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	TITLE 
	

	Title 
	1
	PICC-Related Risk Prediction Model for Bloodstream Infection：A Systematic Review
	1

	ABSTRACT 
	

	Abstract 
	2
	Objective This paper aims to assess the predictive model for PICC-related bloodstream infection to inform clinical practice.
Background Central venous catheter-related bloodstream infection is a prevalent complication following PICC insertion, significantly impacting patient outcomes. Existing research primarily focuses on identifying infection risk factors, with limited reports on consolidating these factors into predictive models. 
Methods A systematic literature search was conducted across Medline、Embase、Web of science、CINAHL、Cochrane、CNKI、CBM、Wanfang、VIP databases for PICC-related bloodstream infection risk prediction models from the database built until January 10, 2024. Two researchers independently screened and extracted data using the CHARMS checklist and assessed bias using the PROBAST tool.
Results Ten studies met the inclusion criteria, with ROC curve values ranging from 0.608 to 0.950. Common predictors included days until catheter removal, diabetes history, and number of punctures. While the predictive performance of the studies was generally good, biases were identified due to small sample sizes, improper handling of continuous variables, unreported data, and reliance on single-variable predictions.
Conclusion The development of the risk prediction model for PICC-related bloodstream infection is still in its initial stages. To improve the model, future studies should use prospective cohort research data for multi-center large sample studies. Modeling methods should also attach great importance to the implementation of machine learning algorithms. In addition to reporting the discrimination and calibration of the model, clinical decision-making indicators such as the decision curve and calibration intercept should also be introduced to fully evaluate the model's performance and provide valuable clinical information for medical personnel. This study is registered on the PROSPERO website with registration number CRD42023333731.
	1

	INTRODUCTION 
	

	Rationale 
	3
	[bookmark: _Hlk164414772]The PICC-related bloodstream infection risk prediction model was initially published in 2017, and is still in the early stages of development. Although there are various PICC-related risk prediction models, there is currently no widely used risk assessment tool in clinical practice.
	3

	Objectives 
	4
	The purpose of this study is to summarize, analyze and compare the relevant research, in order to provide reference for the construction and application of PICC-related risk prediction model for bloodstream infection.
	3

	METHODS 
	

	Eligibility criteria 
	5
	Inclusion criteria: (1) for patients with PICC catheters; (2) research design type is cohort study or case-control study; (3) development, validation, or updating of risk prediction models or tools for PICC-related bloodstream infection; (4) the outcome indicator is CLABSI; (5)the predictive model uses an environment that includes hospitals or communities. 
Exclusion criteria: (1) for patients who are placed in other types of central venous catheters (CVC or infusion ports); (2) the content of the study is only the study of predictors or risk factors, but no predictive model has been established; (3) using qualitative research to construct CLABSI risk prediction model; (4) unable to obtain the full text, conference papers, repeated publication; (5) Non-Chinese and English.
	4

	Information sources 
	6
	A systematic literature search was conducted across Medline, Embase, Web of Science, CINAHL, Cochrane, CNKI, CBM, Wanfang, VIP databases.
	3

	Search strategy
	7
	[bookmark: _Hlk164414886]Retrieval words were based on similar research experience and keywords related to PICC, bloodstream infection, and prediction models. In addition to this, we also used the predictive model-specific retrieval filters (this article used an Ingui filter) to optimize retrieval.
	4

	Selection process
	8
	The study was conducted by two reviewers (L.J.L. and X.Z.L.) to independently retrieve and vary search algorithms according to the specifications of each database.
	4

	Data collection process 
	9
	Two researchers (L.J.L. and X.Z.L.) independently screened the literature based on its title and abstract, followed by a careful reading of the full text according to the inclusion and exclusion criteria to determine the final inclusion of the study. If they had different views, there was a third person who was equipped with evidence-based nursing experience to judge.
	4

	Data items 
	10a
	Model Predictive Performance：AUC,Calibration and Other indicators.( Table 2)
	8

	
	10b
	Sample size, Outcome, Build and Validation.( Table 2)
	8

	Study risk of bias assessment
	11
	The Bias risk assessment tool（prediction model risk of bias assessment tool, PROBAST）developed by Wolff was used to assess the quality evaluation of the incorporation literature from four aspects: study subjects, predictors, outcomes, and statistical analysis. Two reviewers (L.J.L. and X.Z.L.) used the tool to evaluate each article that met the criteria for inclusion. Disputes over the assessment of bias risk were addressed through debate and consensus between the two authors, and any continuing disagreements were submitted to the third author (Y.J.X).
	5

	Effect measures 
	12
	[bookmark: _Hlk164415108]Differentiation and calibration degree are the two main indicators of evaluation of a model, where differentiation is commonly used C-index or AUC. Calibration usually plots calibration curves and is reported using the brier score or the Hosmer-Lemeshow test to detect the fitting optimum test of the regression equation.
	13

	Synthesis methods
	13a
	Not applicable
	

	
	13b
	Not applicable
	

	
	13c
	Not applicable
	

	
	13d
	Not applicable
	

	
	13e
	Not applicable
	

	
	13f
	Not applicable
	

	Reporting bias assessment
	14
	Not applicable
	

	Certainty assessment
	15
	Not applicable
	

	RESULTS 
	

	Study selection 
	16a
	3,169 studies were found, 738 records were duplicated, 10 studies were retained and incorporated into the analysis.
	5

	
	16b
	Not applicable
	

	Study characteristics 
	17
	[bookmark: _Hlk164414690]Ten studies were included and nine predictive models were established, of which nine were retrospective studies and one was prospective cohort studies(table 1).
	7

	Risk of bias in studies 
	18
	In the study area, nine studies were designed with a retrospective type of study and were therefore rated high risk, with only one study using a prospective cohort study rated low risk.
	10

	Results of individual studies 
	19
	2~72 prognostic factors were included in the model, the most frequent occurrences (Fig 2)
	9

	Results of syntheses
	20a
	The study included nine predictive models, seven model construction and validation, and three model construction.
	9

	
	20b
	The area under the ROC curve included in the model was between 0.608 ~ 0.950, eight of the model’s AUC > 0.7, indicating that the model's predictive performance was good. There were seven studies that reported calibration by plotting calibration curves or hosmer-lemeshow fit optimization tests.
	12

	
	20c
	In the area of analysis, the literature rated as high bias risk (n = 10,100%) focuses on insufficient sample size, improper handling of continuous variables, handling of missing values, and screening of predictors, all dominated by single-variable analysis.
	12

	
	20d
	Not applicable
	

	Reporting biases
	21
	Not applicable
	

	Certainty of evidence 
	22
	Not applicable
	

	DISCUSSION 
	

	Discussion 
	23a
	In terms of model sources, most model come from China. The main reason may be that the PICC application population in China had been widespread in recent decades, the higher and higher rates of exposure were associated with increased complications.
	18

	
	23b
	First，only Chinese and English articles were included；Secondly，the level of variability was too high.
	18

	
	23c
	Low quality inclusion of literature
	18

	
	23d
	it provides us with experience in future studies of predictive models.
	18

	OTHER INFORMATION
	

	Registration and protocol
	24a
	This study is registered on the PROSPERO website with registration number CRD42023333731.
	2

	
	24b
	PROSPERO website
	2

	
	24c
	None
	

	Support
	25
	Funding: None.
	19

	Competing interests
	26
	The authors declare that they have no known competing financial interests or personal relationships.
	19

	Availability of data, code and other materials
	27
	Data sharing is not applicable to this article as no new datawere created or analyzed in this study.
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