Protocol
1. Introduction
1.1 Background and rationale
Catheter-associated urinary tract infections (CAUTI) are among the most common healthcare-associated infections worldwide, accounting for approximately 40% of all nosocomial infections [1]. The incidence of bacteriuria during indwelling catheterization is 3%-7% per day, and after more than 30 days, it approaches nearly 100% [2]. Additionally, 30% of patients with indwelling catheters develop urinary tract infections or systemic symptoms due to catheter-related infections, with 4% progressing to bacteremia [3].
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK3][bookmark: OLE_LINK4]To prevent and reduce the incidence of CAUTI, antibiotics are commonly used during catheterization. However, long-term antibiotic use can lead to increased bacterial resistance and even the emergence of "superbugs" [4]. As a result, antimicrobial urinary catheters coated with antiseptic or antimicrobial compounds were developed to inhibit microbial adhesion and biofilm formation. Up to now, two types of antimicrobial urinary catheters, coated or impregnated with antibiotics or silver, had been approved by Food and Drug Administration (FDA). However, the discomfort reported in short-term catheterization and the concern of antibiotic resistance slowed down the research on nitrofurazone-impregnated catheters [5]. As for silver coated catheters, silver ions, while antimicrobial, may exhibit cytotoxic effects and raise concerns about long-term biocompatibility.
In addition to the FDA approved antimicrobial catheters by far, antimicrobial peptide (AMP), silver nanoparticle, chlorhexidine, ciprofloxacin liposomes and triclosan have also been applied as antimicrobial coating for catheters [5]. The efficacy of these coatings against CAUTI pathogens have been verified in vitro and in vivo [6-8]. Furthermore, there is a large need to investigate their efficacy by randomized controlled clinical trials.
Herein, a randomized controlled study was preformed to assess the efficacy and safety of a newly developed catheter coated with antimicrobial poly-L-lysine (PLL) in reducing the risk of bacteriuria. NMA-coated catheter, an extensively studied and effective antimicrobial catheter for reducing CAUTI, was chosen as control.

1.2 Objectives
The main objective is to assess the efficacy and safety of a newly developed catheter coated with antimicrobial poly-L-lysine (PLL) in reducing the risk of bacteriuria in comparison with NMA-coated catheter.

1.3 Trial design
This study was a prospective, multi-center, randomized controlled noninferiority trial. The experimental group used antimicrobial poly-L-lysine (PLL)-coated catheters (PLL catheter, Taizhou DOBIOM Medical Device Co., Ltd, China), while the control group used NMA-coated catheter (NMA catheter, Bactiguard AB, Sweden). We will randomly assigned patients using a computer generated random coding table. This current study protocol has not been modified.

1.4 Consort diagram
Figure 1 shows the CONSORT diagram of this trial.
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Figure 1. CONSORT diagram of this trial.
1.5 Eligibility criteria 
Inclusion criteria
An individual must fulfil all of the following criteria at the time of trial enrolment in order to be eligible:
(1) aged 18-75 years 
(2) require indwelling catheterization for at least 24 hours
(3) signed informed consent form.
Exclusion criteria
Patients fulfilling one or more of the following criteria will not be included:
(1) within 72 hours prior to catheterization, a urine culture showing ≥ 105 CFU/mL of pathogenic bacteria or clinical symptoms of a urinary tract infection; 
(2) urethral injury or stenosis; 
(3) urinary diversion; 
(4) long-term catheterization, ureteral stent, or nephrostomy before enrollment;
(5) menstruating or pregnant/lactating women.

1.6 Outcomes
Primary outcome
The primary outcome was the incidence of bacteriuria during catheterization.
Main secondary outcomes
The main secondary outcomes will be the following:
(1) total bacterial count per unit surface area of the catheter body in the urethra after catheterization total bacterial count per unit surface area of the catheter body in the urethra after catheterization;
(2) Symptoms during indwelling catheterization;
(3) Changes in urinary white blood cells/red blood cells before and after indwelling catheterization.
Main safety outcomes
(1) Complications related to indwelling catheterization: urethral injury, urethral irritation, and allergies caused by catheterization;
(2) Adverse events during the trial period.

1.7 Interventions
Patients eligible for inclusion will be randomly assigned to the experimental group (PLL catheter group) or to the control group (NMA catheter)
Experimental group
Patients randomly assigned to the experimental group will indwell an antimicrobial poly-L-lysine (PLL)-coated catheters 
Control group
In the control group, patients will indwell a NMA-coated catheter
Both experimental and control groups
After anesthesia on the day of surgery, a urinary catheter was left in the operating room. Surgery was performed according to plan. The catheter was removed upon discharge.

1.8 Participant timeline
The participant timeline is described in table 1.
Table 1. Participant timeline
	Date
	Screen
	The day of indwelling catheterization
	When symptoms of urinary tract infection occur
	The day of removing catheter
	The day after removing catheter

	Item
	V1
	V2
	Special Visit
	V3
	V4

	Clinical evaluation
	√
	
	
	
	

	Informed consent
	√
	
	
	
	

	Randomisation
	√
	
	
	
	

	Demography
	√
	
	
	
	

	Vital signs†
	√
	
	√
	√
	√

	Accompanying medication (antibacterial drugs)
	√
	
	
	
	

	Urinalysis
	√
	
	√
	√
	√

	urine culture
	√
	
	√
	√
	√

	Total bacterial count per unit surface area of urinary catheter body in the urethra
	
	
	
	√
	

	Catheter associated bacteriuria
	
	
	√
	√
	√

	Complications related to indwelling catheterization
	
	
	√
	√
	√

	Adverse events recording
	
	
	√
	√
	√


† Vital signs include temperature, heart rate, respiratory rate, and blood pressure.

1.9 Sample size
This study adopted a noninferiority trial design with α = 0.025 (one-sided), β = 0.2 (80% power), and a clinically relevant noninferiority margin of 10%. Based on previous experience, the incidence of CAUTI was set at 10% [11]. Using this information for sample size calculation, each group required at least 142 participants. Considering an anticipated dropout rate of approximately 5%, we increased the planned sample size to 150 participants per group, with a 1:1 randomization ratio, resulting in a total sample size of 300. 

1.10 Recruitment
Patients are expected to be included in the first day of hospitalization among the 3 participants center starting in February 2023. 
September 2022: Approvals from ethics committee. 
February 2023: Clinical trial register.

2. Methods
2.1 Allocation, sequence generation, and blinding
A statistician employed SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) to generate a random coding table. Group assignments were sealed in sequentially numbered, opaque envelopes, which were stored by an investigator at each center not involved in patient treatment. After obtaining written informed consent from an eligible patient, the investigator opened the next sequential envelope for the assigned center and informed the surgeon of the patient’s group allocation. Group assignments were masked to both patients and physicians.

2.2 Data collection and management
Data will be collected and recorded on case report forms by trained local research coordinators or physicians. Epidemiological data (age, sex, weight, height, reason for surgery, medical history) will be collected on enrolment. 
The primary outcome (incidence of catheter associated bacteriuria) will be collected at each trial site. The following secondary outcomes will be collected:
(1) total bacterial count per unit surface area of the catheter body in the urethra after catheterization total bacterial count per unit surface area of the catheter body in the urethra after catheterization
(2) Symptoms during indwelling catheterization;
(3) Changes in urinary white blood cells/red blood cells before and after indwelling catheterization
(4) Complications and adverse events during indwelling catheterization

2.3 Patients and the public involvement 
Patients and the public were not involved in any way.

2.4 Data and safety monitoring board and interim analysis
An independent data and safety monitoring board (DSMB) will be appointed to oversee the conduct of the trial and review one interim analysis. The DSMB will conduct a single interim analysis for efficacy and safety, after enrolment of 150 patients. The DSMB will be blinded to the treatment arm. The interim analysis will be planned for early stopping of the trial owning to safety or efficiency on the primary outcome assuming the overall p value for the trial is 0.05.

2.5 Statistical methods
A predefined statistical analysis plan will be followed. The statistical analysis will incorporate all the elements required by the CONSORT statement. Statistical analysis will be performed in an intention to treat population, including all the randomised patients except patients who withdraw their consent or do not meet the inclusion criteria. A per- protocol analysis will be performed among the patients included in the intention- to- treat analysis. The per- protocol analysis will take into account if PLL catheter or NMA catheter was eventually administered. All analyses will be conducted by the medical statistical department using statistical software IBM SPSS Statistics, version 23.0 (IBM Corporation, Armonk, NY, USA). A two- sided p value of less than 0.05 will be considered to indicate statistical significance.

2.6 Description of the patient groups at baseline
The baseline features of the overall population and of each group will be described, using frequencies and percentage for categorical variables and the minimum, maximum, mean, SD and quartiles for quantitative variables according to their distribution.

2.7 Primary analysis
The analysis of inter group comparison used CMH χ2 test with adjusted central effects. In addition to estimating the incidence of catheter associated bacteriuria in the experimental and control groups, the difference between groups and their 95% confidence intervals were also estimated.

2.8 Secondary analyses
Secondary and exploratory outcomes
We will perform unadjusted, intention- to- treat analyses comparing patients in the PLL catheters group to patients in the NMA catheters group with regard to each of the prespecified secondary outcomes. Continuous outcomes will be compared with the Mann- Whitney rank- sum test and categorical variables with the χ2 test.
Per-protocol analysis
The per- protocol analysis will exclude patients with major protocol violations and will compare patients that did indwell PLL catheter group with patients that did indwell NMA catheter group (regardless of group assignment).
Effect modification (subgroup analyses)
We will examine whether prespecified baseline variables modify the effect of study group on the primary outcome. We will evaluate for effect modification by fitting a logistic regression model for the primary outcome. Independent variables will include study group assignment. Prespecified subgroups that may modify the incidence of catheter associated bacteriuria include: catheter indwelling days.

2.9 Missing data
We anticipate less than 5% missing data for the primary outcome. Missing data will not be imputed. Analyses will be performed on the complete cases. 

2.10 Data monitoring
Before the start of patient recruitment, all physicians will attend formal training sessions on the study protocol and data collection. The physicians are in charge of daily patient screening and inclusion, ensuring compliance with the trial protocol and collecting the trial data, with blinded assessment. The trial may be temporarily stopped for an individual patient, at the discretion of the attending physician, in case of major serious adverse events suspected to be associated with the catheter used.

2.11 Auditing
An independent DSMB, composed of three experts will monitor the safety of the trial.

3. Ethics and dissemination 
3.1 Research ethics approval
The trial has been approved by the ethics committee of all participating centers. The trial is conducted in accordance with the Declaration of Helsinki and was registered at http://www.chictr.org.cn (ChiCTR2300068030) 3 February 2023. The first patient was enrolled on 23 February 2023. The enrollment was completed on January 16 2024.

3.2 Consent or assent
Written informed consent was obtained from all participants, as required by the institutional review board.

3.3 Confidentiality
All original records will be archived for 15 years. The clean data file will be anonymised and kept for 15 years.

3.4 Declaration of interest
There is no industry support or involvement in the trial.

3.5 Dissemination policy
Findings will be published in peer- reviewed journals and presented at local, national and international meetings and conferences to publicise and explain the research to clinicians, commissioners and service users. All investigators will have access to the final data set. Participant- level data sets will be made accessible on a controlled access basis.
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