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Supplementary Table S4. Risk-of-Bias and Critical Appraisal
Antimicrobial Lock Therapy systematic review - all 37 included studies
	Study-design category
	n
	Appraisal tool

	Randomized controlled trials
	2
	Cochrane RoB 2

	Nonrandomized comparative studies
	12
	ROBINS-I

	Prospective single-arm interventional trials
	4
	JBI Quasi-Experimental

	Uncontrolled observational studies / case series
	19
	JBI Case Series

	Total
	37
	-


1. Cochrane RoB 2 - randomized controlled trials (n = 2)
	Study
	Design
	D1
	D2
	D3
	D4
	D5
	Overall

	Lesens et al., 2024
	Prospective, multicentre, double-blind active-controlled randomized clinical trial (ethanol lock vs vancomycin lock)
	low
	low
	low
	low
	some concerns
	some concerns

	Rijnders et al., 2005
	Randomized, multicentre, double-blind, placebo-controlled parallel-group trial (antibiotic lock + systemic therapy vs placebo lock + systemic therapy)
	low
	some concerns
	low
	low
	some concerns
	some concerns


Domains: D1 = Bias arising from the randomization process; D2 = Bias due to deviations from intended interventions; D3 = Bias due to missing outcome data; D4 = Bias in measurement of the outcome; D5 = Bias in selection of the reported result.
Principal methodological concerns
	Study
	Overall risk of bias
	Principal concerns

	Lesens et al., 2024
	Some concerns
	Randomization and concealment were robust (biostatistician-generated permuted variable blocks, stratified by center and CRBSI status, with pharmacy-administered interactive allocation), and the trial was double-blind with intention-to-treat analysis and no post-randomization loss to follow-up. The primary outcome and analysis were clearly described and the trial was registered; nevertheless, no full protocol/statistical analysis plan was available in the article to independently exclude selective choice among eligible analyses, so D5 was conservatively rated as some concerns. The trial stopped after the planned interim analysis with only 61 of 172 planned participants because of high failure/mechanical-obstruction rates and slow recruitment; this primarily increases imprecision.

	Rijnders et al., 2005
	Some concerns
	Random sequence generation, allocation concealment and double blinding were robust. However, the primary analysis used a modified intention-to-treat population and excluded 2 of 46 randomized participants after allocation because catheter occlusion prevented any lock from being given. The report did not provide a prospectively accessible protocol/statistical analysis plan to independently verify all outcome-analysis choices, and the primary log-rank analysis used a one-sided test. Recruitment stopped early at 46 of 152 planned participants; this chiefly affects precision rather than constituting an additional RoB 2 domain concern.


2. ROBINS-I - nonrandomized comparative studies (n = 12)
	Study
	Study design
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	Overall

	Zhang et al., 2025
	Retrospective comparative cohort (ALT + systemic therapy vs systemic therapy alone)
	serious
	moderate*
	low
	moderate
	low
	moderate
	moderate
	serious

	Ranganath et al., 2025
	Retrospective comparative cohort (ALT vs catheter removal; IPTW-adjusted)
	serious
	serious
	low
	moderate
	moderate
	low
	moderate
	serious

	Ranch-Lundin et al., 2021
	Retrospective comparative observational cohort (vancomycin lock with vs without heparin; division-based allocation)
	moderate
	serious
	low
	serious
	moderate
	low
	moderate
	serious

	Zanwar et al., 2019
	Retrospective comparative cohort (ALT + systemic therapy vs systemic therapy alone in HSCT CRBSI)
	serious
	moderate
	low
	moderate
	low
	low
	moderate
	serious

	Freire et al., 2018
	Observational comparative cohort (ALT-based vs non-ALT management)
	serious
	low
	low
	moderate
	low
	low
	moderate
	serious

	Hachem et al., 2018
	Prospective intervention arm with retrospectively identified matched controls
	serious
	moderate
	low
	moderate
	low
	low
	moderate
	serious

	Raad et al., 2016
	Prospective open-label Phase II intervention with retrospectively identified matched concurrent controls
	serious
	moderate
	low
	moderate
	low
	low
	low
	serious

	Vidal et al., 2016
	Prospective observational comparative cohort (conservative treatment vs catheter removal)
	serious
	moderate
	low
	serious
	low
	moderate
	moderate
	serious

	Wintenberger et al., 2012
	Retrospective single-centre comparative observational cohort
	serious
	moderate
	moderate
	serious
	moderate
	moderate
	moderate
	serious

	Joo et al., 2011
	Retrospective comparative cohort; review-level post-hoc ALT vs non-ALT contrast within catheter-salvage attempts
	critical
	serious
	moderate
	serious
	moderate
	serious
	serious
	critical

	Del Pozo et al., 2009a
	Prospective sequential comparative cohort (vancomycin vs teicoplanin lock in successive time periods)
	serious
	low
	low
	moderate
	moderate
	moderate
	moderate
	serious

	Fortún et al., 2006
	Historical-control cohort (before-after; ALT + systemic therapy vs systemic therapy alone)
	serious
	moderate
	low
	moderate
	low
	low
	moderate
	serious

	Domains: D1 = Bias due to confounding; D2 = Bias in selection of participants into the study; D3 = Bias in classification of interventions; D4 = Bias due to deviations from intended interventions; D5 = Bias due to missing data; D6 = Bias in measurement of outcomes; D7 = Bias in selection of the reported result
Note. *For the recurrence analysis among retained PICCs in Zhang et al., 2025, D2 is serious because the analytic denominator is defined after treatment according to catheter retention.




Principal methodological concerns
	Study
	Overall risk of bias
	Principal concerns

	Zhang et al., 2025
	Serious
	Retrospective clinician-directed treatment leaves residual confounding by illness severity, pathogen, and catheter-management decisions. For recurrence among retained PICCs, the analytic denominator is conditioned on post-treatment catheter retention, creating additional selection bias.

	Ranganath et al., 2025
	Serious
	Treatment allocation was strongly related to pathogen, infection category, catheter type, transplant status, and clinical indication. IPTW substantially improved measured balance but residual confounding by indication remains. CRBSI and catheter colonization were combined in the analytic cohort.

	Ranch-Lundin et al., 2021
	Serious
	Eligibility required at least 7 days of assigned lock treatment and an available follow-up blood culture; patients with shorter treatment, missing follow-up, or a changed lock method were excluded after treatment initiation. Division-level assignment also leaves potential cluster and practice-pattern confounding.

	Zanwar et al., 2019
	Serious
	Retrospective, clinician-directed ALT use was influenced by pathogen, hemodynamic stability, vascular-access considerations, and need for catheter retention. The small single-center HSCT cohort provides no adequate adjustment for these treatment-selection factors.

	Freire et al., 2018
	Serious
	The institutional protocol preferentially selected lower-risk patients and selected pathogens for ALT, creating confounding by indication in favor of ALT. Multivariable adjustment addressed measured severity and pathogen factors but cannot remove important residual confounding.

	Hachem et al., 2018
	Serious
	The prospective intervention arm was compared with retrospectively identified matched controls; planned matching could not be fully achieved and the groups differed in cancer composition (90% vs 71%). The small sample and residual confounding limit causal inference.

	Raad et al., 2016
	Serious
	Prospective ALT patients were compared with retrospectively identified concurrent controls. Matching was limited to malignancy type, organism, and neutropenia, and treatment remained nonrandomized; residual confounding and differences in co-interventions, including systemic-antibiotic duration, remain plausible.

	Vidal et al., 2016
	Serious
	Choice between catheter removal and conservative management was closely related to clinical severity, local infection, and pathogen, producing substantial confounding by indication. Therapeutic management was heterogeneous and treatment deviations were clinically driven.

	Wintenberger et al., 2012
	Serious
	Catheter salvage and ALT were strongly indication-driven and frequently discordant with local guidelines; systemic therapy was often suboptimal. Reference CRB diagnostic methods were not routinely used and peripheral cultures were missing in some episodes.

	Joo et al., 2011
	Critical
	The ALT-versus-no-ALT contrast is a post-hoc reconstructed comparison within catheter-salvage attempts: only 11 of 38 salvage patients received ALT. Treatment was clinician-directed, with no ALT-specific baseline balance or adequate control of confounding by indication. This precludes a reliable causal ALT effect estimate.

	Del Pozo et al., 2009a
	Serious
	Nonrandomized sequential treatment periods (vancomycin first, teicoplanin later) confound treatment with calendar time. The treatment groups differed in age, and adjustment was limited; five patients also had incomplete longer-term follow-up.

	Fortún et al., 2006
	Serious
	Historical before-after comparison creates residual confounding by calendar period despite similar eligibility and baseline characteristics. No adequate adjustment for secular changes.




3. JBI Quasi-Experimental - prospective single-arm interventional trials (n = 4)
	Study
	Design
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Overall

	Lebeaux et al., 2025
	Prospective multicentre phase I/II, non-randomized, non-comparative pilot intervention
	Y
	Y
	N
	N
	N
	N
	Y
	Y
	N
	Include with caution

	Broom et al., 2008
	Prospective multicentre single-arm pilot intervention
	Y
	Y
	N
	N
	N
	N
	Y*
	Y
	N
	Include with caution

	Koldehoff & Zakrzewski, 2004
	Prospective single-centre, open, non-randomized pilot intervention
	Y
	Y
	N
	N
	N
	U
	U
	Y
	N
	Include with major caution

	Viale et al., 2003
	Prospective multicentre, open, uncontrolled interventional pilot study
	Y
	U
	N
	N
	N
	Y
	Y
	Y
	N
	Include with major caution


JBI response codes: Y = Yes; N = No; U = Unclear; Y* = Yes, with methodological concerns.
Items: Q1 = Is it clear what is the cause and what is the effect?; Q2 = Were participants included in any comparisons similar?; Q3 = Were participants included in any comparisons receiving similar treatment/care, other than the intervention of interest?; Q4 = Was there a control group?; Q5 = Were there multiple measurements of the outcome both pre and post the intervention?; Q6 = Was follow-up complete and, if not, was incomplete follow-up adequately described and analyzed?; Q7 = Were outcomes of participants included in any comparisons measured in the same way?; Q8 = Were outcomes measured in a reliable way?; Q9 = Was appropriate statistical analysis used?
Principal methodological concerns
	Study
	Overall appraisal
	Principal concerns

	Lebeaux et al., 2025
	Include with caution
	No control group; only 8 of 35 planned patients were enrolled and recruitment stopped early; systemic antimicrobial selection remained physician-directed; one patient lacked the prespecified D40/D100 follow-up; precision was very limited.

	Broom et al., 2008
	Include with caution
	No control group; systemic antibiotics were given concurrently; 2/19 patients did not complete the lock course; primary efficacy was reported mainly among 17 completers; later blood-culture surveillance was clinically driven; no formal statistical analysis.

	Koldehoff & Zakrzewski, 2004
	Include with major caution
	No control group; all patients continued susceptibility-directed systemic antibiotics; taurolidine exposure varied from one to three applications; microbiological confirmation was incomplete in some cases; long-term follow-up was not standardized; no formal statistical analysis.

	Viale et al., 2003
	Include with major caution
	No independent control; clinician-selected continuation of systemic therapy; no structured multiple pre-intervention outcome measurements; no formal statistical comparison; heterogeneous population. The ALT-alone vs ALT+systemic comparison is non-randomized and not a valid causal comparison.


4. JBI Case Series - uncontrolled observational studies/case series (n = 19)
	Study
	Design
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Overall

	Bayoudh et al., 2024
	Retrospective single-centre case series; 24 VAD-BSI episodes in 23 alloHCT patients
	Y
	Y
	U
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Moderate-to-good

	Vassallo et al., 2024
	Retrospective multicentre uncontrolled case series; 22 patients
	Y*
	Y
	Y
	U
	U
	Y
	Y*
	Y
	Y
	Y*
	Include with caution

	Lafaurie et al., 2023
	Prospective multicentre observational single-arm case series; 100 cancer patients
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	High

	Brescia et al., 2023
	Retrospective single-centre case series; 26 patients, including 24 CRBSI and 2 catheter-colonization cases
	Y*
	Y
	Y
	Y
	Y*
	Y*
	Y
	Y*
	Y
	Y*
	Include with caution

	Krümpelmann et al., 2021
	Retrospective two-centre cohort with nested uncontrolled treatment series; 56 patients
	Y*
	U
	Y*
	Y
	Y*
	Y
	Y*
	Y*
	Y
	N
	Include with major caution

	Alonso et al., 2020
	Retrospective single-centre case series; 76 staphylococcal CRBSI episodes
	U
	Y
	Y
	U
	U
	Y*
	Y
	Y*
	Y
	Y*
	Include with caution

	Ahmad et al., 2019
	Retrospective single-centre uncontrolled case series; 71 patients
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y*
	Moderate-to-good

	Vassallo et al., 2017
	Retrospective single-centre case series; 21 episodes in 20 patients
	U
	U
	U
	U
	N
	Y
	Y*
	Y*
	Y
	N
	Include with major caution

	Santarpia et al., 2016
	Retrospective cohort with nested uncontrolled treatment series; 33 CRBSI episodes
	Y*
	Y
	Y
	Y*
	Y
	N
	N
	U
	Y
	N
	Include with major caution

	Tatarelli et al., 2015
	Retrospective single-centre uncontrolled case series; 8 patients
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y*
	Y
	Y
	Include with caution

	Kubiak et al., 2014
	Retrospective single-centre case series; 45 adjudicated CLABSI cases
	Y*
	Y
	Y
	Y*
	Y
	Y
	Y*
	Y*
	Y
	Y*
	Include with major caution

	Haag et al., 2011
	Retrospective single-centre uncontrolled case series; 24 CRBSI episodes in 23 cancer patients
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Good

	Tejwani & Parry, 2011
	Retrospective single-centre uncontrolled case series; 116 ALT-treated CVC-bacteremia episodes
	Y
	Y
	U
	U
	U
	Y
	Y
	Y
	Y
	Y
	Moderate

	Santarpia et al., 2010
	Retrospective single-centre uncontrolled treatment series; 139 treated CRBSI episodes
	Y
	Y
	Y
	Y*
	Y
	N
	N
	Y*
	Y
	N
	Include with caution

	Bookstaver et al., 2010
	Retrospective single-centre uncontrolled case series; 26 ALT episodes in 15 patients
	Y
	Y
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y*
	Good

	Del Pozo et al., 2009b
	Prospective single-centre uncontrolled case series; 18 patients
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Good-to-high

	Fernández-Hidalgo et al., 2006
	Ambispective single-centre uncontrolled case series; 115 episodes in 98 patients
	Y
	Y
	Y
	Y
	U
	Y
	Y
	Y*
	Y
	N
	Include with caution

	Sánchez-Muñoz et al., 2005
	Prospective single-centre uncontrolled case series; 14 episodes in 14 oncology patients
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Good

	Longuet et al., 2001
	Retrospective two-centre uncontrolled case series; 20 VAP-bacteremia patients, including 16 managed with ALT
	Y
	Y
	Y
	Y
	Y
	U
	Y
	Y
	Y
	Y
	Good


JBI response codes: Y = Yes; N = No; U = Unclear; Y* = Yes, with methodological concerns.
Items: Q1 = Were there clear criteria for inclusion in the case series?; Q2 = Was the condition measured in a standard, reliable way for all participants?; Q3 = Were valid methods used for identification of the condition for all participants?; Q4 = Did the case series have consecutive inclusion of participants?; Q5 = Did the case series have complete inclusion of participants?; Q6 = Was there clear reporting of participant demographics?; Q7 = Was there clear reporting of clinical information?; Q8 = Were outcomes or follow-up results clearly reported?; Q9 = Was there clear reporting of the presenting site(s)/clinic(s)?; Q10 = Was statistical analysis appropriate?
Principal methodological concerns
	Study
	Overall appraisal
	Principal concerns

	Bayoudh et al., 2024
	Moderate-to-good methodological quality for a case series
	Strong treatment-selection bias because patients were selected for an alternative minocycline strategy; no comparator; heterogeneous co-interventions and catheter management; standardized DTP was available in only 16/24 episodes; small sample and variable lock administration.

	Vassallo et al., 2024
	Include with caution
	Consecutive and complete inclusion could not be confirmed; multicomponent sequential treatment; one patient did not receive taurolidine; follow-up was limited to 30 days.

	Lafaurie et al., 2023
	High methodological quality for a case series
	No comparator; 23% had an indeterminate 3-month efficacy outcome because of unrelated death or missing data; CoNS species were unavailable in some cases; lock administration and systemic treatment were partly physician-directed; some baseline variables were missing.

	Brescia et al., 2023
	Include with caution
	Clinician-selected conservative management; CRBSI and colonization were included in the same series; concurrent systemic antibiotics; variable follow-up and no uniform long-term assessment point.

	Krümpelmann et al., 2021
	Include with major caution
	Confirmed and suspected infections were combined; management changed over time; four patients received suboptimal therapy; no adjusted analysis; relapse was not systematically evaluated.

	Alonso et al., 2020
	Include with caution
	Unclear selection of vancomycin rather than other lock agents; inconsistency between adult-only eligibility and inclusion of children; success strongly depended on the outcome definition; no concurrent comparator.

	Ahmad et al., 2019
	Moderate-to-good methodological quality for a case series
	No comparator; paired catheter/peripheral cultures were not routinely obtained and catheter-tip cultures were uncommon; HCl treatment was clinician-selected; competing mortality could influence catheter-survival estimates.

	Vassallo et al., 2017
	Include with major caution
	Inconsistent numbers of eligible episodes; seven deaths and one incomplete treatment were excluded after treatment identification; one patient contributed two episodes; heterogeneous step-down treatment.

	Santarpia et al., 2016
	Include with major caution
	ALT subgroup was insufficiently characterized; heterogeneous lock and systemic regimens; success definition and assessment time were unclear; possible non-independence of repeated episodes.

	Tatarelli et al., 2015
	Include with caution
	Very small sample; diagnostic methods were incompletely detailed; concomitant systemic therapy; inconsistency between reported one- and three-month follow-up.

	Kubiak et al., 2014
	Include with major caution
	ELT and catheter removal were clinician-directed; 78% had sterile blood cultures before ethanol-lock initiation; treatment duration and follow-up varied; no unified success definition.

	Haag et al., 2011
	Good methodological quality for a case series
	No control group; small sample; failure classification was partly based on persistent fever without microbiological confirmation; highly selected pathogen spectrum limits generalizability; potential outcome misclassification in patients with advanced cancer.

	Tejwani & Parry, 2011
	Moderate methodological quality for a case series
	No control group; retrospective ascertainment through ICD-9 coding could miss eligible cases; catheter-specific microbiological confirmation was inconsistent; treatment regimen, dwell time and duration were not standardized.

	Santarpia et al., 2010
	Include with caution
	Episode-level analysis with possible repeated observations; limited demographic and clinical reporting for the treated subgroup; treatment protocols changed; relapse surveillance was not standardized.

	Bookstaver et al., 2010
	Good methodological quality for a case series
	No comparator; repeated episodes within the same patients were analysed without accounting for clustering; small and clinically heterogeneous population; exact dwell times were incompletely documented; limited demographic reporting.

	Del Pozo et al., 2009b
	Good-to-high methodological quality for a case series
	No comparator; very small sample with heterogeneous pathogens; pathogen-directed lock regimens were not uniform; delayed recurrence could occur beyond the prespecified 30-day success window; six patients were lost during longer-term follow-up.

	Fernández-Hidalgo et al., 2006
	Include with caution
	Eligibility and protocol changed over time; repeated episodes were treated as independent observations; follow-up duration varied and some successes had less than 30 days of observation.

	Sánchez-Muñoz et al., 2005
	Good methodological quality for a case series
	Very small sample; no control group; quantitative blood cultures were not performed; predominantly CoNS infections; all patients received concomitant systemic levofloxacin; restricted to non-neutropenic uncomplicated infections.

	Longuet et al., 2001
	Good methodological quality for a case series
	No therapeutic comparator; mixed AIDS/cancer population with only a small cancer-relevant subgroup; heterogeneous lock agents and treatment durations; retrospective ascertainment and small sample.
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