Additional file 2: Four Matrices of Each Study question of the Qualitative Study:
Matrix 1: How do Saudi paramedics and emergency medical technicians perceive innovation in prehospital trauma care?
	Domains for each objective
	Themes and their subthemes (with interviewees’ IDs)
	After examining data for quotes and responses that identify the importance of themes and subthemes.

	Conceptualising innovation in prehospital trauma care
	Innovation as essential progress and problem-solving in prehospital care. A1, A2, A3, A7, A8, A9, A10, A11, A13, A14
	A1: “I believe that innovation is essential in all aspects of medicine. Medical care must continuously evolve and improve. From my perspective, innovations are extremely important for the benefit of both patients and paramedics in prehospital settings”. “For example, the chest compression device I mentioned earlier has significantly improved survival rates for patients undergoing CPR”. “Paramedics should be aware of the challenges they face in the field and think of solutions. For instance, the chest compression device we discussed has resolved many issues. If we identify more obstacles, I’m sure we will find innovative solutions”.
A2: “innovation in trauma patient care means discovering new methods or approaches that help sustain a patient’s life until they reach a medical facility”. “keeping up with advancements in medical technology, as new devices are continuously being developed”.
A3: “it means creating something that hasn't existed before, something that can solve a problem or help people. Something that no one has discovered before. It’s out of the ordinary”. “It could be creating things or inventing things, for example, devices that help paramedics or workers in the trauma field. Devices or tools that don’t currently exist”.
A7: “Innovation means something new”. “You learn about it, try it out, and if it works, you apply it” “for example, these days the world is moving toward artificial intelligence. One idea is integrating AI before the patient even arrives at the hospital”.
A8: “Innovation means introducing new things, medical innovations, shared between emergency medical technicians and advance medical services. We work together on implementing them at the scene, in one coordinated field”. “Innovation in trauma care that would mean introducing new things to be used at the trauma scene-targeted and specific innovations”.
A9: “Well, we recently had a lecture on the topic. Innovation, as I understand it, comes after invention. It’s when something has been invented and then improved or developed to be used in practice”. “I understand it as applying something new in our current work, something innovative that helps save lives. For example, take the LUCAS device. It’s excellent, very helpful in the field, especially when there's only one paramedic available. That’s what I understand from innovation using new tools or techniques to support healthcare delivery. Innovation, to me, is what follows invention, and it becomes something we actually use in practice”.
A10: “Innovation means coming up with a new method or approach that helps improve the targeted service. For instance, if your focus is prehospital healthcare, then you try to bring in innovations that assist in patient care” “Prehospital interventions have a major impact on outcomes after hospital admission. So, innovation is crucial. In EMS, our focus is on reducing time whether in treatment or patient transport. So, innovations support that, whether through transport methods, diagnostic tools, or treatment devices”. “Innovation, whether it’s a skill or a method, yeah, I’d say, as I mentioned earlier, it’s more like a skill”. “It’s something I picked up in the field. I didn’t learn it from books or formal education; it came from hands-on experience. So, I’d say it’s more of a skill than an actual invention or innovation”.
A11: “Innovation means development and such. Like improvement”. “it's about something that already exists, and we develop or add to it”. “It means something good, like improving this thing. Like we improve it to deliver the patient in the best possible condition” “New things that can fix problems or enhance care quality”.
A13: “I think of anything, even something simple, whether it’s a new communication method or medical devices that help me provide patient care, reduce injury, or improve the chances of saving the patient in any way”. “If I combine them, it means I’d use innovative things like methods, devices, or information, in hospital care. Specifically for trauma patients, I could use an innovative approach to help them. A simple example is bleeding control such innovations can make a difference in saving the patient’s life”.
A14: " Innovation is something new and distinctive that significantly helps within a specific field". "the main goal is to reduce errors in that field. Innovation comes to reduce a specific type of error". "especially in trauma. For example, an innovation in trauma would definitely reduce errors and speed up triage processes".

	
	Innovation as enhancement of existing ideas rather than purely new invention. A5, A9, A10, A11
	A5: “To me, innovation means developing or improving an existing idea. It’s not necessarily a completely new invention. It could be an idea that’s already in place, but you modify it or expand it using the resources and information available to you. Sometimes, it’s also about thinking outside the box”. “Either you improve a device or create a practical application for an idea. Some people confuse innovation with invention, but they’re not the same. Invention is creating something entirely new, while innovation is enhancing or repurposing what already exists”. “Innovation usually starts from a need; a problem you want to solve”.
A9: “Well, we recently had a lecture on the topic. Innovation, as I understand it, comes after invention. It’s when something has been invented and then improved or developed to be used in practice”. “That’s what I understand from innovation using new tools or techniques to support healthcare delivery. Innovation, to me, is what follows invention, and it becomes something we actually use in practice”.
A10: “Innovation means coming up with a new method or approach that helps improve the targeted service. For instance, if your focus is prehospital healthcare, then you try to bring in innovations that assist in patient care”. “In EMS, our focus is on reducing time whether in treatment or patient transport. So, innovations support that, whether through transport methods, diagnostic tools, or treatment devices”. “It’s something I picked up in the field. I didn’t learn it from books or formal education; it came from hands-on experience. So, I’d say it’s more of a skill than an actual invention or innovation”. “I developed it through personal observation and repeated experiences — not from a formal study or anything. So, it's based on practice and experience”.
A11: “Innovation means development and such. Like improvement”. “it's about something that already exists, and we develop or add to it”. “It means something good, like improving this thing. Like we improve it to deliver the patient in the best possible condition” “New things that can fix problems or enhance care quality”.

	
	Innovation as practical tools, protocols, and emerging technologies. A7, A8, A12, A13, A14
	A7: “Innovation means something new”. “for example, these days the world is moving toward artificial intelligence. One idea is integrating AI before the patient even arrives at the hospital”.
A8: “Innovation means introducing new things…”. “We work together on implementing them at the scene, in one coordinated field”. “Innovation in trauma care that would mean introducing new things to be used at the trauma scene-targeted and specific innovations”.
A12: “The first thing that came to my mind was equipment, mainly devices used in handling cases. That’s what I thought of first like new equipment that doesn’t yet exist in hospitals but that we could use as paramedics. Honestly, in pre-hospital work, we still operate at a basic level”. “It could still be tools, maybe something to help with bleeding control, or a tool to replace something we can’t use in trauma care. That’s what I think of. It could also be protocols, for example, the recent introduction of tranexamic acid. This is something new that wasn’t used before, and now our medical department has started using it. They said, “Let’s try it and see if it works or not.” So, this is a new innovation for us, and it could also include medications”.
A13: “I think of anything, even something simple, whether it’s a new communication method or medical devices that help me provide patient care, reduce injury, or improve the chances of saving the patient in any way”. “If I combine them, it means I’d use innovative things like methods, devices, or information, in hospital care”.
A14: “tools or solutions that support trauma care. For example, innovations that go beyond the existing manual tools, something new. Like splints that are more advanced than the manual ones. Or another example: we often face an issue with trapped patients, patients stuck inside the vehicle. Instead of calling Civil Defense, we could have an innovation that allows us to free the patient ourselves and continue treatment without needing Civil Defense”.

	
	Need for clearer organisational awareness of innovation concepts and processes. A3, A4, A5, A8, A12, A13
	A3: “we need a department”. “that’s the main one, setting up a dedicated unit” “But like I said, there isn’t an organised structure or centralised innovation system…”. “I then asked him that is there a system like this in place like applications or structured follow-ups or is it just an open discussion? And he then replied: “there’s no such structure or procedures”. “A dedicated unit within the administration or workplace, responsible for receiving and implementing innovation ideas”. “I believe those who have ideas or innovations should at least submit them to the relevant department. I think management would seriously consider them if they’re beneficial for the department or the organisation’s future development”.
A4: “when you mention innovation, what comes to my mind is something beneficial or newly invented”. “as a concept like an invention or a patent for a particular thing. You see? Something useful. A specific thing that helps”. “I would create awareness sessions about innovation, for paramedics and all staff, explaining what innovation means and how it works”. “also explain the direct communication process with the Authority; how your innovation is received, how it's evaluated, and what the process looks like. Everything should be clear and transparent. That would make it easier and more organised”.
A5: “there is an Innovation and Research Department in Riyadh, and local branches have representatives. But the issue is lack of feedback”.
A8: “Currently, no, not in Jazan, at least not where I work” “As a paramedic, no one listens—no platform for presenting ideas”.
A12: “Because of this, when you raise an issue or idea, it often just goes to the email archive with no action taken”. “They say they do, there’s something called “Employee Voice”. But in reality, as actual work, no – nothing really happens”. “No. Innovation is a big word, and there’s nothing like that. The focus is on running operations and keeping the shifts moving”. “Even if you submit an idea, it might take 6 or 7 months going from email to email”.
A13: “The first challenge is that there’s no dedicated place or department for innovations; no clear channel where someone with an idea can present it. You might have an idea, but you don’t know who to take it to”. “The second challenge is that sometimes the people in place aren’t up to date with new developments or useful tools, so they may not understand what you’re proposing, or they find it difficult to grasp because they don’t have prior exposure to such ideas”.

	
	Innovation as a frontline contribution to improving trauma care. A1, A5, A6, A7, A8, A9, A10, A11, A12, A14
	A1: “Research and knowledge are key. Paramedics should be aware of the challenges they face in the field and think of solutions. For instance, the chest compression device we discussed has resolved many issues. If we identify more obstacles, I’m sure we will find innovative solutions”. “Discussing field challenges with supervisors and decision-makers is crucial. When we communicate these issues effectively, solutions can be developed”.
A5: “I have many ideas and I previously submitted them. My main aim is not to appear with an idea as an individual. I have no problem if the research produces ideas that benefit society and benefit the patient”.
A6: “We can present our ideas and projects to them. Anyone with an innovation can submit it, and the committee would study it”. “There should be in-person workshops where everyone gathers and shares their ideas or inventions or projects. Maybe one paramedic has part of an idea, and another has something that complements it. Together, they could develop it into a complete, ready-to-use concept”. “I’ve shared everything I have with you based on my role in the Ministry of Health”.
A7: “Honestly, many of the younger paramedics are already sharing ideas. They send emails with suggestions, like, ‘This idea could work better if we change X or Y’. They’re really trying. A lot of them are proactively submitting proposals”. “They should feel empowered to share. It’s not just, ‘I’ve got a patient and a device, and that’s all I do’”.
A8: “Listen to our field-based solutions, like improving the handover process. There are many operational suggestions that could benefit the service”.
A9: “Through personal experience… one paramedic might deal with seizures, another with trauma or strokes. These impactful experiences might inspire someone to innovate”. “You might handle 10 cases in a month, but just one will stick in your memory. You might come to a doctor and say, ‘I had this case, maybe there’s a device or idea that could help in the future’. That one case could lead to innovation. It’s about sharing stories and experiences”. “Documenting the inventor’s name is crucial. It could mean the world to that person, even more than financial reward. Imagine seeing your idea become reality and help people worldwide. That’s what matters most”.
A10: “I’m happy to contribute. I truly hope this kind of research helps improve the entire emergency medical services system in the Kingdom. Anything that helps, we’re part of it. We’re part of the community”. “Regarding the implementation details of an artificial intelligence idea, he stated: “Yes, I’d prefer to keep it private for now, until an opportunity arises,” and agreed that it could be reported “just as a general concept”.
A11: “If my workplace offered support, I’d definitely pursue it”. “There should be workshops and training sessions”.
A12: “So even if someone has an innovation, they might not want to share it, fearing they’d lose ownership rights”.
A14: “When the paramedic is positive, this attitude helps generate ideas and innovations either from themselves or the people around them. Through their field experience, of course. For example, if you give me an innovation idea, I can give you feedback from a field perspective on how this innovation could help in real situations. I can also give you my own field-based ideas that could help improve the innovation”.



Matrix 2: What barriers influence the implementation of innovative practices in prehospital settings?
	Domains for each objective
	Themes and their subthemes (with interviewees’ IDs)
	After examining data for quotes and responses that identify the importance of themes and subthemes.

	Barriers to innovation adoption 
	Limited training, awareness and readiness. A1, A4, A5, A6, A12, A13, A14
	A1: Initially, they might present some challenges, especially when they are new, but with proper training and practice, they become easier to use”. “Lack of training and knowledge can be a major obstacle”. “Lack of awareness and inadequate training are major obstacles”.
A4: “I would create awareness sessions about innovation for paramedics and all staff explaining what innovation means and how it works”.
A5: About the mass-casualty response vehicles, he indicated that “They exist but aren’t used effectively. They're reserved for events like Hajj. They should be deployed in major crashes or disasters, but they often aren’t due to lack of trained staff or operational planning”.
A6: “a lack of training”.
A12: “There are many issues including that not everyone is familiar with the trauma pathway. For example, some full-time staff don’t have full awareness of the system or protocols, even though the information has been given to them”. “As for medications and protocols, they are available. The problem is in their application. There’s no consistent training, and without training, the protocols and resources don’t get applied properly. Even I sometimes don’t apply certain interventions until I’ve seen a video or example that prompts me to try it the next time. The supplies are there, the organisation provides plenty, but there’s no consistent push to get staff to actually use them”.
A13: “Honestly, no and I see that as a negative thing. When new things are introduced, there isn’t enough training. So, at first, we face operating issues and delays. The more training we have, the better we can use it effectively and correctly”. “Sometimes, when there’s no training, we don’t use new equipment and lack of confidence is an issue. You might be afraid of using it incorrectly, so training would help us feel confident in using it”.
A14: "when I joined, no, they didn’t provide any training on them". "the equipment everyone did receive training on, which is an innovation but not new, is the LUCAS device. You’ve probably heard of it. The automatic chest compression machine. When it first arrived about a year and a half ago, all paramedics received training and attended sessions on it".

	
	Unclear governance, limited feedback and underuse of research. A1, A3, A5, A12, A13
	A1: “Research and knowledge are key”. 
A3: “we need a department”. “that’s the main one, setting up a dedicated unit”. “But like I said, there isn’t an organised structure or centralised innovation system. If one were created, it would really help generate and implement future innovation”. “there’s no such structure or procedures”. “no. Nothing like that”. “A dedicated unit, within the administration or workplace, responsible for receiving and implementing innovation ideas”. 
A5: “there is an Innovation and Research Department in Riyadh, and local branches have representatives. But the issue is lack of feedback. I’ve submitted several proposals that were later implemented, but I was never informed or credited. I’m not after recognition, but the lack of response is discouraging”. “A major barrier is the poor work environment. Many paramedics feel constantly threatened. Our management style leans heavily on warnings and punishments; very rarely on encouragement or positive reinforcement”. “involve them in decision-making, especially in field-related matters”. “Let paramedics feel they’re part of the system and that their input matters”.
A12: “Many administrative leaders are former paramedics with no additional qualifications for their role. They’re not equipped to handle broader operational, clinical, or developmental responsibilities, and they don’t value research, they see it as irrelevant to their daily work. Because of this, when you raise an issue or idea, it often just goes to the email archive with no action taken. Their main focus is simply that the ambulance crews are operational, what happens beyond that, they don’t really care. This difference in perspective is a big reason for the frustration and lack of engagement in suggesting improvements”. “They say they do, there’s something called “Employee Voice”. But in reality, as actual work, no, nothing really happens”. “And in administration, almost everyone was once a paramedic, but there’s no additional education or training that qualifies them to manage these roles effectively”. “But in general, research isn’t supported, they don’t see it as something important for field development. They see research as an academic exercise, not as a tool to improve the service”. “I remember when we proposed a research initiative to connect field staff with academia, I have colleagues at universities, so the idea was for them to supervise research while field paramedics benefit, and also involve students. Everyone would benefit. We presented the idea, but the meeting was delayed an hour, and when it happened, I realised it wasn’t really welcomed. That experience made me stop pursuing such initiatives”.
A13: “The first challenge is that there’s no dedicated place or department for innovations, no clear channel where someone with an idea can present it. You might have an idea, but you don’t know who to take it to”. “I feel like there’s a big disconnect between the administration and the field. The administration works with papers and protocols, while the field deals with patients and paramedics, so the reality in the field is very different from the administrative perspective”. “There needs to be a middle ground. A point where the field understands the administrative requirements, and administration understands the realities of the field”.

	
	Resistance to change, limited motivation and concerns about recognition. A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14
	A2: “some colleagues resist change. We call them the "old-school practitioners”, they prefer to stick to traditional methods and oppose new technologies”. “hindrances occur when individuals reject change, such as refusing to modify existing equipment or rejecting improvements to current protocols”. 
A3: “Honestly, it varies from person to person. Sometimes you face resistance, but usually, if you go directly to the responsible person, the issue gets resolved”.
A4: “usually when someone wants to change something and push for it at work, the workplace will evaluate whether the change is useful, whether it’s been studied and has tangible benefits. If they see it has value, they’ll approve it. Of course, at first there might be some resistance, but once it’s officially adopted, everyone follows it”. “To motivate them, you need to make their work easier, reduce workload pressure. The less pressure they feel, the more productive they’ll be”. “reducing work pressure and increasing awareness are the two main things. That’s what makes a person able to innovate and contribute significantly”. “When someone is under pressure at work, what do you expect them to do? The most they’ll do is get the job done and move on. But if you reduce that pressure and make the work manageable”. “the reason comes down to those two key issues: lack of awareness about innovation, and work pressure”.
A5: “there is an Innovation and Research Department in Riyadh, and local branches have representatives. But the issue is lack of feedback. I’ve submitted several proposals that were later implemented, but I was never informed or credited. I’m not after recognition, but the lack of response is discouraging” “A major barrier is the poor work environment. Many paramedics feel constantly threatened. Our management style leans heavily on warnings and punishments, very rarely on encouragement or positive reinforcement. Most of what we get are strict memos and disciplinary warnings”. “Exactly. This leads to job burnout and indifference. Even those who want to be proactive feel it’s pointless. There’s no recognition, no incentives; financial or otherwise”. “offer non-financial incentives like extra days off for achieving certain performance targets. Let paramedics feel they’re part of the system and that their input matters”. “Many medics might fear they’ll be judged or penalised”. “Definitely. Some fear increased monitoring or being punished for mistakes. If I proposed installing cameras inside ambulances for quality assurance and training, many colleagues would be against it, fearing disciplinary actions. It's a cultural issue: people resist what they don’t understand”. 
A6: “management itself doesn’t want innovation or expansion. They just want to stick to old protocols. They don’t want to update or progress” “We only tried with our own administration. And if they didn’t make it easy or respond positively, we dropped the idea”. “based on my five years of experience, there’s really no support. I just go to work, finish my duties, and leave. They don’t allow me to do anything based on my own initiative or innovation. There’s absolutely no encouragement or support for such things”. “There are some very creative paramedics I know colleagues of mine, though they don’t work directly with me. They love innovation and they want to create, but they haven’t had any support or facilitation. I even have the contact details of some of them”. “unfortunately not. It would be great if such a thing existed. Many creative people don’t get any support or facilitation. If there were an association made up of experienced professionals; people with 15 or 20 years in the field, with connections across various regions, they could help facilitate innovation. It would be far better than trying to push ideas alone, which often doesn’t lead to any results”.
A7: “I submitted the vending machine idea. They said it would be too costly, and it requires coordination with hospitals. Then there's the issue of approvals; permissions for placing the vending machine, power supply, space rental inside the hospital. They said it would lead to other complications, so they dismissed it”. “it involved financial issues renting the space, electricity supply. The vending machine needs a physical spot, and that costs money. So, they started looking at budgets and said forget it”. “I didn't just suggest the vending machine idea casually I even explained how it could monitor supply levels. The device would show whether it's fully stocked or running low. I presented the whole project to them, but they didn’t support it”. “There are definitely problems with hospital coordination”. “To be fair, they did receive the idea, studied it, looked into the financial aspects and how hospitals might respond. They considered it from several angles, but things didn’t move forward”. “They have a committee that can cancel proposals”.
A8: “there are many ideas. For example, we proposed faster hospital reception of trauma patients to shift leaders—but got no response” “To be honest, no. We coordinated, we tried—but got no proper response. Like the hospital handover issue, we contacted management, but no action” “Unfortunately, no incentives at all” “As a paramedic, no one listens—no platform for presenting ideas”
A9: “there are two main challenges: First, if you propose an idea, they might dismiss it, say it’s not good or take it from you. Then later, you might see your idea turned into a product or invention by someone else. That’s really hard to accept”. “At the very least, give the person some recognition, even if it’s a 1% stake, or lifetime credit”. “fear is one of the issues”. “Documenting the inventor’s name is crucial. It could mean the world to that person, even more than financial reward. Imagine seeing your idea become reality and help people worldwide. That’s what matters most”. “we have internal communication channels. They send out messages encouraging innovation and idea submissions. But to be honest, I don’t see many colleagues from the region coming forward. Maybe it’s a lack of confidence, or fear that their idea won’t be taken seriously. I’m not sure. But our administration works hard, I’m not saying this just because they’re my managers. They truly do their best, and we receive messages regularly”. “To protect rights. Honestly, one of my cousins had an idea in Civil Defence. They invited him, praised him, but later said the idea would be too expensive. Then six months later, the idea was implemented and his name wasn’t even mentioned. That’s painful”.
A10: “there's really no space or role that encourages you to innovate or even listen to your ideas”. “we haven't yet reached a point where we play an active role in developing devices, innovations, methods, or techniques. At the moment, we’re more like recipients, we follow instructions without having space for creativity”. 
A11: “if my workplace offered support, I’d definitely pursue it”. “There should be workshops and training sessions”.
A12: “Yes, I’ve seen that happen. It’s like a cold war, quiet resistance”. “They say verbally that they welcome any ideas, but in practice, no. Even if you submit an idea, it might take 6 or 7 months going from email to email”. “Because of this, when you raise an issue or idea, it often just goes to the email archive with no action taken”. “No. Innovation is a big word and there’s nothing like that. The focus is on running operations and keeping the shifts moving”. “So even if someone has an innovation, they might not want to share it, fearing they’d lose ownership rights”. “I remember when we proposed a research initiative to connect field staff with academia, I have colleagues at universities, so the idea was for them to supervise research while field paramedics benefit, and also involve students. Everyone would benefit. We presented the idea, but the meeting was delayed an hour, and when it happened, I realised it wasn’t really welcomed. That experience made me stop pursuing such initiatives”. “One is the mentality of the people in higher positions. Sometimes the people in charge aren’t qualified in the areas we’re discussing. For example, if the person is just an EMT, and I’m raising issues about medications, they may not even understand the context. This is a major problem, if the decision-maker doesn’t have the necessary knowledge, they can’t meaningfully engage with the issue. A simple example, there was a time someone in charge asked what morphine is used for, and if we could stop using it to save on costs. If that’s the level of understanding, how can we talk about complex issues or innovations? This difference in perspective is a big reason for the frustration and lack of engagement in suggesting improvements”. “one example comes to mind, there was a doctor who developed a device for shoulder reduction. But there were issues about it being registered under the organisation’s name”.
A13: “Personally, I’ve often heard people say there’s no point, that “you won’t get anything out of it”. “There’s nothing truly motivating, nothing official, not just talk. Even something small, like a list of “paramedics of the month,” would make a difference. If there’s an official, recognised gesture, it really helps”. “I feel that if there were incentives, for example, introducing a new device or service even something as small as a certificate of appreciation could make a difference”.
A14: “Honestly, this was a problem I noticed even before joining the Red Crescent, when it came to innovations, I didn’t know which entity was responsible for adopting or supporting them. But in the Red Crescent, we actually have the innovation option. If you have an innovative idea, you can submit it and follow up with them. So my answer is: the biggest challenge is knowing which authority is responsible for adopting the idea. That’s the main obstacle”.

	
	Funding, resource, workforce and workload constraints. A2, A4, A6, A9, A11, A14
	A2: “There are several challenges, but one of the main ones is lack of financial resources”. 
A4: “it’s not available in every EMS team”. “It wasn’t rolled out 100% across all units”. “Sometimes, workload pressure makes them not care about this at all”. “If you go to a paramedic who’s under pressure, busy and overwhelmed, do you really think he’ll be thinking about innovation or saying, “Oh, I’ve got an idea”? “I don’t think so”. 
A6: “a lack of resources”. 
A9: “the cost, funding the idea yourself is tough. If you invest time and money and then they tell you your innovation isn’t helpful or worthwhile, it’s discouraging”. “while I haven’t used it directly in my station because it hasn’t been provided to us yet, I’ve seen it in training sessions and with colleagues. It’s an excellent device. Truly helpful”. 
A11: “Maybe they feel like they’re not given time or flexibility. That could be it”. “Yes, long shifts, tight schedules”. “They need time, someone who isn’t overwhelmed with duties. You can’t innovate if you’re under pressure”. “I’m just saying that you can’t expect someone to innovate when they’re under constant work pressure”.
A14: "One disadvantage is that they are not available in large numbers. Usually only one vehicle per region". "Honestly, mostly staffing. There aren’t enough qualified staff to operate these vehicles every day. That’s probably the main reason".

	
	Equipment reliability, usability and ambulance ergonomic constraints. A1, A7, A9, A10, A12, A13, A14
	A1: “equipment malfunctions can be an issue”. 
A7: “For the iPad, the problem is that some areas have no internet or network coverage”. “we do face that. But the team quickly switches to their phones to communicate and receive the dispatches. The operations room enters the data manually”. 
A9: “It’s personal, to be honest. I’ve had some social and family responsibilities, my father is elderly, and my wife has health concerns. So that’s taken my time”. “Yes, those circumstances haven’t given me the opportunity. But in the future, I hope to contribute. It’s really on me”.
A10: “Some barriers might be the complexity of using or setting up the device, time-consuming setups, for example. Or the device might not suit every patient”. “when it comes to devices inside the ambulance cabin which the paramedic directly uses innovations are quite limited”.
A12: “sometimes there’s an issue with the ambulance itself, and I might say, “I can’t operate this ambulance because of this problem.” But the response is always that keeping the crew operational is the priority, so they push us to use it anyway. The problem is, when you respond to a serious case and then the stretcher doesn’t function properly, it creates big issues. These kinds of problems often appear more at the handover stage, but they can also show up in assessment if we get out to a scene”.
A13: “Sometimes the ambulance is full of equipment, and the patient becomes restless, and we can’t safely secure them not with medications or straps. It’s very difficult to provide any care in such situations”. I’m not sure if it’s really a “problem” with a clear solution, but sometimes the straps we have aren’t enough to properly secure the patient. As we’re transporting them, they might slip off the board, move around a lot, or even reach for sharp objects or grab at us, creating safety risks. I feel this is a real challenge”.
A14: "not all patient sizes fit the device properly. This happened to me personally. In one trauma case, the patient was extremely obese. I couldn’t fit the LUCAS on him. His heart had stopped after the accident, so I had to perform manual compressions. So its disadvantage is that it doesn’t fit obese patients". "One disadvantage is that the device battery runs out, and there’s no indicator showing how much charge is left. It just dies suddenly".



Matrix 3: What factors facilitate the implementation of innovative practices in prehospital settings?
	Domains for each objective
	Themes and their subthemes (with interviewees’ IDs)
	After examining data for quotes and responses that identify the importance of themes and subthemes.

	Enablers of innovation implementation
	Training initiatives and structured preparation before implementation. A1, A2, A3, A4, A6, A9, A10, A12, A13

	A1: “The solution is ensuring that personnel are well-trained and informed about these innovations”. “Training and prior knowledge also play a crucial role”. 
A2: “The training for this device was provided by the manufacturer, who conducted workshops at our training center”. “One way is facilitating overseas training and exchange programs to learn from best practices in other countries”.
A3: “They provided training. At the beginning, they welcomed questions and sent out a lot of videos and courses before implementation” “There were workshops, but most of the training was online due to distances between regions so mostly videos. That solved the issue” “it was effective. On the contrary, it helped a lot”. 
A4: “They held training sessions on the device. It’s actually easy to operate very straightforward. But they gave us a course about how to use it and information about the device itself. Once we got it, we used it effectively”. “It was online. They explained how the device works, gave us information about its function, how to operate it, how to stop it, and how to set it up”.
A6: “I should be allowed to conduct workshops or training sessions, in-person or virtual, for the community or even hospital staff. Sometimes hospital staff don’t even have a proper background in prehospital emergency care. It would be great if I could train them in prehospital protocols and procedures. That would really help in managing certain injuries”. “there should be in-person workshops where everyone gathers and shares their ideas or inventions or projects. Maybe one paramedic has part of an idea, and another has something that complements it. Together, they could develop it into a complete, ready-to-use concept. I really recommend workshops or gatherings where paramedics can come together, share, and build on each other’s ideas. That way, everyone benefits from one another’s experience. If people have to work in isolation, nothing gets built. This approach would be very useful, in my opinion”.
A6: “first they gave us one new ambulance, a new model, equipped with this system, and they conducted workshops for a full week”. “The training was done in person at the hospital, not in the field. It lasted a whole week”. “The only field they’re focusing on with courses is air ambulance. That’s the one area where there’s a bit of extra attention” “we received proper training, workshops lasting about two weeks”. “workshops that helped us significantly”.
A9: “They gave us excellent workshops. The training was great, honestly. Not just my colleagues, overall, I think the Saudi Red Crescent offers excellent training, better than any other healthcare body under the Ministry of Health. Their training is top-notch”. “while I haven’t used it directly in my station because it hasn’t been provided to us yet, I’ve seen it in training sessions and with colleagues. It’s an excellent device. Truly helpful. The issue is, in our region, it's still not widely available. I hope it reaches us soon”.
A10: “Any new innovation introduced by the Red Crescent or the Ministry of Health or any healthcare entity requires thorough training provided by the institution”.
A12: “For the LUCAS device, yes. We had extensive training both in-person and online and it was repeated multiple times over several months to make sure everyone was confident in using it. They even brought in people who already had experience with it so that each ambulance station had at least one person responsible for making sure all staff understood how to use it”. “As for TXA, yes, there were lectures on it. I even have one scheduled next week where I’ll be delivering training on TXA”.
A13: “The more training we have, the better we can use it effectively and correctly”. “With more cases, more practice, and by asking questions, we paramedics share knowledge between ourselves. If someone learns something new, they tell the others in a certain way. Or you experiment with the device each time you use it, trying different settings”. “if truly innovative tools or systems were introduced for all paramedics, with proper training, I believe paramedics are ready and just waiting for the right tools. Whether it’s a system or a device, if we get the training, everyone will start using it and helping patients in simple but effective ways”. 

	
	Availability of funding and resources. A1, A2, A14
	A1: “Yes, resource availability plays a role”. “Yes, absolutely”. 
A2: “some governmental and non-governmental organizations support innovations, providing financial aid to help implement new practices”. “linking innovators with funding organizations helps bring these ideas to life”.
A14: "Financial support". "Without that support, your idea won’t succeed".

	
	Governmental support and national readiness for innovation. A1, A14
	A1: “our government ensures that we have access to the latest innovations. If there’s a new technology that benefits patient care, they make sure it is available to us as soon as possible”. “The government is always striving to provide the latest advancements for the benefit of patients and paramedics”.
A14: "in recent years there have been conferences dedicated to innovation. Each organisation showcases its innovations in the health sector whether in emergency care or other health fields. Every organisation is now presenting new ideas, innovations, and technologies. There has been noticeable progress in recent years in Saudi Arabia". 

	
	Knowledgeable and experienced leadership. A2, A6, A9, A14
	A2: “For instance, leaders who studied abroad and experienced advanced medical practices overseas often introduce these innovations when they return”. 
A6: “If there were an association made up of experienced professionals; people with 15 or 20 years in the field, with connections across various regions, they could help facilitate innovation. It would be far better than trying to push ideas alone, which often doesn’t lead to any results”. “there should be in-person workshops where everyone gathers and shares their ideas or inventions or projects. Maybe one paramedic has part of an idea, and another has something that complements it. Together, they could develop it into a complete, ready-to-use concept. I really recommend workshops or gatherings where paramedics can come together, share, and build on each other’s ideas. That way, everyone benefits from one another’s experience. If people have to work in isolation, nothing gets built. This approach would be very useful, in my opinion”. 
A9: “Through personal experience. Like I told you earlier, for example, one paramedic might deal with seizures, another with trauma or strokes. These impactful experiences might inspire someone to innovate”. “You might handle 10 cases in a month, but just one will stick in your memory. You might come to a doctor and say, “I had this case, maybe there's a device or idea that could help in the future”. That one case could lead to innovation. It’s about sharing stories and experiences”.
A14: “First, the paramedic must be positive; accept any innovative idea. This increases the number of innovations. They must be aware of the development happening around them. When the paramedic is positive, this attitude helps generate ideas and innovations either from themselves or the people around them. Through their field experience, of course. For example, if you give me an innovation idea, I can give you feedback from a field perspective how this innovation could help in real situations. I can also give you my own field-based ideas that could help improve the innovation”.

	
	Formal initiatives and clear routes for submitting ideas. A2, A3, A4, A5, A6, A7, A9, A10, A11, A12, A14
	A2: “Support for innovation comes from providing an environment that encourages new ideas, making it easier to introduce innovations”.
A3: “our department has an Innovation Department. The Vice President of the Authority hosts periodic Zoom meetings, and if we have a suggestion or comment, we can contact him directly” but when I asked him if there is a department for innovation affairs, he responded: “we need a department” “the biweekly or semi-weekly meetings, every two or three weeks; really help. If you have a suggestion or an idea, you can present it directly, which saves a lot of time and allows you to speak directly with the person in charge. This helps a lot”.
A3: “I contact the Vice President directly. If I have a suggestion or concern, I can communicate with him directly”. “Since the new management took over, they’ve implemented this system”. “there were actual changes and even plans for future developments that they’re working on”.
A4: “Last year and the year before, they had this initiative, apparently, it’s annual where anyone who has an idea or innovation can submit it via email. They review it, and they even offer awards for those who propose ideas”. “Yes, there are rewards; material prizes for innovators”. “At the organisational level, we do have an official email system now”. “Especially when it comes to innovation, communication goes directly from the paramedic to the head of the Authority”. “through the official email address of the Authority. If you have an idea or an innovation you want to discuss, you’ll find some level of interest or reception”. “No, it’s just the general administration”. When I asked that Are the people managing this email or section specialists in innovation? A4 replied: “I really don’t know. I have no idea about that” “to be honest, I don’t know how it works here, specifically how ideas are received or how employees are involved, I haven’t been part of that process”. “Ease of communication is the most important thing. If you have a clear and well-developed idea, that’s the foundation” “explain the direct communication process with the Authority, how your innovation is received, how it's evaluated, and what the process looks like. Everything should be clear and transparent. That would make it easier and more organised”. “Awareness and making the process easier like clearly explaining how to submit an innovation, where it goes, who reviews it, and how it’s assessed. If that’s done with transparency, it’ll make it much easier for paramedics” “in terms of awareness, there’s definitely a gap”. “it’s not being done in a structured or sufficient way”. “Awareness and making the process easier like clearly explaining how to submit an innovation, where it goes, who reviews it, and how it’s assessed. If that’s done with transparency, it’ll make it much easier for paramedics”.
A5: “there is an Innovation and Research Department in Riyadh, and local branches have representatives. But the issue is lack of feedback. I’ve submitted several proposals that were later implemented, but I was never informed or credited. I’m not after recognition, but the lack of response is discouraging”. “It should be implemented and tested in the field. Afterward, gather feedback from those who used it, was it helpful, did it improve care, was it practical? The feedback should come from those directly impacted: the field teams and the patients”. “actually. About six or seven years ago, I submitted a number of proposals. Just recently, I noticed that some of them have started to be applied, which was very encouraging”.
A6: “a committee or association could be formed” “with members who are specialists in emergency medicine and paramedics. We can present our ideas and projects to them. Anyone with an innovation can submit it, and the committee would study it. They’d also be connected with higher authorities or external organisations who could support and promote these innovations. I believe this would make the process much easier, rather than each of us trying individually. Instead, there should be a committee, group, or dedicated association that represents us and conveys our innovations or proposals to higher-level entities. I think that’s a great idea”.
A7: “They had something like an open call for ideas; I forget what the department was called. There was a committee head and other members. They received my idea, studied it, and gave me feedback. They didn’t just ignore it; they actually called me back and gave a proper response. Honestly, they were responsive and respectful”. “They made an announcement for a certain period, then closed it”. “They sat with the idea and reviewed it from all angles. They went around to different departments to explore the concept. They did try to evaluate and understand it properly”. About their process duration to make decisions, A7 reported: “Yes, it wasn’t a quick, one-day process. It took time”. “They created a committee and announced that anyone could submit their ideas. A few people submitted ideas, and I was one of them. I even got help from some of the younger colleagues to prepare my submission. They’re still accepting ideas, which is great”. “At first, the idea is submitted locally, and if they like it, they forward it to the main administration”. “It was open to all regions”. “We have email and phone access. There’s no need to go in person, you can submit ideas or requests through your phone”.
A9: “there are two main challenges: First, if you propose an idea, they might dismiss it, say it’s not good or take it from you. Then later, you might see your idea turned into a product or invention by someone else. That’s really hard to accept. Second, the cost, funding the idea yourself is tough. If you invest time and money and then they tell you your innovation isn’t helpful or worthwhile, it’s discouraging. Then months later, you see it implemented. That’s the reality”. “At the very least, give the person some recognition, even if it’s a 1% stake, or lifetime credit”.
A10: “That was actually a proposal I submitted as part of my graduation project, but it didn’t gain much traction at the university”. “There could be an annual competition organized by the Red Crescent or any emergency-focused organization; a platform where everyone can present their ideas as formal projects. Like a yearly exhibition whether related to trauma, transport, equipment use; something like that held annually”. “Ideas could be submitted from all across the Kingdom”.
A11: “People closer to Riyadh probably know more about those things”. “their announcements were usually general”. “they would contact us through personal emails and such”.
A12: “If paramedics are qualified, confident, and supported by their organisation, innovation will follow. But right now, our foundation is weak, we need to strengthen that base before building innovations on top of it”.
A14: "there are many options. One of them is Talent and Innovation. You can enter the platform, write all details about your idea or skill, and they will adopt it, contact you, explain the process, and support it". "They actually adopt talents, reward you for them, and support you, not only adopting the idea but also guiding you and rewarding you for it".

	
	Recognition, motivation and supportive supervision. A1, A4, A7, A9, A11, A14
	A1: “our supervisors are very supportive. They listen to our concerns and work with us to find solutions”. 
A4: “They review it, and they even offer awards for those who propose ideas”. “Yes, there are rewards; material prizes for innovators”.
A7: “There’s no financial incentive policy, but they might factor it into performance evaluations. For example, it could give you an exceptional rating, which might qualify you for an annual bonus”.
A9: “The management’s moral support is the main one. We receive regular emails and motivational messages from the media and training departments. They do a good job of encouraging innovation. But ultimately, it’s up to the medics themselves”.
A11: “I vaguely remember something like that happening maybe there was a prize involved”. “it did happen once”. “Yes, there was something like that a reward, maybe a trip, or a course”.
A14: “Material and non-material. Material means financial rewards. Non-material means recognition, such as appreciation, medals, badges, things like that". "Two things: to build a name for myself, and financial reasons. These are the strongest motivators". “medals, certificates, and financially reward you. These are the motivators”.
“Honestly, the environment around me. If the environment is positive, then ideas will come out. Supportive people around you help you express your ideas and help develop them. So the first thing is to have a positive environment that encourages you to present your ideas.
That’s the main one”.

	
	Open communication between frontline clinicians and administration. A1, A8, A13
	A1: “discussing field challenges with supervisors and decision-makers is crucial. When we communicate these issues effectively, solutions can be developed”.
A8: “listen to our field-based solutions like improving the handover process. There are many operational suggestions that could benefit the service”. 
A13: “There needs to be a middle ground a point where the field understands the administrative requirements, and administration understands the realities of the field”. “I think the best thing they can do is communicate for example, the manager should actively talk with paramedics and be open to receiving ideas directly from them. They could have a form or a process for collecting suggestions. The manager should also be aware of current innovations and push for those tools to be made available. Communication and understanding are key and once a need is identified, actually implementing it rather than just talking about it”.



Matrix 4: What innovative approaches or tools have been or could be integrated to enhance trauma care delivery in Saudi Arabia?
	Part 1 of the matrix 4: Innovations already integrated into prehospital practice

	Domains for each objective
	Themes and their subthemes (with interviewees’ IDs)
	After examining data for quotes and responses that identify the importance of themes and subthemes.

	Innovation across clinical, digital, and system domains
	Mechanical CPR compressors (LUCAS). A1, A4, A6, A7, A8, A9, A10, A11, A12, A13, A14
	A1: “For example, the chest compression device I mentioned earlier has significantly improved survival rates for patients undergoing CPR”. “Paramedics should be aware of the challenges they face in the field and think of solutions. For instance, the chest compression device we discussed has resolved many issues. If we identify more obstacles, I’m sure we will find innovative solutions”. “This is a great innovation that helps healthcare providers, especially in ambulances, during patient transport. In cases of cardiopulmonary resuscitation, for example, space inside the ambulance is very limited. Often, there are only one or two paramedics in the back cabin, so having an assisting device is very beneficial for both the patients and the paramedics”. “it significantly improves CPR outcomes. When performing CPR manually inside a moving ambulance, with bumps and traffic conditions, achieving high-quality compressions becomes difficult. However, this device ensures perfect compressions while allowing paramedics to focus on airway management, ventilation, and medication administration. If you’re alone in the ambulance, managing all these tasks simultaneously is extremely challenging”.
A4: “one of the things they did bring us that was helpful is the LUCAS device”. “The chest compression device. It was really, really helpful”. “There’s a shortage of paramedics. Usually, you’ll have just two paramedics in the crew. When you’re dealing with a CPR case, one person has to do chest compressions, and another provides ventilation. So having this device was really helpful. Especially during CPR in the ambulance, the device continues compressions better than a human can. Without it, the paramedic doing compressions might end up injuring themselves. So this has been extremely useful for us”. “There was a clear difference. Outcomes improved, for example, in CPR cases”. 
A6: “Yes, they introduced a new service or brought in equipment that helps us transfer patients better”.
A7: “Honestly, it’s amazing” “Once, I took the device from one team, and they were really upset because they needed it in Makkah. They were happy when it was returned. It’s such an important tool, it’s excellent for chest compressions during CPR. It removes the burden from the paramedic, so they don’t have to decide whether to give breaths or do compressions manually”. “It doesn't provide IP or dosage or anything like that. The main point is that this device saves us from needing someone to do compressions manually. It even provides ventilation. Some ambulances have mechanical ventilators now, but the issue is that it takes time to adjust settings like weight and the number of breaths”. “But at least the LUCAS device removes the burden of compressions, which can be exhausting for paramedics. Imagine having to carry a patient from a second or third floor. Let the device handle compressions while we focus on other tasks like placing the IV or preparing equipment”. “It really reduces the physical demand” “If they took these tools away, things would go backward”. “honestly, one flaw of the device is that it’s heavy” “Yes, really heavy. But it does save you from having to do manual chest compressions, so you arrive at the hospital less exhausted”. “Even when we arrive at the hospital, they ask to keep the device running. They want it, they need it”. “Maybe slightly. But from what I’ve seen in the field, there’s really no big difference. The outcomes are very similar whether compressions are done manually or by LUCAS”.
A8: “After giving fluids and inserting the airway, I activate LUCAS for 15 compressions. It works while I continue managing the case” “We also now get support from a second ambulance crew during CPR cases whether trauma or medical. Previously, we only had one paramedic and no LUCAS, so we were exhausted. Now we have LUCAS and backup”. “its main limitation is for obese patients. It doesn’t work on patients over 90–100 kg because the locking mechanism only fits certain sizes”. “So we go back to manual CPR for heavier patients” “We have pediatric boards, and LUCAS can be used for children; ages 4 to 10 and up. But it depends on body size, not age. Some small bodies can’t tolerate LUCAS pressure, so we use manual compressions”.
A9: “For example, take the LUCAS device. It’s excellent, very helpful in the field, especially when there's only one paramedic available”. “with the LUCAS device, it’s like having a second paramedic with you. You can intubate, provide ventilation, and let the device handle chest compressions. It’s like an automatic second medic. That’s the difference”. “while I haven’t used it directly in my centre because it hasn’t been provided to us yet, I’ve seen it in training sessions and with colleagues. It’s an excellent device. Truly helpful. The issue is, in our region, it's still not widely available. I hope it reaches us soon”. 
A10: “the LUCAS device used in CPR. It’s new to us. When it arrived, it made a huge difference. The success rates improved. It allows the paramedic to focus on airway management or medication while the machine handles compressions; very useful”.
A11: “Before, that rarely happened, but now it does” “one issue is that it’s not used for patients under 12 years old or for extremely thin patients, that’s one of its limitations”. “it can’t be used in all cases like with patients under 12 years old or those who are very thin”.
A12: “honestly, I’ve used it twice on trauma patients. In one case, I was at a large scene and had two options – either I would continue manual compressions, or I could set up the LUCAS and then use my time for other tasks, like bleeding control. In that case, I decided to put on the LUCAS so I could focus on other things”. “In the second case, it was a head injury with cardiac arrest (CPR). I used the LUCAS, and it worked fine. Even in the emergency department, they kept it running. The patient unfortunately passed away, but they continued using the device” It allowed me to focus on other tasks. Before the LUCAS, if I was opening an IV line, my hands were completely occupied, I couldn’t manage the airway or do anything else at the same time. But with the LUCAS in place, I could set it up, be confident compressions were ongoing, and then move on to other priorities. From my own observation, before the LUCAS, maybe 1 in every 10 cases had a return of spontaneous circulation. Now, I’d say in 4 or 5 out of 10 cases we see a difference, not always a survival outcome, but better performance overall. The challenge with the LUCAS, though, is that even after it was introduced, we still lack enough training on how to integrate it effectively into team-based CPR. We’re often 5 people on scene with a LUCAS, but before moving the patient to hospital, we should be able to carry out several advanced interventions establishing IV/IO access, giving medications, advanced airway management, but in many cases, crews still focus on rapid transport instead. So, the LUCAS is excellent, but staff need more training to use it to its full potential”. “if it’s used without proper bleeding control, it can actually make bleeding worse, especially if the injury site is near the chest or upper body. The increased pressure can cause more bleeding even if you’ve done good bleeding control. In such a case, I wouldn’t use the LUCAS again, even if I didn’t do airway management because of the risk of worsening the bleed. There are also cases where it simply can’t be used, such as with certain paediatric patients. But for others, if the patient fits the device, it works fine”. 
A13: “Another example is devices like the LUCAS, which saves time, energy, and effort. It allows me to focus my effort on the patient like administering medications while the LUCAS is performing compressions”. “For the LUCAS, the biggest positive is that it saves energy and effort. If I’m alone or only have one partner, it gives me time to administer medications or do suction, instead of having to focus on compressions. If I do compressions myself, I can’t do other tasks at the same time because CPR is the priority. So it’s really great, though not all stations have it”. “Definitely. Before using the LUCAS, I didn’t hear about many ROSC cases. But since using it, I’ve seen ROSC several times, it’s noticeable”.
A14: "In some trauma cases, patients become high-risk due to the injury. The LUCAS device helps a lot, you switch it on, and you can focus on other tasks immediately". "It reduces paramedic fatigue. Instead of the paramedic doing compressions and getting exhausted, the device takes over completely". "It also gives the paramedic more comfort and freedom to manage other tasks. It reduces workload significantly". "its disadvantage is that it doesn’t fit obese patients".

	
	Stretchers and safe patient handling solutions. A2, A6, A7, A9, A13, A14
	A2: “in the past, many ambulance workers experienced lower back pain due to lifting heavy patients. Now, we have an electric stretcher in ambulances, which has significantly reduced these issues”.
A6: “the hydraulic stretcher… it made our work easier especially for heavy patients”. “Extremely useful. It really helped us. Some patients are very heavy using the old stretcher was exhausting, especially when lifting or lowering. But with this, you just press a button, it raises and lowers to the desired level and loading it into the ambulance is no problem at all”.
A7: “I used to struggle a lot when transferring a paralyzed trauma patient from the ground into the ambulance”. “The stretcher, we used to lift it manually. It was a single solid piece without any system. I had to lift the patient and place them on the stretcher, then carry both the patient and the stretcher together”. “And then carry everything into the ambulance. It was full manual lifting”. “Now, it's much easier. I just unfold the support legs in front, lift one end, and slide it in smoothly. I simply push the stretcher and it’s loaded” “Honestly, it saved our backs. We used to suffer from back pain”. “Yes, it's a bit heavier than the previous model”. “Now they’ve developed newer models; hydraulic ones, but they’re not available”. when I asked that Are they available with the Red Crescent now?, A7 replied: “No, they brought a trial model, but it had technical issues, so they didn’t proceed with it”. “And to be honest, the batteries are much heavier now”. “Yes, the batteries are the reason, it’s noticeably heavier”.
A9: “When you deal with something heavy, it becomes physically demanding”. “Most of my colleagues have back disc problems. We struggle with that. I’d say about 75% of the team at my station suffer from it”. “Especially with elderly patients who weigh 150, 200, or even 250 kilograms. I remember one patient who weighed 300 kg, had a catheter, was bedridden, it was an extremely difficult case. We need something innovative to help with handling heavy weights. Also, moving patients down stairs from the second or third floor, for instance that’s another area where innovation could really help”. “If I think of a challenge, it's probably related to heavy weights”.
A13: “anything innovative that makes things easier for both patient and provider would be good, for example, a hydraulic stretcher, especially for heavy patients”.
A14: "the electric stretcher. This helps us during patient transport. In trauma cases, sometimes the patient is heavy or in a condition where lifting them manually might cause further injury or make the injury worse. With the electric stretcher, you lift the whole patient safely and reduce the risk". "It also reduces injuries among paramedics. If one paramedic lifts incorrectly, they will get injured for sure. This device reduces that risk, it does the lifting for them". "there is one negative, the stretcher is very heavy, extremely heavy".

	
	Advanced monitoring and multifunctional devices. A2, A8, A9, A11
	A2: “One of the most significant innovations I have encountered in ambulance services is a device for monitoring vital signs and administering defibrillation. This device allows a medical director to remotely view the patient’s vital signs in real-time.
When I attend to a patient, I activate the device and connect it to the patient, and the consultant can see all the vital signs in real-time.
If the patient has an eye injury, an ophthalmology specialist can monitor the case remotely. If the patient is experiencing cardiac arrest or chest pain, a cardiology consultant can view the patient's ECG and guide the treatment accordingly”. “The device is equipped with a chest-mounted camera, which transmits vital signs and allows the consultant to observe and guide the treatment”. “the consultant already has the patient’s ECG and vital signs before arrival. As a result, once the patient reaches the hospital, they can immediately proceed with the necessary intervention, skipping the preliminary tests and saving critical time”. 
A8: “There’s the new version of the AED Automated External Defibrillator, and the latest LifePak device. These are used in cases of cardiac arrest or trauma, like accidents”. “the LifePak is a multifunctional device”. “The LifePak now delivers electric shocks, performs ECGs on site, and functions as a vital signs monitor. It replaced multiple devices; pulse oximeters, BP monitors, ECG units. Previously, the older ECG machine only had 3 leads. This LifePak has 12 leads like in hospitals, and it’s very accurate”. “its main drawback is that it can’t be used on-scene. It’s fixed in the ambulance” “It’s expensive and heavy not suitable for outdoor or upper floor scenarios. So we use the portable vital signs monitor instead”. 
A9: “the new portable cardiac monitor”. “it’s also an excellent device. It combines multiple tools into one; defibrillator, blood pressure monitor, ECG, everything in a single device”. “It made things much easier. When transporting a cardiac arrest case, you only need one device. It has everything, defibrillation, monitoring, BP; all in one. It's very useful”. “with the LIFEPAK, I think it’s the weight; it’s a bit heavy”.
A11: “For example, they brought in devices like ECG machines, and they started offering development courses”. “They mostly use it when medication is involved. That’s when it’s used most”. “they give medication, then they use it. Usually the doctors or specialists use it. I’m an EMT”.

	
	Intraosseous access. A8, A14
	A8: “there’s the intraosseous device. It’s used just below the knee, about four fingers down. This is used when the patient is bleeding heavily and we can’t find a vein then we use the IO device to deliver fluids through the bone”. “It’s made a huge difference. Before, in severe bleeding cases, it was impossible to find a vein. The patient could be in shock or severely dehydrated, you simply couldn’t get IV access, no matter how hard you tried. But with this emergency device, in less than a minute, instead of wasting time looking for a vein...”. “You just use the IO device below the knee about three or four centimetres down, on the flat part of the tibia. Once you insert it and confirm marrow or blood return, you can immediately hook up an IV set and begin fluid resuscitation. You continue fluid administration until you reach the hospital”. “You can give two, three, or even four bags whatever’s needed. Because with massive bleeding, peripheral veins become invisible or collapse completely”. “So you do your best to provide normal saline or other fluids to maintain circulation”. “It’s made a huge difference. In critical bleeding cases, veins are often invisible. With this, in under a minute, you bypass vein hunting and begin treatment directly via the bone”. “You insert it under the knee, into the tibia. Once you confirm marrow or blood return, you attach the IV set and start administering fluids continuously until hospital arrival”.
A14: "In trauma cases, especially with blood loss; the veins collapse and IV access becomes difficult. But the IO is easy to insert". "One disadvantage is that the device battery runs out, and there’s no indicator showing how much charge is left". “if you can’t find an IV line, the IO is an excellent solution. A very good alternative. Another advantage is that, unlike IV access, you don’t need to struggle when there is poor perfusion. it’s very useful in trauma when there is heavy bleeding, or if the patient has very dark skin and veins are hard to see. You go directly for the IO. It really helps”.

	
	Improved splinting and limb stabilisation tools. A8

	A8: “There have been innovations like new types of splints for trauma. Previously, we had wooden splints and traction splints, but now we also have improved splints; soft yet firm ones”. “These are used especially for trauma cases where patients are trapped inside vehicles” “Yes, inside the car for trapped patients. You can apply splints before the Civil Defense arrives”. “When there’s a bone fracture, or exposed bone due to open fractures, we deal with that as trauma cases, stop the bleeding, and stabilise the bone. We now have specific splints for limbs, soft splints that become rigid once applied”. “we now have simplified and quick-to-use splints that can be applied inside the vehicle before the Civil Defense team arrives. They come rolled up, but once unrolled and fixed on the patient, they become rigid”. “Yes, it really resolved a major issue. We used to have long, solid splints that couldn’t be used inside damaged vehicles; too long, over 50 cm. You couldn’t reach the patient or apply them effectively in cramped conditions. Now, this splint is fast and adaptable, you shape it however needed”. “It’s comfortable and can be moulded like clay. You shape it, tighten it, wrap it, and it becomes a strong, rigid splint”.

	
	Tourniquet improvements and haemostatic innovations. A8, A13
	A8: “the new tourniquet. I recently handled an amputation case. I applied the new tourniquet; four fingers above the amputation. It’s different from the standard ones. This one is stronger and used even by air ambulance teams. It’s black and very durable unlike the red ones we use in routine cases. The black one effectively slows the bleeding in amputation cases”. “It doesn’t fully stop the bleeding, but it significantly reduces it until the patient reaches hospital”.
A13: “For bleeding control, I’ve heard about haemostatic dressings. These are new things they’re trying to make available in every station. I see them as innovative because they help us care for the patient better”. “I think this year, but I’m not sure if they’re actually available everywhere I’ve just heard about them”. “The idea is that when you have an open wound with bleeding, instead of using regular gauze, you use this dressing. It absorbs the bleeding and stops it, so you don’t need to use multiple layers of gauze maybe just two or three, and it will control the bleeding”.
A14: "It has a kind of click-lock mechanism, you wrap it around the patient's arm, tighten it, and it stays secure. And you can open it in one click. It’s very easy to use". "hemostatic dressing. This dressing contains a substance that causes rapid clotting at the site. Sometimes there’s an arterial rupture or bleeding in an area where a tourniquet can’t be applied".

	
	Digital documentation systems and trauma pathways. A3, A4, A7, A12, A13
	A3: He commented on the introduction of tablet system by the Saudi Red Crescent Authority: “They provided training. At the beginning, they welcomed questions and sent out a lot of videos and courses before implementation”. “There were workshops, but most of the training was online due to distances between regions so mostly videos. That solved the issue”. “it was effective”. “it helped a lot”. “it solved issues related to paper-based medical reports. Before, reports could get lost or be incomplete. Now, we use electronic medical records. You can't even submit a report until you complete all the required fields. Previously, when checking the ambulance, some equipment might not have been logged properly. Now, everything is digital and entered through the tablet. So it protects both patient and paramedic rights, and once the report is submitted, it can’t be edited”. “it gives you options to choose the case category”. “the hospital sees it”. “The hospital is informed in advance, so they prepare their team and are ready at the appropriate level”. “Yes, it has a chat, plus video and audio recording features”. “It preserved patient rights. For example, if a patient or their family needs a medical discharge report, they can get it electronically through the Riyadh branch. Before, with paper records, documents could be lost or damaged. But now, patients’ rights are protected, everything is saved and accessible”. “in terms of reducing time, yes, it does reduce time… once the alert comes in, you’re required to move within 120 seconds, and the system logs everything electronically. This has greatly improved response times for ambulance teams”. “The hospital is informed in advance, so they prepare their team and are ready at the appropriate level”.
A4: When I asked him about the connections between ambulance services and hospitals in terms of data exchange: “No, it hasn’t solved it, not yet”.
A7: “We now receive dispatches through the iPad, with the full case file, location, and everything. Before, we had to rely on radio devices and wait, sometimes for a long time, to get call details. Now, all the patient info and location are there, and the app even guides you via the shortest or safest route. It notifies you if a road is closed or dangerous. That iPad idea was a huge leap forward. Other agencies even asked to adopt it”. “Even the statistics are automatic now. No one has to manually calculate how many cardiac or medical cases we’ve had you just select the category, and it’s all there”. When the participant has been asked that do you think that’s helped reduce response time for trauma cases? He replied: “Yes, definitely” “If they took these tools away, things would go backward”. “For the iPad, the problem is that some areas have no internet or network coverage” “we do face that. But the team quickly switches to their phones to communicate and receive the dispatches. The operations room enters the data manually”. “the paramedic has to manually fill in patient data on the device”. 
A12: “the trauma pathway made a big difference in handling cases. In the past, we often transported patients to the nearest hospital, even if it wasn’t suitable, and sometimes it couldn’t even handle simple cases. It wasn’t necessarily the best place for the patient” “With the trauma pathway, the situation improved a lot. Even if it took me 7–10 minutes longer to reach a trauma-designated hospital, those extra minutes were worth it because the patient received the right care. If I had taken them to the nearest hospital instead, the patient might not have received the treatment they needed. So for trauma cases, I’d say this pathway has allowed them to get much better treatment”. “Since three months ago, we haven’t really been following the trauma pathway because of changes in the documentation system. The old electronic PCR system was very clear, it even had a specific section for the trauma pathway, so you could select it easily. In the new system, that option doesn’t exist anymore”. “Right now, with this new system, when a case comes in, there are no details on the call card. There’s nothing. I just get, for example, “RTF” that’s it. No further information. Even the instructions that used to appear before are no longer there. So basically, for every call I go out to now, I have no background information at all. That means I always have to expect the worst before I arrive. For example, last week I had a case, no details were given in advance and just two minutes before arrival, the radio said, “Patient gasping.” “We got there and found the patient already in cardiac arrest. So lack of information is a current issue”. “The electronic PCR is excellent compared to the old paper system, activation is faster, documentation is better, but we need technical improvements so that essential details are included again”. “the situation has gone back to how it used to be, if it’s critical, we go to the nearest emergency department… I personally decide based on my knowledge… and sometimes based on patient preference… the new documentation system is part of the problem”. “We used to get a call card with details… That small detail would completely change how I prepared mentally and operationally before arriving”. “Sometimes there’s a conflict between taking the patient to the nearest hospital and following the trauma pathway criteria… the patient might refuse to go to the trauma centre and insist on another hospital”. “It’s actually difficult to extract data from the current system – you can’t just log in and pull the data yourself”.
A13: “There are specific protocols or programmes where, as soon as I assess the patient, the information is sent directly to the hospital. I see that as innovative because the hospital receives details about the case, the patient’s level of consciousness, and other vital information so they can be ready to provide care as quickly as possible”. “When I first trained with them, they were using a certain system on the tablet. We were used to it, it was easy and straightforward. But at the start of this year, around Hajj, the system changed. It was different, so it felt like starting over facing new challenges again. It’s the same cycle: if there’s no prior training, you struggle. I also have criticisms of the current system, it’s not complete for trauma, medical, or paramedic use. Some parts are complicated and take up my time. If it’s not simple, if there aren’t preset options like selecting “trauma” and then choosing from a list – then I have to start from scratch. That can actually slow things down in a case. Of course, we focus on the patient first and only deal with the system later” “I feel it’s the system. Unlike the old one, now I have to fill in everything myself, which takes time” “Yes, like starting on a blank sheet. In the old system, if you pressed “A” for patient assessment, it would automatically load ABC; airway, breathing, circulation, and you’d select options. That was faster and gave me a complete report for the hospital. Now, without that, the hospital won’t get the information in time, so it’s like they’re seeing the case for the first time when the patient arrives”. “today I have a trauma case… there’s a pathway in the tablet… I select: stable case, emergency case, or critical case. That data is sent to the designated hospital. When I complete and save the report, the hospital can access it instantly”. “with the new system… it only shows a case code… Sometimes the code doesn’t match the actual case, so you arrive to something completely different”. “Sometimes when we arrive at a scene, the patient is unresponsive or the relative with them knows nothing about their medical history. If there were a system that linked patient information across all government and private hospitals like a shared record with key details such as medical history and medications, that would be extremely helpful”.

	
	Tranexamic acid. A10, A12, A14
	A10: “there's one it's not entirely new, but maybe new to us in the Middle East, the use of tranexamic acid to stop bleeding. Usually, we use normal saline, but this solution actually helps clot formation. It's not widely available, but it’s a very beneficial and simple innovation”.
A12: “for example, the recent introduction of tranexamic acid TXA. This is something new that wasn’t used before, and now our medical department has started using it. They said, “Let’s try it and see if it works or not.” So, this is a new innovation for us and it could also include medications”. “TXA (tranexamic acid) is available, but I haven’t used it yet because it requires dilution 1 gram in 100 ml of normal saline. In our ambulances, the saline we have is 500 ml industrial packs, so I’d have to either empty some of it, which takes time, or decide not to give it. Honestly, we raised this issue with the medical department, telling them this is one of the barriers to administering the drug in the field”. “We asked them if they could make it available in a ready-to-use form that would be great because the medication is available, but the dilution process takes a lot of time. That’s one of the main problems. Until now, I haven’t used it at all. There are apps you can use to calculate the dilution, but the real issue is the time it takes to actually prepare the medication. So honestly, we’re not using it in practice. Maybe if TXA was available in a prefilled syringe or something similar for bleeding control, we would use it more”. “If we used it, it would be straightforward, you could put it into the gauze, and it would help with bleeding control, especially in cases where the gauze has an active haemostatic agent. This isn’t currently available, so we improvise when needed”. “Not really, it’s available in large quantities. We receive boxes every month as part of our medical supplies, but we don’t use it”. “And honestly, most of our cases in the Red Crescent especially in urban areas, don’t end up using it. This is a recurring issue, and the medical department often discusses it with us”. “Also, for example, in my area, the nearest Level 1 trauma hospital is only 7 minutes away. So I’m not going to spend time diluting the medication in the ambulance when the patient can get it at the hospital right away. In those situations, I’d rather save the time and let them administer it there”. “As for TXA, yes, there were lectures on it. I even have one scheduled next week where I’ll be delivering training on TXA. The aim of that session is specifically to focus on its use. There have been explanations on how and when to use it, and we still receive reminder emails about the protocol and indications from time to time. But despite that, the problem remains”. 
A14: “TXA helps by forming clots at the bleeding site. It helps stop the bleeding. I’ve given it before, for example, I had a patient with a bleeding right arm due to an accident. But It’s not provided in large quantities”.

	
	Mechanical ventilators in ambulances. A2, A7
	A2: “the introduction of ventilators in ambulances. Previously, paramedics were not authorized to use these devices. I personally worked in inter-country patient transport across Gulf Cooperation Council countries, where ventilators played a crucial role. We received specialized training from respiratory care specialists, which helped us operate the ventilators effectively”. “mostly for trauma cases, patients involved in road accidents, workplace injuries, or severe falls”.
A7: “Some ambulances have mechanical ventilators now, but the issue is that it takes time to adjust settings like weight and the number of breaths”. “This kind of technology is used in the Netherlands. And here, our hospitals are thankfully very close within 7 to 10 minutes max, you're at the hospital”.

	
	Specialised and rapid-response vehicles. A14
	A14: “Rapid Intervention Vehicles; the newest advanced vehicles, I’m sure you’ve heard about them. And also “Tuwaiq”, the mass-casualty response unit. These are all innovations that help in trauma cases or situations in general. They speed up response time and reduce reliance on ambulances. These innovations are definitely beneficial in the field”. “There are more many vehicles actually. There’s also one I didn’t mention: the medical vehicle we saw during Hajj. Its name is “Al-Taamer”, designed for mountains and rocky terrain”. “Tuwaiq is basically like a bus. It can transport up to 10 patients, and it’s useful for multi-trauma incidents. When you have multiple patients and regular ambulances aren’t enough, you can transport them using Tuwaiq. It carries more than 10 patients. It’s one of the innovations that significantly contributes to the field”. “Ubayyah and Khuzam. These vehicles are part of the rapid-response system. They respond to incidents before the ambulance arrives. They assess whether an ambulance is really needed or not. This reduces response time and reduces unnecessary ambulance dispatches, meaning the ambulance can be available for another, more critical case”. “They are not equipped like an ambulance. They don’t have the same full interior setup as an ambulance, and they don’t have the fixed equipment that ambulances have. But they do fulfil the purpose, they have a monitor and various tools, including basic trauma equipment like backboards and other supplies”. “if an ambulance reaches an incident in 10 minutes, these vehicles reach it in about 3 minutes”. “Khuzam is designed for rough terrain, desert or off-road environments”. “Khuzam is specially designed for off-road and sandy terrain, with double axles and so on”. “There’s also another innovation… the new vehicle designed for stroke care… they are useful even in trauma. I mean, in simple terms, sometimes the trauma case might actually be caused by a stroke, for example”. “One disadvantage is that they are not available in large numbers. Usually only one vehicle per region”. “Honestly, mostly staffing. There aren’t enough qualified staff to operate these vehicles every day”. “sometimes Khuzam doesn’t go out at all because there’s no one available to drive it”.

	Part 2 of the matrix 4: Innovations proposed for future integration

	Domains for each objective
	Themes and their subthemes (with interviewees’ IDs)
	After examining data for quotes and responses that identify the importance of themes and subthemes.

	Innovation across clinical, digital, and system domains
	Innovations for bleeding control beyond tourniquets. A4, A10
	A4: “the most important thing is managing bleeding; basic bleeding control. That’s key in trauma cases. As for innovation, for example, when there’s ongoing bleeding, if an ambulance responds to a case with severe trauma in a remote area, which happens to us a lot on long-distance routes, tourniquets can be difficult to use. Especially for paramedics, who need to track the time, record it, and follow specific protocols. If there were something other than a tourniquet that could help us in such situations, especially for long-distance calls, it would be very helpful” “it’s a big responsibility. You have to record the time, monitor it closely, and release the tourniquet periodically. That’s what you really notice in trauma care, so if there were an innovative solution, it would be useful” “Within Riyadh, you probably don’t even need a tourniquet for long—it doesn’t take much time to reach a hospital. But in rural or highway areas, the nearest hospital might be 80 kilometres away. Imagine dealing with a bleeding patient 80 km from help”.
A10: “I did have an idea, especially regarding bleeding and large wounds. In the Red Crescent, we perform rapid interventions. So I thought why not have a device, like a stapler, that temporarily closes wounds quickly?”… “Bleeding is something we deal with all the time”… “not just tourniquets or pressure bandages, but something temporary and effective. My idea is a stapler with sterile clips that temporarily close the wound until the patient reaches the hospital”. “With trauma, bleeding is a major issue. There’s no definitive solution in EMS for managing bleeding especially when it’s from multiple areas. It’s difficult to control. That’s why I thought of the stapler concept to temporarily control bleeding until we reach the trauma centre, so we can continue the rest of the assessment without being solely focused on the bleeding”. “Tourniquets are great for limb injuries, but they’re not effective for torso bleeding”.

	
	Technologies to support difficult intravenous access. A3, A4
	A3: “There are devices that help the technician insert an IV line like lightweight devices, maybe a handheld scanner. Sometimes it's hard to get a vein in certain patients. So these kinds of devices could help in starting an IV”. “to make it easier and faster”.
A4: “Most of the team is skilled in IV access, thank God. But sometimes we do encounter cases where IV access is a challenge like if a patient is having an active seizure. Some colleagues can’t get a line in, and they have to wait until they reach the hospital for medication”.

	
	Improved communication and trauma networking. A3, A4, A5, A7, A8, A10, A11, A14
	A3: “I believe there should be connections between hospitals, especially involving rare specialists. This could significantly help patients. For example, if you have a serious head injury, and the patient needs a neurosurgeon, there could be a live connection between hospitals. A consultant could remotely guide the on-call doctors at another facility. That kind of connection would really benefit the patient”. “Let’s say I go to a hospital in Riyadh like Al-Iman Hospital or Al-Faisal, or any other facility with limited capabilities. The more specialised consultants are typically found in medical cities or tertiary hospitals. So if communication between facilities existed, it could help a lot. For instance, a remote consultant could give instructions or orders as needed like ordering advanced imaging, and so on”. “With advanced technology, the consultant could input the patient’s ID and immediately view their imaging even from a remote hospital in another province. That would help trauma patients immensely”.
A4: “There’s always been a lack of direct communication between the EMS team and the hospital”. “There should be a direct communication line between the paramedic and the hospital physician, it would be much better, especially in trauma cases”. “currently, communication is done through the medical director at the operations centre”. “sometimes, the hospital doesn’t respond to them. It would be better to contact the facility directly for example, I could say I have a critical case and provide the details directly”. “When I’m heading to the hospital, it takes me around 10 or 11 minutes to get there. Now, if the operations try to contact the hospital, there’s no response, no one answers”. “for example, the medical director at the operations centre contacts hospitals using a handheld TETRA device… But the device isn’t held by the doctor, it’s usually with the shift supervisor. Sometimes it’s left in the office, sometimes no one answers, sometimes they’re not around”.
A5: “Implementing the trauma care pathways (e.g., for heart attacks, strokes, and trauma) has been a game changer. We can now code the case electronically, and it reflects directly in the receiving hospital’s system. Code systems have been unified across agencies such as Saudi Red Crescent and Ministry of Health. It’s connected via the tablet system”.
A7: “Yes, honestly, I wish the iPad could automatically send all the data to the hospital before we even arrive, so that they already have all the patient information ready”. “I wish I didn’t have to go looking for the doctor. Sometimes the doctor is busy with another case. But if the full report is already available in their system and the bed is ready, I could just place the patient there and leave”. “I arrive and get told, "Wait, there’s no bed yet," or "We need the patient details first”. “That wastes time. Ideally, I should be able to enter the patient’s information as soon as I start the case”. “It would be reflected directly in their hospital system”. “And the bed should be ready. That’s what we want”. “Sometimes the EMS team has to wait 20 minutes, half an hour, sometimes even an hour, just to complete the handover”. “No, but the paramedic can print it on site, there’s a printer connected. You print the report, sign it, and then hand it over”. “There’s still a gap in communication. If we had a proper electronic endorsement system, the issue would be solved. It would be better”. “it would also benefit the paramedic. When they sit with the patient and gather more information, it enhances the quality of care. For example, if I insert an IV with normal saline, and the doctor prefers D5 instead, the system could reflect that. Future systems could support such adaptations automatically”.
A8: “Sometimes, when we leave the scene and update the system via the tablet, the hospital gets notified. But still, the emergency department may not be ready. At times, they’re overcrowded, or there’s a shortage of nursing staff”. “So we as Red Crescent crews offload the patient at the hospital bed and continue treating them until the medical staff arrive. This issue has been addressed with ED operations and supervisors, but we hope for improvements. There’s no refusal, but there’s delay in reception”. “Often, the ED is overcrowded. When we’re en route, the hospital screen should show the patient data and mechanism of injury. Ideally, medical staff should receive the patient at the door. But often, we bring the patient in and continue care until they respond. That’s what causes the delay”. “The hospital ED should assign a team ready to receive trauma patients immediately upon notification. Coordination with Red Crescent is key. I hope the Ministry of Health improves this collaboration”.
A10: “If it’s a critical case, they receive it immediately. But for stable cases, we often face delays due to bed shortages. Sometimes we wait up to 30 minutes in the hospital’s waiting area”. “They usually say they haven’t discharged patients yet. So we have to wait until a bed becomes available. They don’t allow us to offload patients onto a wheelchair, the patient must remain on the stretcher until moved to a hospital bed”. 
A11: “In many hospitals, especially those outside Riyadh, it’s a problem. In Riyadh hospitals, they’re better equipped. But in some places, the process is disorganised. You enter with a trauma case and they send you from one place to another, wasting time. “Go here,” “No, go there.” That’s the main issue. Also, there’s often no backup staff available and that’s part of the problem”. “They just keep sending you back and forth like, “Go to plaster,” then, “No, go to trauma”. It’s disorganized”. “In larger hospitals, there usually isn’t a problem. Even if you bring multiple trauma patients, they can handle it. But smaller and mid-sized hospitals struggle they don’t have proper systems or capacity. That’s what they mention”. “Sometimes they’ll say, “We only have one staff member,” or something like that”. “it’s their limited capacity”.
A14: "The biggest problem I face is that the doctor receiving the patient is usually busy treating the case immediately. So I can’t give a complete handover. I give the essential information, but on the Red Crescent tablet, the doctor must sign, enter their name, verify details, etc. there are many steps. In critical trauma cases, the doctor is not free to do all this; he is immediately working on the patient. In simple cases, yes, the doctor signs quickly and that’s it". "I wish there were a solution for this. Like… Maybe a third person responsible for receiving the patient instead of the doctor, just for the handover".

	
	Live video, portable ultrasound, and remote clinical support.  A5, A14
	A5: “One idea I submitted was implementing video call capabilities through the emergency number 997. When someone calls, whether it’s a citizen or a police officer, the dispatcher should be able to activate a live video. That footage would appear on screens in the control room, allowing the medical director to see the scene live and guide the field team in real time”. “Not yet, but it’s technically feasible. STC is the telecom provider, and video calls can be integrated into the system. The control centres already have screens, it just needs activation. It would reduce decision-making errors and support paramedics who are under extreme pressure in the field”. “We use an electronic paramedic report system on tablets, which is already synced with vital sign monitors. I proposed integrating portable ultrasound machines to detect internal bleeding in the ambulance. The scan could be sent live to the trauma centre or medical director for early assessment”.
A14: “As a paramedic, when you deal with internal or head injuries, you focus on vital signs. These are the tools you rely on. Portable ultrasound is a good idea, but it benefits the doctors more than paramedics. Doctors will repeat a full ultrasound at the hospital anyway. So you might miss other important things while you’re busy using it”.

	
	Artificial intelligence-enabled decision support. A7, A10, A14
	A7: “for example, these days the world is moving toward artificial intelligence. One idea is integrating AI before the patient even arrives at the hospital”. 
A10: “an innovation aimed at speeding up response times… I think artificial intelligence could be used”. “the AI provides an initial assessment or suggestion. It would assist in diagnosis, not be fully relied upon, but used as a secondary aid”. “It would act as a support especially in stressful moments when your mind may not be fully clear. It gives you a guideline to follow”.
A14: "how will you develop your skills if AI makes the decisions for you?". "If you rely on AI, you will never develop your own critical thinking. Your growth comes from facing challenges and making decisions yourself". " after the case, when everything is done, it’s okay. You can let AI analyse the case and give you feedback or recommendations. You learn from it afterward. But not during the emergency".

	
	Drones and early scene support. A7
	A7: “For example, the alerts. Some said maybe we could use drones, but that still involves human intervention. That idea doesn't exist yet in Saudi Arabia. A drone could be dispatched to the scene, arrive before the ambulance, and communicate directly with the operations room. The drone would carry a medical kit, including a defibrillator. It could guide the bystander by saying, “Open this drawer, you’ll find something to use”. This was one idea I heard from some young people”. “long distances and traffic congestion. These are major problems. A drone could be the solution”. “They could help with many of the routine cases we respond to. Critical trauma cases aren’t as common. We mostly deal with medical emergencies like heart attacks and respiratory distress. A drone could be useful for bedridden patients, these cases occupy the ambulance teams, but for true trauma cases, we still need humans to assess wounds, injuries, and make judgments. You can't rely on a drone for that”.

	
	Innovations to reduce response and transport delays. A2, A3, A6, A10
	A2: “One major issue is traffic congestion, which slows down emergency response times. A possible solution is expanding air ambulance services, but currently, the number of available medical helicopters is very limited. The biggest obstacle is lack of financial resources and shortage of trained air ambulance personnel”. 
A3: “If there was a mechanism for public awareness, clearing the way, for example that could help a lot. Or maybe an innovation for automatically opening traffic signals in emergencies, coordinated through the operations room, so ambulances can get through faster. I believe that would save a lot of time” “I think if the operations control room was linked to traffic lights, for example, to automatically open intersections for ambulances heading to trauma scenes, it would significantly reduce time to get the patient to medical care”.
A6: “Some places, like highways, have no nearby centres. Air ambulances have helped somewhat, but more is needed”.
A10: “generally, we struggle with heavy traffic, especially during peak hours. I once suggested that large cities should have a dedicated emergency lane, only for ambulances, police cars, and other emergency vehicles. That would significantly reduce time and improve patient outcomes”.

	
	Improving dispatch intelligence and pre-arrival information. A4, A7, A12, A13, A14
	A4: “I’d like to see innovations in the dispatch process itself, how calls are received”. “I want to receive complete and accurate information. Right now, that’s still a bit of an issue, you might go out to a trauma call and sometimes get full info, sometimes none. They are starting to improve this, but it still needs more work. Because as a paramedic, when I get a trauma call, I want to know the details so I can mentally prepare and know what equipment and interventions to get ready”. “this kind of information is important for the paramedic before arrival. Right now, we’re still not getting it 100%”.
A7: “We now receive dispatches through the iPad, with the full case file, location, and everything. Before, we had to rely on radio devices and wait, sometimes for a long time to get call details. Now, all the patient info and location are there…”. “For the iPad, the problem is that some areas have no internet or network coverage”. 
A12: “Right now, with this new system, when a case comes in, there are no details on the call card. There’s nothing. I just get, for example, “RTF”, that’s it. No further information. Even the instructions that used to appear before are no longer there. So basically, for every call I go out to now, I have no background information at all. That means I always have to expect the worst before I arrive. For example, last week I had a case – no details were given in advance and just two minutes before arrival, the radio said, “Patient gasping”. “We got there and found the patient already in cardiac arrest. So lack of information is a current issue”. “Previously, the system had this feature. If they just bring it back, it would help a lot. We used to get a call card with details, sometimes even written notes from dispatch like: “Possible head injury, change in consciousness, high likelihood of severe case”. That small detail would completely change how I prepared mentally and operationally before arriving. So for me, as an innovative solution, just improving the current system would be enough”.
A13: “one problem I face now, especially with the new system, is the lack of patient information. Sometimes I get a call with almost no details. The more information I get; age, medical history, the better I can prepare and predict what I’ll need to do for the patient. With the new system, unfortunately, it only shows a case code, maybe from 1 to 30 in the Red Crescent’s system. Sometimes the code doesn’t match the actual case, so you arrive to something completely different. In the future, an innovation could be to provide full patient details like ID number, phone number, and medical information before arrival. That would help a lot”.
A14: "the biggest problem we face is location accuracy". "We arrived late to the location because the location was not accurate". "those are the two issues: location accuracy and insufficient case details". "Honestly, I can’t give you a full solution for the location part, but for example, we can ask the caller to send their exact location on WhatsApp. That way the location becomes very accurate".

	
	Upgrading ambulance design and ergonomics. A10, A12
	A10: “when it comes to devices inside the ambulance cabin which the paramedic directly uses, innovations are quite limited. For example, a rapid blood test device that could give you ABG readings on the spot would be extremely useful and wouldn't take up much space”.
A12: “The biggest issue is that many of our ambulances are old, some have been in service for 10 or 15 years and they have mechanical problems that affect operations daily. Honestly, the solution is straightforward: replace them with new ambulances. This is a daily conversation we have, and the fix is obvious”. “in management, there are still problems. For example, sometimes there’s an issue with the ambulance itself, and I might say, “I can’t operate this ambulance because of this problem”. “But the response is always that keeping the crew operational is the priority, so they push us to use it anyway. The problem is, when you respond to a serious case and then the stretcher doesn’t function properly, it creates big issues”. “Currently, many ambulances aren’t set up in a way that allows you to do more than one thing at a time. In videos from abroad, you can see the difference, their ambulances are set up so you can work effectively inside”.

	
	Unified control and interagency response. A8
	A8: “One of the biggest issues in traffic collisions is interference from bystanders. They obstruct ambulance access to the site”. “bystanders getting in the way of ambulances. They hinder our movement both on the way to the scene and during care. Sometimes, they don’t allow us to do our job properly. They interfere “I’ve already done this”. “I’ve already helped”. I just want to tell them, “Please step aside and let us do our duty”. “I hope that for every accident, a traffic police unit is dispatched alongside the Red Crescent or that dispatching happens jointly through a unified control centre”. “So a patrol unit should arrive at the scene before or with the ambulance”. “Yes, coordination happens after we arrive. Once we get there and face a blocked road or crowd, we request traffic patrol through our operations centre. The problem is: the patrol often arrives late, or we finish the entire case and the police still haven’t arrived”. “Yes, as soon as I arrive and see that the scene is unsafe, I notify operations, informing them that we need police or traffic patrol support. But due to urgency, I try to stabilise the patient and transport them to the ambulance before police even arrive” “Sometimes we notify operations about an incident, and the Red Crescent control centre will ask: “Is the scene safe or not?” If they say it’s safe, we go alone” “If the caller says the scene is safe, no patrol is sent. But when we arrive, it’s actually chaotic cars crowded, another accident might happen due to congestion. The caller’s input defines our whole approach”.

	
	Supply access and equipment readiness. A7, A12
	A7: “Another thing is medical supply, what they call a "vending machine”. “Like those for cola or snacks. Some hospitals don’t have them”. “I mean something more medical; equipment, even scrubs, or chargers”. “This vending machine would be in the hospital. Supplies would be pre-stocked. You’d select what you need like a dressing and scan your ID card to take it”. “The idea is to improve response speed. Instead of going to a logistics centre for supplies, the paramedic could just grab what they need from this vending machine at the hospital and move on to the next case”. “I submitted the vending machine idea. They said it would be too costly, and it requires coordination with hospitals. Then there's the issue of approvals permissions for placing the vending machine, power supply, space rental inside the hospital. They said it would lead to other complications, so they dismissed it”.
A12: “We might face challenges like shortages in resources, missing supplies in the ambulance, items that have run out, things that haven’t been restocked, or equipment that’s broken. I find that the simpler and more portable the equipment is, the better it helps me, especially because sometimes the patient isn’t close to the ambulance. If we had new, innovative devices that are easy to carry, have multiple options, and can be used quickly, they would help me a lot in both assessment and management”. “It’s the same, having innovative, new, and well-placed equipment, without shortages, helps me. In assessment and management, the main obstacle is when I have the knowledge but am missing a crucial piece of equipment”.

	
	Scene access, extrication support and night-time casualty identification. A5, A8, A14
	A5: “Sometimes you’re dealing with multiple injuries at once… event management, especially when the first response team only has two medics”. “If there are a large number of casualties, it becomes a disaster… You’re expected to manage and treat at once. It’s unrealistic”. 
A8: “There have been innovations like new types of splints for trauma… These are used especially for trauma cases where patients are trapped inside vehicles”. “inside the car for trapped patients. You can apply splints before the Civil Defense arrives”. “We now have simplified and quick-to-use splints that can be applied inside the vehicle before the Civil Defense team arrives”. “We used to have long, solid splints that couldn’t be used inside damaged vehicles… Now, this splint is fast and adaptable, you shape it however needed”.
A14: “sometimes the patient is trapped inside the vehicle and in a critical condition needing immediate intervention. We wait for Civil Defense to extract the patient before we start treatment. That wastes a lot of time. If there was an innovation as I mentioned earlier a simple tool that could help us free the patient when the entrapment is not extremely severe, something that humans cannot do manually, that would solve a major issue. It would reduce risks”. “if the patient is stuck inside the vehicle, for example the door is crushed and won’t open. If we had a tool that could force the door open, similar to what Civil Defense uses, but available in Red Crescent units as well, or in a different form that would be great”. “we often face an issue with trapped patients, patients stuck inside the vehicle. Instead of calling Civil Defense, we could have an innovation that allows us to free the patient ourselves and continue treatment without needing Civil Defense”. “I really wish there were something that helps with night-time accidents. In accidents that happen in the dark, sometimes we forget one or two or even three patients, it’s normal. Especially when the crash happens on a highway and the vehicle was speeding, the patient may be ejected far from the vehicle. Of course, there might be one or two patients thrown far away, and we can’t see them. Even the people around the accident often don’t know how many were in the car. So they don’t know the total number of victims. So I wish there were something that scans the whole area around us, shows how many patients there are. Night-time incidents are always difficult because you can’t determine the number of patients easily”. “Honestly, nothing other than strong floodlights.
If there were lighting equipment that illuminates the entire area”.
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