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VERSION 1 - REVIEW 

REVIEWER Gernot Schilcher, MD  
Intensive Care Unit, Department of Internal Medicine, Medical 
University of Graz, Austria 

REVIEW RETURNED 26-Oct-2015 

 

GENERAL COMMENTS Prevention of CRBSI in patients undergoing hemodialysis is crucial 
to decrease mortality. We are seeking data of randomized controlled 
trials targeting interventions to decrease infection rates; likewise 
meta-analysis in this field are essential for decision making in daily 
clinical practice. This study by Jun Zhang et al. will bring important 
data to the field.  
 
Comments to the authors:  
 
General comment / Methods Inclusion Criteria:  
The study protocol is well written. In some previous meta-analysis 
the authors focused on methodological issues and guidelines how to 
perform statistics etc. May I take the liberty to mention that one of 
the most crucial points for inclusion or even exclusion of a study into 
the meta-analysis should be definition of CRBSI diagnosis of each 
study according to the IDSA guidelines. There are several studies 
using definitions which are not in line with current guidelines. The 
authors may consult an expert in the field of infectious diseases or 
microbiology for critical appraisal of the studies beeing evaluated for 
inclusion/exclusion. Similarly, it is very important to critically examine 
safety aspects such as plasma protein precipitation when hyerptonic 
citrate in concentrations above 10% or ethanol above 28 v/v% is 
used. Finally, I may mention that most authors state that heparin is 
the standard lock solution. To best of my knowlegde heparin tends 
to be on the wane in Europe and also in North America. Due to the 
complications in heparin use (bleeding risk due to unavoidable lock 
spillage from the catheter) and the fact that citrate 4% is as good as 
heparin in thrombosis prevention, there are different statements 
such as: „…perhaps the time has come to abandon the use of 
concentrated heparin lock for thrombosis prevention“ (Yevzlin).  
 
Introduction:  
The authors state: „The incidence of CRI varies per dialysis unit, site 
of insertion, and type of catheter inserted.“ Another important part of 
catheter care and CRBSI prevention is how exit-site care is routinely 
performed. It is of great importance whether a catheter care bundle, 
which is able to reduce CRBSI, did exist or not (see Pronovost, 
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NEJM, 2006) etc.  
 
Introduction:  
The authors state: „CRI are a consequence of colonization of the 
catheter hub or surrounding skin followed by intraluminal or 
extraluminal spread.“ This is certainly true but there are further 
routes of infection. Several interrelated factors have been proposed 
to participate in the pathogenesis of CRBSI. The catheter itself can 
be involved in 4 different pathogenic pathways like colonization of 
the catheter tip and cutaneous tract with skin flora; colonization of 
the catheter lumen caused by contamination; hematogenous 
seeding of the catheter from another infected site; and 
contamination of the lumen of the catheter with infusate.  
 
Introduction:  
The authors state: „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.“ There is a major drawback in this theorethical model which 
may explain some failures in clinical trials. Regarding the 
concentration of any antimicrobial lock solution the intraluminal 
compartment of the catheter is not homogeneous. The density 
differences between blood and lock solutions cause exchanges 
processes inside the catheter (lock spillage). Blood enters the 
catheter which then dilutes the lock solution. This may alter the 
antimicrobial effects. Therefore, in-vitro models often do not reflect 
the in-vivo situation. Furthermore, inside the catheter plasma protein 
precipitation may occur if hypertonic citrate or ethanol is used (after 
blood inflow into the catheter). All theses issues may influence the 
outcome and have not been considered appropriately in clinical trials 
(see – Schilcher et al. NDT 2012 and 2014; Schilcher et al. PlosONE 
2013; Polaschegg HD various papers, Soriano A, Eur J Clin 
Microbiol Infect Dis 2007 26:659–661). These aspects might be 
included beeing crucial for the outcome of trials within the discussion 
section of the meta-analysis.  
 
Methods – Inclusion Criteria  
Citrate has been thought to be an antimicrobial solution. However, 
according to the criteria of the American Society of Microbiology 
citrate is not an antimicrobial lock solution. Please see Schilcher et 
al., Loss of antimicrobial effect of trisodium citrate due to ‘lock’ 
spillage from haemodialysis catheters, NDT 2014, for further 
information and discussion of this issue. The suggested 
antimicrobial effect of citrate is based on one single in-vitro study by 
Weijmer (Weijmer et al. Superior antimicrobial activity of trisodium 
citrate over heparin for catheter locking. Nephrol Dial Transplant 
2002; 17: 2189–2195). This study has several methodological 
limitations, moreover the conclusion concerning antimicrobial activity 
is not supported by the data. Two clinical trials reported conflicting 
results about a possible antimicrobial effect of citrate (Power - 
Sodium citrate versus heparin catheter locks for cuffed central 
venous catheters: a single-center randomized controlled trial. Am J 
Kidney Dis 2009 vs. Weijmer - Randomized, clinical trial comparison 
of trisodium citrate 30% and heparin as catheterlocking solution in 
hemodialysis patients. J Am Soc Nephrol 2005) 
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REVIEWER Yong Wu 
Central South University, China 

REVIEW RETURNED 05-Nov-2015 

 

GENERAL COMMENTS This study carries 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. Although a number of 
past conventional meta-analysis has compared different ALS with 
heparin. There is no a consensus recommendation regarding which 
type of ALS is best. Therefore this study is very interesting.  
 
Specific comments are listed below.  
1. The limitation of the study has not been described clearly.  
2. In Figure1, why the search strategy in pubmed did not include 
exit-site infection, which was included in inclusion criteria. Does this 
will lead to omit some literature?  
3. In the text, the authors described the parameters to do the 
network meta-regression or subgroup analysis such as patients’ 
gender, site of cathter insertion, et al. As there are still many other 
characteristics will influence the outcome, including age of 
participants, duration of hemodialysis, sample size, the parameters 
to do the network meta-regression or subgroup analysis should be 
expanded.  
4. In line 50 to 52, the authors described that they would conduct 
another sensitivity analysis excluding trials with a total sample size 
of less than 50 randomized patients. Why the authors chose 50 
randomized patients as a criteria? Dose this choice has its basis? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

1. Comments:  

General comment / Methods Inclusion Criteria:  

The study protocol is well written. In some previous meta-analysis the authors focused on 

methodological issues and guidelines how to perform statistics etc. May I take the liberty to mention 

that one of the most crucial points for inclusion or even exclusion of a study into the meta-analysis 

should be definition of CRBSI diagnosis of each study according to the IDSA guidelines. There are 

several studies using definitions which are not in line with current guidelines. The authors may consult 

an expert in the field of infectious diseases or microbiology for critical appraisal of the studies beeing 

evaluated for inclusion/exclusion. Similarly, it is very important to critically examine safety aspects 

such as plasma protein precipitation when hyerptonic citrate in concentrations above 10% or ethanol 

above 28 v/v% is used. Finally, I may mention that most authors state that heparin is the standard 

lock solution. To best of my knowlegde heparin tends to be on the wane in Europe and also in North 

America. Due to the complications in heparin use (bleeding risk due to unavoidable lock spillage from 

the catheter) and the fact that citrate 4% is as good as heparin in thrombosis prevention, there are 

different statements such as: „…perhaps the time has come to abandon the use of concentrated 

heparin lock for thrombosis prevention“ (Yevzlin).  

Response:  

1. about the definition for catheter-related bloodstream infection (CRBSI)  

To assess the feasibility of this network meta-analysis, we performed a pre-retrieval process. 

According to the results of the pre-retrieval, CRBSI was diagnosed using criteria as defined by the 

Centers for Disease Control (CDC) in most of studies. So in order to reduce the heterogeneity among 

the studies, the definition of the outcomes in our study will be defined based on the recommendations 

of CDC. Moreover, compared to the Infectious Diseases Society of America (IDSA) guidelines, the 
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CDC definition for CRBSI is relatively broader. We decided to use the CDC criteria also in order not to 

omit some literature. But given the IDSA guidelines, a sensitivity analysis will be conducted to assess 

the sensitivity of the results to the use of our pre-specified definition compared with the IDSA criteria. 

Besides, we will invite an expert in the field of infectious diseases to join us for critical appraisal of the 

studies being evaluated for inclusion or exclusion.  

2. about the assessment of the safety of antimicrobial lock solutions (ALS)  

It is really true as reviewer suggested that the safety of ALS is very important for patients undergoing 

haemodialysis (HD). To examine the safety of ALS, adverse events will be considered as outcomes of 

interest.  

3. about heparin  

As the reviewer said, the potential impact of heparin locking solutions on bleeding risk is an 

acknowledged concern. The purpose of our study is to carry out a network meta-analysis comparing 

the efficacy of various types of ALS for prevention of catheter-related infection (CRI) for HD patients 

based on existing randomized controlled trials (RCTs). However, head-to-head trials of different ALS 

are scarce. Most existing RCTs compared different ALS with heparin locking solutions. In network 

meta-analyses, the information available from within-study comparisons of treatment A and treatment 

B is combined with indirect comparisons of A and B derived from studies that compare either of the 

two treatments with a common comparator C (either a third intervention or a control condition). So, 

use heparin locking solutions only as a common comparator in cases when evidence from direct 

comparisons is not available.  

 

2. Comments:  

Introduction:  

The authors state: The incidence of CRI varies per dialysis unit, site of insertion, and type of catheter 

inserted.“ Another important part of catheter care and CRBSI prevention is how exit-site care is 

routinely performed. It is of great importance whether a catheter care bundle, which is able to reduce 

CRBSI, did exist or not (see Pronovost, NEJM, 2006) etc.  

Response:  

We are very sorry for our negligence in the examination of catheter care. We considered the 

adequacy of catheter care as factors related to the episode of CRI. So, the information of catheter 

care will be extracted with other characteristics of patients and interventions to assess the 

comparability of the groups.  

 

3. Comments:  

Introduction:  

The authors state: CRI are a consequence of colonization of the catheter hub or surrounding skin 

followed by intraluminal or extraluminal spread.“ This is certainly true but there are further routes of 

infection. Several interrelated factors have been proposed to participate in the pathogenesis of 

CRBSI. The catheter itself can be involved in 4 different pathogenic pathways like colonization of the 

catheter tip and cutaneous tract with skin flora; colonization of the catheter lumen caused by 

contamination; hematogenous seeding of the catheter from another infected site; and contamination 

of the lumen of the catheter with infusate.  

Response:  

We have made correction according to the reviewer’s comments about the routes of CRI in the 

introduction section.  

 

4. Comments:  

Introduction:  

The authors state: 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.“ There is 
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a major drawback in this theoretical model which may explain some failures in clinical trials. 

Regarding the concentration of any antimicrobial lock solution, the intraluminal compartment of the 

catheter is not homogeneous. The density differences between blood and lock solutions cause 

exchanges processes inside the catheter (lock spillage). Blood enters the catheter which then dilutes 

the lock solution. This may alter the antimicrobial effects. Therefore, in-vitro models often do not 

reflect the in-vivo situation. Furthermore, inside the catheter plasma protein precipitation may occur if 

hypertonic citrate or ethanol is used (after blood inflow into the catheter). All theses issues may 

influence the outcome and have not been considered appropriately in clinical trials (see – Schilcher et 

al. NDT 2012 and 2014; Schilcher et al. PlosONE 2013; Polaschegg HD various papers, Soriano A, 

Eur J Clin Microbiol Infect Dis 2007 26:659–661). These aspects might be included being crucial for 

the outcome of trials within the discussion section of the meta-analysis.  

Response:  

The network meta-analysis will be performed based on exiting RCTs to explore the efficacy of ALS to 

prevent CRI for HD patients. We will extract the information about adverse events such as plasma 

protein precipitation from each study in order to assess the safety of ALS. We further modified the 

statements about the possible rationale for the use of ALS in the introduction section. Besides that, 

regarding the concentration of ALS, as we expect a small number of published studies, we do not 

envisage that it will be possible to perform subgroup analyses. However, if possible we will consider 

analyzing the subgroups according to the concentration of ALS.  

 

5. Comments:  

Methods – Inclusion Criteria  

Citrate has been thought to be an antimicrobial solution. However, according to the criteria of the 

American Society of Microbiology citrate is not an antimicrobial lock solution. Please see Schilcher et 

al., Loss of antimicrobial effect of trisodium citrate due to ‘lock’ spillage from haemodialysis catheters, 

NDT 2014, for further information and discussion of this issue. The suggested antimicrobial effect of 

citrate is based on one single in-vitro study by Weijmer (Weijmer et al. Superior antimicrobial activity 

of trisodium citrate over heparin for catheter locking. Nephrol Dial Transplant 2002; 17: 2189–2195). 

This study has several methodological limitations, moreover the conclusion concerning antimicrobial 

activity is not supported by the data. Two clinical trials reported conflicting results about a possible 

antimicrobial effect of citrate (Power - Sodium citrate versus heparin catheter locks for cuffed central 

venous catheters: a single-center randomized controlled trial. Am J Kidney Dis 2009 vs. Weijmer - 

Randomized, clinical trial comparison of trisodium citrate 30% and heparin as catheterlocking solution 

in hemodialysis patients. J Am Soc Nephrol 2005)  

Response:  

Due to complications of heparin, which include local and systemic bleeding events as well as the 

potential for thrombocytopenia, there is a renewed interest in citrate as an alternate to heparin as a 

locking solution in HD catheters because of its antithrombotic and the reduced costs relative to 

heparin. Furthermore, the results of in-vitro studies showed that citrate exposes a broad antimicrobial 

effect, whereas heparin has none. At the same time, there have been concerns about citrate’s 

antimicrobial effect and toxicity in case of overfills, especially at high concentrations. To date, 

although there have been some clinical studies exploring the antimicrobial effect of citrate, these 

studies gave conflicting results. Therefore, we classified citrate as ALS in our network meta-analysis, 

in order to assess whether citrate is really superior to heparin locks in the prevention of CRI by a 

Bayesian network meta-analysis.  

 

Reviewer: 2  

1. Comments:  

The limitation of the study has not been described clearly.  

Response:  

In order to reach a high internal validity, we will only include RCTs to explore the effects of ALS to 

prevent CRI for HD patients. The study will be conducted and reported according to the PRISMA 
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extension statement for reporting of systematic reviews incorporating network meta-analysis and will 

not restrict by date or language. Besides, we will avoid selection bias by pre-specified inclusion 

criteria, a systematic search by consulting relevant information specialists and independent evaluation 

of trial inclusion by two reviewers. But, as is the case with all meta-analysis, several limitations of this 

network meta-analysis should be mentioned. The limitations of this study include: (1) this study is 

inherently retrospective and based on the published randomized controlled trials only. That is, it relies 

on aggregate data extracted from journal publications; (2) a possible and anticipated weakness may 

be the quantity and quality of the trials we identify. Given the low number of eligible studies, it will be 

not possible to perform meaningful subgroup analysis, which will be important given the heterogeneity 

of the study. We have described these limitations in the revised manuscript according to the 

reviewer’s comments.  

 

2. Comments:  

In Figure1, why the search strategy in pubmed did not include exit-site infection, which was included 

in inclusion criteria. Does this will lead to omit some literature?  

Response:  

The search method in our study will include relevant text words and medical subject headings related 

to HD, infection, CVC and RCT. “Exit-site infection” is a hyponym of “infection”. That is, both text 

words and medical subject headings, literature including “exit-site infection” will be identified by using 

the search term “infection”. So we will not omit relevant articles about “exit-site infection” via searching 

“infection”.  

 

3. Comments:  

In the text, the authors described the parameters to do the network meta-regression or subgroup 

analysis such as patients’ gender, site of cathter insertion, et al. As there are still many other 

characteristics will influence the outcome, including age of participants, duration of hemodialysis, 

sample size, the parameters to do the network meta-regression or subgroup analysis should be 

expanded.  

Response:  

Considering the reviewer’s suggestion, we have expanded the parameters to do the network meta-

regression or subgroup analysis. These parameters include age of participants, site of catheter 

insertion, type of catheter, the concentration of ALS, duration of hemodialysis, sample size and study 

quality. We have based the choice of these analyses upon published evidence that the intervention 

effect may be modified by these factors.  

 

4. Comments:  

In line 50 to 52, the authors described that they would conduct another sensitivity analysis excluding 

trials with a total sample size of less than 50 randomized patients. Why the authors chose 50 

randomized patients as a criteria? Dose this choice has its basis?  

Response:  

Dechartres et al’s study results found that treatment effect estimates differed within meta-analyses 

solely based on trial sample size, with stronger effect estimates seen in small to moderately sized 

trials than in the largest trials (Dechartres A, Trinquart L, Boutron I, et al. Influence of trial sample size 

on treatment effect estimates: meta-epidemiological study. BMJ 2013;346:f2304). RCTs with small 

sample size will be included in our network meta-analysis. But in order to assess the robustness of 

our results, we will subsequently perform a sensitivity analysis by excluding studies with small sample 

size. We chose 50 randomized patients as a criterion according to the article mentioned above.  

 

Other changes:  

After our careful consideration, we decided to add Zhang Jun as the co-corresponding author. And 

here is the reason: Zhang Jun contributed to the conception and design of the study; besides that, 

she also did a lot of works in writing of the protocol and revising of the manuscript. We earnestly hope 
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you to give us a chance to add Zhang Jun as the co-corresponding author. We’ll be very pleased if 

you grant our request.  

 

We tried our best to improve the manuscript and made some changes in the manuscript. These 

changes will not influence the content and framework of the paper. And here we did not list the 

changes but marked in red in revised manuscript. We appreciate for editors/reviewers’ warm work 

earnestly, and hope that the correction will meet with approval. Once again, thank you very much for 

your comments and suggestions. 

 

VERSION 2 – REVIEW 

REVIEWER Gernot Schilcher 
Medical University of Graz, Austria 

REVIEW RETURNED 25-Nov-2015 

 

GENERAL COMMENTS Antimicrobial lock solutions for the prevention of catheter related 
infection in patients undergoing haemodialysis: study protocol for 
network meta-analysis of randomized controlled trials  
 
The authors submitted an improved manuscript. I approve of the 
manuscript and it should be now considered for publication. 

 

REVIEWER Yong Wu 
The Third Xiangya Hospital of Central South University, China 

REVIEW RETURNED 24-Nov-2015 

 

GENERAL COMMENTS I can feel that the authors have studied comments carefully and 
have made correction seriously. The revised manuscrit is better and 
I am satisfied with the authors' responce. 
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