Supplementary Table S2. Characteristics of the included studies
	Recommendations
	Identified Barriers in the Reprocessing Process
	Type of Crisis or Emergency Condition
	Type of Surgical Equipment
	Study Population
	Study Design
	Country
	Author (Year)
	Study Title

	Strengthening health surveillance in border regions, increasing international collaboration in the management of cross-border events, and implementing educational, regulatory, and inspection programs focused on medical tourism to prevent similar incidents.
	Weaknesses in cleaning and sterilization protocols, inappropriate management of infectious waste, disorder and contamination in the sterile room, inadequate maintenance of the ventilation system, absence of an isolation room, incorrect labeling of sterile instruments, and replacement of personnel responsible for instrument cleaning.
	Occurrence of a localized outbreak of Mycobacterium abscessus infections following cosmetic surgery.
	Liposuction cannulas and other reusable cosmetic surgical instruments requiring cleaning and sterilization.
	Individuals who underwent cosmetic surgery between August 1, 2021, and April 30, 2022, in a private hospital in Pedro Juan Caballero (n = 108).
	Cohort study
	Brazil and Paraguay
	M. P. V. Glehn (2025)
	Outbreak of infections by Mycobacterium abscessus subsp. abscessus associated with cosmetic surgeries in the Brazil/Paraguay border: a binational cohort study, 2021-2022 (1)

	Strengthening environmental management in the decontamination area; improving staff emergency-response capabilities; ensuring adequate emergency equipment reserves; and enhancing information management and full-process traceability to reduce the risk of hospital-acquired infections and maintain healthcare service quality.
	Only 19.91% of hospitals had independent pre-sterilization rooms for contaminated instruments. Only 9.50% performed daily management of emergency equipment. Staff emergency-response knowledge was assessed in 53.39% of hospitals. In 50.90% of hospitals, a fully closed-loop information tracking system was available. The results indicated that lack of pretreatment, absence of emergency equipment storage and management, inadequate staff knowledge assessment, absence of standardized guidelines, and lack of a complete closed-loop tracking system affected satisfaction with emergency disposal management.
	Emerging infectious disease outbreaks.
	Devices or equipment associated with emerging infectious diseases; the exact type of equipment was not specified.
	CSSD departments in 447 hospitals surveyed from June to December 2023; a total of 442 valid questionnaires were analyzed.
	Cross-sectional Study
	China
	J. Shi (2025)
	Survey on the current situation of management of sterilization and supply centers in response to emerging and outbreaks of infectious diseases in 442 hospitals and analysis of influencing factors (2)

	Use of provisional chemical reprocessing with hydrogen peroxide (3% for 150 minutes or 7.5% for 30 minutes) when necessitated by logistical failures; adoption of a multilayered approach including hygiene measures and antibiotic stewardship to reduce the risk of surgical site infections; equipping field hospitals exclusively with reusable surgical instruments; development of standard operating procedures and comprehensive staff training for all processing stages; and consideration of logistical aspects related to the selection and storage of disinfectants such as hydrogen peroxide. The study also recommended involving hospital hygiene and antibiotic stewardship experts in field hospitals.
	Absence or unexpected failure of the sterile processing department (SPD) in field hospitals; inability to meet the structural, technical, personnel, and procedural requirements necessary for full sterilization under field conditions (e.g., tents or basements); and logistical limitations in supplying disposable materials or returning used instruments to larger centers for processing. Additionally, the absence of standardized test contaminants and the lack of antiviral efficacy assessment were reported as study limitations.
	Logistic breakdowns and the need for immediate patient treatment in field hospitals.
	Reusable surgical instruments, including challenging devices such as scissors, toothed forceps, and grooved surgical spoons.
	Reusable surgical instruments (Reusable SIs) of various shapes and sizes.
	Quasi-Experimental Study
	Germany
	U. Bailey-Monje (2025)
	Provisional Reprocessing of Medical Devices in Field Hospitals: Evaluation of Chemical Approaches for Feasibility and Effectiveness (3)

	Development of comprehensive and targeted emergency plans tailored to regional conditions; strengthening training and conducting regular practical drills for CSSD staff; and increasing monitoring and evaluation of teams, equipment, and emergency reserves to ensure rapid implementation of planned measures during crises.
	Deficiencies in the structure of crisis management teams, lack of clearly defined responsibilities for emergency management, insufficient regular training, shortage of emergency boxes in some CSSD centers, and emergency plans designed without sufficient consideration of regional characteristics. Emergency drills were often superficial and had limited effectiveness in identifying real problems and improving practical response capacity.
	Emergency situations and public health disasters, including natural disasters, accidents, fires, chemical leaks, and other emergency events.
	Reusable medical instruments and devices processed, disinfected, and sterilized in CSSD departments; no specific instrument type was identified.
	A total of 165 CSSD nurses from 55 hospitals across 15 provinces in China.
	Cross-sectional Study
	China
	J. Liu (2024)
	Emergency preparedness in the central sterile supply department: a multicenter cross-sectional survey (4)

	Increasing the frequency of AER water-filter replacement from every three months to monthly significantly reduced positive culture rates. The authors recommended adjusting maintenance and filter replacement schedules according to device utilization and local water quality rather than relying solely on manufacturer-recommended fixed intervals. The study also referred to the use of newer technologies such as disposable endoscopes or sterilizable endoscopes.
	No major deficiencies were identified in bronchoscope reprocessing, maintenance, or handling. However, the increased volume of bronchoscopies increased water flow through AER water filters, likely leading to premature filter failure. This failure contaminated the water used for bronchoscope rinsing, resulting in contamination of the devices themselves.
	A pseudo-outbreak of Mycobacterium avium associated with contamination during equipment reprocessing in a bronchoscopy clinic.
	Bronchoscopes and automated endoscope reprocessors (AERs).
	Patients undergoing bronchoscopy in an outpatient clinic.
	Case Series
	United States
	J. L. Seidelman (2019)
	Mycobacterium avium pseudo-outbreak associated with an outpatient bronchoscopy clinic: Lessons for reprocessing (5)

	Three primary strategies were proposed: repairing the facility infrastructure, using mobile sterilization trailers through purchase or lease, and outsourcing sterilization services to another center. The study reported that outsourcing was the most cost-effective option over a five-year period. It was also emphasized that strategy selection should be based on the cause of the problem, anticipated duration of the crisis, institutional infrastructure capacity, and operational feasibility.
	Steam-quality problems, infrastructure challenges, instrument staining, operating room shutdowns, space and infrastructure limitations for mobile sterilization units, issues related to water and steam supply, high costs, legal and regulatory constraints, difficulty implementing solutions in rural centers, workforce shortages after shutdowns, disruption of residency training programs, and reduced surgical volume.
	Crisis caused by steam-quality problems and infrastructure challenges in sterile processing services (SPS), leading to operating room shutdowns and disruption of surgical services.
	Sterile surgical instruments and reusable medical equipment requiring sterilization.
	A high-complexity VA medical center with approximately 110 inpatient beds, 5,000 annual admissions, more than 4,000 surgeries annually, 8 operating rooms, and 12 surgical specialties.
	Economic evaluation
	United States
	E. Mittenzwei (2017)
	When Sterile Processing Goes Down: An Economic Analysis of Alternative Strategies for Supporting the Service (6)

	The study proposed a self-contained container-based sterilization unit as a solution. The unit included independent water and electricity supplies, areas for receiving contaminated instruments, decontamination, non-electric steam sterilization, and secure storage space. This solution may be beneficial for low-resource healthcare facilities, off-grid centers, maternal and neonatal care, oral health services, and post-disaster settings.
	Lack of access to sterilization equipment, equipment failure or inadequate maintenance, insufficient electricity supply for equipment operation, weak protocols, inadequate inventory quality control, and improper separation of contaminated and sterile instruments. Challenges, costs, and the need for a network of reliable partners were also reported, along with the requirement for consumables and skilled personnel to maintain solar panels and batteries.
	The study was conducted under routine conditions and focused on low-resource settings and structural challenges.
	Stainless-steel surgical instruments. The evaluated reprocessing unit was a shipping-container-based sterilization unit equipped with a non-electric steam sterilizer.
	Contaminated medical/surgical instruments. Specifically, each test included six stainless-steel surgical instruments, including Mayo scissors, Halsted mosquito forceps, and Backhaus towel clamps.
	Quasi-Experimental study
	United States
	Boubour J (2016)
	A Shipping Container-Based Sterile Processing Unit for Low Resources Settings (7)

	Following intervention, the reprocessing procedure was standardized. After surgery, instruments were disassembled, rinsed under water, and cleaned using dedicated brushes, then immersed in enzymatic solution and transferred to the CSS department after rinsing. Instruments were subsequently dried, packaged, and sterilized using an autoclave. Strict monitoring of sterilization processes and avoidance of glutaraldehyde for sterilization of video-surgery instruments were also recommended. The study additionally suggested the use of disposable trocars and enhanced oversight by health authorities on surgical instrument sterilization processes.
	Multiple problems were reported in equipment reprocessing. The surgical instruments did not belong to the hospital, and their reprocessing did not comply with ANVISA regulations. Following mechanical washing in the purge area, the equipment was immersed in 2% glutaraldehyde solution for approximately 30–60 minutes. This method continued despite the prohibition of glutaraldehyde use for sterilizing video-surgery equipment. The same glutaraldehyde container was repeatedly used between surgeries, with two sets of instruments immersed simultaneously. In addition, the purge area was not separated from the operating room and lacked traffic control.
	Outbreak of Mycobacterium abscessus subsp. bolletii infection following laparoscopic surgery in a hospital setting.
	Laparoscopic surgical instruments used in video-assisted surgeries.
	The study population included 222 patients who underwent laparoscopic surgery performed by a single surgical team between July 2009 and August 2010.
	Cohort study
	Brazil
	G. Baruque Villar (2015)
	Risk Factors for Mycobacterium abscessus subsp. bolletii Infection After Laparoscopic Surgery During an Outbreak in Brazil (8)

	Routine endoscopic evaluation of shaver lumens; use of lint-free brushes for cannulas; immersion of instruments in enzymatic solution for 10–15 minutes; capping of optical and camera instrument ends before washing; avoiding storage of instruments outside designated storage rooms; restricting flash autoclaving to essential situations only; redesigning the decontamination room; annual staff training and certification; implementation of an instrument tracking system; and replacement of equipment with more rigid suction tubing.
	Presence of tissue residue and contamination in shaver and cannula lumens; inadequate brushing during cannula cleaning; use of lint-producing brushes that left residual particles; insufficient immersion in enzymatic solution; deficiencies in sterilization indicator documentation; occasional inappropriate use of flash autoclaving; storage of instruments outside standard storage areas; possible contamination from used brushes; and contamination of the decontamination unit sink.
	Occurrence of an infectious outbreak.
	Arthroscopic inflow/outflow cannulae, arthroscopic shaver handpieces, arthroscopes, suction tubing, camera/power cords, and light cords.
	Individuals who underwent knee or shoulder arthroscopy at Hospital X between April 22 and May 7, 2009.
	Case-control study
	United States
	P. K. Tosh (2011)
	Outbreak of Pseudomonas aeruginosa Surgical Site Infections after Arthroscopic Procedures (9)

	To control the outbreak, all bronchoscopes were disinfected, and the AER was cleaned and redesigned. The detergent reservoir was externally mounted to allow replacement. The study also emphasized strict adherence to all stages of endoscope reprocessing, including meticulous mechanical cleaning, high-level disinfection, adequate rinsing, air drying, and proper storage.
	Several problems were reported in the reprocessing procedure. In some cases, initial cleaning steps such as brushing internal channels or final alcohol rinsing were omitted. Bronchoscopes were occasionally left uncleaned beside anesthesia beds and reused in multiple surgeries. In addition, a technical defect in the AER prevented the detergent reservoir and inlet lines from being exposed to disinfectant solution; therefore, once contaminated, they were difficult or impossible to disinfect. Consequently, the detergent reservoir became contaminated with Pseudomonas aeruginosa and served as the source of infection transmission.
	Outbreak of Pseudomonas aeruginosa infection following thoracic surgeries.
	Fiberoptic bronchoscopes used for tracheal intubation during one-lung anesthesia and an automated endoscope reprocessor (AER).
	The study population included seven patients who underwent thoracic surgery between May and June 2003.
	Case Series
	Japan
	N. Shimono (2008)
	An outbreak of Pseudomonas aeruginosa infections following thoracic surgeries occurring via the contamination of bronchoscopes and an automatic endoscope reprocessor (10)

	Proposed interventions included changing the sterilization method from chemical sterilization to ethylene oxide gas sterilization. Additional measures involved complete disassembly of instruments, meticulous manual cleaning, drying instruments before gas sterilization, and random environmental sampling in the operating room for acid-fast bacilli. No new cases were reported during the subsequent three years following implementation of these measures.
	Reported barriers included contamination of the water used for rinsing chemically disinfected instruments. The organism also survived and proliferated within biofilms at the bottom of disinfection trays and in the outer sleeves of laparoscopic instruments. The study additionally referred to insufficient washing and internal brushing of instruments, inadequate cleaning of disinfection trays for biofilm removal, and persistence of the organism despite autoclaving, formaldehyde vapor sterilization, and glutaraldehyde disinfection.
	Hospital outbreak of infection.
	Reusable laparoscopic instruments.
	The study population included patients who underwent surgical procedures between December 2002 and June 2003. Results indicated that among 156 patients who underwent laparoscopy, 35 developed infection. Patients undergoing open surgery during the same period were also evaluated.
	Case Series
	India
	R.Vijayaraghavan (2006)
	Hospital outbreak of atypical mycobacterial infection of port sites after laparoscopic surgery (11)
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