


[bookmark: _Hlk132900185]Supplementary material
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[bookmark: _Toc210494096]Supplementary material 1. List of variables used for rating the appropriateness of anesthetic management in transcatheter aortic valve replacement.
	CHAPTER headings
	• Respiratory distress
• Respiratory support in respiratory distress
• Non-invasive ventilation indication

	Item
	• Nasal capnography
• Pulsoxymeter
• EGA
• Initiate treatment for respiratory distress in the out-of-hospital without diagnosis
• Simple oxygen
• NIV
• Corticosteroids
• Physiotherapy
• NSAIDs
• Anticoagulant
• Pain killer
• Autogenic training
• Sedatives
• Bronchodilators
• Adrenaline
• Magnesium sulphate
• Diuretics
• Timing
• Prevention of clinical deterioration
• Improving the patient’s symptoms

	Comorbidities
	• Acute respiratory failure
• COPD
• Cardiogenic pulmonary oedema
• Pneumonia
• Asthma
• Pulmonary embolism
• Neuromuscular disease

	Setting
	• Home
• Ambulance

	CHAPTER headings
	• Respiratory distress
Respiratory support in respiratory distress
Non-invasive ventilation indication




[bookmark: _Toc210494097]Supplementary Table 1. Panellist median rate for diagnostic tool for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	Median (IRQ 1–3)

	Respiratory distress
	Is it appropriate to use nasal capnography as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	5 (3–7)

	
	Is it appropriate to use pulsoxymeter as an additional tool for management respiratory distress in the out-of-hospital setting?
	9 (9–9)

	
	Is it appropriate to use venous blood gas analysis as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	7 (6–7.5)

	
	Is it appropriate to use arterial blood gas analysis as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	3 (2–4.25)


IRQ, Interquartile Range.


Supplemental Table 2. Panelist agreement for diagnostic tool for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	IPR
	Lower limit IPR
	Upper limit IPR
	Central point IPR
	Asymmetry index
	IPRAS
	Disagreement index

	Respiratory distress
	Is it appropriate to use nasal capnography as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	3.00
	3.50
	6.50
	5.00
	0.00
	2.35
	1.28

	
	Is it appropriate to use pulsoxymeter as an additional tool for management respiratory distress in the out-of-hospital setting?
	0.00
	9.00
	9.00
	9.00
	−4.00
	[bookmark: _Hlk204592964]−3.65
	0.00

	
	Is it appropriate to use venous blood gas analysis as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	0.50
	6.50
	7.00
	6.75
	−1.75
	−0.28
	−1.82

	
	Is it appropriate to use arterial blood gas analysis as an additional tool to improve the management respiratory distress in the out-of-hospital setting?
	1.50
	2.50
	4.00
	3.25
	1.75
	4.98
	0.30


IPR, Interpercentile Range; IPRAS, Interpercentile Range Adjusted for Symmetry.


[bookmark: _Toc210494098]Supplementary Table 3. Panellist median rate for respiratory support in respiratory distress for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	Median (IRQ 1–3)

	Respiratory support in respiratory distress
	Is it appropriate to intervene when respiratory distress/acute respiratory failure is identified out-of-hospital, even if the underlying cause is not yet diagnosed?
	9 (9–9)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, simple oxygen therapy alone may be sufficient to postpone clinical deterioration?
	5.5 (3.75–6)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NIV therapy alone may be sufficient to postpone clinical deterioration?
	8 (7–8)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, corticosteroids therapy alone may be sufficient to postpone clinical deterioration?
	3 (1.75–3)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, physiotherapy alone may be sufficient to postpone clinical deterioration?
	1.5 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NSAIDs alone may be sufficient to postpone clinical deterioration?
	1 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, anticoagulant alone may be sufficient to postpone clinical deterioration?
	1 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, pain killer alone may be sufficient to postpone clinical deterioration?
	2 (1–3)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, autogenic training alone may be sufficient to postpone clinical deterioration?
	1.5 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, sedatives alone may be sufficient to postpone clinical deterioration?
	1 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, bronchodilators alone may be sufficient to postpone clinical deterioration?
	4 (2–6)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, nebulized adrenaline alone may be sufficient to postpone clinical deterioration?
	3.5 (2–5)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, magnesium sulphate alone may be sufficient to postpone clinical deterioration?
	2 (1–3)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, diuretics alone may be sufficient to postpone clinical deterioration?
	3.5 (2–5)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, simple oxygen therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	7.5 (6.75–9)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NIV therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	8.5 (8–9)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, corticosteroids therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	5 (3.75–5)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, physiotherapy alone on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.5 (2–4.25)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NSAIDs on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.5 (1–3)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, antiocoagulant on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.5 (1–2)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, pain killer on top of standard medical therapy may be useful to postpone clinical deterioration?
	4.5 (3–5)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, autogenic training on top of standard medical therapy may be useful to postpone clinical deterioration?
	2 (1–4)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, sedatives on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.5 (1–4)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, broncodilators on top of standard medical therapy may be useful to postpone clinical deterioration?
	6 (5–7)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, nebulized adrenaline on top of standard medical therapy may be useful to postpone clinical deterioration?
	5 (3.75–6)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, magnesium sulfate on top of standard medical therapy may be useful to postpone clinical deterioration?
	3 (2.75–5)

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, diuretics on top of standard medical therapy may be useful to postpone clinical deterioration?
	5.5 (4.75–6.25)

	
	Is it appropriate to provide advanced respiratory support (e.g., NIV, CPAP) rather than only oxygen therapy in out-of-hospital patients with moderate to severe respiratory distress?
	8 (8–8.25)

	
	Is it appropriate to start NIV as soon as possible (e.g., <10 min) in severe respiratory distress?
	8 (8–9)

	
	Is it appropriate to start oxygen therapy as soon as possible (e.g., <10 min) in severe respiratory distress?
	8 (8–9)

	
	Is it appropriate to use oxygen therapy in order to improve the patient’s symptoms?
	8 (8–9)

	
	Is it appropriate to use oxygen therapy in order to prevent clinical deterioration?
	8 (7.75–9)

	
	Is it appropriate to use NIV in order to improve the patient’s symptoms?
	8 (8–9)

	
	Is it appropriate to use NIV in order to prevent clinical deterioration?
	8.5 (8–9)

	
	Is it appropriate to prefer oxygen therapy over NIV in order to improve the patient’s symptoms?
	3 (2–3)


NIV, Non-Invasive Ventilation; NSAIDs, Non-Steroidal Anti-Inflammatory Drugs; CPAP, Continuous Positive Airway Pressure; IRQ, Interquartile Range.


[bookmark: _Toc215478553]Supplemental Table 4. Panelist agreement for diagnostic tool for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	IPR
	Lower limit IPR
	Upper limit IPR
	Central point IPR
	Asymmetry index
	IPRAS
	Disagreement index

	Respiratory support in respiratory distress
	Is it appropriate to intervene when respiratory distress/acute respiratory failure is identified out-of-hospital, even if the underlying cause is not yet diagnosed?
	0.00
	9.00
	9.00
	9.00
	−4.00
	−3.65
	0.00

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, simple oxygen therapy alone may be sufficient to postpone clinical deterioration?
	1.50
	4.50
	6.00
	5.25
	−0.25
	1.98
	0.76

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NIV therapy alone may be sufficient to postpone clinical deterioration?
	1.00
	7.00
	8.00
	7.50
	−2.50
	−1.40
	−0.71

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, corticosteroids therapy alone may be sufficient to postpone clinical deterioration?
	1.00
	2.00
	3.00
	2.50
	2.50
	6.10
	0.16

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, physiotherapy alone may be sufficient to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NSAIDs alone may be sufficient to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, anticoagulant alone may be sufficient to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, pain killer alone may be sufficient to postpone clinical deterioration?
	1.50
	1.50
	3.00
	2.25
	2.75
	6.48
	0.23

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, autogenic training alone may be sufficient to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, sedatives alone may be sufficient to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, bronchodilators alone may be sufficient to postpone clinical deterioration?
	3.00
	2.50
	5.50
	4.00
	1.00
	3.85
	0.78

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, nebulized adrenaline alone may be sufficient to postpone clinical deterioration?
	2.50
	2.00
	4.50
	3.25
	1.75
	4.98
	0.50

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, magnesium sulphate alone may be sufficient to postpone clinical deterioration?
	2.00
	1.00
	3.00
	2.00
	3.00
	6.85
	0.29

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, diuretics alone may be sufficient to postpone clinical deterioration?
	2.00
	2.50
	4.50
	3.50
	1.50
	4.60
	0.43

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, simple oxygen therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.00
	7.00
	9.00
	8.00
	−3.00
	−2.15
	−0.93

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NIV therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, corticosteroids therapy on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.00
	4.00
	5.00
	4.50
	0.50
	3.10
	0.32

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, physiotherapy alone on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.50
	2.00
	3.50
	2.75
	2.25
	5.73
	0.26

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, NSAIDs on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.50
	1.50
	3.00
	2.25
	2.75
	6.48
	0.23

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, anticoagulant on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.00
	1.00
	2.00
	1.50
	3.50
	7.60
	0.13

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, pain killer on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.00
	3.00
	5.00
	4.00
	1.00
	3.85
	0.52

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, autogenic training on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.00
	1.50
	3.50
	2.50
	2.50
	6.10
	0.33

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, sedatives on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.50
	1.00
	3.50
	2.25
	2.75
	6.48
	0.39

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, bronchodilators on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.00
	5.00
	7.00
	6.00
	−1.00
	0.85
	2.35

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, nebulized adrenaline on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.50
	4.50
	6.00
	5.25
	−0.25
	1.98
	0.76

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, magnesium sulfate on top of standard medical therapy may be useful to postpone clinical deterioration?
	2.00
	3.00
	5.00
	4.00
	1.00
	3.85
	0.52

	
	Is it appropriate to consider that in patients with out-of-hospital respiratory distress, diuretics on top of standard medical therapy may be useful to postpone clinical deterioration?
	1.00
	5.00
	6.00
	5.50
	-0.50
	1.60
	0.63

	
	Is it appropriate to provide advanced respiratory support (e.g., NIV, CPAP) rather than only oxygen therapy in out-of-hospital patients with moderate to severe respiratory distress?
	0.00
	8.00
	8.00
	8.00
	−3.00
	−2.15
	0.00

	
	Is it appropriate to start NIV as soon as possible (e.g., <10 min) in severe respiratory distress?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to start oxygen therapy as soon as possible (e.g., <10 min) in severe respiratory distress?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to use oxygen therapy in order to improve the patient’s symptoms?
	0.50
	8.00
	8.50
	8.25
	−3.25
	−2.53
	−0.20

	
	Is it appropriate to use oxygen therapy in order to prevent clinical deterioration?
	0.50
	8.00
	8.50
	8.25
	−3.25
	−2.53
	−0.20

	
	Is it appropriate to use NIV in order to improve the patient’s symptoms?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to use NIV in order to prevent clinical deterioration?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to prefer oxygen therapy over NIV in order to improve the patient’s symptoms?
	0.50
	2.50
	3.00
	2.75
	2.25
	5.73
	0.09


IPR, Interpercentile Range; IPRAS, Interpercentile Range Adjusted for Symmetry; NIV, Non-Invasive Ventilation; NSAIDs, Non-Steroidal Anti-Inflammatory Drugs; CPAP, Continuous Positive Airway Pressure.


[bookmark: _Toc210494099]Supplementary Table 5. Panellist median rate for non-invasive ventilation and oxygen therapy indication for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	Median (IRQ 1–3)

	Non-invasive ventilation indication
	Is it appropriate to use out-of-hospital NIV in patients with suspected acute exacerbation of COPD presenting with respiratory failure?
	9 (8–9)

	
	Is it appropriate to use out-of-hospital oxygen in patients with suspected acute exacerbation of COPD presenting with respiratory failure?
	7 (5–7.25)

	
	Is out-of-hospital NIV appropriate for patients with acute cardiogenic pulmonary oedema?
	9 (9–9)

	
	Is out-of-hospital oxygen appropriate for patients with acute cardiogenic pulmonary oedema?
	8 (8–8.25)

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to pneumonia?
	8 (7–9)

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to pneumonia?
	8 (7.75–9)

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to asthma?
	5.5 (5–7)

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to asthma?
	7 (6.75–8.25)

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to neuromuscular diseases?
	8.5 (8–9)

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to neuromuscular diseases?
	7 (5.75–8)

	
	Is out-of-hospital NIV appropriate for patients with suspected respiratory distress due to pulmonary embolism?
	4 (3–5)

	
	Is out-of-hospital oxygen appropriate for patients with suspected respiratory distress due to pulmonary embolism?
	7 (7–8.25)

	
	Is the use of NIV in out-of-hospital settings appropriate for patients with acute respiratory failure?
	8.5 (8–9)

	
	Is it appropriate to initiate NIV before patient transport to the hospital rather than waiting until arrival at the emergency department?
	9 (9–9)

	
	Is it appropriate to initiate out-of-hospital NIV in patients with acute respiratory distress who are already on chronic home NIV (e.g., using their own device)?
	9 (9–9)

	
	Is it appropriate to continue NIV during ambulance transport?
	9 (9–9)

	
	Is it appropriate to consider HFNC in the management of out-of-hospital respiratory distress?
	7.5 (5.75–8.25)

	
	When oxygen therapy is indicated, is it appropriate to titrate oxygen to target oxygen saturation levels rather than routinely administering high-flow oxygen?
	9 (7.75–9)


NIV, Non-Invasive Ventilation; COPD, Chronic Obstructive Pulmonary Disease; HFNC, High-Flow Nasal Cannula; IRQ, Interquartile Range.


[bookmark: _Toc210494102]Supplementary Table 6. Panellist agreement for non-invasive ventilation and oxygen therapy indication for early management of out-of-hospital respiratory distress.
	Chapter
	Clinical scenario
	IPR
	Lower limit IPR
	Upper limit IPR
	Central point IPR
	Asymmetry index
	IPRAS
	Disagreement index

	Non-invasive ventilation indication
	Is it appropriate to use out-of-hospital NIV in patients with suspected acute exacerbation of COPD presenting with respiratory failure?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to use out-of-hospital oxygen in patients with suspected acute exacerbation of COPD presenting with respiratory failure?
	1.50
	5.50
	7.00
	6.25
	−1.25
	0.48
	3.16

	
	Is out-of-hospital NIV appropriate for patients with acute cardiogenic pulmonary oedema?
	0.00
	9.00
	9.00
	9.00
	−4.00
	−3.65
	0.00

	
	Is out-of-hospital oxygen appropriate for patients with acute cardiogenic pulmonary oedema?
	0.00
	8.00
	8.00
	8.00
	−3.00
	−2.15
	0.00

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to pneumonia?
	1.00
	7.50
	8.50
	8.00
	−3.00
	−2.15
	−0.47

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to pneumonia?
	0.50
	8.00
	8.50
	8.25
	−3.25
	−2.53
	−0.20

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to asthma?
	1.50
	5.00
	6.50
	5.75
	−0.75
	1.23
	1.22

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to asthma?
	0.50
	7.00
	7.50
	7.25
	−2.25
	−1.03
	−0.49

	
	Is out-of-hospital NIV appropriate for patients with respiratory distress due to neuromuscular diseases?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is out-of-hospital oxygen appropriate for patients with respiratory distress due to neuromuscular diseases?
	2.00
	6.00
	8.00
	7.00
	−2.00
	−0.65
	−3.08

	
	Is out-of-hospital NIV appropriate for patients with suspected respiratory distress due to pulmonary embolism?
	2.00
	3.00
	5.00
	4.00
	1.00
	3.85
	0.52

	
	Is out-of-hospital oxygen appropriate for patients with suspected respiratory distress due to pulmonary embolism?
	1.00
	7.00
	8.00
	7.50
	−2.50
	−1.40
	−0.71

	
	Is the use of NIV in out-of-hospital settings appropriate for patients with acute respiratory failure?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to initiate NIV before patient transport to the hospital rather than waiting until arrival at the emergency department?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34

	
	Is it appropriate to initiate out-of-hospital NIV in patients with acute respiratory distress who are already on chronic home NIV (e.g., using their own device)?
	0.00
	9.00
	9.00
	9.00
	−4.00
	−3.65
	0.00

	
	Is it appropriate to continue NIV during ambulance transport?
	0.00
	9.00
	9.00
	9.00
	−4.00
	−3.65
	0.00

	
	Is it appropriate to consider HFNC in the management of out-of-hospital respiratory distress?
	1.50
	6.50
	8.00
	7.25
	−2.25
	−1.03
	−1.46

	
	When oxygen therapy is indicated, is it appropriate to titrate oxygen to target oxygen saturation levels rather than routinely administering high-flow oxygen?
	1.00
	8.00
	9.00
	8.50
	−3.50
	−2.90
	−0.34


IPR, Interpercentile Range; IPRAS, Interpercentile Range Adjusted for Symmetry; NIV, Non-Invasive Ventilation; COPD, Chronic Obstructive Pulmonary Disease; HFNC, High-Flow Nasal Cannula.


[bookmark: _Toc215251701][bookmark: _Toc215478555]Supplementary Table 7. Future perspectives.
	Priority area
	Key research questions
	Suggested study design/setting
	Main outcomes of interest

	1. Home-initiated respiratory support and telemedicine
	What is the role of telemedicine and home monitoring for respiratory support?
	Pilot feasibility studies, pragmatic trials and implementation studies in homecare/community settings with telemedicine support.
	Feasibility, adherence, safety events, time to treatment, avoidance of ED visits/hospitalizations, patient- and caregiver-reported outcomes.

	2. Clinical phenotypes of undifferentiated respiratory distress
	Can distinct phenotypes of undifferentiated respiratory distress be identified that respond differently to early interventions? How should these phenotypes guide prehospital management?
	Prospective observational cohorts with detailed clinical, physiological, and outcome data; cluster and latent class analyses.
	Identification of phenotypes, differential response to respiratory support, prognostic stratification, refinement of triage tools.

	3. Decision-support algorithms and standardized EMS protocols
	Do structured decision-support tools and standardized protocols for out-of-hospital respiratory distress improve process and patient outcomes compared with usual care?
	Multicenter implementation studies, before–after designs, cluster-randomized or stepped-wedge trials in EMS systems.
	Protocol adherence, time to treatment, appropriateness of interventions, clinical outcomes, safety, variability between services.

	4. High-risk subgroups and novel monitoring tools
	What is the optimal management of high-risk patients (e.g., severe hypoxemia, multiple comorbidities)? Do new monitoring tools (e.g., nasal capnography, advanced physiological monitoring) improve decision-making and outcomes?
	Prospective cohorts focused on high-risk populations; randomized trials or pragmatic evaluations of monitoring strategies.
	Early detection of deterioration, treatment escalation, accuracy of field assessment, patient-centered outcomes, cost-effectiveness, delays.

	5. Evaluation of specific interventions (e.g., HFNC and pharmacologic therapies)
	What is the role of HFNC in undifferentiated respiratory distress out-of-hospital? Is HFNC a feasible technique in out-of-hospital settings? How effective are pharmacologic agents (e.g., bronchodilators, diuretics, corticosteroids, analgesics) when used alone or added to standard therapy in this setting?
	Randomized controlled trials or retrospective comparative studies or large registries capturing real-world use or before-after studies in prehospital and ED settings.
	Symptom relief, prevention of deterioration/intubation, adverse events, interaction with respiratory support strategies, resource utilization.


HFNC, High-Flow Nasal Cannula; ED, Emergency department; EMS, emergency medical service.


[bookmark: _Toc210494103]Supplementary material 2. List of definitions.
1. Respiratory Distress
A list of some of the signs that may indicate that a person is working harder to breathe.
• Breathing rate. An increase in the number of breaths per minute.
• Color changes: A bluish color seen around the mouth, on the inside of the lips, or on the fingernails. The color of the skin may also appear pale or gray.
• Grunting: A grunting sound can be heard each time the person exhales.
• Nose flaring: The openings of the nose spreading open while breathing may mean that a person is having to work harder to breathe.
• Retractions: The chest appears to sink in just below the neck or under the breastbone with each breath or both. This is one way of trying to bring more air into the lungs, and can also be seen under the rib cage or even in the muscles between the ribs.
• Sweating: There may be increased sweat on the head, but the skin does not feel warm to the touch. More often, the skin may feel cool or clammy. This may happen when the breathing rate is very fast.
• Wheezing.: A tight, whistling or musical sound heard with each breath can mean that the air passages may be smaller (tighter), making it harder to breathe.
• Body position: A person may spontaneously lean forward while sitting to help take deeper breaths. This is a warning sign that he or she is about to collapse.
• Dyspnea.
• Inability to speak in full sentences: A clinical sign of significant respiratory distress, in which patients can only speak in short phrases or single words due to breathlessness.
• Accessory muscle use: Engagement of additional respiratory muscles (sternocleidomastoid, intercostals) to support breathing, reflecting increased respiratory effort.
2. Simple oxygen therapy
Administration of oxygen through low- or medium-concentration devices (e.g., nasal cannula, simple face mask) without positive pressure.
3. NIV
Non-invasive ventilation strategies applied in the out-of-hospital setting to support gas exchange and reduce work of breathing through a mask or helmet interface without endotracheal intubation. Non invasive ventilation (NIV) includes CPAP (providing constant positive pressure throughout the respiratory cycle, commonly used in acute cardiogenic pulmonary edema) and Bilevel NIV (a form of NIV providing two pressure levels: inspiratory positive airway pressure (IPAP) and expiratory positive airway pressure (EPAP), useful in hypercapnic conditions such as Chronic obstructive pulmonary disease (COPD) exacerbations).
4. High-flow nasal cannula (HFNC)
A system delivering heated, humidified oxygen at high flow rates (up to 60 L/min) via nasal cannula.
5. Pulse oximetry (SpO₂)
A non-invasive method to measure arterial oxygen saturation using a fingertip, ear, or forehead probe. Provides rapid information on oxygenation but may be influenced by poor perfusion, motion artifacts, or external factors.
6. Capnography (EtCO₂)
Monitoring of end-tidal carbon dioxide concentration through nasal or airway sampling. Provides information on ventilation and can detect hypoventilation, hyperventilation, and apnea in out-of-hospital settings.
7. Acute Exacerbation of COPD (AECOPD)/COPD with hypercapnia
An acute worsening of COPD symptoms with elevated CO₂ levels, often requiring ventilatory support.
8. Acute cardiogenic pulmonary edema (ACPE)
Respiratory distress caused by fluid accumulation in the lungs due to acute heart failure, often responsive to CPAP.
9. Pneumonia-related respiratory distress
Acute dyspnea caused by infectious involvement of the lungs, leading to impaired gas exchange.
10. Asthma exacerbation
Acute worsening of asthma symptoms, characterized by bronchospasm, wheezing, and respiratory distress.
11. Suspected pulmonary embolism (PE)
Acute dyspnea due to obstruction of pulmonary arteries by thromboemboli.
12. Neuromuscular disease (out-of-hospital context)
Disorders such as Amyotrophic lateral sclerosis, myopathies, or Guillain–Barré that cause respiratory muscle weakness and impaired ventilation.
13. Heart failure with pulmonary edema
Decompensated heart failure presenting with acute respiratory distress due to fluid overload in the lungs.
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1. Methods
A systematic search was conducted to identify studies relevant to early management in patients with out-of-hospital respiratory distress.
This report was distributed to panel members to guide their ratings and inform the consensus-building process.
2. Eligibility criteria
Randomized controlled trials and quasi-randomized studies published in peer-reviewed journals which compare 1) early non-invasive ventilation (e.g., prehospital provided by emergency medical service or in-hospital) versus standard oxygen therapy and 2) oxygen therapy versus simple room air in out-of-hospital respiratory distress. We also include relevant to the topic guidelines and consensus. We excluded non-randomized studies, reviews, editorials, and studies not addressing our review question.
3. Search strategy
Two authors performed a systematic search on PubMed, Cochrane, and Embase from inception up to September 4, 2025. FD developed the search strategy using standardized systematic review methodology and Boolean operators (OR, AND, NOT). Key terms included: “non-invasive ventilation”, “continuous positive airway pressure”, “early ventilation”, “prehospital”, “out-of-hospital”, “respiratory distress”, “oxygen therapy”. We also examined bibliographic references of included articles and selected those we considered relevant.
4. Study selection
Two authors independently screened study eligibility at the title/abstract level using a standardized form. Disagreements were resolved by consensus.
5. Data collection
Two investigators independently extracted data from each included trial using a standardized data collection form. We extracted all available data as outlined in the protocol: study characteristics (first author, year of publication, country), population characteristics, inclusion criteria, sample size, and outcomes.
6. Results
6.1 Study characteristics
Out of 543 articles, the search strategy of electronic databases identified 16 studies for a total of 2231 patients which met the inclusion criteria and were included [1].
All included studies were published between 2000 and 2025; ten were conducted in Europe, two in North America, two in Australia and one included Europe and Central Asia. Thirteen studies were randomized [2–14], two were quasi-randomized (one randomizing patients by date of birth [15] and the other by ambulance unit [16]) and one was a position paper [17].
Seven studies investigated prehospital NIV in patients with acute cardiogenic pulmonary oedema, one in patients with acute COPD exacerbation, and the remainder in patients with acute respiratory failure due to any cause, including high-risk populations such as patients with hematologic malignancies or after hematopoietic stem cell transplantation. Ten studies used CPAP as the mode of NIV, while the remainder used pressure support ventilation. All studies compared NIV (initiated prehospital or early outside the intensive care unit) with standard oxygen therapy. Twelve studies evaluating out of hospital NIV versus standard oxygen therapy, while three studies evaluating early NIV outside the ICU [4, 9, 12]. Only one study is in progress about the early use of high flow nasal canula in the prehospital setting. We identified one systematic review and one international guideline evaluating the role of supplemental oxygen in prehospital and early hospital management of respiratory distress. No randomized controlled trials were conducted specifically in the prehospital setting for asthma or mild hypoxemic respiratory distress. Only one randomized controlled trial was identified for COPD in the prehospital environment. The remaining evidence derives from hospital-based randomized trials, meta-analyses, or expert consensus statements.
6.2 Risk of endotracheal intubation
Rates of endotracheal intubation were reported in 14 studies [2–14, 16]. We found a significant reduction in rates of endotracheal intubation among patients receiving NIV (Fig. 1; 59/1103 (5%) vs. 120/1065 (11.3%); relative risk (RR) = 0.47; 95% confidence interval (CI), 0.35–0.63; p < 0.001; I² = 0%) compared to standard oxygen therapy. The number needed to treat (NNT) was 17.
6.3 Symptoms relief
Prehospital NIV resulted in higher oxygen saturation at hospital admission (97.3 ± 0.8% vs. 89.5 ± 2.7%, p = 0.002) [15]. NIV produced greater prehospital improvements in respiratory rate (median −8 vs. −2 breaths/min) and dyspnea score (median −6 vs. −2 points), with higher admission oxygen saturations compared to standard oxygen therapy [13]. CPAP reduced the risk of respiratory acidosis (mean difference in pH −0.11, p = 0.002) and lowered pCO₂ (mean difference −10.0 mmHg, p = 0.026) [14], while a large trial reported greater reductions in dyspnea (mean difference −2.0, 95% CI −2.5 to −1.6) and respiratory rate (mean difference −4 breaths/min, 95% CI −5 to −4) [6]. In contrast, no significant differences in respiratory rate or oxygen saturation were observed between groups after one hour of treatment in another randomized trial [11].
6.4 Prehospital timings
No significant difference in scene times was observed between NIV and usual care groups (31.2 vs. 31.4 minutes, p = 0.931) [7, 8, 11]. One randomized controlled trial (RCT) show that CPAP was delivered for a median of 60 minutes in the prehospital setting [10].
6.5 Mortality at the longest follow-up available
Overall, we found that treatment with NIV (prehospital or early ward-based) did not significantly reduce mortality at the longest follow-up available when compared with patients receiving standard oxygen therapy (Fig. 2; 167/1137 (15%) vs. 183/1094 (17%); RR = 0.88; 95% CI, 0.73–1.06; p = 0.19; I² = 44%).
6.6 Feasibility
Prehospital NIV was shown to be feasible across multiple randomized and pilot studies. CPAP was well tolerated in patients with acute cardiogenic pulmonary oedema and acute respiratory failure, with successful application in the majority of cases. Large, randomized trials confirmed that NIV could be effectively delivered in the out-of-hospital setting, with consistent improvements in respiratory parameters and no major safety concerns [6]. Nevertheless, some studies found no added benefit over optimized medical therapy, and feasibility challenges such as limited recruitment and compliance were highlighted in pilot work [8, 11].
6.7 Guidelines
No guidelines exist on the management of NIV in the out-of-hospital setting, although in 2022 the National Association of EMS Physicians (NAEMSP) published a position paper revieing the available literature and providing consensus recommendations on prehospital NIV [18]. This document concluded that NIV is a safe and important therapeutic option for respiratory failure due to COPD, asthma, and acute cardiogenic pulmonary oedema. The statement further highlighted feasibility at both advance and basic life support levels, the need for structured training and quality assurance programs, and the potential role of novel modalities such as high-flow nasal cannula and helmet NIV in prehospital care.
6.8 Asthma
Evidence for the use of supplemental oxygen in the prehospital management of acute severe asthma is extremely limited, and no randomized controlled trials have been conducted in the prehospital setting. Consequently, current recommendations are based on expert consensus and indirect evidence, with a grade D level of recommendation [17]. Hospital-based studies, however, suggest that oxygen administration must be carefully titrated. A randomized controlled trial in New Zealand enrolling 106 patients with severe asthma presenting to the emergency department found that high-concentration oxygen (8 L/min via face mask) resulted in a significantly higher risk of carbon dioxide retention compared to titrated oxygen (22/50 (44%) vs. 10/53 (19%); RR 2.3, 95% CI 1.2–4.4, p < 0.006) [19]. Similarly, a randomized trial in Uruguay demonstrated that 100% oxygen for 20 minutes significantly increased partial pressure of carbon dioxide and reduced peak expiratory flow rate compared to 28% oxygen [20]. These findings confirm earlier case series that uncontrolled oxygen can worsen gas exchange by increasing ventilation–perfusion mismatch. International guidelines, including Global Initiative for Asthma and the British Thoracic Society, recommend titrating oxygen only to correct hypoxemia, aiming for saturations between 93–95% or >92% depending on the source, while avoiding hyperoxia [17, 21, 22].
6.9 Chronic obstructive pulmonary diseases
Evidence regarding supplemental oxygen in the prehospital management of acute exacerbations of COPD is limited, with only one randomized controlled trial identified. A meta-analysis found a single RCT enrolling 214 patients with AECOPD treated by paramedics during ambulance transport. Patients were randomized to receive titrated oxygen therapy (target SpO₂ 88–92%) or high-flow oxygen (8–10 L/min via face mask). Mortality was significantly lower in the titrated group (2/97 (2%) vs. 11/117 (9%); RR 0.22, 95% CI 0.05–0.97), corresponding to an absolute risk reduction of 7.3% and a number needed to treat of 14 [23]. Guidelines therefore recommend controlled oxygen administration, aiming for SpO₂ 88–92% in patients at risk of hypercapnic respiratory failure [17].
6.10 Mild hypoxemic respiratory distress
Evidence for supplemental oxygen in patients with mild hypoxemia and dyspnea is limited, with no randomized trials conducted in the prehospital setting. As a result, guideline recommendations are based on low-level evidence and expert opinion, and the grade of recommendation is weak (grade D). In hospital and palliative care populations, several randomized controlled trials and systematic reviews have examined the role of oxygen in patients with advanced cancer and only mild or no hypoxemia. A meta-analysis of five blinded crossover trials including 134 patients found that oxygen did not significantly improve dyspnea compared with medical air (standard mean difference −0.09, 95% CI −0.22 to 0.04; p = 0.16) [24]. In a randomized, double-blind crossover trial of 51 patients with advanced cancer, they reported that both oxygen and air administered at 4 L/min via nasal prongs improved dyspnea, but no significant difference was observed between treatments, even in the subgroup of 17 hypoxemic patients (mean change in VAS: air 15.4 mm vs. oxygen 13.3 mm, p = 0.81) [25]. Similarly, another RCT reported that 33 non-severely hypoxemic cancer patients (resting SpO₂ ≥90%) received either oxygen or air at 5 L/min during a six-minute walk test, finding no significant differences in dyspnea, fatigue, or walking distance between groups (p = 0.61, 0.81, and 0.23, respectively) [26]. While oxygen increased oxygen saturation levels, this physiological improvement did not correlate with relief of dyspnea.
6.11 Devices
No randomized controlled trial exists on the accuracy of the use of SpO2, nasal mainstream capnography and venous or arterial blood gases in the prehospital setting.
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