Appendix 1 - Data extraction instrument

	Study
	Program
	Clinical component
	Education component
	Structural component
	Barriers and facilitators
	Context/ Scenario
	Results
	Limitations / Future implications
	Key findings

	Klausen et al., 2021
	Quality inter-professional intervention project with a before–after evaluation aimed at implementing and evaluating a CPAP intervention within a hospital setting.
	Use of CPAP in patients with respiratory insufficiency, including early initiation and repeated application (minimum of three sessions of 5–10 minutes over 24 hours) during clinical deterioration.
	- Theoretical and practical education on respiratory insufficiency and CPAP use, delivered in small groups through 1-hour sessions.
- An instructional video covering physiological principles was also developed to support learning.
	- Organizational change to ensure that all eligible patients could receive CPAP.
- Integration of CPAP initiation within the Rapid Response Team.
- Interprofessional collaboration among nurses, physicians, and physiotherapists.
	Barriers: 
- lack of prior experience with CPAP among ward nurses, insufficient training, limited knowledge, and challenges related to time and prioritization.

Facilitators: 
- improved interprofessional cooperation, development of new competencies, and organizational recognition of the need for change.
	Single-center study conducted in a Danish hospital, where approximately 70% of Rapid Response Team activations were related to respiratory insufficiency.
	- Use of CPAP increased from 73% to 83%
- Transfers to the intensive care unit decreased from 26% to 17%.
- Staff reported improved competencies and interprofessional collaboration.
	- Single-center design, low response rates, and before–after methodology limit causal inference.
- Further studies are needed to confirm effectiveness and generalizability.
	Implementation of CPAP supported by interprofessional training and organizational integration can improve clinical practice, enhance team collaboration, and reduce ICU admissions.

	Kim et al., 2021
	Simulation-based training program for NIV, evaluated through a randomized controlled trial.
	Application of NIV in clinical scenarios, including patient management, clinical decision-making, and understanding of patient experience during NIV.
	Simulation-based training supported by structured scenarios and debriefing, allowing experiential learning and reflection on clinical performance.
	- Randomized controlled trial design with intervention and control groups.
- Pre- and post-intervention assessment of knowledge and self-efficacy.
- Standardized training delivered to the intervention group.

	Facilitators: 
- experiential learning through simulation, safe learning environment, and opportunity for reflection.

Barriers: 
- limited exposure duration and restriction to a specific professional group (nurses).
	Hospital-based training setting in South Korea, involving nurses responsible for patient care using NIV.
	- Significant improvement in knowledge and self-efficacy in the intervention group compared to the control group.
- Participants also reported improved understanding of patient experience and clinical application.
	- Study limited to nurses and short-term outcomes.
- Further research is needed to assess long-term retention and impact on clinical practice.

	Simulation-based training is an effective strategy to improve knowledge, self-efficacy, and clinical understanding in the use of NIV.

	Jackson et al., 2022
	Three-day multimodal NIV training program implemented and evaluated in Haiti through a pre–post educational intervention.
	Use of NIV in patients with acute respiratory failure, focusing on improving knowledge and confidence in NIV application as a key component of respiratory therapy.
	- Multimodal training program including didactic sessions, team-based learning, and multistation simulation.
- The program included five didactic sessions and simulation across 10 stations.

	- Three-day structured training program delivered to 36 healthcare professionals from multiple regions and institutions.
- Conducted alongside the distribution of BPAP and CPAP machines to support implementation of NIV in clinical practice.

	Barriers: 
- lack of prior experience with NIV, limited staff training, shortage of critical care staff, beds and equipment, and language barriers.

Facilitators: 
- multimodal training approach, evidence-based curriculum, provision of equipment (BPAP/CPAP), and strong improvement in knowledge and confidence.
	Low-income setting in Haiti, characterized by a severe shortage of ICU beds and critical care resources, particularly during the COVID-19 pandemic, with increased burden of acute respiratory failure and national efforts to expand NIV capacity.
	- Mean confidence score increased from 2.75 to 3.70.
- Knowledge scores improved by 39.63%.
- 77% of participants increased confidence and 97.2% improved test performance.
	- Single-site study with short training duration.
- Need for longitudinal follow-up to assess sustainability and impact on clinical outcomes.
- Language barriers may have influenced learning.
	Multimodal training programs combining theoretical, practical, and simulation-based approaches can significantly improve knowledge and confidence in NIV use and are feasible in low-resource settings, with potential for wider implementation in low- and middle-income countries.

	Bambi et al., 2023
	Quasi-experimental longitudinal single-cohort before–after study evaluating the effectiveness of an on-the-job NIV training program
	Application and management of helmet-CPAP (Venturi systems) and mask-based NIV (oronasal and full-face masks) in patients requiring respiratory support.

	- On-the-job training delivered during work shifts through two 3-hour sessions.
- Use of simple educational materials, including charts and videos, supported by a self-assessment tool for skills evaluation.
	- Training delivered to 66 nurses working in three acute medical wards converted to COVID-19 units.
- A dedicated “NIV team” composed of four ICU nurses provided training, supervision, and ongoing support.
	Barriers: 
- lack of prior experience with NIV among newly hired nurses, limited knowledge and competence among staff, and rapid reorganization of wards during the pandemic.

Facilitators: 
- on-the-job training delivered by expert ICU nurses, continuous support through periodic visits, and absence of adverse events following training.
	COVID-19 medical wards in an Italian university hospital during the second pandemic wave, characterized by rapid expansion of NIV use and urgent training needs.

	- Significant improvement in skills for both helmet-CPAP and mask-NIV (median scores increased from 2 to 8).
- All skill-related items showed statistically significant improvement.
	- Quasi-experimental design without control group.
- Use of a non-validated self-report tool and potential recall bias.
- Further research using validated instruments and controlled designs is recommended.
	On-the-job training is a rapid and effective strategy to improve practical skills and clinical behaviors related to NIV, particularly in emergency and high-demand settings.

	Osula et al., 2022
	Prospective pretraining–post-training evaluation of an educational intervention aimed at capacitating healthcare workers to provide advanced respiratory care.
	Management of respiratory failure, including conventional oxygen therapy, high-flow nasal cannula, NIV, and an introduction to mechanical ventilation.
	- Initially designed using a low-dose, high-frequency (LDHF) approach with 1-hour weekly sessions over several months.
- Due to implementation challenges, this was modified to a traditional 1-day offsite training program consisting of theoretical instruction without practical sessions.
	- Single-day training program including pre- and post-training assessment using a 20-question multiple-choice examination.
- Delivered to 46 participants (93.4% nurses) working in hospitals without high-care or ICU capacity.
	Barriers:
-  infeasibility of the LDHF approach due to inconsistent attendance, limited availability of respiratory equipment, low physician participation, and technological constraints (lack of laptops, internet access, and data).
Facilitators: 
- institutional support, incentivized participation, and measurable improvements in knowledge.
	Low-resource sub-Saharan African setting during an emergency context, with limited access to ICU or high-dependency care and increased need for respiratory support training.
	- Mean knowledge scores increased from 44.8% pre-training to 68.5% post-training, representing an improvement of 23.7 percentage points.
- Improvements were observed across both basic and advanced respiratory care concepts.
	- Original LDHF model was not feasible in the emergency context and was replaced by a condensed one-day training, potentially limiting depth of learning.
- Low physician participation and absence of clinical outcome evaluation.
- Future studies should explore sustainable training models and include clinical impact.
	Educational interventions can significantly improve knowledge in respiratory care; however, implementation challenges in low-resource settings may limit training depth and highlight the need for adaptable and context-specific educational strategies.

	Miller et al., 2024
	Quality improvement project involving the implementation of a NIV clinical algorithm supported by an educational intervention.

	Standardized application of NIV guided by a clinical algorithm, supporting decision-making, initiation, and management of patients requiring ventilatory support.
	Targeted educational sessions aimed at supporting the implementation of the NIV algorithm, focusing on improving clinical decision-making and appropriate use of NIV in practice.
	- Development and integration of a clinical algorithm into routine clinical workflow.
- Educational support provided to nursing staff to facilitate adoption of the protocol.
- Focus on standardization of care processes.
	Barriers: 
- variability in baseline knowledge and potential resistance to changes in clinical practice.

Facilitators: 
- availability of a structured clinical algorithm, integration into workflow, and targeted education supporting its use.
	Hospital setting in the United States, focused on improving consistency and quality of NIV use in clinical practice.
	Improvement in appropriate use of NIV following implementation of the algorithm and educational intervention.
	- Limited reporting of detailed clinical outcomes and lack of controlled comparison.
- Further research is needed to evaluate long-term impact and generalizability.
	Combining education with structured clinical tools, such as algorithms, can support standardization of care and improve the appropriate use of NIV.

	Gírio et al., 2024
	Quasi-experimental educational intervention with a pre–post design aimed at improving nurses’ knowledge of NIV.
	Management of patients with respiratory insufficiency using NIV, including indications and contraindications, ventilatory modes and parameters, equipment and interfaces, monitoring, complications, and nursing care.
	Theoretical-practical training program consisting of a 60-minute theoretical session followed by practical sessions focused on equipment handling, interface selection, ventilator setup, and prevention of pressure-related complications.
	- Seven-hour training program delivered across different shifts to maximize participation.
- Practical sessions conducted in small groups (2–5 participants).
- Pre- and post-intervention knowledge assessment using a structured questionnaire.
	Barriers: 
- limited prior training and insufficient baseline knowledge among nurses.
Facilitators:
- structured theoretical-practical approach, small-group training, and alignment with clinical practice needs.
	Post-Anesthesia Care Unit in a Portuguese hospital, where nurses are increasingly required to manage patients receiving NIV.
	Significant improvement in knowledge scores following the intervention (mean score increased from 25.4 to 30.1; p < 0.001).

	- Absence of a control group and focus on a single professional group.
- Future studies should assess long-term retention of knowledge and impact on clinical practice.
	Structured theoretical-practical training programs can significantly improve nurses’ knowledge in NIV and support safer and more effective clinical practice.

	Michels-Zetsche et al., 2024
	Multicenter e-learning program (PRiVENT) designed to improve knowledge and competencies in NIV among healthcare professionals.
	Core principles of NIV, including indications, clinical application, and management of patients requiring ventilatory support.

	Structured online modular learning program with interactive content, allowing self-directed and flexible learning.
	- Digital platform accessible across multiple centers
- Modular structure with continuous access and self-paced progression.
- Designed for scalability and wide implementation across different settings.
	Barriers: 
- absence of hands-on training and limited direct application to clinical practice.

Facilitators: 
- high accessibility, flexibility, and ability to reach a large number of healthcare professionals.
	Multicenter European hospital settings, aiming to standardize and improve NIV education across different institutions.
	High completion rates (77–98%) and high success rates in assessments (90–100%), indicating effective knowledge acquisition.
	- Limited evidence on translation of knowledge into clinical practice and patient outcomes.
- Future research should explore integration with practical training components.
	E-learning programs are effective and scalable tools for improving theoretical knowledge in NIV, particularly when accessibility and flexibility are priorities.

	Pla-Canalda et al., 2025
	Multimodal educational intervention on NIV, evaluated through a pre–post study design.
	Application and management of NIV, including patient assessment, initiation of therapy, monitoring, and recognition of complications.
	Combination of theoretical sessions, hands-on practical training, and simulation-based learning, supporting both knowledge acquisition and skill development.
	- Structured training program integrating multiple educational strategies.
- Pre- and post-intervention assessment of knowledge and perceived competence.
- Organized delivery of theoretical, practical, and simulation components.
	Facilitators: 
- multimodal approach, integration of simulation, and alignment with clinical practice.
Barriers: 
- limited duration of training and focus on short-term outcomes.
	Hospital setting in Spain, involving healthcare professionals responsible for the application of NIV.
	Significant improvement in knowledge (increase from 82.2% to 90.2%) and perceived competence following the intervention (p < 0.001).
	- Short-term evaluation and lack of long-term follow-up.
- Further studies are needed to assess sustainability and impact on clinical practice.
	Multimodal training programs that integrate theoretical, practical, and simulation-based approaches are highly effective in improving knowledge and competence in NIV.





