
(Tian JinHui).

Statistical analysis
We will perform a Baysian network meta-analysis to assess the relative outcomes of
different ALS and control conditions with each other from all direct and indirect

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag palosloid 1senb Ag 20z ‘8T dy uo /woo fwg uadolwg//:dny wouy papeojumod ‘9T0Z Arenuer G uo ¥9Z0T0-ST0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

comparisons. Dichotomous outcomes will be analyzed on ITT basis.

Network meta-analysis

Bayesian network meta-analysis will be performed by using the Markov chain Monte
Carlo method in WinBUGS 1.4.3
(http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml). The other analyses
will be performed and presented by the STATA 13.0 using the mvmeta command. The
results of dichotomous outcomes will be reported as posterior medians of RR with
95% credible intervasl (Crls). The fixed and random effect models with vague priors
for multi-arm trials will be used. The choices between fixed and random effect models
will be made by comparing the deviance information criteria (DIC) for each model.
The model with the lowest DIC will be preferred (differences >3 are considered
meaningful). **! Three Markov chains will be run simultancously with different
arbitrarily chosen initial values. To ensure convergence, trace plots and
Brooks-Gelman-Rubin plots will be assessed.”*! Convergence will be found to be
adequate after running 20 000 samples for three chains. These samples will be then
discarded as “burn-in”, and posterior summaries will be based on 100 000 subsequent
simulations. When a loop connected three treatments, it will be possible to evaluate
the inconsistency between direct and in direct evidence. The node splitting method
will be used to calculate the inconsistency of the model, which separated evidence on
a particular comparison into direct and indirect evidence. ©*!

We will estimate the ranking probabilities for all treatments of being at each possible
rank for each intervention. Then, we will obtain a treatment hierarchy using the
probability of being the best treatment by using the surface under the cumulative
ranking curve (SUCRA). The larger the SUCRA value, the better the rank of the
treatment with a SUCRA of 1.0 if an intervention always ranks first and 0.0 if it
always ranks last. *%!

Investigation and Treatment of Heterogeneity

We will assess clinical and methodological heterogeneity by carefully examining the
characteristics and design of included trials. Statistical heterogeneity among the
studies and in the entire network will be assessed on the bias of the magnitude of
heterogeneity variance parameter (I* or 1°) estimated from network meta-analysis
models using R 3.2.2 software (https://cran.r-project.org/src/base/R-3/). Network
meta-regression or subgroup analysis will be used to explore possible sources of
heterogeneity. Network meta-regression will be conducted using random effects
network meta-regression models to examine potential effect moderators such as age
of participants, site of catheter insertion, type of catheter, duration of hemodialysis,
sample size and study quality. Where possible, we will perform the subgroup analysis
according to the concentration of ALS.

If we include enough trials per comparison, a sensitivity analysis will be conducted.
We will conduct a sensitivity analysis by excluding trials that the criterion of CRBSI
diagnosis does not meet the Infectious Diseases Society of America (IDSA)
guidelines. And we will conduct another sensitivity analysis excluding trials with a
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total sample size of less than 50 randomized patients.

Funnel plot analysis

Publication bias will be examined with the Begg's
And the contour-enhanced funnel plot will be used as an aid to distinguish asymmetry
due to publication bias from that due to other factors.

[37

Quality of evidence

The quality of evidence will be assess by GRADE four step approach for rating the
quality of treatment effect estimates from network meta-analysis **:(DPresent direct
and indirect treatment estimates for each comparison of the evidence network. @
Rate the quality of each direct and indirect effect estimate. (®Present the network
meta-analysis estimate for each comparison of the evidence network. @Rate the
quality of each network meta-analysis effect estimate. The quality of evidence will be
classified by the GRADE group into four levels: high quality, moderate quality, low
quality and very low quality. The quality rating of RCT may be rated down by -1
(serious concern) or -2 (very serious concern) for the following reasons: risk of bias,
inconsistency, indirectness, imprecision and publication bias. This process will
performed using GRADE pro 3.6 software (http://www.gradeworkinggroup.org/).

ETHICS AND DISSEMINATION

Ethical issues

As no primary data collection will be undertaken, no additional formal ethical
assessment and informed consent are required.

Publication plan
This network meta-analysis will be submitted to a peer-reviewed journal. It will be
disseminated electronically and in print.
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Figure 1 Flow chart of the study selection
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PubMed:

#1 “Renal Dialysis”[Mesh]

#2  dialysis[Title/Abstract] OR dialyses|[Title/Abstract] OR hemodialysis[Title/Abstract] OR
hemodialyses|Title/Abstract] OR haemodialysis[Title/Abstract] OR haemodialyses[Title/ Abstract]

OR hemofiltration| Title/Abstract] OR haemofiltration[ Title/Abstract] OR
haemodiafiltration[ Title/Abstract] OR hemodiafiltration| Title/Abstract]
#3 #1 OR#2

#4 “Infection” [Mesh]

#5 infection*[Title/Abstract] OR bacteremia*[Title/Abstract] OR bacteraemia*[Title/Abstract]
OR sepsis[Title/Abstract] OR fungemia*[Title/Abstract] OR pyemia*[Title/Abstract] OR
pyohemia*[Title/Abstract] OR pyaemia*[Title/Abstract] OR septicemia*[Title/Abstract] OR
"blood poisoning"[Title/Abstract] OR "blood poisonings"[Title/Abstract] OR CRBJ[Title/Abstract]
OR CRI[Title/Abstract] OR CRBSI[Title/Abstract]

#6  #4 OR #5

#7 “Catheters, Indwelling” [Mesh]

#8 “Central Venous Catheter” [Mesh]

#9 “Catheterization, Central Venous” [Mesh]

#10 catheter*[Title/Abstract] OR "central venous line"[Title/Abstract] OR "central
line"[Title/Abstract] OR "central venous lines"[Title/Abstract] OR "central lines"[ Title/Abstract]
#11 #7 OR #8 OR #9 OR #10

#12 random*[ Title/Abstract]

#13 "randomized controlled trial*"[ All Fields]

#14 "randomized trial*"[ All Fields]

#15 “Randomized Controlled Trial”’[Publication Type]

#16 “Randomized Controlled Trial as Topic” [Mesh]

#17 #12 OR #13 OR #14 OR #15 OR #16

#18 #3 AND #6 AND #11 AND #17
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to
address in a systematic review protocol

Section and topic Item Checklist item

No Reported on page

ADMINISTRATIVE INFORMATION

Title:
Identification la  Identify the report as a protocol of a systematic review 1
Update 1b  If the protocol is for an update of a previous systematic review, identify as such N/A
Registration 2 Ifregistered, provide the name of the registry (such as PROSPERO) and registration number 2
Authors:
Contact 3a  Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 1
corresponding author
Contributions 3b  Describe contributions of protocol authors and identify the guarantor of the review 9
Amendments 4 Ifthe p.rotocol represents an amen@mept of a previously completed or published protocol, identify as such and list changes; N/A
otherwise, state plan for documenting important protocol amendments
Support:
Sources S5a  Indicate sources of financial or other support for the review 9
Sponsor 5b  Provide name for the review funder and/or sponsor N/A
Role of sponsor 5S¢ Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol N/A
or funder
INTRODUCTION
Rationale 6  Describe the rationale for the review in the context of what is already known 4,5
Objectives 7  Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 5
comparators, and outcomes (PICO)
METHODS
Eligibility criteria 8  Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 56
considered, language, publication status) to be used as criteria for eligibility for the review ’
Information sources 9  Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 6
grey literature sources) with planned dates of coverage
Search strategy 10  Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be .
repeated Supplementary File
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1

2

3

4

5 Study records:

6 Data 11a Describe the mechanism(s) that will be used to manage records and data throughout the review 7

7 management

8 Selection 11b  State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the 7

9 process review (that is, screening, eligibility and inclusion in meta-analysis)

10 Data collection  11c  Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any

11 process processes for obtaining and confirming data from investigators 7

ig Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 7

assumptions and simplifications

ig Outcomes and 13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 6
prioritization rationale

i? Bis}( Qf bias in . 14 Describe anticipated methods for assessing ri.sk. of bias Qf ind.ividual stu(.iies, including yvhether this will be done at the 7

18 individual studies outcome or study level, or both; state how this information will be used in data synthesis

19 Data synthesis 15a Describe criteria under which study data will be quantitatively synthesised 7

20 15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of hazndling data and 73

21 methods of combining data from studies, including any planned exploration of consistency (such as I", Kendall’s 1) ?

22 15¢  Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 8

23 15d If quantitative synthesis is not appropriate, describe the type of summary planned N/A

24 Meta-bias(es) 16  Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 8

25 Confidence in 17 Describe how the strength of the body of evidence will be assessed (such as GRADE) 9

26 cumulative evidence

27

28 From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and

29 meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2,349(jan021):g7647.
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