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ABSTRACT

Background

Patients with kidney failure require vascular access to receive maintenance haemodialysis (HD), which can be achieved by an arteriovenous
fistula or a central venous catheter (CVC). CVC use is related to frequent complications such as venous stenosis and infection. Venous
stenosis occurs mainly due to trauma caused by the entrance of the catheter into the venous lumen and repeated contact with the
vein wall. A biofilm, a colony of irreversible adherent and self-sufficient micro-organisms embedded in a self-produced matrix of
exopolysaccharides, is associated with the development of infections in patients with indwelling catheters. Despite its clinical relevance,
the treatment of catheter-related bloodstream infections (CRBSIs) in patients receiving maintenance HD remains controversial, especially
regarding catheter management. Antibiotic lock solutions may sterilise the catheter, treat the infection and prevent unnecessary catheter
procedures. However, such treatment may also lead to antibiotic resistance or even clinical worsening in certain more virulent pathogens.
Catheter removal and delayed replacement may remove the source of infection, improving infectious outcomes, but this approach may
also increase vascular access stenosis, thrombosis or both, or even central vein access failure. Catheter guidewire exchange attempts to
remove the source of infection while maintaining access to the same vein and, therefore, may improve clinical outcomes and preserve
central veins for future access.

Objectives

To assess the benefits and harms of different interventions for CRBSI treatment in patients receiving maintenance HD through a permanent
CVC, such as systemic antibiotics alone or systemic antibiotics combined with either lock solutions or catheter guidewire exchange or
catheter replacement.

Search methods

We searched the Cochrane Kidney and Transplant Register of Studies up to 21 December 2021 through contact with the Information
Specialist using search terms relevant to this review. Studies in the Register were identified through searches of CENTRAL, MEDLINE, and
EMBASE, conference proceedings, the International Clinical Trials Register (ICTRP) Search Portal, and ClinicalTrials.gov.

Selection criteria

We included all randomised controlled trials (RCTs) and quasi-RCTs evaluating the management of CRBSI in permanent CVCs in people
receiving maintenance HD.
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Data collection and analysis

Two authors independently selected studies for inclusion, assessed their risk of bias, and performed data extraction. Results were
expressed as risk ratios (RR) or hazard ratios (HR) for dichotomous outcomes and mean difference (MD) for continuous outcomes, with
their 95% confidence intervals (Cl). The certainty of the evidence was assessed using GRADE.

Main results

Weidentified two RCTs and one quasi-RCT that enrolled 760 participants addressing the treatment of CRBSIs in people (children and adults)
receiving maintenance HD through CVC. No two studies compared the same interventions. The quasi-RCT compared two different lock
solutions (tissue plasminogen activator (TPA) and heparin) with concurrent systemic antibiotics. One RCT compared systemic antibiotics
alone and in association with an ethanol lock solution, and the other compared systemic antibiotics with different catheter management
strategies (guidewire exchange versus removal and replacement). The overall certainty of the evidence was downgraded due to the small
number of participants, high risk of bias in many domains, especially randomisation, allocation, and other sources of bias, and missing
outcome data. It is uncertain whether an ethanol lock solution used with concurrent systemic antibiotics improved CRBSI eradication
compared to systemic antibiotics alone (RR 1.61, 95% Cl 1.16 to 2.23) because the certainty of this evidence is very low. There were no
reported differences between the effects of TPA and heparin lock solutions on cure rates (RR 0.92, 95% Cl 0.74 to 1.15) or between catheter
guidewire exchange versus catheter removal with delayed replacement, expressed as catheter infection-free survival (HR 0.88,95% Cl 0.43
to 1.79). To date, no results are available comparing other interventions.

Outcomes such as venous stenosis and/or thrombosis, antibiotic resistance, death, and adverse events were not reported.

Authors' conclusions

Currently, there is no available high certainty evidence to support one treatment over another for CRBSIs. The benefit of using ethanol lock
treatment in combination with systemic antibiotics compared to systemic antibiotics alone for CRBSIs in patients receiving maintenance
HD remains uncertain due to the very low certainty of the evidence. Hence, further RCTs to identify the benefits and harms of CRBSI
treatment options are needed. Future studies should unify CRBSI and cure definitions and improve methodological design.

PLAIN LANGUAGE SUMMARY

Interventions for treating catheter-related bloodstream infections in people receiving maintenance haemodialysis
What is the issue?

Patients with kidney failure require kidney replacement therapy (KRT) to sustain life. Among KRT options, haemodialysis (HD) is the primary
method of dialysis. Patients receiving HD via an indwelling catheter have a higher risk of developing bloodstream infections. There are
several options for treating these bloodstream infections. These include lock solutions (the infusion of high doses of antibiotic inside each
of the catheter ports between the dialysis sessions), removal of the catheter followed by a new insertion after initial clinical improvement,
exchange of the catheter for a new one by a guidewire (inserted through one of the catheter's ports into the same vein, allowing the
preservation of the venous site), and the use of systemic antibiotics (used in isolated or combined with other treatments). Each treatment
has its own inherent risks.

What did we do?

We searched Cochrane Kidney and Transplant’s Specialised Register up to 21 December 2021 and performed a systematic review of studies
investigating treatment options for catheter-related bloodstream infection in patients undergoing HD.

What did we find?

We found three studies enrolling 760 participants that compared various treatments for catheter-related bloodstream infections. No
studies compared similar treatment strategies or had similar outcomes, and therefore we were unable to combine data in our meta-
analyses. The comparisons included systemic antibiotics with two different lock solutions, systemic antibiotics alone versus systemic
antibiotics plusan ethanollock solution, and systemic antibiotics plus catheter removal versus systemic antibiotics plus catheter exchange.

One study reported a higher success rate for clearing infection with systemic antibiotics plus ethanol locking treatment than systemic
antibiotics alone. The other studies reported no difference between their two treatment arms. Outcomes such as venous stenosis and/or
thrombosis, antibiotic resistance, death, and adverse events were not reported.

Conclusions

Further randomised studies to identify the benefits and harms of catheter-related bloodstream infection treatments are needed.

Interventions for treating catheter-related bloodstream infections in people receiving maintenance haemodialysis (Review) 2
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SUMMARY OF FINDINGS

Summary of findings 1. Systemic antibiotics plus antibiotic lock solutions plus tissue plasminogen activator versus systemic antibiotics plus

antibiotic lock solutions plus heparin

Systemic antibiotics plus antibiotic lock solutions plus TPA versus systemic antibiotics plus antibiotic lock solutions plus heparin

Patient or population: patients on maintenance HD with CRBSI

Settings: inpatient

Intervention: systemic antibiotics plus antibiotic lock solution plus TPA

Comparison: systemic antibiotics plus antibiotic lock solution plus heparin

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of Partici- Quality of the evi-
(95% CI) pants dence
Risk with heparin Risk with TPA (studies) (GRADE)
Cure: short-term success 1000 per 1000 920 per 1000 RR0.92 (0.74 to 18; 24 catheters slolele)
1.15) (l quasi-RCT) very low 1,2
Follow-up: 2 weeks (740 to 1150)
Cure: long-term success 917 per 1000 587 per 1000 RR 064 (0.38 to 18; 24 catheters lelele)
1.06) (1 quasi-RCT)
Follow-up: 6 weeks (348t0 972) very low 1,2
Cure: infection-free survival Infection-free survival was 27.7 days less with - 18; 24 catheters DOOO
TPA (88.68 days less to 33.28 days more) than (1 quasi-RCT)
Follow-up: between the final dose of antibiotics with heparin very low 1.2
and the first positive blood culture obtained from
the catheter
Stenosis or thrombosis of vascular access site after ~ Not reported Not reported - - -
catheter removal
Death Not reported Not reported - - -
Development of antibiotic resistance Not reported Not reported - - -
Adverse effects Not reported Not reported - - -

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; CRBSI: Catheter-related bloodstream infection; HD: Haemodialysis; RR: Risk Ratio; TPA: Tissue plasminogen activator
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GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

lHigh risk of bias in random sequence generation and allocation concealment (selection bias), blinding of participants and personnel (performance bias), inconsistencies
regarding the description of the data analysis and the tables, protocol break and also conflicting information between the author's reply and the article (other bias); downgraded

by 2 levels (methodological limitation)
2Small number of participants and studies (doubt about the reproducibility of the data); downgraded by 1 level (imprecision)

Summary of findings 2. Systemic antibiotics alone versus systematic antibiotics plus antibiotic lock solution

Systemic antibiotics alone versus systematic antibiotics plus antibiotic lock solution

Patient or population: patients on maintenance HD with CRBSI
Settings: inpatient
Intervention: systemic antibiotics alone

Comparison: systemic antibiotics and antibiotic lock solution (ethanol)

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of partici- Quality of the evi-
(95% CI) pants dence
Risk with systemican-  Risk with systemic antibiotic (studies) (GRADE)
tibiotics alone plus
ethanol antibiotic lock solu-
tion
Cure: successful eradication of the infec- 563 per 1000 906 per 1000 RR1.61 64 (1) @000 1,2,3
tion very low
(653 to 1000) (1.16 t0 2.23)
Follow-up: 2 days
Stenosis or thrombosis of vascular ac- Not reported Not reported - - -
cess site after catheter removal
Death Not reported Not reported - - -
Development of antibiotic resistance Not reported Not reported - - -
Adverse effects Not reported Not reported - - -
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*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; CRBSI: Catheter-related bloodstream infection; HD: Haemodialysis; RR: Risk Ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Highrisk of bias in selective reporting because of retrospective trial registration (reporting bias) and other bias once 45% of the included population have negative blood cultures;
downgraded by 1 level (methodological limitation).

2Small number of participants and studies (doubt about the reproducibility of the data); downgraded by 1 level (imprecision).

30utcome cure defined only by clinical improvement in signs and symptoms, without laboratory confirmation; downgraded by 1 level (indirectness).

Summary of findings 3. Catheter guidewire exchange versus catheter removal and replacement

Catheter guidewire exchange versus catheter removal and replacement

Patient or population: patients on maintenance HD with CRBSI
Settings: inpatient
Intervention: systemic antibiotics and catheter guidewire exchange

Comparison: systemic antibiotics and catheter removal and replacement

Outcomes Anticipated absolute effects* (95% Cl) Relative effect No. of partici- Quality of the evi-
(95% CI) pants dence

Risk with systemic Risk with guidewire ex- (studies) (GRADE)

catheter removal change
Cure: infection-free survival 720 per 1000 749 per 1000 HR0.881 678 (1) ®000 2,34

very low

Follow-up: 45 days (555 to 868) (0.43t0 1.79)
Stenosis or thrombosis of vascular ac- Not reported Not reported - - -

cess site after catheter removal

Death Not reported Not reported - - -

Development of antibiotic resistance Not reported Not reported - - -
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Adverse effects Not reported Not reported - - -

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; CRBSI: Catheter-related bloodstream infection; HD: Haemodialysis; HR: Hazard Ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

10utcome cure was measured as a time-to-event outcome. Comparator group risk of event-free survival at 90 days. Baseline risk line of 0.72 comes from the study's Kaplan-Meier
survival curves at 90 days time point, which represents the middle of the follow-up

2High risk of bias in blinding of participants and personnel (performance bias), incomplete outcome data (attrition bias), selective reporting because of retrospective trial
registration (reporting bias) and other bias; downgraded by 1 level (methodological limitation).

3Small number of participants and studies (doubt about the reproducibility of the data); downgraded by 1 level (imprecision)

4Use of catheter infection-free survival as an indication of cure; downgraded by 1 level (indirectness)
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BACKGROUND

Description of the condition

Patients with kidney failure require kidney replacement therapy
(KRT) to sustain life. Among KRT options, haemodialysis (HD) is
the primary method of dialysis used in 79% of countries with a
frequency of 80% (Saran 2019). The creation and maintenance of
a point of access into the patient’s vascular system are crucial
for achieving safe and effective HD. In their latest guidelines, the
National Kidney Foundation’s Dialysis Outcomes Quality Initiative
(NKF-DOQI) and the European Society of Vascular Surgeons (ESVS)
recommend the use of an arteriovenous fistula (AVF) as the primary
option for achieving vascular access for HD. However, there are
situations in which the use of an AVF is not feasible, either because
of the patient’s limited life expectancy or their comorbidities
(e.g. congestive heart failure or atherosclerosis with ischaemia),
AVF maturation time, the absence of venous outflow or reduced
venous diameter. In such cases, the use of a tunnelled and cuffed
central venous catheter (CVC) for vascular access is acceptable.
Additionally, compared to AVF, tunnelled and cuffed CVC has
benefits such as needle-free connection to the dialysis circuit,
the possibility of immediate use, the elimination of cannulation-
related complications, and the simplicity of device implantation.

However, patients receiving maintenance HD through CVC
frequently present with clinically relevant complications, such
as venous thrombosis, central venous stenosis, and especially
infection (Liangos 2006). Sepsis in these patients is related to a
higher occurrence of cardiovascular events and lead to a higher
death rate (Foley 2004). Catheter-related infections (CRI) (also
termed bacteraemia or catheter-related bloodstream infection
(CRBSI)) may occur at the exit site, at the subcutaneous tunnel, or
in the bloodstream.

The clinical features of CRBSI might not always be present. The
most sensitive. although nonspecific manifestations. are fever and
chills, while others, such as haemodynamic instability, catheter
dysfunction, hypothermia, nausea and vomiting, and generalized
malaise may also occur. Especially for surveillance purposes, any
patient with a HD catheter and signs and symptoms of bloodstream
infection without an alternate source of infection is suspected
to have CRBSI (CDC 2018 Dialysis Event Surveillance Protocol).
Although there is no consensus related to CRBSI definition,
most guidelines and associations require laboratory confirmation
(Mermel 2009; O'Grady 2011; Vascular Access 2006 Work Group
2006). In this systematic review, definite CRBSI is defined as
suspected CRBSI with concurrent positive blood cultures of the
same organism from the catheter and a peripheral vein. The blood
from a peripheral source can be obtained from a vein or the dialysis
circuit. The colony count is considered positive if there are > 15
colony forming units (CFU)/catheter segment (in the hub or tip)
in semi-quantitative culture or > 100 CFU/catheter segment (hub
or tip) in quantitative culture. In addition, the differential time to
positivity of two hours, which is the differential period of catheter
culture versus peripheral blood culture, is considered positive.
If available, simultaneous quantitative cultures of blood samples
with a ratio of = 3:1 (catheter hub/tip versus peripheral dialysis
circuit/vein) would be supportive.

Description of the intervention

Patients receiving maintenance HD through CVC have increased
susceptibility to infections as a result of the acquired
immunodeficiency status, a characteristic of kidney failure (due
to uraemia, advanced age and associated comorbidities such as
diabetes mellitus), the high bacterial virulence (related to biofilm
formation), and the frequent and repeated exposure to risk factors
inherent in the typical HD process (Sarnak 2000).

Several pathogens can cause CRBSI. Coagulase-negative
staphylococci and Staphylococcus aureus are the most frequent
causes and account for 40% to 80% of cases (Allon 2004). Non-
staphylococcal infections are mostly due to enterococci and gram-
negative bacteria. Up to 12% to 38% of CRBSIs are caused by
methicillin-resistant S. aureus (MRSA) (Lok 2011). Although less
common, fungalinfection can also occurand, in 7% to 21% of cases,
multiple organisms are responsible, making treatment even more
challenging.

The severity of the infection is closely linked to the type of organism
present. Serious metastatic infections, including osteomyelitis,
thrombophlebitis, endocarditis, septic arthritis, epidural abscess,
and large atrial thrombi occur more frequently due to S. aureus.
S. aureus is also commonly associated with significant morbidity
and death rates, with some series showing a three-fold higher risk
of infectious complications and a 20% higher death rate compared
to all other pathogens (Allon 2004). MRSA, however, has been
associated with three to five times higher death rates compared
with methicillin-sensitive strains (Beigi 2010).

The isolation of the pathogen also indicates the treatment
required. Although the use of systemic empirical antibiotic therapy
is similar at the beginning of treatment, tailoring might be
necessary following the microbiological results. In addition, some
guidelines suggest different catheter management depending on
each aetiological agent (Mermel 2009; Vascular Access 2006 Work
Group 2006).

Since the use of the Dacron cuff leads to a local inflammatory
response and is thought to create a mechanical barrier avoiding
bacterial migration from the skin, biofilm formation is the
presumed source of CRI (Valliant 2014). As such, CRBSI treatment
should also address catheter sterilisation, which can be achieved
through using antibiotic lock solutions or by the removal of the
CVC, either over a guidewire in the same vein or with replacement
in a new vein. Although there is evidence of inferior rates of
cure through the use of systemic antibiotics alone, it remains an
intervention option in many centres (Aslam 2014).

Antibiotic lock solutions are high concentrations (approximately
100-fold higher than those used systemically) of antibiotic or
antimicrobial solutions in small volumes with or without an
anticoagulant. This intervention is adjunctive to systemic antibiotic
therapy and consists of catheter salvage with the instillation of
a solution into each catheter lumen at the end of each dialysis
session for the same duration as the systemic therapy. Common
antibiotic lock solutions contain gentamicin, cefazolin, cefotaxime,
vancomycin, linezolid, vancomycin plus gentamicin, cefazolin plus
gentamicin, trimethoprim plus sulfamethoxazole, or minocycline.
Antimicrobial lock solutions may contain taurolidine, 30% citrate,
ethanol, EDTA, or methylene blue. The anticoagulants typically
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used in collaboration with lock treatment are heparin, citrate or
tissue plasminogen activator (TPA) (Justo 2014).

CVC removal with CVC exchange over a guidewire at the same site
is a single procedure performed by inserting a guidewire through
the infected catheter lumen to the accessed vein, followed by CVC
removal and placement of a new CVC over the guidewire, therefore,
maintaining the same access site (i.e. the same vein) (Duszak 1998).

CVC removal with a new CVC placed at a new site involves the
removal of the infected catheter and the placement of a new HD
catheter, which can be done in one procedure by positioning a new
CVCfor HD, orin two separate procedures: one to place a CVC thatis
neither tunnelled nor cuffed and a second to exchange it for a new
tunnelled and cuffed CVC. Additionally, it may or may not include
a CVC-free duration (i.e. a period when there is no CVC in situ) (Lok
2019).

How the intervention might work

Biofilm is associated with the development of infections in
patients with indwelling catheters. Within 24 hours of catheter
insertion, all vascular devices show micro-organism colonization.
The process of biofilm formation is of irreversible adhesion of
micro-organisms to a surface such as medical devices (e.g. venous
and urinary catheters); the micro-organisms can multiply slowly
and create a self-sufficient flora protected by a self-produced
matrix of exopolysaccharides. Unlike planktonic micro-organisms,
biofilm flora have a lower sensitivity to antibiotics, requiring high
concentrations for its eradication (Donlan 2001).

The systematic review by Arechabala 2018 showed that the use of
antibiotics and combined antimicrobial lock solutions reduced the
risk of CRI compared to the use of control lock solutions (usually
containing only an anticoagulant). Benefits were also observed in
tunnelled HD CVC. Thus, the use of antibiotic lock solutions to treat
CRI represents a logical strategy.

Central venous stenosis is a frequent complication among patients
receiving maintenance HD (MacRae 2005). The trauma caused by
the entrance of the catheter into the venous lumen, the torque of
the CVC over the distal third of the subclavian vein at the first rib
topography, and its repeated contact with the vein wall, aggravated
by the cardiac cycle, are contributing factors to the development of
venous stenosis (Liangos 2006).

Patients with venous stenosis requiring CVC removal may develop
thrombosis and occlusion of the venous access. In addition to
the risk of developing superior vena cava stenosis and superior
vena cava syndrome (facial oedema and dyspnoea), central venous
occlusion reduces the chances of posterior vascular access due to
failure of AVF maturation, inadequate flow or the impossibility of
new CVC (MacRae 2005).

Therefore, the treatment of CRI should include the caveat of trying
to preserve venous sites. The passage of a guidewire through the
CVC ensures access to the vein lumen, allowing the passage of a
new device in the same place without thrombosis and removing the
infection and its source altogether.

Why it is important to do this review

Infection is a major cause of CVC-related morbidity and death,
with an incidence of one to six episodes of CRI/1000 catheter-days

(Lok 2011; Ravani 2013; Saad 1999; Tanriover 2000). Infection is the
second highest cause of death among patients receiving HD, behind
only cardiovascular causes (Perl 2011; Saran 2018). Moreover, the
occurrence of sepsis in patients with kidney failure results in higher
death than in the general population (Sarnak 2000) and can be
considered a harbinger of cardiovascular events (Foley 2004; Ishani
2005). Additionally, CVC carries a 1.5- to three-fold increased risk of
death from infectious causes and a two- to three-fold greater risk of
death from all causes (Polkinghorne 2004).

By the end of 2016, 63.1% of patients with prevalent kidney failure
in the USA underwent HD. Four out of five of these patients
started HD through CVC, and up to three months later, more than
two-thirds of them had maintained the CVC as vascular access.
Approximately 39% of the AVFs created between June 2014 and May
2016 inthe USA had maturation failure (Saran 2018). And so, despite
the risks of catheter use and the policies to encourage fistulae
creation, the use of tunnelled and cuffed CVC has increased in many
countries (Rayner 2010).

The ideal CRBSI treatment should be able to resolve the
potentially life-threatening infection, without leading to antibiotic
resistance or the development of venous stenosis or occlusion.
This systematic review aimed to evaluate the current state of the
evidence on CRBSI management, as this information is essential for
vascular surgeons, nephrologists and interventional radiologists
who can treat CRBSI and patients with kidney failure for whom the
presence of a viable access site is a lifeline.

OBJECTIVES

This review aimed to look at the benefits and harms of the different
interventions proposed for bloodstream infections in permanent
CVC for patients on maintenance HD, such as systemic antibiotics
alone or systemic antibiotics combined with either lock solutions
or catheter guidewire exchange or catheter replacement.

METHODS

Criteria for considering studies for this review
Types of studies

We included all randomised controlled trials (RCTs) and quasi-RCTs
(RCTsin which allocation to treatment was obtained by alternation,
use of alternate medical records, date of birth or other predictable
methods) looking at the management of CRBSI in permanent CVCs
in people receiving maintenance HD.

Types of participants
Inclusion criteria

Patients with kidney failure on maintenance HD by tunnelled and
cuffed CVC with CRBSI.

Exclusion criteria

« Patients with kidney failure on maintenance HD using
subcutaneously tunnelled and cuffed CVC with exit site
infections or tunnel infections without associated CRBSI

« Patients with kidney failure on maintenance HD using
subcutaneously tunnelled and cuffed CVC with other sources of
infection

« Patients with kidney failure on other types of KRT
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« Patients on HD with CVC infection but with acute kidney injury

« Patients with kidney failure on maintenance HD with short-term
CVC use.

Types of interventions

All types of interventions compared included systemic antibiotic
use, either used alone or in combination with a catheter
management option.

Planned comparisons

1. Systemic antibiotic alone (any substance, dose or
administration) versus catheter guidewire exchange

2. Systemic antibiotic alone (any substance, dose or
administration) versus catheter removal and replacement

3. Systemic antibiotic alone (any substance, dose or
administration) versus lock treatment (any substance,

preparation, dose or administration)

4. Catheter guidewire exchange versus catheter removal and
replacement

5. Catheter guidewire exchange versus catheter retainment
and lock treatment (any substance, preparation, dose or
administration)

6. Catheter removal replacement versus catheter retainment
and lock treatment (any substance, preparation, dose or
administration)

7. Catheter removal and replacement, single procedure (new
tunnelled and cuffed CVC) versus catheter removal and
replacement, two different procedures (non tunnelled CVC
followed by tunnelled and cuffed CVC)

8. Catheter retainment and lock treatment (any substance,
preparation, dose or administration) versus catheter retainment
and other lock treatment (different substance, preparation, dose
or administration).

Types of outcome measures

This review did not exclude studies based on the non-reporting of
outcomes of interest.

The outcomes selected included the relevant SONG core outcome
sets as specified by the Standardized Outcomes in Nephrology
initiative (SONG 2017).

Primary outcomes

o Cure:clinical resolution associated with negative blood cultures
at least 72 hours after completion of systemic antibiotic
treatment

« Stenosis or thrombosis of vascular access site after catheter
removal: narrowing or occlusion of a central vein used for
tunnelled and cuffed CVC insertion (e.g. internal jugular vein,
subclavian vein, femoral vein).

Secondary outcomes

« Death

« Catheter malfunction (failure to attain and maintain an
extracorporeal blood flow = 300 mL/min in an adult patient to
perform HD without significantly lengthening the HD treatment)
(Vascular Access 2006 Work Group 2006)

« Duration of hospitalisation

+ Development of antibiotic resistance

« Fatigue

« Cardiovascular disease

« Adverse outcomes, such as bleeding (major or minor), allergic

reactions, urticaria, anaphylaxis, or other adverse effects
defined by the study authors.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Register of
Studies up to 21 December 2021 through contact with the
Information Specialist using search terms relevant to this review.
The Register contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL)

2. Weekly searches of MEDLINE OVID SP

3. Searches of kidney and transplant journals, and the proceedings
and abstracts from major kidney and transplant conferences

4. Searching of the current year of EMBASE OVID SP

5. Weekly current awareness alerts for selected kidney and
transplant journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Register are identified through searches of
CENTRAL, MEDLINE, and EMBASE based on the scope of Cochrane
Kidney and Transplant. Details of search strategies, as well as a
list of handsearched journals, conference proceedings and current
awareness alerts, are available on the Cochrane Kidney and
Transplant website under CKT Register of Studies

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of review articles, relevant studies, and clinical
practice guidelines.

2. Contacting relevant individuals/organizations
information about unpublished or incomplete studies.

3. Grey literature sources (e.g. abstracts, dissertations, and theses),
in addition tothose alreadyincluded in the Cochrane Kidney and
Transplant Register of Studies, were not searched.

seeking

Data collection and analysis
Selection of studies

The search strategy described was used to obtain the titles and
abstracts of studies potentially relevant to the review. The titles and
abstracts were screened independently by two authors (BMA, DGC)
and discarded when not applicable; studies and reviews that could
include relevant data were initially retained. We independently
assessed the retrieved abstracts and, when necessary, the full text
of these studies to determine which ones satisfied our inclusion
criteria. Disagreements were resolved in consultation with a third
author (DHM). If a study did not meet our inclusion criteria, it was
excluded and the reasons documented.
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Data extraction and management

Two authors (BMA, DGC) independently carried out data extraction
using standard data extraction forms. Data extraction included
characteristics of the population, the intervention described,
the outcomes assessed, and the duration of the follow-up.
Disagreements were resolved in consultation with a third author
(DHM). Studies reported in non-English language journals were to
be translated before assessment. Where more than one publication
of a study existed, reports were grouped together and the
publication with the most complete data was used in the analyses.
Where relevant outcomes were only published in earlier versions
these data were used. Any discrepancies between published
versions were to be highlighted.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
(BMA, DGC) using the risk of bias assessment tool (Higgins 2020)
(see Appendix 2).

« Was there adequate sequence generation (selection bias)?

« Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
o Participants and personnel (performance bias)

o Outcome assessors (detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

« Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at risk of bias?

Measures of treatment effect

We used the risk ratio (RR) for dichotomous outcomes (e.g.
death, cure, stenosis or thrombosis of vascular access site after
catheter removal, catheter malfunction outcomes), with 95%
confidence intervals (Cl). Where continuous scales of measurement
were used to assess the effects of treatment (e.g. duration of
hospitalisation, fatigue, cardiovascular disease, development of
antibiotic resistance), we planned to use the mean difference (MD);
and if different scales were used, the standardised mean difference
(SMD).

We planned to tabulate and assess the adverse effects with
descriptive techniques.

Unit of analysis issues

Outcomes were analysed at the individual patient level. If the unit
of randomisation was not the same as the level of analysis, that
is, the patient, adjustments were made to address the potential
impact of clustering on the outcome.

Dealing with missing data

We included all available data and requested further information
twice from the original authors by written correspondence
(emailing corresponding author/s) and obtained a response from
two. The relevant information obtained was included in the
review. Evaluation of important numerical data such as screened,
randomised patients, as well as intention-to-treat, as-treated,

and per-protocol population, were carefully performed. Attrition
rates such as drop-outs, losses to follow-up, and withdrawals
were investigated. Issues of missing data and imputation methods
(for example, last-observation-carried-forward) were critically
appraised (Higgins 2020).

Assessment of heterogeneity

The heterogeneity was first assessed by visual inspection of the
forest plot, and after quantified by statistical heterogeneity using
the 12 statistic, which describes the percentage of total variation
across studies that is due to heterogeneity rather than sampling
error (Higgins 2003). A guide to the interpretation of I> values was
used as follows.

« 0% to 30%: might not be important

« 30% to 50%: may represent moderate heterogeneity
« 50% to 75%: may represent substantial heterogeneity
« 75% to 100%: considerable heterogeneity.

The importance of the observed value of 1> depends on the
magnitude and direction of treatment effects and the strength of
the evidence for heterogeneity (e.g. P-value from the Chi? test, or a
95% Cl for I?) (Higgins 2020).

Assessment of reporting biases

We planned to use funnel plots to assess the potential existence of
publication bias and other bias reports if sufficient studies (more
than 10) were identified for inclusion in the meta-analysis (Higgins
2020).

Data synthesis

Data were intended to be pooled using the random-effects model,
but the fixed-effect model would also have been used to ensure the
robustness of the model chosen and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

If sufficient data were available, we had intended to perform
subgroup analysis to explore possible sources of heterogeneity,
which were to include the following.

« First versus multiple treatments and catheter salvage attempts
« Initial catheter access site: either jugular, subclavian, or femoral

« Presence of other CRIin association with CRBSI, such as exit-site
infection, infection of the tunnel track or CRBSI alone

« Inpatient versus outpatient
+ Previous use or not of prophylactic antibiotic lock solutions

« Aetiological agent of the infection (such as gram positive, gram
negative, anaerobes, fungi).

Heterogeneity among participants could be related to age and
renal pathology (gender, ethnicity, diabetics versus non-diabetics,
smoking, vascular disease, body mass index, age category, dialysis
vintage and duration of catheter use before development of CRI).
Heterogeneity in treatments could be related to a patient’s access
site conditions (patients with femoral tunnelled and cuffed CVC
usually have poor vascular access prognosis), to the placement or
not of a not tunnelled CVC prior to a tunnelled and cuffed CVC at
CVC removal, prior agent(s) used, and the agent, dose and duration
of therapy (such as the lock solution substance, dose, preparation,
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and administration). Statistical heterogeneity in study design and
risk of bias was evaluated.

Sensitivity analysis

We had planned to perform sensitivity analyses to explore the
influence of the following factors on effect size.

« Repeating the analysis excluding unpublished studies
« Repeating the analysis considering the risk of bias, as specified

« Repeating the analysis excluding any very long or large studies
to establish how much they dominate the results

« Repeating the analysis excluding studies using the following
filters: diagnostic criteria, language of publication, source of
funding (industry versus other), and country.

Summary of findings and assessment of the certainty of the
evidence

We have presented the main results of the review in the
'Summary of findings' tables. These tables present key information
concerning the certainty of the evidence, the magnitude of the
effects of the interventions examined, and the sum of the available
data for the main outcomes (Schunemann 2020a). The 'Summary
of findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008; GRADE 2011). The GRADE approach defines
the certainty of a body of evidence as to the extent to which one
can be confident that an estimate of effect or association is close to

Figure 1. Study flow diagram.

the true quantity of specific interest. This approach will be assessed
by two authors. The certainty of a body of evidence involves
consideration of within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of effect estimates
and risk of publication bias (Schunemann 2020b). The following
outcomes were intended to be presented in the 'Summary of
findings' tables.

e Cure

« Stenosis or thrombosis of vascular access site after catheter
removal

+ Death
« Development of antibiotic resistance
« Adverse effects.

RESULTS

Description of studies

See: Characteristics of included studies, Characteristics of excluded
studies and Characteristics of studies awaiting classification

Results of the search

After searching the Specialised Register, a total of 25 records were
identified. After screening the titles and abstracts and then full-text
review, three studies (five reports) were included and 13 studies
(19 reports) were excluded. One study (Khosroshahi 2006b) is as
awaiting assessment (Figure 1).

Electronic databases: 25 records
(Specilaised Register, MEDLIMNE, EMBASE, CENTRAL)

Records identified through other sources: 0

!

Records identified: 25

Studies excluded: 13 (19
records)

Wrong population (2)
terminated due to inadequate
enrolment (3} prevention
rather than treatment (8)

Full-text records scresnadistudies

identifiad; 25417

Studies awalting assessment:
1 (abstract-only publication)

participants)

Included studies: 3 (5 reports; 760 participants)

& Systemic antibiotics alone wersus systemic antibiotics plus
antibiotic lock solution treatment (1 study, 84 participants)

@ Anfibiotic lock treatment plus tissue-plasminogen activator
versus antibiotic lock treatment plus heparin (1 study, 18

@ Catheter guidewire exchange versus catheter remowal and
replacement (1 study, 678 participants)
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Included studies

We identified two RCTs (Khosroshahi 2015; Saleh 2017) and one
quasi-RCT (Onder 2008) (760 participants). See Characteristics of
included studies.

« Khosroshahi 2015 enrolled 64 patients with kidney failure on
maintenance HD with suspected CRBSI. This single-centre RCT
compared an ethanol lock solution plus concomitant systemic
antibiotics with systemic antibiotics alone to treat CRBSIs.
The outcome measured was the successful eradication of the
infection.

o Onder 2008 enrolled 18 children with kidney failure on
maintenance HD (a total of 24 catheters) with suspected CRBSI.
This study compared two different anticoagulants (TPA and
heparin) used with an antibiotic lock solution with concomitant
systemic antibiotics to treat CRBSIs. The investigation was a
single-centre quasi-RCT that evaluated successful eradication
of infection, recurrence of infection, and infection-free catheter
survival as outcomes.

« Saleh 2017 compared two different catheter management
strategies (catheter exchange over a guidewire to catheter
removal and replacement) with concomitant systemic
antibiotics to treat CRBSIs. This multicentre RCT analysed 678
patients with kidney failure and suspected CRBSI for cure,
treatment failure, and indeterminate outcomes.

No two studies compared the same interventions, so a meta-
analysis could not be undertaken. Additionally, the studies applied
different definitions for confirmed CRBSIs and for outcomes such
as cure or eradication of infection.

Excluded studies

Thirteen studies were excluded.

« Eight studies investigated the prevention of CRBSI rather than
its treatment (Bosma 2010; ELVIS 2015; Harris 1997; Hymes 2017;
Levin 1989; Oliver 2007; Rosenblum 2014; Zwiech 2016).

o Abdel Azim 2018 only included patients with kidney failure and
non-cuffed and non-tunnelled CVC.

o Three studies were abandoned early due to inadequate
enrolment (NCT01483872; NCT02040818), one of which also did
not evaluate the interventions of this review (NCT00108433)

« Dahlberg 1986 included the wrong population and compared
the incidence of CRBSI and not its treatment.

Forindividual details of the excluded studies, see Characteristics of
excluded studies.

Studies awaiting classification

Khosroshahi 2006b was published as an abstract over 10 years ago
and bothits full-text and raw data are not available according to the
author.

Risk of bias in included studies

The 'Risk of bias' assessments for all included studies are shown in
Figure 2 and Figure 3. Overall, most studies were classified as having
a high risk of bias due to methodological limitations and poorly
reported results.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

Khosroshahi 2015
Onder 2008
Saleh 2017
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®|@|®| Random sequence generation (selection bias)
® @ @ | Allocation concealment (selection bias)

Allocation envelopes for the first 18 patients, six recurrences were further

. included as a non-planned cross-over and were not randomised.
Random sequence generation

Two studies were judged to be at low risk of bias. Khosroshahi  Allocation concealment

2015 used a computer-generated list, and Saleh 2017 used asealed Ty studies were judged to be at low risk of bias. Khosroshahi
envelope service to provide the randomised sequence. Onder 5015 responded by correspondence that the randomised list was
2008 was judged to be at high risk because although it used sealed  proyided to the HD centre nurse, and the randomisation service
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used by Saleh 2017 also provided allocation concealment. Onder
2008 was judged to be at high risk of bias. The envelopes were
not described as being opaque, and the allocation remains unclear
because the information provided by the article conflicted with the
author's response.

Blinding

Khosroshahi 2015 reported that the practitioner who evaluated
the outcome was unaware of the patient’s treatment, but the
researchers failed to report how and if the participants were
blinded. We thus classified the study as having an unclear risk for
performance bias and a low risk of detection bias.

Onder 2008 described the study as randomised, prospective and
non-blinded. We contacted the author and received only one reply
with conflicting data. The masking was said to have included the
patient, the practitioner, and the observer, but while describing the
allocation, it was said that the sealed envelope was given to the
patient’s care nurse - which disabled blinding of providers. Due to
unreliable information, we classified the performance bias as high
risk. Because the outcomes were direct and objective, although
there were the mentioned discrepancies, we considered that the
assessment was not affected and thus classified the detection bias
as low risk.

Saleh 2017 compared two different surgical techniques for which it
was impossible to mask the personnel and the patient. Therefore,
the performance bias was classified as high risk. The article did not
describe the detection bias, but the clinical study’s retrospective
registration points out that there was single masking for the
care provider, which probably concerns the outcome assessment
observer. Consequently, we classified it as having a low risk for
detection bias.

Incomplete outcome data

In Saleh 2017, participants consisted of those with suspected
CRBSIs and positive blood cultures from both the catheter and
a peripheral vein. The authors described that negative catheter
tips were an exclusion criterion. There is no report of how many
patients initially diagnosed with CRBSI were included, randomised,
but had further negative catheter tips and were then excluded from
the study. There is also no mention of withdrawals or deaths, or
descriptions of which groups these patients belonged to. These
facts led to a high risk for attrition bias in this study.

Onder 2008 did not describe if there were losses during the follow-
up. For this reason, we classified the study as having an unclear risk
for this domain.

Khosroshahi 2015 replied all participants completed the treatment
and the follow-up. Therefore, the study was classified as having a
low risk for attrition bias.

Selective reporting

Onder 2008 had an unclear risk of bias for selective reporting
because although the authors reported the planned outcomes,
there was no published trial protocol.

Both Khosroshahi 2015 and Saleh 2017 had retrospective trial
registration, and neither study thoroughly reported the outcomes.
Therefore, we classified both studies as having a high risk of
reporting bias.

Other potential sources of bias

There were differences regarding the description of the data
analysis and the tables, protocol breaks, and conflicting
information between the author's reply and the published article
by Onder 2008. Therefore we classified this study as having a high
risk of other potential sources of bias.

Khosroshahi 2015 was judged to be at high risk of bias. The study
considered all suspected CRBSIs as their included population,
without the need for laboratory confirmation, which resulted in
45% of unconfirmed cases (negative blood cultures). Although the
authors did not exclude patients with negative blood cultures,
they failed to describe or compare which groups these patients
belonged to, which could yield misleading conclusions.

Saleh 2017 reported that 65% of the incident and 41% of the
prevalent patients on maintenance HD use catheters as vascular
access in their centres and that this is a substantially higher
rate than those observed in America and Europe. Although these
peculiarities influence the study's external validity, they do not alter
its risk of bias. However, patients whose catheter was not replaced
within 10 days because of death were among the exclusion criteria.
This exclusion criterion could be concealing a critical adverse event
for this intervention. Hence, this study was classified as high risk for
other potential sources of bias.

Effects of interventions

See: Summary of findings 1 Systemic antibiotics plus antibiotic
lock solutions plus tissue plasminogen activator versus systemic
antibiotics plus antibiotic lock solutions plus heparin; Summary of
findings 2 Systemic antibiotics alone versus systematic antibiotics
plus antibiotic lock solution; Summary of findings 3 Catheter
guidewire exchange versus catheter removal and replacement

Antibiotic lock treatment plus tissue plasminogen activator
versus antibiotic lock treatment plus heparin

Onder 2008 compared different antibiotic lock treatments in
association with systemic antibiotics. Eighteen children with
confirmed infection of tunnelled and cuffed HD catheters
were included. The patients were all treated with systemic
antibiotics (initially empiric and tailored afterwards if needed) and
randomised into two groups based on the type of antibiotic lock
solution used, which was a mixture of an antibiotic (tobramycin
or vancomycin, depending on the blood culture) with either TPA
or heparin. Thirty-five patients with suspected catheter-related
bacteraemia entered the study with only 24 completions due
to laboratory confirmations from positive blood cultures (69%).
Additionally, a significant proportion of the participants were not
randomised (6/18 patients had recurrences and underwent an
unplanned cross-over treatment). The unit of analysis was the
episode of catheter-related bacteraemia. The primary outcomes
were short-and long-term success, defined as clearance of infection
at the end of two weeks and infection-free status at the end
of six weeks, respectively. Blood cultures were collected during
the two weeks of maintained systemic antibiotic treatment, and
no further surveillance cultures were obtained in asymptomatic
children. Thus, these outcomes cannot be included as the cure
definition for this review. The study’s authors reported that 23
catheters were cleared of infection after two weeks of treatment
and that one was cleared after four weeks (because of antifungal
treatment) (Analysis 1.1 (24 catheters): RR0.92,95% CI 0.74 to 1.15);
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the long-term success was 58% (7 catheters) for the TPA group and
91% (11 catheters) for the heparin group (Analysis 1.2).

The secondary outcomes of this study were infection-free catheter
survival (defined as the time period between the final dose of
antibiotics), the first subsequent positive blood culture obtained
from the catheter, and overall catheter survival, with no reported
definition. The mean infection-free survival was 126.8 + 81.6 days
for the TPA group and 154.5 + 70.4 days for the heparin group
(Analysis 1.3). Overall, Onder 2008 did not demonstrate a difference
in short- or long-term success or infection-free survival between
TPA and heparin.

Systemic antibiotics alone versus systemic antibiotics plus
antibiotic lock solution treatment

Khosroshahi 2015 compared systemic antibiotics alone versus
systemic antibiotics with concurrent antibiotic lock solution,
randomising 64 patients with kidney failure and suspected
infections of tunnelled and cuffed HD catheters. All participants
were initially treated with empiric antibiotics (vancomycin and
third-generation cephalosporin) further modified by blood culture
results. Participants were followed for three weeks. Laboratory
confirmation of CRBSI was obtained thereafter, leading to 45%
of the included patients presenting negative blood cultures, and,
therefore, outside this review’s inclusion criteria. The primary
outcome measured was successful eradication of infection, defined
as clinical improvement in signs and symptoms within 48 hours
of initiating treatment, which does not comply with this review’s
definition of cure. Overall, the study reported a success rate for
clearing infection of 90.6% (29 patients) in the systemic antibiotic
and ethanol lock group and 56.2% (18 patients) in the systemic
antibiotics alone group (P = 0.002) (Analysis 2.1).

Catheter guidewire exchange versus catheter removal and
replacement

Saleh 2017 compared over-the-wire catheter exchange with
catheter removal and late replacement (3 to 7 days later),
randomising 678 with kidney failure and suspected infection of
tunnelled and cuffed HD catheters. Concurrent positive blood
cultures from the catheter and a peripheral vein were obtained
for laboratory confirmation of CRBSI, and catheter tips were
also sent for culture. The number of negative blood cultures
(including patients with no laboratory CRBSI confirmation) was
not reported. Negative catheter tip cultures were considered an
exclusion criterion, and the number of these excluded patients was
also not reported. The primary outcome was catheter infection-
free survival, without a clear definition. The study’s authors
presented definitions for cure, treatment failure, and indeterminate
results, but these outcomes were not reported. Although it
was not a planned outcome, the researchers also described
infection recurrence rates, with no reported differences between
the interventions. Overall, Saleh 2017 did not report a difference
in catheter infection-free survival between catheter guidewire
exchange and catheter removal with late replacement (Analysis
3.2 (678 participants): Hazard Ratio 0.88, 95% CI 0.43 to 1.79).

Primary outcomes

Cure (clinical resolution associated with negative blood cultures at
least 72 hours after completion of systemic antibiotic treatment)
was not correctly defined and evaluated by any of the included
studies. Onder 2008 performed blood cultures, but these tests

were performed during the use of antibiotics. Khosroshahi
2015 considered cure only as clinical improvement, without
laboratory confirmation. The definition of cure considered by Saleh
2017 was in accordance with our review; however, the study did not
report results for this outcome.

Stenosis and thrombosis of vascular access after catheter removal
were not reported by any of the included studies.

Secondary outcomes

Death, catheter malfunction, duration of hospitalisation,
development of antibiotic resistance, fatigue, cardiovascular
disease, and adverse outcomes (e.g., bleeding or anaphylaxis) were
not reported by any of the included studies.

Subgroup and sensitivity analysis

Subgroup and sensitivity analyses were not performed due to the
limited available data.

DISCUSSION

Summary of main results

The findings of this review suggest that it remains uncertain if
systemic antibiotic in association with an ethanol lock solution is
superior to systemic antibiotics alone for the treatment of CRBSIs
in patients with kidney failure on maintenance HD. This uncertainty
is mainly because of imprecision, directness, and a high risk of
bias for many domains. This evidence was restricted to one single-
centre study (64 participants), with 45% of the considered CRBSIs
presenting negative blood cultures and with cure defined only by
a clinical improvement in signs and symptoms, without laboratory
confirmation. Additionally, the safety of this treatment is also
uncertain, as the study did not report other outcomes, such as
adverse events, death, antibiotic resistance, or venous stenosis or
thrombosis after catheter removal.

No differences were reported for catheter infection-free survival
when comparing catheter guidewire exchange to catheter removal
and late replacement or when comparing two different locking
treatments (which differed from anticoagulant or thrombolytic
agent use only).

Overall completeness and applicability of evidence

This review aimed to assess the different treatments for
bloodstream infections in patients with permanent CVCs
receiving maintenance HD. Only three studies met our inclusion
criteria, and each study compared different interventions: Onder
2008 compared the use of anticoagulants and thrombolytic
for antibiotic lock solutions, Khosroshahi 2015 compared the
inclusion of an ethanol lock solution with the use of systemic
antibiotics alone, and Saleh 2017 compared different catheter
removal manoeuvres. We found no other studies evaluating other
comparisons. The secondary outcomes of this review, as well as
the presence of venous stenosis or thrombosis, were not assessed
by the included studies. Therefore, the data on the treatment of
CRBSI remains incomplete, and other relevant questions regarding
antibiotic resistance after antibiotic locking and the development
of venous stenosis and thrombosis after catheter removal remain
unanswered.
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A critical feature observed in this review was the different
definitions of cure used by each study. Lok 2019 highlighted the
lack of consensus among associations for CRBSI definition impairs
accurate reports and reliable comparisons between studies.
Accordingly, none of the included studies’ definitions of cure fit
our primary outcome. Therefore, we were unable to perform a
combined analysis of this crucial outcome.

It is also important to note the significant clinical heterogeneity
between the participants: one study only included children with
kidney failure (Onder 2008), and two studies only included adults
with kidney failure (Khosroshahi 2015; Saleh 2017). The mean
age of the included participants was 15.1 + 6.8 years for children
and 57.5 = 15.6 years for adults, and the primary aetiology
of kidney failure differed significantly between these groups. In
addition, although Saleh 2017 was a multicentre study, it included
only Middle Eastern institutions, and the authors reported a
substantially higher rate of CVC use for patients on prevalent HD in
their centres than the corresponding rate observed in America and
Europe.

The methodological limitations, small samples, and mostly single-
centre settings of the included studies also lead to concerns
regarding external validity.

Quality of the evidence

We classified the quality of the evidence as very low. We
downgraded the quality of evidence due to serious limitations
in the design (high risk of bias in critical domains such as
randomisation, allocation, and other sources of bias), indirectness
(lack of clear outcome definitions and use of catheter infection-free
survival as an indication of cure) and because of imprecision (small
number of participants, only 760 in total, and just three included
studies).

Potential biases in the review process

One study is awaiting classification (Khosroshahi 2006b). It was
published as an abstract, the full report and results were not
available, and doubts regarding participants' use of short- or long-
term catheters remained even after correspondence. We attempted
to communicate with the authors responsible for the included
studies and obtained two replies. The author of Khosroshahi
2006b and Khosroshahi 2015 clarified the allocation process of his
last study but unfortunately did not eliminate many of our doubts
once the raw data from both studies were unavailable. Onder 2008’s
response presented conflicting information when compared to the
article’s description, and further questions were not clarified. No
response was obtained from Saleh 2017.

Agreements and disagreements with other studies or
reviews

We identified other previous reviews that examined the treatments
of CRBSIs (Allon 2004; Aslam 2014; Lok 2011).

Allon 2004 focused on observational, non-randomised studies. The
researchers reported clinical cure in only 22% to 37% of CRBSIs
treated with systemic antibiotics alone and considered this method
a suboptimal approach. The authors compared this finding with
that derived from three other catheter strategies (including removal
and delayed replacement, guidewire exchange, and maintenance

with lock treatment) and reported better clinical cure with similar
infection-free survival rates between them.

Lok 2011 was a descriptive review of the literature. It addressed
both CRBSI prevention and treatment and compared the use of
systemic antibiotics alone to its association with different catheter
approaches (lock treatment, catheter exchange over guidewire,
and catheter removal with late replacement). Of the 12 included
studies, only one was a quasi-randomised study (Onder 2008), and
the rest were either prospective, uncontrolled or observational
studies. Overall, it concluded that catheter salvage by any meansis
associated more with failure rates (above 65%), and it should thus
be avoided.

In the more recent of these reviews, Aslam 2014 conducted a
systematic review and meta-analysis that included 28 publications
ranging from observational cohorts to chart reviews. Although
the study described a thorough protocol, its findings were
jeopardized by conducting a meta-analysis with different study
designs and different outcome definitions. The study focused
on the role of antibiotic lock solutions and catheter guidewire
exchange compared to systemic antibiotics alone. Decisions
regarding whether the patient would undergo a catheter salvage
attempt were made at the physician's discretion in many of
the included studies, leading to an important selection bias. As
in our review, the researchers reported poor cure proportions
with the use of systemic antibiotics alone compared to antibiotic
lock solution. They also reported a significant improvement in
cure proportions when comparing systemic antibiotics alone with
catheter guidewire exchange — which could not be evaluated in our
review due to the lack of RCTs. Aslam 2014 found no significant
differences in cure outcomes between antibiotic lock solution
and catheter guidewire exchange. The authors also pooled the
microbiological data and reported that infections by coagulase-
negative staphylococci exhibited higher cure proportions, followed
by gram-negative and S. aureus infections. In addition, they found
that S. aureus CRBSI showed better resolutions when treated by
catheter guidewire exchange than by antibiotic lock solution. Our
review planned to analyse the outcomes by pathogen subgroup;
however, we did not have enough data.

AUTHORS' CONCLUSIONS

Implications for practice

It is uncertain whether the use of antibiotic lock solutions in
addition to systemic antibiotics yields better cure outcomes for
CRBSI treatment than the use of systemic antibiotics alone because
the certainty of this evidence is very low. There is currently no
evidence supporting catheter removal and delayed replacement in
addition to systemic antibiotics over catheter guidewire exchange
in conjunction with systemic antibiotics. Additionally, there is
no evidence to support the use of one specific antibiotic lock
solution over another. For these comparisons, the uncertainty of
the currently available evidence prevents recommendations for
clinical practice.

No eligible randomised or controlled clinical trials addressed
the other comparisons we planned to analyse. Therefore, high-
quality studies are needed to enable a comparison between lock
treatment versus catheter guidewire exchange, lock treatment
versus catheter removal and replacement, catheter guidewire
exchange versus systemic antibiotic treatment alone and catheter
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removal and replacement versus systemic antibiotic treatment
alone.

Of note, limitations were that no studies reported outcomes
including adverse events and death, leading to uncertainty about
these interventions' safety.

Implications for research
General

Patients with kidney failure should receive individualised care to
plan their means of achieving vascular access when HD is needed.
Although several studies highlight the increased risk of infectious
complications related to the use of CVCs over fistulae (Foley 2004;
Liangos 2006; Sarnak 2000), patients’ clinical conditions could
make AVF creation impractical. Hence, there will always be a subset
of patients requiring CVCs and therefore exposed to CRBSIs.

Because CRBSI can present severe complications in HD patients, it
is crucial to establish a fast and precise diagnosis, which requires
a clear definition. However, there is no consensus on the CRBSI
definition among the associations and guidelines (Lok 2019).
Strict definitions can enhance the specificity but might reduce the
sensitivity and thus miss some cases of true CRBSI. This could
lead to clinical worsening by delaying the diagnosis and, therefore,
the treatment. By contrast, the least rigorous definition may
over-diagnose CRBSI and result in patients without true CRBSIs
undergoing unnecessary procedures and, in the end, jeopardizing
future vascular access.

Thus, it is imperative to unify a definition for CRBSI to allow proper
surveillance and permit reliable studies comparing its treatments.

Design

High-quality RCTs that compare different treatments for CRBSIs
in people receiving maintenance HD are needed. We suggest that
future trials investigating CRBSI treatment should incorporate the
following characteristics.

o Clearly describe the methods of randomisation and

concealment of allocation

« Useclearly described criteria to define CRBSI (such as the KDOQI
2020 definition - Lok 2019)

« Include a greater number of participants, since CRBSI is a
frequent complication in patients on HD through CVC

« Assess cure utilizing a clear and unified definition

« Evaluate outcomes other than cure, such as the development
of venous stenosis and/or thrombosis, antibiotic resistance and
adverse events, including death

« Compare interventions, such as catheter removal and delayed
replacement versus antibiotic lock solutions and versus
systemic antibiotics alone

« Compare interventions, such as catheter exchange over a
guidewire versus antibiotic lock solutions and versus systemic
antibiotics alone

« Investigate and report adverse events.

Measurement

The most important outcomes to be measured are cure,
development of stenosis and/or thrombosis of vascular access,
antibiotic resistance, death, and adverse events. However, a
minority of the studies reported outcomes other than cure.

Although the majority of the studies that addressed CRBSI
measured cure, each one did so by adopting a different definition
(Aslam 2014). Some analysed infection-free rates, others evaluated
successful eradication of infection, but most of them relied only on
clinical improvement rather than on laboratory confirmation, the
latter requiring negative blood culture after the completion of the
treatment. It is essential to measure outcomes by the same criteria
in order to compare results from different studies properly.

In addition to selected outcomes from this review, a cost analysis
should be considered as an outcome in future studies.
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Study characteristics
Methods « Study design: parallel RCT
« Study duration: May 2009 to May 2011
« Duration of follow-up: 3 weeks
Participants « Country: Iran

« Setting: single centre

« Patients with kidney failure and suspected CRBSI
« Number of patients: treatment group (32); control group (32)
« Mean age + SD (years): treatment group (57.6 + 14.6); control group (57.5 + 16.8)

« Sex (M/F): table report is unclear

« Exclusion criteria: extra catheter source of infection; catheter removal due to AVF maturation; and any
cause of death except catheter infection

Interventions Treatment group

« Ethanol-lock solution: 2 mL 60% ethanol + 1 mL heparin sodium 5000 Ul/mL into both lines of the
catheter at the end of each HD session

Control group
« No lock solution

Both groups

« Empiric systemic antibiotics (vancomycin alone or combined with a third-generation cephalosporin)

tailored after cultures, if needed

Outcomes + Successful eradication of infection: clinical improvement in signs and symptoms within 48 hours of
initiating systemic antibiotics in addition to locking the catheter with ethanol
Notes « Funding source: Tabriz University of Medical Sciences, Iran
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Khosroshahi 2015 (continued)

« Contact with study authors: Reply on 4th of August 2020 - Clarification regarding the allocation
method but raw data unavailable

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Patients were randomly divided into two groups using the www.randomiza-

tion (selection bias) tion.org website

Allocation concealment Low risk The randomisation list was provided to the HD centre nurses (data supplied

(selection bias) via correspondence)

Blinding of participants Unclear risk Practitioners were blinded, but there was no mention of the blinding of pa-

and personnel (perfor- tients

mance bias)

All outcomes

Blinding of outcome as- Low risk The practitioner who evaluated the outcome was not aware of the patient

sessment (detection bias) groups and type of treatment

All outcomes

Incomplete outcome data  Low risk All participants completed the study, and there were no losses during the fol-

(attrition bias) low-up

All outcomes

Selective reporting (re- High risk Trial registration (https://www.irct.ir/trial/2728) was completed retrospec-

porting bias) tively. Fever and chills, considered as primary consequences (observed at the
beginning of the study and during each HD session) and culture results and
catheter removal, considered secondary consequences, were not reported as
planned

Other bias High risk The study population considered suspected CRBSI, which resulted of 45% un-
confirmed cases (negative blood cultures). There is no mention of which group
these negative cultures belonged to, which could significantly influence the re-
sults

Onder 2008
Study characteristics
Methods « Study design: parallel, quasi-RCT

« Study duration: April 2005 to January 2006
« Duration of follow-up: 6 months

Participants

« Country: USA

« Setting: single centre

« Children with kidney failure on chronic HD with suspected CRB

« Number of patients: 18

« Number of CRB: TPA group (12), heparin arm group (12)

« Mean age + SD (years): TPA group (15.7 + 2.9); heparin group (13.8 + 4.6)

« Sex (M/F): TPA group (4/8); heparin group (6/6)

« History of high risk for CRB: TPA group (4), heparin group (5)

 Exclusion criteria: negative/no growth of blood cultures after 5 days (11/35 patients = 31%)
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Onder 2008 (Continued)

Interventions

TPA group

TPA:2 mg/mL (1.75 mL) with tobramycin 80 mg/mL (0.25 mL) for gram-negative infection and empiric
treatment

TPA: 2 mg/mL (1.0 mL) with vancomycin 10 mg/mL (1.0 mL) for gram-positive infection

Heparin group

Heparin: 5000 Ul/mL (1.75 mL) with tobramycin 80 mg/mL (0.25 mL) for gram-negative infection and
empiric treatment

Heparin: 5000 Ul/mL (1.0 mL) with vancomycin 10 mg/mL (1.0 mL) for gram-positive infection

Both groups

Empiric systemic antibiotics (vancomycin 15 mg/kg/dose and levofloxacin 10 mg/kg/dose) tailored
afterwards, if needed

Antibiotic lock: initially empiric once, followed by 6 tailored treatments for a total of 2 weeks; installed
in the catheter at the end of each HD session (48 to 72 hours)

Outcomes « Short-term success: successful eradication of CRB within 2 weeks with at least 2 negative blood cul-
tures from the catheter 1 week apart after the CRB with resolution of systemic symptoms
« Long-term success: no recurrence of CRB within 6 weeks from the treatment of the index CRB, either
with the same or different microorganism (infection-free at 6 weeks after completion of the treatment)
« Infection-free catheter survival: time period between the final dose of antibiotics and the first subse-
quent positive blood culture obtained from the catheter
« Overall catheter survival: no definition reported
Notes « Funding source: not reported
« Contact with study authors: reply on 8th of July 2020 - conflicting information, no raw data available
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  High risk Sealed envelopes used with 18 patients. The 6 catheter-related infection recur-
tion (selection bias) rences "were placed on the other arm for the second CRB without randomiza-
tion".
Allocation concealment High risk A sealed envelope was picked by a blinded observer and given to the nurse
(selection bias) caring for the patient who met the inclusion criteria. The envelopes were not
described as being opaque, and the allocation remains uncertain because the
information provided by the article conflicted with the author's response.
Blinding of participants High risk Quote: "the study was randomised, prospective and non-blinded".
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Although the author's reply points out "blinded observer" and the article re-
sessment (detection bias) ports a "non-blinded study", this did not affect the assessment of the out-
All outcomes comes, as they are direct and objective
Incomplete outcome data  Unclear risk The authors did not describe or report missing data
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk The trial protocol was not published
porting bias)
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Onder 2008 (Continued)

Other bias High risk Differences in the description, analysis and tables. There was a protocol break
- catheters were removed if symptoms remained after 48 hours of treatment.
However, the study reported the clearance of 83% of symptoms at 48 hours
but that the catheters were maintained until 72 hours. There is conflicting in-
formation between the author's reply and the article

Saleh 2017

Study characteristics

Methods « Study design: parallel RCT
« Study duration: December 2011 to November 2016
« Duration of follow-up: 45 days

Participants « Country: Egypt, Saudi Arabia
« Setting: multicentre (3 sites)
« Patients on regular HD using long-term catheters with suspected CRBSI
« Number: catheter exchange group (339) catheter removal group (339)
« Mean age * SD (years): catheter exchange group (56.7 + 9); catheter removal group (61.2 + 10)
« Sex (female): catheter exchange group/catheter removal group (207/239)
« Diabetes: catheter exchange group/catheter removal group (237/236)
« Hypertension: catheter exchange group/catheter removal group (288/278)
« Coronary artery disease: catheter exchange group/catheter removal group (149/132)
« Congestive heart failure: catheter exchange group/catheter removal group (27/34)

« Exclusion criteria: septic shock (CRBSI + haemodynamic instability); metastatic infection; sources of
infection other than CRBSI; without catheter replacement after 10 days (because of AVF maturation
or persistent fever or death); negative catheter tip culture result

Interventions Catheter exchange group
« Catheter replacement over a guidewire 2 or 3 days after initiating systemic antibiotic therapy
Catheter removal group

« Catheter removal and new catheter insertion when negative blood cultures were obtained (approxi-
mately 3 to 7 days after the removal)

« HD was performed through a short-term femoral catheter after primary catheter removal
Both groups

« Empiric systemic antibiotics (vancomycin and gentamicin) during dialysis through the catheter for 3
weeks (tailored according to culture if needed)

Outcomes « Catheter infection-free survival time
« Cure: asymptomatic for at least 45 days after completion of the antibiotic course in addition to nega-
tive blood culture
« Treatment failure: any bacteraemia involving the original organism within 45 days after antibiotic
completion in addition to clinical manifestation
« Indetermined results: unrelated death, catheter removal for unrelated reason or infection with a dif-
ferent organism

Notes « Funding source: not reported
« Contact with study authors: twice, no response received
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Saleh 2017 (continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Prospective randomisation was conducted by sealed envelope randomisation
tion (selection bias) service

Allocation concealment Low risk The randomisation service also provided allocation concealment

(selection bias)

Blinding of participants High risk It was impossible to blind the personnel and patients
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk The published trial protocol reported single masking (care provider)
sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Primary outcomes were not fully reported

(attrition bias)
All outcomes

Selective reporting (re- High risk The trial protocol (NCT03054714) was published retrospectively. Additionally,
porting bias) did not mention excluded or withdrawn patients, deaths, treatment failures
and absolute numbers for cure

Other bias High risk Among the exclusion criteria were patients in whom the catheter was not re-
placed within 10 days because of death. This exclusion criterion could be con-
cealing an important adverse event for this specific intervention

AVF - arteriovenous fistula; CRB - catheter-related bacteraemia; CRBSI - catheter-related bloodstream infection; HD - haemodialysis; RCT -
randomised controlled trial; SD - standard deviation; TPA - tissue plasminogen activator

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Abdel Azim 2018 Wrong population: includes only patients on HD by non-tunnelled catheters

Bosma 2010 Wrong intervention: biofilm prevention rather than treatment of catheter infection

Dahlberg 1986 Wrong population, methods and intervention: study involved 3 different groups with randomised

and non-randomised patients and compared incidence of CRBSI in long-term versus short-term
dialysis catheters rather than the intervention options for its treatment

ELVIS 2015 Wrong intervention: prevention rather than treatment of catheter infection, also compared dys-
function
Harris 1997 Wrong intervention: study assessed the prevention of infection and dysfunction for a specific

catheter rather than treatment of catheter infection

Hymes 2017 Wrong intervention: prevention rather than treatment of catheter infection
Levin 1989 Wrong intervention: prevention rather than treatment of catheter infection
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Study Reason for exclusion

NCT00108433 Study abandoned and not published with the wrong population and intervention: includes short-
term catheters and compared two different systemic antibiotics alone without catheter manage-
ment

NCT01483872 Study abandoned early due to inadequate enrolment

NCT02040818 Study abandoned early due to inadequate enrolment

Oliver 2007 Wrong intervention: use of fibrin sheath disruption for prevention rather than treatment of catheter
infection

Rosenblum 2014 Wrong intervention: prevention rather than treatment of catheter infection

Zwiech 2016 Wrong intervention: use of taurolidine-citrate-heparin lock solution for prevention rather than

treatment of catheter infection

CRBSI - catheter-related bloodstream infection; HD - haemodialysis

Characteristics of studies awaiting classification [ordered by study ID]

Khosroshahi 2006b

Methods « Study design: parallel RCT
o Study duration: 2003 to 2005
« Duration of follow-up: not reported

Participants « Country:Iran
« Setting: single centre

« Patients with kidney failure on HD through long-term CVC and suspected CRBSI (definition was
unclear)

« Number: 49
» Mean age + SD: 54.5 + 4.16 years
o Sex (M/F):27/22

Interventions Treatment group
« Antiobotic lock solution: vancomycin 10 mg + heparin and normal saline after each HD session
Control group
« No lock solution
Both groups

« Systemic antibiotics: vancomycin-associated amikacin with therapeutic dose

Outcomes « Better control of catheter infection: no definition provided

Notes « This study was conducted over 10 years ago, and the methods and results are unavailable accord-
ing to the author (reply on August 4th, 2020)

« Itis unclear if the study meets the CRBSI definition

CRBSI - catheter-related bloodstream infection; CVC - central venous catheter; HD - haemodialysis; M/F - male/female; RCT - randomised
controlled trial; SD - standard deviation
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DATA AND ANALYSES

Comparison 1. Tissue plasminogen activator-antibiotic lock treatment versus heparin-antibiotic lock treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Short-term success 1 24 Risk Ratio (M-H, Random, 95% Cl) 0.92[0.74, 1.15]
1.2 Long-term success 1 24 Risk Ratio (M-H, Random, 95% Cl) 0.64 [0.38, 1.06]
1.3 Infection-free survival 1 24 Mean Difference (IV, Random,95%  -27.70 [-88.68, 33.28]
Cl)

Analysis 1.1. Comparison 1: Tissue plasminogen activator-antibiotic lock
treatment versus heparin-antibiotic lock treatment, Outcome 1: Short-term success

TPA-lock Heparin-lock Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Onder 2008 11 12 12 12 100.0% 0.92[0.74, 1.15]
Total (95% CI) 12 12 100.0% 0.92[0.74, 1.15]
Total events: 11 12
Heterogeneity: Not applicable 05 0.7 1 15 2
Test for overall effect: Z = 0.73 (P = 0.47) More with heparin-lock More with TPA-lock

Test for subgroup differences: Not applicable

Analysis 1.2. Comparison 1: Tissue plasminogen activator-antibiotic lock
treatment versus heparin-antibiotic lock treatment, Outcome 2: Long-term success

TPA-lock Heparin-lock Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Onder 2008 7 12 11 12 100.0% 0.64[0.38, 1.06] _._
Total (95% CI) 12 12 100.0% 0.64 [0.38 , 1.06] ’
Total events: 7 11
Heterogeneity: Not applicable 01 02 05 > 5 10
Test for overall effect: Z = 1.74 (P = 0.08) More with heparin-lock More with TPA-lock

Test for subgroup differences: Not applicable
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Analysis 1.3. Comparison 1: Tissue plasminogen activator-antibiotic lock treatment
versus heparin-antibiotic lock treatment, Outcome 3: Infection-free survival

TPA-lock Heparin-lock Mean Difference Mean Difference
Study or Subgroup Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Random, 95% CI [days] 1V, Random, 95% CI [days]
Onder 2008 126.8 81.6 12 154.5 70.4 12 100.0% -27.70 [-88.68 , 33.28] 4.*7
Total (95% CI) 12 12 100.0% -27.70 [-88.68 , 33.28]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.89 (P = 0.37) -100 50 0 50 100
Test for subgroup differences: Not applicable More with heparin-lock More with TPA-lock

Comparison 2. Systemic antibiotic alone versus systemic antibiotic plus antibiotic lock solution

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Successful eradication of infection 1 64 Risk Ratio (M-H, Random, 1.61[1.16,2.23]
95% Cl)

Analysis 2.1. Comparison 2: Systemic antibiotic alone versus systemic antibiotic
plus antibiotic lock solution, Outcome 1: Successful eradication of infection

Ethanol lock Antibiotic alone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Khosroshahi 2015 29 32 18 32 100.0% 1.61[1.16, 2.23] _._
Total (95% CI) 32 32 100.0% 1.61[1.16, 2.23] ‘
Total events: 29 18
Heterogeneity: Not applicable 01 02 05 ] S 10
Test for overall effect: Z = 2.87 (P = 0.004) More with antibiotic alone More with ethanol lock

Test for subgroup differences: Not applicable

Comparison 3. Catheter guidewire exchange versus catheter removal and replacement

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.1 Infection recurrence 1 678 Risk Ratio (M-H, Random, 95% Cl) 1.50[0.43,5.27]

3.2 Infection-free survival 1 Hazard Ratio (IV, Random, 95% Cl) 0.88[0.43,1.79]
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Analysis 3.1. Comparison 3: Catheter guidewire exchange versus
catheter removal and replacement, Outcome 1: Infection recurrence

Guidewire exchange Catheter removal Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Saleh 2017 6 339 4 339  100.0% 1.50[0.43, 5.27] __._
Total (95% CI) 339 339 100.0% 1.50 [0.43, 5.27]
Total events: 6 4
Heterogeneity: Not applicable 0.1 02 5 1 2 510
Test for overall effect: Z = 0.63 (P = 0.53) More with catheter removal More with guidewire

Test for subgroup differences: Not applicable

Analysis 3.2. Comparison 3: Catheter guidewire exchange versus
catheter removal and replacement, Outcome 2: Infection-free survival

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Saleh 2017 -0.1309  0.3638 100.0% 0.88[0.43, 1.79]
Total (95% CI) 100.0% 0.88 [0.43, 1.79]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.36 (P = 0.72) 01 02 05 1 2 510
Test for subgroup differences: Not applicable More with catheter removal More with guidewire exchange

APPENDICES

Appendix 1. Electronic search strategies

Database Search terms

CENTRAL MeSH descriptor: [Renal Replacement Therapy] this term only
MeSH descriptor: [Renal Dialysis] this term only

MeSH descriptor: [Hemodiafiltration] this term only

MeSH descriptor: [Hemodialysis, Home] this term only

MeSH descriptor: [Hemofiltration] explode all trees
(dialysis):ti,ab,kw

(hemodialysis or haemodialysis):ti,ab,kw

(hemofiltration or haemofiltration):ti,ab,kw
(hemodiafiltration or haemodiafiltration):ti,ab,kw

10.{or #1-#9}

11.MeSH descriptor: [Catheters] this term only

12.MeSH descriptor: [Catheterization] this term only

13.MeSH descriptor: [Catheterization, Central Venous] this term only
14.MeSH descriptor: [Catheters, Indwelling] this term only
15.MeSH descriptor: [Central Venous Catheters] explode all trees
16.MeSH descriptor: [Vascular Access Devices] explode all trees
17.(catheter*):ti,ab,kw

18.(central line*):ti,ab,kw

19.(central venous line*):ti,ab,kw

W RN WDN
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(Continued)

20.{or #11-#19}

21.MeSH descriptor: [Bacterial Infections] this term only
22.MeSH descriptor: [Catheter-Related Infections] this term only
23.MeSH descriptor: [Infection] this term only

24.MeSH descriptor: [Sepsis] explode all trees

25.MeSH descriptor: [Bacteremia] this term only
26.(infect*):ti,ab,kw

27.(sepsis or septic):ti,ab,kw

28.(bacteraemia or bacteremia):ti,ab,kw

29.MeSH descriptor: [Catheter-Related Infections] explode all trees
30.{or #21-#29}

31.{and #10, #20, #30}

MEDLINE

Renal Replacement Therapy/
Renal Dialysis/
Hemodiafiltration/
Hemodialysis, home/

exp Hemofiltration/

dialysis.tw.

(hemodialysis or haemodialysis).tw.
(hemofiltration or haemofiltration).tw.
(hemodiafiltration or haemodiafiltration).tw.
10.0r/1-9

11.Catheters/

12.Catheterization/
13.Catheterization, Central Venous/
14.Catheters, Indwelling/
15.Central venous catheters/
16.Vascular access devices/
17.catheterS.tw.

18.central line$.tw.

19.central venous line*.tw.
20.0r/11-19

21.Bacterial Infections/
22.Catheter-Related Infections/
23.Infection/

24.exp Sepsis/

25.Bacteremia/

26.infect$.tw.

27.(sepsis or septic$).tw.
28.bacter?emis$.tw.
29.Catheter-Related Infections/
30.0r/21-29

31.and/10,20,30

e T A A R o

EMBASE

exp renal replacement therapy/
extended daily dialysis/
hemodialysis/

home dialysis/

hemofiltration/
hemodiafiltration/

dialysis.tw.

No s wh e
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8. (hemodialysis or haemodialysis).tw.

9. (hemofiltration or haemofiltration).tw.
10.(hemodiafiltration or haemodiafiltration).tw.
11.renal replacement therapy-dependent renal disease/
12.0r/1-11

13.exp central venous catheter/

14.exp catheter complication/

15.exp central venous catheterization/
16.*indwelling catheter/

17.central venous line$.tw.

18.central line$.tw.

19.0r/13-18

20.bacterial infection/

21.bacteremia/

22.bacter?emia.tw.

23.catheter infection/

24.exp catheter complication/

25.0r/20-24

26.and/12,19,25

Appendix 2. Risk of bias assessment tool

Potential source of bias

Assessment criteria

Random sequence genera-
tion

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
fling cards or envelopes; throwing dice; drawing of lots; minimisation (minimisation may be imple-
mented without a random element, and this is considered to be equivalent to being random).

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Unclear: Insufficient information about the sequence generation process to permit judgement.

Allocation concealment

Selection bias (biased alloca-
tion to interventions) due to
inadequate concealment of al-
locations prior to assignment

Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central
allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-
ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-
velopes).

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Unclear: Randomisation stated but no information on method used is available.
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Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Blinding of outcome assess-
ment

Detection bias due to knowl-
edge of the allocated interven-
tions by outcome assessors.

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardised dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement

Selective reporting

Reporting bias due to selective
outcome reporting

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. sub-scales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Unclear: Insufficient information to permit judgement

Other bias

Bias due to problems not cov-
ered elsewhere in the table

Low risk of bias: The study appears to be free of other sources of bias.
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High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.
Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.
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