Additional file 8: Reporting of the simulation-based intervention

Evaluating the impact of in situ simulation on interprofessional healthcare team training: a randomised controlled trial. ClinicalTrials.gov NCT07346937.
Reported according to Table 3 of Cheng A, Kessler D, Mackinnon R, Chang TP, Nadkarni VM, Hunt EA, et al. Reporting guidelines for health care simulation research: extensions to the CONSORT and STROBE statements. Adv Simul (Lond). 2016;1:25.
Table 3. Key elements to report for simulation-based research
	Element
	Subelement
	Reporting in this trial

	Participant orientation
	Orientation to the simulator
	Delivered in the environment briefing phase, with identical content in both settings. Participants were told what the manikin can do (monitoring of NIBP, ECG, heart rate, SpO2, respiratory rate and capnography; airway and ventilation manoeuvres; advanced life support; the airway requires lubrication before a laryngeal mask or tracheal tube) and what it cannot do (it does not seize, it may resist adequate ventilation, it does not speak, no fluids are to be infused into it and no invasive procedures are to be performed on it, only the pre-established lines being used). Participants were told that the patient's symptoms and answers would be given by the voice of the simulation technician and that vital signs would appear on the SimStart monitor.

	
	Orientation to the environment
	Room briefing covering the location and function of the material: the anaesthesia trolley with real equipment and drugs, the kits for arterial catheterisation and central venous access, the material in the support room, the location of the LAST kit and of the 20% lipid emulsion, the defibrillator and its accessories, the blood gas analyser, the manual blood sampling procedure, and the disposal of material and drugs. The LAST protocol, the advanced life support algorithm and the list of emergency contacts were available in the room in both settings. In the simulation centre the room had been configured in advance to reproduce the layout and the functionality of the participants' own service (Figure 1 of the manuscript).

	Simulator type
	Simulator make and model
	Medium-fidelity full-body manikin (Resusci Anne Simulator, Laerdal Medical, Stavanger, Norway), controlled with SimPad PLUS and a SimStart multiparameter monitor. The same manikin, control system and monitor were used in both settings.

	
	Simulator functionality
	Operator control of the vital signs displayed on the monitor (NIBP, ECG, heart rate, SpO2, respiratory rate, capnography), airway and ventilation manoeuvres and advanced life support, including defibrillation. No modifications were made to the manikin. Limitations relevant to the research question: the manikin does not reproduce seizure activity and does not speak. The neurological prodrome of local anaesthetic systemic toxicity (perioral numbness, metallic taste, tinnitus, dizziness, agitation and confusion) was therefore conveyed by scripted speech lines delivered by the simulation technician, and the scripted escalation moved from the neurological to the cardiovascular phase because seizure could not be represented. Skin colour, sensation, temperature and capillary glucose were given on request by the same voice. Arterial blood gas results were released only after the sampling had been simulated. Fluids were not infused into the manikin and no invasive procedure was performed on it. The method was identical in both settings.

	Simulation environment
	Location
	In situ setting: Operating Theatre of Unidade Local de Saúde de Matosinhos, Hospital Pedro Hispano, and Post-Anaesthesia Care Unit of Unidade Local de Saúde de São João. Comparison setting: Simulation Centre of the Faculty of Medicine of the University of Porto, in rooms configured to replicate the two clinical services. The in situ sessions were held during working hours, in a room withdrawn from clinical activity, and no session was interrupted by clinical demand. At the time of the study the ULSM operating theatre was undergoing building work, with only the emergency theatre in use and the electronic record system unavailable, so that all records were made on paper. These circumstances were written into the case and applied identically at every study site, in situ and at the simulation centre.

	
	Equipment
	All equipment and drugs required for the response to local anaesthetic systemic toxicity were available and functional in both settings, in the same layout: anaesthesia trolley, multiparameter monitoring, airway material, real and functional infusion pumps, defibrillator with accessories, kits for arterial and central venous access, and the institutional LAST kit. In both settings the defibrillator was kept in the corridor and operated without mains power. The drugs pre-prepared in the scenario were not real; any additional drug requested by the team was the real product available on the anaesthesia trolley, and the 20% lipid emulsion was real, from expired stock. Residual differences between the two settings were confined to equipment with no part in the LAST algorithm, namely the ventilator and the functions of the operating table, neither of which was used during the scenario.

	
	External stimuli
	In the in situ setting, ambient clinical noise, telephone calls and staff movement were present and were not controlled; in the simulation centre they were absent. This is the one element that the equivalence matrix cannot hold constant, because it is intrinsic to the independent variable under study. No session was interrupted by clinical demand and none was suspended.

	Simulation event / scenario
	Event description
	Single scripted scenario of local anaesthetic systemic toxicity in a 79-year-old man undergoing ankle fracture fixation after popliteal sciatic and adductor canal blocks with ropivacaine 0.5% and spinal anaesthesia. The script was built from the institutional procedure of ULSM (no. 3402) and the 2020 ASRA LAST checklist, following the INACSL standard on simulation design, with programmed vital signs, physical signs, scripted speech lines and blood gas results for each state. Progression was contingent on the actions of the team, with time-based fallbacks: baseline for 2 minutes; neurological phase from minutes 2 to 7; without recognition or action, cardiovascular toxicity from minute 7; if the lipid emulsion bolus was given, precarious stabilisation, and if it was not, cardiac arrest in ventricular fibrillation; after advanced life support with a single shock, an advanced airway and maintenance of the lipid infusion, return of spontaneous circulation and a final stabilisation phase; if the arrest persisted, the case closed at minute 20. Duration 20 minutes, identical script in both settings. The full script is provided in Additional File 1.

	
	Learning objectives
	Technical: early identification of the neurological and cardiovascular features; structured call for help; priority administration of 20% lipid emulsion; avoidance of contraindicated agents; advanced airway management, invasive procedures and advanced life support in a shockable rhythm. Non-technical: closed-loop communication, clarity of leadership and role allocation, shared mental model and psychological safety to speak up. The objectives were made explicit in the pre-briefing and were the same in both settings (Table 1). They were incorporated into the event through triggers that required the active participation of every team member, including the healthcare assistant.

	
	Group vs. individual practice
	Group practice. Fourteen teams of seven members, each with the real functional composition of the response to an anaesthetic emergency: two anaesthetists, four perioperative nurses and one healthcare assistant. The first-line team of five received the initial clinical context; the remaining two members were called during the scenario, which preserved the realism of the call for help.

	
	Use of adjuncts
	Clinical handover cards were given to participants during the case briefing to support retention of the information and were collected before they entered the scenario. The patient's clinical record, the institutional LAST protocol, the advanced life support algorithm and the list of emergency contacts were available in the room. The manikin was prepared in dorsal decubitus on the operating table with hospital gown, surgical cap, cotton head support and nappy. A plaster splint was applied to the right lower limb to lend realism to the diagnosis of trimalleolar fracture, and the limb to be operated on was identified according to the WHO safe surgery rules. The manikin also had an identification bracelet, an 18G peripheral line with crystalloid running, real oxygen by nasal cannula at 2 L/min and a forced-air warming blanket. The same preparation was used in both settings.

	
	Facilitator / operator characteristics
	Two facilitators, the same in every session of both settings: the principal investigator, a female perioperative nurse, and a male anaesthetist. Both hold simulation instructor training and each had four years of experience as an instructor in interprofessional clinical simulation. The same pair conducted every debriefing. One simulation technician operated the manikin and provided the patient's voice in every session and took no part in the debriefing. The facilitators had no role within the scenario and acted only as observers.

	
	Pilot testing
	Two pilot sessions before data collection, one in each setting, with professionals who were not part of the sample. They were used to confirm the scenario triggers, the timing of the seven phases and the electronic data collection. No data from these sessions were analysed, and none of the adjustments affected the scenario, the objectives, the timing or the instruments.

	
	Actors / confederates / standardised patients
	No standardised patients or confederates took part in the team. The simulation technician provided the patient's voice and all cues from outside, following the scripted speech lines and operating the progression of the scenario with SimPad PLUS, and took no part in the debriefing. The facilitators had no role in the scenario and were present as observers, which was disclosed to participants in the case briefing.

	Instructional design
	Duration
	180 minutes per session, in seven phases of fixed duration always delivered in the same order: preparation of the technical and facilitation team without participants (15 min); reception and change into surgical scrubs (10 min); pre-briefing with eligibility check, consent, generation of anonymisation codes and pre-simulation questionnaires (30 min); environment and scenario briefing (30 min); scenario (20 min); debriefing (40 min); post-simulation assessment and closing (35 min). The session plan is provided in Additional File 2.

	
	Timing
	Single session. Knowledge, RIPLS and ICCAS were measured immediately before the scenario, during the pre-briefing phase; knowledge, ICCAS, SET-M, SDS and DASH were measured immediately after the debriefing, in the closing phase. There was no follow-up after the session.

	
	Frequency / repetitions
	Single exposure. The scenario was run once per team, with no repetition, no rapid-cycle deliberate practice and no second session.

	
	Clinical variation
	None. One clinical condition only, local anaesthetic systemic toxicity, with the same script and the same programmed course for every team in both settings.

	
	Standards / assessment
	No predefined standard of performance and no mastery threshold were set, and team performance was not scored. Assessment was limited to a 15-item knowledge questionnaire and to participant-reported instruments (ICCAS, SET-M, SDS, DASH). The facilitators' observation grid (Additional File 4) was used to structure the debriefing and not as an outcome measure.

	
	Adaptability of intervention
	The scenario was fixed and was not adapted to individual learners. Progression was contingent on the actions of the team against pre-defined triggers, with time-based fallbacks written into the script, so that the same decision rules applied in both settings.

	
	Range of difficulty
	A single level of difficulty, with the clinical course progressing from the neurological and cardiovascular prodrome to cardiac arrest in a shockable rhythm, identical for all teams.

	
	Nonsimulation interventions and adjuncts
	No non-simulation educational intervention formed part of the trial. Participants received no pre-course reading, lecture, video or teaching material on local anaesthetic systemic toxicity before the session, and no further training on the subject between the pre-session and post-session measurements, which were taken within the same session. Both institutions had their own written procedure for the management of LAST, available to staff as part of ordinary practice; prior familiarity with it was not standardised and was the same condition in both settings.

	
	Integration
	Stand-alone session, not part of a formal curriculum. It was delivered within the continuing education activity of the two services, outside any assessment of the participants, and this was made explicit at recruitment and again in the pre-briefing.

	Feedback and/or debriefing
	Source
	Facilitator-led, face-to-face interprofessional co-debriefing. No computer-generated or simulator-generated feedback was used.

	
	Duration
	40 minutes, identical in both settings and held immediately after the scenario (Table 1).

	
	Facilitator presence
	Yes. Two co-facilitators were present at every debriefing, and they were the same two in every session of both settings.

	
	Facilitator characteristics
	One female perioperative nurse and simulation instructor (the principal investigator) and one male anaesthetist and simulation instructor, who also holds Teach the Airway Teacher (TAT) certification. Each had four years of experience in interprofessional clinical simulation. The interprofessional composition of the pair was deliberate, so that the co-facilitators acted as role models for the collaboration the intervention sought to develop.

	
	Content
	Clinical and technical management of local anaesthetic systemic toxicity together with teamwork and non-technical skills: closed-loop communication, leadership, role allocation and speaking up. In line with the INACSL Sim-IPE standard, the script included a structured phase devoted to the operational role of the healthcare assistant in managing the crisis. No quantitative performance data were fed back to the teams.

	
	Structure / method
	PEARLS, with its four sequential phases, delivered as interprofessional co-debriefing and organised around the records made on the facilitators' observation grid. PEARLS was chosen because it brings self-assessment, focused facilitation and directive feedback together in a single framework and is therefore easier to standardise across settings than models based on appreciative inquiry alone.

	
	Timing
	Terminal. The debriefing took place after the scenario had ended, not concurrently with it.

	
	Video
	No video recording and no video-assisted debriefing were used in either setting. The debriefing was structured around the facilitators' direct observation, recorded on the observation grid (Additional File 4).

	
	Scripting
	Yes. A standardised debriefing script based on the PEARLS healthcare debriefing tool was used in every session of both settings and is provided in Additional File 3.



CONSORT extensions for simulation-based research (Cheng et al., Table 1)
Mapping of the eleven simulation-specific extensions onto the manuscript. The CONSORT 2025 item number is given in brackets for cross-reference with the completed CONSORT checklist.
	Extension item
	What the guideline requires
	Status in this manuscript

	1. Title and abstract [1a, 1b]
	In abstract or key terms, the searchable keyword must include 'simulation' or 'simulated'.
	Met. The title, the abstract and the keywords contain 'simulation' and 'in situ simulation'.

	2. Background [6]
	Clarify whether simulation is the subject of the research or the investigational method.
	Met. Background, final paragraph: simulation is the subject of the research and not only its method, the independent variable being the physical setting in which an otherwise identical simulation-based intervention is delivered.

	5. Interventions [13]
	Theoretical or conceptual rationale for the design of each intervention; all simulation-specific exposures, potential confounders and effect modifiers.
	Met. The rationale is given (INACSL simulation design standard, PEARLS and the INACSL Sim-IPE standard) and the eleven standardised parameters are in Table 1 of the manuscript. Methods, Equivalence matrix of the settings, paragraph 3, lists the simulation-specific exposures that could not be standardised in situ: continuing clinical activity and the noise that it entails, the participants' familiarity with the space, and the presence of their line managers in the service. The same paragraph identifies professional category and previous simulation experience as potential effect modifiers, the first balanced by the allocation procedure and the second recorded at baseline.

	6. Outcomes [14]
	Setting, instrument, simulator type and timing of each assessment; evidence of validity and reliability of the assessment tools in this context.
	Partly met. The instruments, their timing and the absence of a European Portuguese validation are described in Methods, Instruments and variables under study, and in Table 2 of the manuscript. Content validation of the purpose-built knowledge questionnaire is documented: a panel of seven independent experts with perioperative experience (two anaesthetists, two nurses, two healthcare assistants and one simulation specialist), none of whom took part in the trial, appraised the instrument in a structured focus group led by an independent moderator, in four stages, with the principal investigator present only as an observer; the suggestions were incorporated and consensus was reached. No Content Validity Index was computed. Internal consistency in this sample was not computed for any of the scales, and no KR-20 coefficient, item difficulty index or discrimination index was computed for the knowledge questionnaire; the Limitations state this.

	11. Blinding [20a, 20b]
	Describe strategies to decrease the risk of bias when blinding is not possible.
	Met. No blinding was implemented, and the manuscript states so. Allocation was concealed until the teams were formally constituted; the scenario, the debriefing script, the timing of the phases and the instruments were fixed in advance and identical in the two settings; the knowledge questionnaire was scored automatically; and the analysis was performed on files pseudonymised through the participant-generated codes, although the analyst was not blinded to the setting.

	12. Statistical methods [21a, 21d]
	Clearly indicate the unit of analysis, identify repeated measures and describe how these issues were addressed.
	Met. Methods, Sample size and statistical analysis, paragraph 3, declares that allocation was individual while the intervention was delivered in teams, and that the responses of participants who trained together are therefore not strictly independent. The analysis was computed on individual responses, without multilevel modelling, because seven teams per setting would give limited precision to linear mixed models, and the Limitations state the consequence for the p values. Change within each setting was analysed with the Wilcoxon signed-rank test and comparisons between settings with the Mann-Whitney U test.

	15. Baseline data [25]
	Include previous experience with simulation and other features relevant to the intervention.
	Met. Previous experience with clinical simulation was recorded at baseline as a dichotomous variable for all 98 participants and is reported in Table 3 of the manuscript. It was balanced between settings (24 of 49 in situ, 49.0%, and 23 of 49 in the centre, 46.9%; p = 0.841) and differed between professional categories (25 of 28 anaesthetists, 89.3%; 22 of 56 nurses, 39.3%; none of the 14 healthcare assistants; p < 0.001), a difference that also holds within each setting.

	17. Outcomes and estimation [26]
	For assessments involving more than one rater, report interrater reliability.
	Not applicable. All outcomes were self-reported by the participants or scored automatically, so no rater agreement is involved. The facilitators' observation grid was not used as an outcome measure.

	20. Limitations [30]
	Specifically discuss the limitations of simulation-based research.
	Met. Discussion, Limitations, paragraphs 3 to 5: reliance on self-report and on the first two Kirkpatrick levels, a single scenario and a single exposure, the absence of an observed measure of team performance, instruments without a European Portuguese validation and validated only in populations of doctors and nurses, and a comparator that was a simulation centre configured to replicate the workplace rather than a generic space.

	21. Generalisability [29]
	Describe the generalisability of simulation-based outcomes to patient-based outcomes.
	Met in the Discussion, Translational simulation and optimisation of perioperative workflows, and in the Limitations, with the statement that the data do not extend beyond the first two Kirkpatrick levels.

	25. Funding [5a, 5b]
	List the simulator brand and state whether any conflict of interest exists for intellectual property.
	Met. The trial received no external funding and the authors declare no competing interests. The Competing interests statement records that no author has a financial or intellectual property interest in the simulator, in its control system or in any of the assessment instruments. The simulator is identified by make and model in Table 1 of the manuscript.



