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Abstract

Background: Innovation may improve prehospital trauma care by addressing problems
encountered during emergency responses. However, little is known about how Saudi
ambulance clinicians perceive innovation, what influences its implementation, or which
developments they consider relevant to trauma care. This study explored ambulance
clinicians’ perspectives on innovation in prehospital trauma care in Saudi Arabia.
Methods: We conducted a qualitative study using semi-structured interviews with

ambulance clinicians from the Saudi Red Crescent Authority. Participants were purposively
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recruited from six cities to include paramedics and emergency medical technicians with
differing durations of experience. Interviews were conducted and transcribed in Arabic,
translated into English and independently back-translated before analysis. Data were
analysed using the framework method, with findings charted against four research
guestions concerning perceptions, barriers, facilitators and potential innovations.

Results: Fourteen ambulance clinicians participated: eight paramedics and six emergency
medical technicians, with experience ranging from two months to 25 years. Participants
viewed innovation as practical improvement intended to address problems in prehospital
trauma care, rather than solely as invention of new technology. They identified frontline
experience as a source of innovation ideas and expressed willingness for retained proposals
to be reported where these could benefit patients and ambulance services. Barriers
included limited training and awareness, unclear routes for progressing ideas, inadequate
feedback and recognition, resource and workforce constraints, equipment reliability and
restricted ambulance space. Facilitators included structured training, funding and resources,
supportive leadership, national readiness for innovation, transparent submission processes,
recognition and communication between frontline clinicians and decision-makers.
Participants described innovations already in practice, including mechanical
cardiopulmonary resuscitation devices, powered stretchers, digital documentation,
tranexamic acid, mechanical ventilation and specialised vehicles. Proposed developments
included improved haemorrhage control, digital trauma handover, live video and remote
support, artificial intelligence-assisted decision support, drones, improved dispatch, traffic-
control integration, ambulance redesign and interagency coordination.

Conclusion: Saudi ambulance clinicians perceived innovation as relevant to improving
prehospital trauma care and considered themselves potential contributors to its
development. Innovation should be supported through transparent mechanisms for
submitting and acknowledging ideas, appropriate training and structured evaluation. The
proposed solutions represent frontline-informed priorities for development and

assessment, rather than interventions ready for routine implementation.

Keywords: ambulance clinicians; emergency medical services; innovation; prehospital

trauma care; qualitative research; Saudi Arabia
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Introduction

Prehospital trauma care is a critical component of emergency medical services (EMS),
requiring ambulance clinicians to assess, stabilise and transport injured patients under time-
critical conditions (1,2). In Saudi Arabia, trauma and motor vehicle collisions remain major
reasons for prehospital emergency responses, with the Saudi Red Crescent Authority (SRCA)
responding to 95,372 road traffic accidents between 2016 and 2020 (3,4). Effective care
requires rapid decision-making, appropriate interventions and timely coordination with
hospital services (5-7). Improving prehospital trauma care is therefore important for
reducing avoidable delays, supporting patient safety and strengthening the wider trauma
care pathway (5,8).

Innovation may improve prehospital trauma care by developing, adapting and
implementing clinical practices, technologies and service processes that address challenges
encountered during emergency responses (9—-11). In time-critical trauma care, these may
include equipment and protocols to support safe interventions and decision-making, digital
systems to improve information transfer, and training approaches to support the safe use of
new practices (9—14). Saudi healthcare transformation under Vision 2030, including digital
health expansion and efforts to improve quality and efficiency, provides opportunities to
develop and evaluate such innovations (15,16).

However, successful innovation depends on more than the availability of new
technologies, equipment or organisational initiatives (3,11). Ambulance clinicians work in
complex, time-critical environments and are well placed to identify practical needs,
implementation barriers and opportunities for service improvement (3,6,8). Their
involvement can help ensure that innovations are relevant to frontline trauma care, feasible
in the prehospital environment and supported by appropriate training, leadership and
organisational processes (3,17). Evidence remains limited on Saudi ambulance clinicians’
perceptions of innovation in prehospital trauma care and the factors influencing its
implementation in routine practice. This qualitative study therefore explored their
perspectives and identified barriers, facilitators and potential innovations relevant to

improving trauma care delivery. It addressed the following research questions:

1. How do Saudi paramedics and emergency medical technicians (EMTs) perceive

innovation in prehospital trauma care?

3
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2. What barriers influence the implementation of innovative practices in prehospital
settings?

3. What factors facilitate the implementation of innovative practices in prehospital
settings?

4. What innovative approaches or tools have been, or could be, integrated to enhance

prehospital trauma care delivery in Saudi Arabia?

Methods

Study design and setting

This qualitative interview study explored Saudi ambulance clinicians’ perspectives on
innovation in prehospital trauma care. Participants were recruited from the SRCA
ambulance services in Riyadh, Jeddah, Al-Ahsa, Tabuk, Najran and Jazan. The SRCA is the
principal provider of public prehospital emergency care in Saudi Arabia, providing free
ambulance services across the Kingdom (18). Recruiting participants from several cities
enabled the study to capture perspectives from ambulance clinicians working across

different geographical and operational contexts.

Recruitment and sample

Participants were Saudi frontline ambulance clinicians employed by the SRCA, including
paramedics who held bachelor’s degrees in EMS and EMTs who held diploma-level
qualifications (17). Participants were eligible if they currently delivered prehospital
emergency care and had experience of responding to trauma patients. Purposive sampling
was used to obtain perspectives from ambulance clinicians with different professional roles
and durations of service across the included cities. Online interviews enabled recruitment

from different operational settings.

Data collection procedures
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Online semi-structured interviews were conducted via Zoom between October 2025 and
February 2026, lasting approximately 45 to 60 minutes. Interviews were undertaken by NH,
FMA, ZD and OH, following coordination with participants by the recruitment and
coordination team. The interview schedule was developed from the study questions and
informed by NH’s professional experience in prehospital care. Following three pilot
interviews and input from the methodological development team and participants, the
schedule was refined, resulting in three versions (Supplementary File 1). Reflective notes

were recorded after each interview to identify emerging issues and assess data sufficiency.

Use of Arabic language

Interviews were conducted and transcribed in Arabic to allow participants to describe their
experiences in their preferred language (19,20). Before analysis, each transcript was forward
translated into English by a bilingual member of the recruitment and coordination team and
independently back-translated into Arabic by another bilingual member of the team (20—
22). Any discrepancies identified through back-translation were reviewed and resolved to
retain the intended meaning of participants’ accounts (20-22). Quotations selected for
presentation in the manuscript were checked against the original Arabic transcripts before
reporting. Where participants used English clinical or technical terms during the interviews,

these terms were retained in English in the translated quotations (21,23).

Data analysis

Data were analysed in English using the translated transcripts after completion of forward
translation and independent back-translation. The framework method involved
familiarisation, development of a thematic framework, indexing, charting and interpretation
(24-26). The lead researcher reviewed the translated transcripts and reflective notes to
identify initial concepts relevant to the study questions. The analytical framework
developed from the early interviews was refined as analysis progressed. The framework was
then applied across the dataset, and findings were charted in matrices organised according
to the four research questions (Supplementary File 2). MAXQDA software was used to

support data management and coding due to its compatibility with the Arabic language (27).
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The use of structured matrices and an iterative analytical process provided an audit trail

from participants’ accounts to the final themes and subthemes (28-30).

Research team roles

The research team was organised into three groups according to their roles in the study. The
recruitment and coordination team comprised LSA, SDA, AA, MAA and AH. Members of this
team supported participant recruitment from their allocated cities or geographical areas,
facilitated communication between potential participants and the interviewing team, and
undertook translation of the interview transcripts. Each transcript was forward translated
into English by one bilingual member of this team and independently back-translated into
Arabic by another bilingual member before analysis. The interviewing team comprised NH,
FMA, ZD and OH, who conducted the semi-structured interviews and documented relevant
issues emerging during data collection. The methodological development team comprised
NH, AM, HA, RJA and FA, who contributed to the development and refinement of the study
design, methodology and interview questions. NH oversaw the study process and
coordinated the contributions of the three teams. All authors reviewed and approved the

final manuscript.

Rigour and trustworthiness criteria

Lincoln and Guba’s trustworthiness criteria were used to guide study rigour (30,31).
Credibility was supported through iterative refinement of the interview schedule following
pilot interviews and participant feedback (31). Dependability and confirmability were
enhanced by maintaining reflective notes and using structured matrices to document the
progression from participants’ accounts to the final themes and subthemes (26,31).
Transferability was supported by recruiting ambulance clinicians from several Saudi cities

with different professional roles and durations of service (30,31).

Ethical statement

Ethical approval was obtained from the Standing Committee for Sabbatical Leaves,

Publication and Research Ethics at Jazan University, Saudi Arabia (Reference No. REC-
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184  46/03/1197). Participants received study information and provided informed consent

185  before interview. Participation was voluntary, with withdrawal permitted before data

186  analysis. Interviews were anonymised using participant identification codes, and potentially
187 identifying information, including ambulance station details, was removed before reporting.
188  Electronic data were stored on an encrypted, password-protected system accessible only to
189  the research team. Following the interviews, participants who proposed innovation ideas
190  were asked to confirm their agreement for these ideas to be reported. All ideas retained in
191  the study findings were approved for publication. Specific details that a participant

192 requested should remain confidential were excluded.

193

194 Results

195  Fourteen ambulance clinicians were interviewed: eight paramedics and six EMTs from
196  Riyadh, Jeddah, Al-Ahsa, Tabuk, Najran and Jazan. Their experience in prehospital care
197  ranged from two months to 25 years; 12 were male and two were female. Participant

198  characteristics are presented in Table 1.

199
200 Table 1: Characteristics of study participants
No. ID Position Gender City Experience years
1 Al Paramedic Male Jazan 6 years
2 A2 Paramedic Male Riyadh 6 years
3 A3 EMT Male Riyadh 12 years
4 Ad EMT Male Riyadh 12 years
5 A5 EMT Male Najran 17 years
6 A6 Paramedic Male Tabuk 5 years - 6 months
7 A7 Paramedic Male Riyadh 25 years
8 A8 EMT Male Jazan 11 years
9 A9 EMT Male Najran 13 years
10 A10 | Paramedic Male Al-Ahsa 1 year — 6 months
11 All EMT Male Tabuk 15 years




12 Al12 | Paramedic Female Jeddah 3 years — 7 months
13 Al13 | Paramedic Female Jeddah 2 years
14 Al4 | Paramedic Male Al-Ahsa 2 months

201

202  Participants described their understanding of innovation, factors influencing its

203  implementation, and innovations already in use or proposed for future development. Four

204  domains were identified: conceptualising innovation in prehospital trauma care; barriers to

205 innovation adoption; enablers of innovation implementation; and innovation across clinical,

206  digital and system domains. Table 2 summarises the domains and subthemes, while

207  Supplementary File 2 presents the thematic matrices and supporting quotations.

208

209 Table 2: Themes and Subthemes

Research questions

Domains

Themes and/or their (subthemes)

1. How do Saudi
paramedics and EMTs
perceive innovation in
prehospital trauma

care?

Conceptualising
innovation in
prehospital

trauma care

1.1 Innovation as essential progress and problem-solving in prehospital care

1.2 Innovation as enhancement of existing ideas rather than purely new

invention

1.3 Innovation as practical tools, protocols, and emerging technologies

1.4 Need for clearer organisational awareness of innovation concepts and

processes

1.5 Innovation as a frontline contribution to improving trauma care

2. What barriers

2.1 Limited training, awareness and readiness

influence the Barriers to 2.2 Unclear governance, limited feedback and underuse of research

implementation of innovation 2.3 Resistance to change, limited motivation and concerns about recognition

innovative practices in | adoption 2.4 Funding, resource, workforce and workload constraints

prehospital settings? 2.5 Equipment reliability, usability and ambulance ergonomic constraints
3.1 Training initiatives and structured preparation before implementation

3. What factors 3.2 Availability of funding and resources

facilitate the Enablers of 3.3 Governmental support and national readiness for innovation

implementation of innovation 3.4 Knowledgeable and experienced leadership

innovative practices in

prehospital settings?

implementation

3.5 Formal initiatives and clear routes for submitting ideas

3.6 Recognition, motivation and supportive supervision

3.7 Open communication between frontline clinicians and administration




4. What innovative
approaches or tools
have been or could be
integrated to enhance
trauma care delivery

in Saudi Arabia?

Innovation across
clinical, digital,
and system

domains

4.1 Innovations already integrated into prehospital practice:
4.1.1 Mechanical CPR compressors (LUCAS)

4.1.2 Stretchers and safe patient handling solutions

4.1.3 Advanced monitoring and multifunctional devices

4.1.4 Intraosseous access

4.1.5 Improved splinting and limb stabilisation tools

4.1.6 Tourniquet improvements and haemostatic innovations
4.1.7 Digital documentation systems and trauma pathways
4.1.8 Tranexamic acid

4.1.9 Mechanical ventilators in ambulances

4.1.10 Specialised and rapid-response vehicles

4.2 Innovations proposed for future integration:

4.2.1 Innovations for bleeding control beyond tourniquets

4.2.2 Technologies to support difficult intravenous access

4.2.3 Improved communication and trauma networking

4.2.4 Live video, portable ultrasound, and remote clinical support
4.2.5 Artificial intelligence-enabled decision support

4.2.6 Drones and early scene support

4.2.7 Innovations to reduce response and transport delays

4.2.8 Improving dispatch intelligence and pre-arrival information
4.2.9 Upgrading ambulance design and ergonomics

4.2.10 Unified control and interagency response

4.2.11 Supply access and equipment readiness

4.2.12 Scene access, extrication support and night-time casualty identification

210

211 1. How do Saudi paramedics and EMTs perceive innovation in prehospital trauma care?

212 Participants perceived innovation as the development or improvement of tools, protocols

213  and service processes to address practical problems in prehospital trauma care, reduce

214  delays and support safer decision-making. They considered that innovation could involve

215  adapting existing ideas for routine practice, rather than only introducing new technologies,

216  and that frontline clinicians could contribute ideas arising from their experience. However,

217  participants identified a need for clearer organisational understanding of innovation,

218  transparent routes for developing ideas and appropriate recognition of staff contributions.

9
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1.1 Innovation as essential progress and problem-solving in prehospital care

Participants considered innovation necessary for maintaining and improving the quality of
prehospital trauma care as clinical practice and technology develop. They reported that it
could improve safety, reduce errors and support timely decision-making in the assessment
and management of injured patients. Innovation was particularly relevant to practical
challenges encountered in time-critical care, including limited ambulance space and the
complexity of managing severely injured patients. Participants considered frontline
ambulance clinicians well placed to identify changes that could improve assessment,

treatment and transport across the trauma pathway.

“Innovation is essential in all aspects of medicine. Medical care must continuously evolve

and improve”. (Interviewee Al, paramedic, Jazan)

“Innovation means coming up with a new method or approach that helps improve the
targeted service... In EMS, our focus is on reducing time... so innovations support that.”

(Interviewee A10, paramedic, Al-Ahsa)

1.2 Innovation as enhancement of existing ideas rather than purely new invention

Several participants distinguished innovation from invention. They described innovation as
improving or adapting an existing idea in response to problems identified during prehospital
practice, rather than necessarily creating a completely new product. Participants considered
this particularly relevant to trauma care, where established tools or processes may need
modification to make them more practical and effective in the field. Participants considered
an idea to become innovative when it was developed into a solution that could be applied in
routine practice. They reported that experience of working in the field helped ambulance

clinicians recognise limitations in current equipment or procedures and identify practical

10
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improvements. Innovation was therefore viewed as an incremental, experience-informed

process intended to make trauma care safer and more effective.

“Innovation means developing or improving an existing idea. It’s not necessarily a
completely new invention”. (Interviewee A5, EMT, Najran)
“Innovation comes after invention... it becomes something we actually use in practice”.

(Interviewee A9, EMT, Najran)

1.3 Innovation as practical tools, protocols, and emerging technologies

Participants identified equipment, protocols and medications as practical forms of
innovation in prehospital trauma care. They described devices to support haemorrhage
control, splinting and other trauma interventions, alongside changes in clinical protocols
such as the introduction of tranexamic acid (TXA). Participants viewed these developments
as ways of improving the care provided by ambulance clinicians during trauma responses.
Participants also identified digital systems and improved communication as potential forms
of innovation. They described the value of transferring information between ambulance
clinicians and receiving hospitals to support preparation before patient arrival and improve
coordination of care. Some participants identified emerging technologies, including artificial
intelligence (Al), as potential means of supporting clinical decision-making, but emphasised
that innovations must be practical at the scene and implemented consistently across

ambulance teams.

“It could be tools, maybe something to help with bleeding control... It could also be
protocols, for example, the recent introduction of tranexamic acid”. (Interviewee A12,
paramedic, Jeddah)

“Innovations that go beyond the existing manual tools... Like splints that are more advanced

than the manual ones”. (Interviewee Al14, paramedic, Al-Ahsa)
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1.4 Need for clearer organisational awareness of innovation concepts and processes

Some participants reported uncertainty about how innovation was understood and
managed within the SRCA. They suggested that ambulance clinicians needed clearer
information about what constituted innovation, how ideas could be submitted and how
proposals would be assessed and progressed. Participants perceived transparent processes
and feedback as important for encouraging frontline clinicians to contribute ideas arising

from their practice.

“l would create awareness sessions about innovation... explaining what innovation means
and how it works... Everything should be clear and transparent”. (Interviewee A4, EMT,

Riyadh)

“There’s no dedicated place or department for innovations, no clear channel where

someone with an idea can present it”. (Interviewee A13, paramedic, Jeddah)

1.5 Innovation as a frontline contribution to improving trauma care

Participants considered frontline ambulance clinicians a potential source of innovation in
prehospital trauma care. Their experience enabled them to identify limitations in current
practice and propose solutions relating to haemorrhage control, communication, decision
support, dispatch, equipment readiness, patient access and ambulance design. Some
participants were willing to share their ideas to improve ambulance services or benefit
injured patients, while others emphasised the role of field experience in refining innovations
for routine care. Ambulance clinicians therefore viewed themselves as contributors to
innovation as well as users of new practices. However, they also reported that concerns
about acknowledgement and ownership could discourage the sharing of ideas. Only ideas
that participants agreed could be reported were included in this study; specific details that

one participant wished to keep confidential were excluded.
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“I do not have a problem if the research produces ideas that benefit society and benefit the

patient”. (Interviewee A5, EMT, Najran)

“From a field perspective, | can explain how an innovation could help in real situations. | can
also provide my own field-based ideas that could help improve the innovation”.

(Interviewee A14, paramedic, Al-Ahsa)

2. What barriers influence the implementation of innovative practices in prehospital
settings?

Participants identified individual, organisational and operational barriers to innovation,
including limited training and awareness, unclear routes for progressing ideas, inadequate
feedback and recognition, resistance to change, resource and workload pressures, and

practical difficulties in using innovations within the ambulance environment.

2.1 Limited training, awareness and readiness

Participants reported that inadequate or inconsistent training limited the implementation of
innovations in prehospital trauma care. Without structured preparation, clinicians described
uncertainty and reduced confidence in using new equipment or protocols during time-
critical care. Although some received practical training before using particular devices, those
joining after implementation often relied on written instructions or informal learning.
Participants also reported limited awareness of what constituted innovation and how ideas
could be progressed within the organisation. Greater awareness and consistent training
were therefore considered necessary to support engagement with innovation and its safe

use across ambulance teams.

“Not everyone is familiar with the trauma pathway... some staff don’t have full awareness of

the system or protocols”. (Interviewee A12, paramedic, Jeddah)
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“When new things are introduced, there isn’t enough training... sometimes, when there’s no
training, we don’t use new equipment and lack of confidence is an issue”. (Interviewee A13,

paramedic, Jeddah)

2.2 Unclear governance, limited feedback and underuse of research

Participants reported uncertainty about how innovation ideas were managed within the
SRCA, including where proposals should be submitted, how they would be assessed and
whether they could progress to implementation. They considered clear submission routes,
transparent review and timely feedback important for encouraging further contributions
from frontline clinicians. Participants also perceived limited communication between
ambulance clinicians and administrative decision-makers, which could prevent service
development from addressing challenges encountered during trauma care. Greater frontline
involvement and more consistent use of evidence were therefore considered necessary to

support relevant innovation in prehospital trauma care.

“There’s no dedicated place or department for innovations, no clear channel where
someone with an idea can present it”. (Interviewee A13, paramedic, Jeddah)
“Even if you submit an idea, it might take 6 or 7 months going from email to email”.

(Interviewee A12, paramedic, Jeddah)

2.3 Resistance to change, limited motivation and concerns about recognition

Participants reported that resistance to change could limit the adoption of innovation,
particularly where clinicians preferred established approaches or were reluctant to use new
equipment or protocols. They considered that resistance might be reduced by explaining the
purpose of an innovation, addressing concerns and formally supporting its use in routine
care. Motivation was also influenced by encouragement, recognition and trust. Participants
described concern that ideas might not be acknowledged or could be progressed without
appropriate credit, while slow or unclear organisational responses further discouraged

engagement. They therefore considered supportive leadership, recognition of contributors
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and clear processes for assessing and progressing ideas important for sustaining innovation

in prehospital trauma care.

“Some colleagues resist change... they prefer to stick to traditional methods and oppose
new technologies”. (Interviewee A2, paramedic, Riyadh)
“If you propose an idea, they might dismiss it... or later you might see your idea turned into
something by someone else”. (Interviewee A9, EMT, Najran)
“There’s nothing truly motivating, nothing official... even something small, like a certificate

of appreciation, could make a difference”. (Interviewee A13, paramedic, Jeddah)

2.4 Funding, resource, workforce and workload constraints

Participants reported that funding, resource availability and workforce capacity influenced
the consistent implementation of innovation in prehospital trauma care. Limited funding
could restrict the purchase and maintenance of equipment, while uneven availability of
innovations across ambulance teams and regions reduced access in practice. Some
specialised response vehicles were reported to be limited in number or unable to operate
regularly because appropriately trained staff were unavailable. Participants also identified
workload as a barrier, as immediate operational demands limited clinicians’ capacity to

learn about new approaches or contribute ideas for service improvement.

“You can’t expect someone to innovate when they’re under constant work pressure”.

(Interviewee A11, EMT, Tabuk)

“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”. (Interviewee A9, EMT,

Najran)

2.5 Equipment reliability, usability and ambulance ergonomic constraints

15
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Participants identified reliability, usability and suitability for the ambulance environment as
barriers to implementing innovative equipment. Malfunctioning devices, including battery-
dependent equipment that could fail without warning, were reported to delay care and
reduce confidence in subsequent use. Participants also considered some devices impractical
where they required lengthy preparation or could not be applied to particular patients,
including those with larger body size. Limited ambulance space and restrictive vehicle
layouts further constrained the use of new equipment, particularly when managing unstable
or difficult-to-move trauma patients. Innovations were therefore considered more likely to
be adopted where they were reliable, quick to use and suited to the practical demands of

prehospital trauma care.

“Some barriers might be the complexity of using or setting up the device... Or the device

might not suit every patient”. (Interviewee A10, paramedic, Al-Ahsa)

“I've had some social and family responsibilities... those circumstances haven’t given me the

opportunity”. (Interviewee A9, EMT, Najran)

3. What factors facilitate the implementation of innovative practices in prehospital

settings?

Participants identified practical training, adequate resources, supportive leadership and
clear organisational processes as facilitators of innovation in prehospital trauma care. They
also emphasised national support for innovation, recognition of staff contributions and

effective communication between frontline clinicians and decision-makers.

3.1 Training initiatives and structured preparation before implementation

Participants identified practical training as necessary for the safe and confident use of
innovations in prehospital trauma care. They considered that preparation should explain the

purpose, indications and application of new tools or protocols, using approaches such as
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online materials, videos, device training, workshops and scenario-based learning. Training
should also be repeated and available across ambulance stations to prepare clinicians

joining after implementation and maintain readiness for changes in practice.

“Any new innovation... requires thorough training provided by the institution”. (Interviewee
A10, paramedic, Al-Ahsa)
“They welcomed questions and sent out a lot of videos and courses before

implementation”. (Interviewee A3, EMT, Riyadh)

3.2 Availability of funding and resources

Participants reported that funding and operational resources were required to support
innovation in prehospital trauma care. They described financial support as necessary for
developing ideas, purchasing or maintaining equipment and implementing innovations
across ambulance teams. Some participants also suggested that linking frontline clinicians
with organisations able to fund or support innovation could help develop practical solutions

arising from field experience.

“Without financial support, your idea won’t succeed”. (Interviewee A14, paramedic, Al-
Ahsa)
“Linking innovators with funding organisations helps bring these ideas to life”. (Interviewee

A2, paramedic, Riyadh)

3.3 Governmental support and national readiness for innovation

Participants viewed governmental support and national healthcare development as
facilitators for innovation in prehospital trauma care. They perceived that the wider
emphasis on innovation in Saudi Arabia could support the introduction of new technologies

and service improvements within ambulance care. Some participants considered that
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opportunities for sharing ideas had increased and that developments likely to benefit

patient care would receive support.

“Our government ensures that we have access to the latest innovations... if a new
technology benefits patient care, they make sure it is available to us as soon as possible”.
(Interviewee A1, paramedic, Jazan)

“There has been noticeable progress in recent years in Saudi Arabia”. (Interviewee Al4,

paramedic, Al-Ahsa)

3.4 Knowledgeable and experienced leadership

Participants identified leadership that understood frontline practice as important for
supporting innovation. Clinically experienced leaders were considered better able to
recognise relevant ideas, support implementation and engage staff, particularly when
informed by developments in other healthcare systems. Participants also valued
experienced ambulance clinicians who could identify operational needs, develop ideas
arising from challenging cases and communicate them to decision-makers. Frontline
involvement was considered essential for assessing whether proposed innovations were
practical and safe for routine use. Participants therefore viewed knowledgeable leadership
and frontline expertise as complementary in developing clinically relevant innovation in

prehospital trauma care.

“Leaders who studied abroad and experienced advanced medical practices overseas often
introduce these innovations when they return”. (Interviewee A2, paramedic, Riyadh)
“People with 15 or 20 years in the field, with connections across various regions, could help

facilitate innovation”. (Interviewee A6, paramedic, Tabuk)

3.5 Formal initiatives and clear routes for submitting ideas
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Participants identified accessible and transparent routes for submitting ideas as facilitators
of innovation. Formal mechanisms, including meetings with senior leaders, communication
channels and electronic submission initiatives, were considered useful for enabling
ambulance clinicians across different regions to contribute suggestions arising from practice.
However, awareness of these mechanisms and feedback following submission appeared to
vary. Participants considered transparent review, timely feedback and acknowledgement of

contributors necessary to sustain engagement with organisational innovation activities.

“The Vice President hosts periodic meetings, and if we have a suggestion or idea, we can
present it directly”. (Interviewee A3, EMT, Riyadh)
“They had an annual initiative where anyone with an idea or innovation could submit it via

email”. (Interviewee A4, EMT, Riyadh)

3.6 Recognition, motivation and supportive supervision

Participants considered supportive supervision and recognition of staff contributions
important for sustaining engagement with innovation. They reported that clinicians were
more likely to share and develop ideas in environments where supervisors listened to
frontline concerns and encouraged improvement. Financial rewards, formal awards,
certificates of appreciation, training opportunities and acknowledgement through
performance assessment were identified as ways of recognising contributors. Participants
therefore considered both supportive working relationships and formal recognition

necessary to demonstrate that innovation was valued and encourage further involvement.

)

“They offer awards for those who propose ideas... there are material prizes for innovators.’
(Interviewee A4, EMT, Riyadh)
“If the environment is positive, then ideas will come out. Supportive people around you help

you express your ideas and help develop them”. (Interviewee A14, paramedic, Al-Ahsa)
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3.7 Open communication between frontline clinicians and administration

Participants identified communication between frontline clinicians and administrative
decision-makers as an important facilitator for innovation. They reported that ambulance
clinicians encounter practical challenges during trauma responses that may not be apparent
to those outside the field. Participants suggested that accessible routes for sharing concerns
and proposed solutions could help align service developments with frontline needs,

including improved trauma handover and coordination with receiving hospitals.

“Discussing field challenges with supervisors and decision-makers is crucial. When we
communicate these issues effectively, solutions can be developed”. (Interviewee Al,
paramedic, Jazan)

“Listen to our field-based solutions, like improving the handover process”. (Interviewee A8,

EMT, Jazan)

4. What innovative approaches or tools have been or could be integrated to enhance
trauma care delivery in Saudi Arabia?

Participants identified innovations already introduced into prehospital practice and further
developments that could address remaining challenges in trauma care. Existing innovations
included equipment and approaches supporting resuscitation, patient movement,
monitoring, vascular access, limb stabilisation, haemorrhage control, documentation,
treatment and emergency response. Proposed innovations addressed bleeding control,
vascular access, communication with hospitals, remote clinical support, decision-making,

dispatch, scene access, ambulance design and interagency coordination.

4.1 Innovations already integrated into prehospital practice

Participants described the benefits and practical limitations of innovations already
integrated into prehospital trauma care, including devices and approaches supporting
resuscitation, patient handling, monitoring, vascular access, limb stabilisation, haemorrhage

control, documentation, treatment and emergency response:
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4.1.1 Mechanical CPR compressors (LUCAS)

Participants described mechanical CPR compressors as a useful innovation during
resuscitation in the prehospital environment. They reported that delivering manual chest
compressions in a moving ambulance could be difficult because of limited space, transport
conditions and staffing constraints. Participants reported that the LUCAS device could
maintain chest compressions during transfer, particularly when staffing was limited, while
enabling clinicians to perform other interventions, including airway management, vascular
access and medication administration. However, they reported limitations relating to device
weight and suitability for different patient body sizes, particularly where the device could
not be applied effectively to larger patients. Participants also suggested that training was
required to support appropriate integration of the device with other resuscitation

interventions.

“It allows the paramedic to focus on airway management or medication while the machine
handles compressions”. (Interviewee A10, paramedic, Al-Ahsa)
“Its main limitation is for obese patients... so we go back to manual CPR for heavier

patients”. (Interviewee A8, EMT, Jazan)

4.1.2 Stretchers and safe patient handling solutions

Participants described electric or hydraulic stretchers as useful innovations for reducing the
physical demands of moving trauma patients. They reported that manual lifting, particularly
of heavier patients, could contribute to back pain and injury among ambulance clinicians.
Participants perceived that powered stretcher systems reduced the need for manual lifting
and supported safer movement and loading of patients into ambulances. Participants also
identified limitations to powered stretcher systems. They reported that some stretchers
were themselves heavy and could remain difficult to manoeuvre in restricted spaces or

when transporting patients from upper floors. Participants identified a need for further
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solutions to reduce the physical demands of moving very heavy patients, particularly from

locations involving stairs, restricted access or difficult extrication.

“Many ambulance workers experienced lower back pain due to lifting heavy patients. Now,
we have an electric stretcher... which has significantly reduced these issues”. (Interviewee
A2, paramedic, Riyadh)

“There is one negative, the stretcher is very heavy, extremely heavy”. (Interviewee A14,

paramedic, Al-Ahsa)

4.1.3 Advanced monitoring and multifunctional devices

Participants described multifunctional monitoring and defibrillation devices as useful
innovations in prehospital care. They reported that combining physiological monitoring,
electrocardiography and defibrillation functions within a single device reduced the need to
use multiple items of equipment during assessment, transport and resuscitation. However,
participants also noted that these devices could be heavy or difficult to move at challenging

scenes, which limited their practicality outside the ambulance.

“When transporting a cardiac arrest case, you only need one device. It has everything;
defibrillation, monitoring, BP; all in one”. (Interviewee A9, EMT, Najran)
“The LifePak now delivers electric shocks, performs ECGs on site, and functions as a vital

signs monitor. It replaced multiple devices”. (Interviewee A8, EMT, Jazan)

4.1.4 Intraosseous access

Participants described intraosseous access as a useful innovation for trauma patients with
major haemorrhage or shock when peripheral intravenous access was difficult to obtain.
They reported that intraosseous access could allow fluids or medications to be administered

without repeated attempts at peripheral cannulation. However, one participant described
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concerns about the reliability of battery-dependent equipment, particularly where a device

could lose power without a visible warning during a time-critical response.

“In severe bleeding cases, it was impossible to find a vein... in under a minute, you bypass
vein hunting and begin treatment directly via the bone”. (Interviewee A8, EMT, Jazan)
“The device battery runs out, and there’s no indicator showing how much charge is left”.

(Interviewee A14, paramedic, Al-Ahsa)

4.1.5 Improved splinting and limb stabilisation tools

One participant described improved splinting devices as a practical innovation for stabilising
limb injuries in confined environments. He reported that newer splints were easier to apply
than rigid alternatives, particularly when patients remained trapped inside vehicles or
access was restricted. The participant considered these devices useful for enabling earlier

stabilisation of injured limbs before extrication and transport.

“These are used especially for trauma cases where patients are trapped inside vehicles...

You can apply splints before the Civil Defense arrives”. (Interviewee A8, EMT, Jazan)

4.1.6 Tourniquet improvements and haemostatic innovations

Participants described improved tourniquets and haemostatic dressings as innovations
intended to support haemorrhage control in prehospital trauma care. They reported that
newer tourniquet designs could be easier to apply and more suitable for severe limb
injuries, including traumatic amputations. Haemostatic dressings were considered
potentially useful for wounds where tourniquets could not be applied. However,
participants expressed uncertainty about whether these dressings were consistently

available across ambulance stations.
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“This one is stronger... very durable... and effectively slows the bleeding in amputation
cases”. (Interviewee A8, EMT, Jazan)
“This dressing causes rapid clotting... sometimes there’s bleeding in an area where a

tourniquet can’t be applied”. (Interviewee A14, paramedic, Al-Ahsa)

4.1.7 Digital documentation systems and trauma pathways

Participants identified tablet-based electronic patient care reporting as an important
innovation in prehospital practice. Compared with paper-based reporting, electronic
documentation provided a more structured record of assessment and treatment and
enabled information to be shared with receiving hospitals before arrival, supporting
preparation for trauma patients. However, participants reported that newer versions could
provide less useful pre-arrival information and increase the time required for
documentation. Although integrated trauma pathways supported classification and
destination decisions, they were not always straightforward to use in practice. Participants
suggested that better integration of ambulance and hospital records could improve access

to relevant patient information and continuity of trauma care.

“We now receive dispatches through the iPad, with the full case file, location, and
everything... That iPad idea was a huge leap forward”. (Interviewee A7, paramedic, Riyadh)
“There’s a pathway in the tablet... | select: stable case, emergency case, or critical case. That

I”

data is sent to the designated hospital”. (Interviewee A13, paramedic, Jeddah)

4.1.8 Tranexamic acid

Participants described TXA as a medication-related innovation for managing bleeding in
prehospital trauma care. They reported that TXA had been introduced into ambulance
practice and perceived it as potentially useful for patients with significant haemorrhage.
However, participants reported that its use was limited by inconsistent availability and the

time needed for preparation when ready-to-use formulations were unavailable. One
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participant also reported that short transport times to trauma centres could reduce the

perceived practicality of administering TXA before hospital arrival.

“Tranexamic acid... helps clot formation... it’s a very beneficial and simple innovation”.
(Interviewee A10, paramedic, Al-Ahsa)
“TXA helps by forming clots at the bleeding site... I've given it before... but it’s not provided

in large quantities”. (Interviewee A14, paramedic, Al-Ahsa)

4.1.9 Mechanical ventilators in ambulances

Participants described mechanical ventilators as an innovation that extended the capability
of ambulance clinicians to manage critically unwell trauma patients during transport. They
reported that the introduction of ventilators required specialised training and provided an
option for supporting patients requiring advanced respiratory care. However, participants
also identified practical limitations, including the time needed to prepare ventilator settings

and the limited opportunity to use the device during short journeys to hospital.

“The introduction of ventilators in ambulances... We received specialised training... which
helped us operate the ventilators effectively”. (Interviewee A2, paramedic, Riyadh)
“It takes time to adjust settings like weight and the number of breaths”. (Interviewee A7,

paramedic, Riyadh)

4.1.10 Specialised and rapid-response vehicles

One participant described several SRCA specialised vehicles as operational innovations
relevant to prehospital trauma care. He reported that Rapid Intervention Vehicles, including
Ubayyah and Khuzam, could reach incidents before standard ambulances and provide initial
assessment and essential equipment while further transport support was arranged. Khuzam
and Al-Taamer were described as vehicles designed to support access in difficult terrain,
including desert, off-road, mountainous or rocky environments. He also identified Tuwaiq as
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a larger response vehicle intended to expand transport capacity during incidents involving
multiple casualties. However, he reported that the availability and routine operation of
these vehicles varied between regions and could be limited by the number of trained staff

available to operate them.

“They speed up response time and reduce reliance on ambulances”. (Interviewee Al4,
paramedic, Al-Ahsa)
“Khuzam is designed for rough terrain, desert or off-road environments”. (Interviewee A14,

paramedic, Al-Ahsa)

4.2 Innovations proposed for future integration

Participants proposed innovations to address continuing challenges in prehospital trauma
care, including approaches to improve haemorrhage control, vascular access, hospital
communication, remote clinical support, decision-making, dispatch, scene access,
ambulance design, equipment readiness and interagency coordination. These proposals
were generally presented as practical responses to problems encountered during trauma

care:

4.2.1 Innovations for bleeding control beyond tourniquets

Participants identified haemorrhage control as an area requiring further innovation in
prehospital trauma care. They reported that tourniquets could be difficult to manage during
prolonged transfers and were not suitable for bleeding from non-limb injuries. Participants
suggested alternative approaches for temporarily controlling severe external bleeding
before hospital arrival, particularly where tourniquets could not be applied. One participant
proposed a wound-closure device for large bleeding wounds as an idea requiring further

development and evaluation.
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“If there were something other than a tourniquet that could help us, especially for long-
distance calls, it would be very helpful”. (Interviewee A4, EMT, Riyadh)
“My idea is a stapler with sterile clips that temporarily closes the wound until the patient

III

reaches the hospital”, (Interviewee A10, paramedic, Al-Ahsa)

4.2.2 Technologies to support difficult intravenous access

Two participants proposed technologies to support intravenous access when cannulation
was difficult during prehospital care. They described situations in which patient condition,
including active seizures or severe illness, could delay intravenous access and the
administration of treatment. One participant suggested that a handheld vein-visualisation
device could help ambulance clinicians identify suitable veins more quickly in challenging
cases. These devices were viewed as potential aids to clinical practice rather than

alternatives to existing skills or established vascular-access approaches.

“There are devices that help the technician insert an IV line... maybe a handheld scanner”.

(Interviewee A3, EMT, Riyadh)

4.2.3 Improved communication and trauma networking

Participants identified communication between ambulance clinicians and receiving hospitals
as requiring further development. They considered timely and direct transfer of clinical
information important for hospital preparation and coordinated trauma handover, but
reported that existing routes could be indirect, unreliable or require information to be
repeated on arrival. Better digital integration and clearer reception processes were
considered important for reducing delays and supporting continuity of care. Participants
also proposed stronger links between ambulance services, receiving hospitals and specialist
trauma centres, including remote specialist advice for smaller hospitals managing complex
injuries before transfer. One participant suggested that a designated handover process or
staff role could reduce delays when receiving clinicians were occupied with immediate

treatment.
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“I wish the iPad could automatically send all the data to the hospital before we even arrive”.
(Interviewee A7, paramedic, Riyadh)
“Sometimes we wait 20 minutes, half an hour, sometimes even an hour, just to complete

the handover”. (Interviewee A7, paramedic, Riyadh)

4.2.4 Live video, portable ultrasound, and remote clinical support

Participants described live video and portable ultrasound as possible approaches to remote
clinical support during prehospital trauma care. One participant suggested that live video
from the scene could allow medical oversight and advice during complex incidents, and that
ultrasound images could potentially be transmitted to a trauma centre for review. However,
another participant questioned the practicality of portable ultrasound in ambulance care,
considering that it could distract from immediate assessment and treatment when definitive

imaging would subsequently be undertaken in hospital.

“The dispatcher should be able to activate a live video... allowing the medical director to see

the scene live and guide the field team in real time”. (Interviewee A5, EMT, Najran)

4.2.5 Artificial intelligence-enabled decision support

Participants identified the Al as a possible future innovation for supporting prehospital
trauma care. They suggested that Al integrated into electronic systems could provide
prompts or structured guidance during assessment and help clinicians manage information
in high-pressure situations. However, one participant expressed concern that reliance on Al
during active clinical care could reduce opportunities for clinicians to develop independent
judgement. Participants therefore described potential roles for Al both as a limited decision-
support tool during care and as a post-event learning resource for reviewing cases and

supporting reflection.
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“The Al provides an initial assessment or suggestion... It gives you a guideline to follow”.

(Interviewee A10, paramedic, Al-Ahsa)

4.2.6 Drones and early scene support

One participant proposed drones as a potential means of providing early support before an
ambulance arrived at the scene. He suggested that drones could carry essential equipment,
such as first aid supplies or an automated external defibrillator, particularly where long
distances or traffic congestion delayed ambulance response. However, he considered
drones an adjunct rather than a replacement for ambulance clinicians, particularly in major

trauma where direct assessment and clinical decision-making were required.

“Long distances and traffic congestion are major problems. A drone could be the solution”.

(Interviewee A7, paramedic, Riyadh)

4.2.7 Innovations to reduce response and transport delays

Participants identified traffic congestion and long transport distances as important
challenges for time-critical trauma care. They proposed system-level approaches to improve
access and transport, including traffic-control integration, designated emergency lanes in
congested cities and expanded air ambulance provision for rural or remote areas.
Participants recognised that wider use of air transport would require appropriate resources,

trained staff and operational support.

“If the operations control room was linked to traffic lights... to automatically open
intersections for ambulances, it would significantly reduce time”. (Interviewee A3, EMT,
Riyadh)

4.2.8 Improving dispatch intelligence and pre-arrival information
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Participants reported that accurate pre-arrival information was important for preparing for
trauma responses. They described difficulties when dispatch information contained limited
clinical detail or when incident locations were inaccurate, which could reduce preparation
and delay arrival at the scene. Participants suggested that more complete case information,
accurate location sharing and reliable digital dispatch could help clinicians prepare

equipment and plan initial care before arrival at the scene.

“When | get a trauma call, | want to know the details so | can mentally prepare and know
what equipment and interventions to get ready”. (Interviewee A4, EMT, Riyadh)
“The biggest problem we face is location accuracy... We arrived late because the location

was not accurate”. (Interviewee Al14, paramedic, Al-Ahsa)

4.2.9 Upgrading ambulance design and ergonomics

Participants identified ambulance design and cabin ergonomics as areas requiring further
innovation. They reported that older vehicles and restricted interior layouts could affect
reliability and limit the ability of ambulance clinicians to undertake multiple interventions
during transport. Participants suggested that newer ambulance models and improved cabin
organisation could support the practical use of equipment and enable safer, more efficient

delivery of care during complex trauma cases.

“Many ambulances aren’t set up in a way that allows you to do more than one thing at a

time”. (Interviewee A12, paramedic, Jeddah)

4.2.10 Unified control and interagency response

One participant proposed closer coordination between ambulance services and traffic police
to improve access and safety at trauma scenes. He reported that bystanders and crowding

around road traffic collisions could obstruct ambulance access and delay care. He suggested
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that joint dispatch or a unified control centre could coordinate attendance by traffic police

and ambulance teams, enabling crowd control and improving access to injured patients.

“I hope that for every accident, a traffic police unit is dispatched alongside the Red

Crescent... through a unified control centre”. (Interviewee A8, EMT, Jazan)

4.2.11 Supply access and equipment readiness

Participants identified supply availability and equipment readiness as areas for future
innovation. One participant proposed a hospital-based self-service system through which
ambulance clinicians could rapidly obtain essential supplies between calls, while
acknowledging potential barriers relating to cost, approval and coordination with hospitals.
Another participant identified shortages, inadequate restocking and equipment failure as
barriers to care, and considered portable, readily accessible equipment particularly valuable

when patients were located away from the ambulance.

“This vending machine would be in the hospital... You’d select what you need and scan your

ID card to take it”. (Interviewee A7, paramedic, Riyadh)

“The idea is to improve response speed... the paramedic could just grab what they need and

move on to the next case”. (Interviewee A7, paramedic, Riyadh)

4.2.12 Scene access, extrication support and night-time casualty identification

Participants identified scene access and casualty identification as areas requiring further
innovation, particularly at road traffic collision scenes involving entrapment or multiple
casualties. One participant reported that ambulance clinicians may be unable to access or

treat trapped patients until Civil Defence completes extrication, and suggested that a simple
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tool for minor entrapment could support earlier access where appropriate. Participants also
described difficulties identifying casualties during night-time incidents, particularly when
patients had been ejected from vehicles. They suggested that improved scene illumination
or area-scanning equipment could assist clinicians in identifying injured patients at complex

scenes.

“If there was a simple tool that could help us free the patient when the entrapment is not
extremely severe, that would solve a major issue”. (Interviewee A14, paramedic, Al-Ahsa)
“I wish there were something that scans the whole area around us, shows how many

patients there are”. (Interviewee A14, paramedic, Al-Ahsa)

Discussion

To our knowledge, this is the first qualitative study in Saudi Arabia and the wider Middle
East to explore ambulance clinicians’ perspectives on innovation in prehospital trauma care.
The participants viewed innovation as a practical response to frontline challenges, extending
beyond new technologies to include clinical, digital and system-level improvements. They
identified training, resources, leadership, communication, organisational processes and
operational suitability as key influences on implementation. Their proposed innovations
addressed recurring challenges in haemorrhage control, trauma handover, dispatch, patient
access and ambulance design. Participants viewed innovation as a practical response to
frontline problems rather than simply the introduction of new technologies. This aligns with
evidence that implementation in EMS depends on whether new practices address
operational needs and whether clinicians are supported to use them in routine care (11,32—
34). Saudi evidence on prehospital ultrasound similarly indicates that implementation
requires attention to feasibility, training and integration with emergency department care.
Abbas et al. (2020) identified support for the feasibility of ultrasound use in Saudi
ambulances and the importance of training and communication with emergency
departments (35), while Alsulami et al. (2024) identified cost, environmental constraints and
lack of training as barriers to implementing prehospital ultrasound within the SRCA (3). Our

findings extend this evidence by showing that ambulance clinicians identified innovation
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needs across clinical interventions, communication, handover, dispatch, vehicle design and
interagency response. This suggests that frontline ambulance clinicians should therefore be
involved in setting priorities for innovation, while proposed developments should undergo

structured assessment and evaluation before routine implementation (32,36,37).

Participants identified training as central to implementing innovation safely and
consistently. They reported reduced confidence in using new equipment or practices when
preparation was limited or when training was unavailable to clinicians joining after
implementation. This finding is consistent with international evidence on the
implementation of new practices in EMS. A systematic review of prehospital evidence-based
guideline implementation identified educational and organisational approaches as relevant,
although evidence on their effectiveness was limited (11). A five-state United States study
implementing a prehospital traumatic pain management guideline used standardised
training and implementation plans, but found difficulty in monitoring training and achieving
consistency across EMS systems (34). More recently, a scoping review identified training and
education as key factors influencing implementation in EMS systems (32). In Finland, a new
prehospital anaesthesia protocol was implemented using lectures, simulation, skills stations,
cognitive aids and continuing support, with sustained improvement in protocol-related
performance indicators (33). Innovation in prehospital trauma care therefore requires
structured training and continuing support to ensure safe and consistent use across

ambulance teams.

Participants identified organisational processes as important determinants of innovation.
They reported that uncertainty about how ideas should be submitted and progressed,
together with limited feedback and recognition, could discourage frontline engagement.
This finding is consistent with international evidence that employee-driven innovation in
healthcare requires organisational resources, management support, an enabling culture and
mechanisms for developing staff ideas, while bureaucracy and poor responsiveness may
prevent progress (38,39). Studies involving frontline healthcare staff further indicate that
innovations are more likely to progress when organisations engage stakeholders, adapt
proposals to the local context and provide transparent, responsive processes and adequate
resources (40—42). This accords with the proposition that frontline voice alone is insufficient

unless organisations enable ideas to move towards implementation (43). Innovation in Saudi
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prehospital care therefore requires clear submission routes, transparent assessment and

feedback to frontline contributors.

Participants identified access to usable and reliable resources as important determinants of
innovation in routine prehospital care. They reported that consistent use depended on
equipment being available, well maintained and suited to the confined, time-critical
ambulance environment. This finding is consistent with international prehospital evidence.
Finnish paramedics identified treatment equipment and information technology as
development priorities, but reported that limited organisational support and frontline
involvement constrained implementation (36). A recent scoping review similarly identified
organisational and resource-related factors as influences on the implementation of new
practices in EMS systems (32). Studies of specific technologies also highlight the importance
of usability and integration with clinical workflow. In Germany, the acceptability and
perceived effectiveness of prehospital telemedicine were associated with usability,
supporting a user-centred approach to implementation (44). A US qualitative study of
clinical decision support in EMS identified workflow disruption, alert burden, real-time
documentation, trust and over-reliance as considerations for implementation (45).
Innovations in Saudi prehospital trauma care should therefore be evaluated for usability,

reliability, operational fit and potential clinical benefit.

Participants identified national support and local leadership as facilitators of innovation.
They perceived that healthcare transformation in Saudi Arabia created opportunities to
improve ambulance care, but required local leadership to translate national priorities into
practice. This is consistent with Vision 2030 healthcare reforms, which emphasise digital
health, workforce capability, quality improvement and patient safety (15,46). International
evidence similarly indicates that healthcare organisations are more likely to innovate when
they have clear strategic direction, supportive leadership, an enabling organisational climate
and committed staff (39). Studies of healthcare innovation implementation have also
identified staff engagement, adaptation to local context and empowering, collaborative
leadership as important for successful change (40,47). Innovation in Saudi prehospital
trauma care therefore requires leadership that aligns national transformation priorities with

frontline clinical needs and experience.
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Participants identified haemorrhage control as an area for innovation. Although tourniquets,
haemostatic dressings and TXA were available in practice, participants reported limitations
relating to availability, preparation and bleeding not amenable to tourniquet use. This is
consistent with recent evidence suggesting that tourniquets and haemostatic agents may
help control severe external bleeding, although comparative evidence is limited and their
effects on mortality and transfusion requirements remain uncertain (48,49). Evidence
relating to prehospital TXA also supports a cautious approach. A recent systematic review
and meta-analysis found reduced 24-hour mortality without a significant increase in venous
thromboembolism, but no significant improvement in longer-term or overall mortality while
a joint position statement recommended limiting prehospital TXA to adult trauma patients
with clinical signs of haemorrhagic shock, administered within three hours of injury (50,51).
Haemorrhage-control innovations in Saudi prehospital trauma care therefore require

reliable availability, clear indications, appropriate training and evaluation in routine practice.

Participants identified communication and digital information transfer between ambulance
clinicians and receiving hospitals as priorities for innovation. They reported that incomplete
information transfer and delayed handover could disrupt continuity of care and prolong
ambulance turnaround times. This finding is consistent with a systematic review of
handover from EMS to emergency departments, which identified information loss,
duplication, delays, technological difficulties and limited feedback as barriers to effective
transfer of care (52), and with a scoping review of trauma handover practices, which
identified communication failures, inconsistent processes and system-level barriers at the
ambulance—hospital interface (8). Recent international evidence also supports the potential
value of better pre-arrival communication while emphasising the importance of
implementation (53,54). A UK mixed-methods study found that prehospital pre-alerts could
support emergency department preparation for time-critical patients, but that variable
guidance, differing expectations and limited feedback contributed to inconsistent practice
(53). A recent scoping review also identified limited evidence on person-centred handover
guidance between emergency care practitioners and emergency department professionals,
despite the need for structured, clinically relevant information transfer (54). Digital

innovation in Saudi prehospital trauma care should therefore support timely, relevant and
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structured information transfer for trauma reception and handover, without adding

operational delays.

Participants described mechanical cardiopulmonary resuscitation (CPR) compressors,
mechanical ventilators and powered stretchers as innovations supporting the practical
delivery of prehospital care. They considered these devices useful for enabling concurrent
interventions during resuscitation, providing respiratory support during transport and
reducing the physical demands of patient movement. Evidence relating to mechanical CPR
indicates that these perceived operational advantages should be distinguished from patient
outcome benefit (55,56). A recent umbrella review and updated systematic review found no
definitive evidence that mechanical CPR improves return of spontaneous circulation,
survival or favourable neurological outcomes compared with manual compressions,
although it may be useful when high-quality manual CPR cannot be delivered (56). A further
meta-analysis of out-of-hospital cardiac arrest found no significant improvement in return of
spontaneous circulation or survival to discharge, although survival to hospital admission
may improve based on very low-certainty evidence (55). These findings are consistent with
current resuscitation guidance, which does not recommend routine mechanical CPR but
allows its consideration in selected circumstances where manual compressions may be
difficult or unsafe to perform (57). Evidence relating to powered stretchers is more
supportive of staff-safety benefits: studies have reported reduced biomechanical demands
during stretcher handling and reductions in patient-handling injury rates following the
introduction of power-lift stretchers (58,59). Prehospital mechanical ventilation may
support consistent ventilatory care after advanced airway insertion, but requires device-
specific training, appropriate monitoring and awareness of potential adverse events during
transport (60,61). These innovations should therefore be evaluated according to their
intended purpose, recognising potential benefits for staff safety and operational capability

even where improved patient outcomes have not been demonstrated.

A further finding was that ambulance clinicians considered frontline practice to be a source
of innovation. They proposed solutions to problems encountered during trauma care and, in
some cases, agreed to their ideas being reported because they believed these could benefit
patients and improve ambulance services in Saudi Arabia, with potential relevance beyond

the local setting. Similar findings have been reported in other healthcare settings, where
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frontline staff have generated ideas addressing operational and patient-care problems and
contributed to their development through structured innovation initiatives (62,63).
Research on nurse-led innovation has also shown that clinicians may develop solutions in
response to barriers to delivering high-quality care, but require support to develop and
disseminate these solutions more widely (64). Wider evidence on employee-driven
innovation indicates that staff contributions are more likely to progress when organisations
provide responsive processes, opportunities for development and appropriate recognition
(38,41,42). Participants’ concerns about acknowledgement and ownership reinforce the
need for transparent processes that respect frontline contributions. The proposed solutions
should therefore be regarded as clinician-generated priorities for development and

evaluation, rather than new or proven interventions.

Participants proposed live video, portable ultrasound and Al to support clinical decision-
making, while recognising potential effects on practicality and professional judgement.
Evidence on prehospital telemedicine suggests that it can provide remote clinical assistance,
but that implementation depends on usability, acceptability and integration with routine
workflow (44,65). Evidence for prehospital point-of-care ultrasound (POCUS) remains
promising but incomplete. A recent scoping review found that trauma was the most
frequently studied indication, but that evidence was dominated by feasibility studies with
limited evaluation of clinical outcomes (66). A UK helicopter EMS study found that
prehospital POCUS could be implemented with acceptable image quality when supported by
training, governance, image archiving and continuous feedback. Saudi evidence has similarly
identified training needs, cost and environmental constraints as considerations for
implementation within the SRCA (3,67). Evidence relating to Al remains at an earlier stage. A
scoping review of Al in prehospital emergency care in low- and middle-income countries
identified limited evidence and a need for locally relevant evaluation (68), while a
qualitative study of clinical decision-support systems in EMS similarly identified workflow
disruption, usability, trust and avoidance of over-reliance as important design
considerations (45). These suggest that remote clinical support, POCUS and Al should
therefore be evaluated within Saudi ambulance services for feasibility, safety, training

requirements and effects on clinical decision-making before routine use in trauma care.
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Participants proposed system-level innovations to improve access to injured patients and
reduce delays, including enhanced dispatch information, traffic-control integration,
specialised response resources, drones and closer interagency coordination. This suggests
that they viewed innovation as extending beyond clinical equipment to the wider
organisation of emergency response. Their proposal for drone-supported scene response is
consistent with reviews identifying potential roles for unmanned aerial vehicles in delivering
time-critical equipment or medicines and supporting communication and situational
awareness at remote or inaccessible scenes (69,70), while highlighting the need to address
safety, regulation and integration with existing EMS systems (71). The need for improved
dispatch information is supported by evidence that dispatch models vary substantially and
may have limited accuracy in identifying injured patients requiring critical prehospital
resources (72—74). Participants’ proposals for traffic-control integration are consistent with
approaches using route optimisation, traffic-signal pre-emption and lane prioritisation to
reduce emergency vehicle travel time. However, their feasibility and effectiveness in routine
trauma response require evaluation before implementation (75,76). Proposed coordination
with traffic police is relevant to evidence that police may influence prehospital trauma care
through scene access and clearance, although effects on patient outcomes remain unclear
(77). System-level innovations in Saudi prehospital trauma care should therefore be
evaluated for feasibility, safety, coordination requirements, effects on response time and

potential patient benefit before routine implementation.

Taken together, these proposals show that frontline experience can identify priorities for
innovation in prehospital trauma care. However, they do not demonstrate that the
proposed solutions are feasible, effective or ready for implementation. As many involve
interactions between clinical practice, technology, organisational processes and receiving
services, they require stakeholder involvement, assessment of local context, feasibility
testing and evaluation before wider adoption (37,78). These findings support the
development of a structured, frontline-informed innovation programme in Saudi ambulance
services, with transparent processes for acknowledging, prioritising and evaluating

proposed solutions before their introduction into routine trauma care.

Strengths and limitations
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This study has several strengths. It included ambulance clinicians from six Saudi cities, with
representation from both paramedics and EMTs and a wide range of experience in
prehospital care. This enabled exploration of innovation across different professional and
operational contexts within the SRCA. The study also identified both innovations already
encountered in practice and solutions proposed by clinicians in response to problems
experienced during trauma care. Conducting interviews in Arabic enabled participants to
describe their experiences in their preferred language, while forward translation, back-
translation and checking of selected quotations supported accurate reporting of their
accounts. A further strength was the explicit confirmation obtained from participants
regarding publication of the innovation ideas retained in the findings, with specific details

removed where a participant requested that these should not be disclosed.

This study also has limitations. Only two participants were female, which may limit
representation of female ambulance clinicians’ perspectives, although this may reflect the
relatively small number of women currently working in Saudi prehospital care (79,80). All
participants were employed by the SRCA, so the findings may not be transferable to
clinicians working in other private or military ambulance services. Although participants
were recruited from six cities, ambulance clinicians in other regions who did not participate
may have identified different challenges or proposed valuable innovations not captured in
this study. Participants who agreed to take part may also have had a greater interest in
innovation than clinicians who did not participate, leading to greater emphasis on
innovation opportunities and proposed solutions. Finally, this study explored clinicians’
perceptions and ideas; it did not assess the feasibility, safety, cost or effectiveness of any
specific innovation. The proposed solutions should therefore be regarded as priorities for
further development and evaluation rather than recommendations for immediate

implementation.

Implications for policy and practice and future research priorities

The findings suggest that innovation in Saudi prehospital trauma care should be developed
through a structured and frontline-informed process. Participants identified practical

limitations in current care and proposed solutions based on their experience of managing
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trauma patients. The SRCA should consider establishing a clear innovation pathway that
enables clinicians to submit proposals, receive feedback and contribute to development and
evaluation, while ensuring appropriate acknowledgement and confidentiality where
required. New practices or technologies should be supported by training, continuing
support and assessment of usability, safety, maintenance needs and fit with routine
ambulance care. The proposed clinical, digital and system-level innovations should be
viewed as priorities for future evaluation rather than recommendations for immediate
adoption. A staged programme involving ambulance clinicians, patients, trauma teams,
SRCA leaders and partner agencies could prioritise proposals, assess feasibility, pilot
selected innovations and evaluate clinical, operational and economic outcomes. This would
enable Saudi ambulance services to develop frontline-generated ideas transparently and

safely in response to identified trauma-care needs.

Conclusion

Saudi ambulance clinicians perceived innovation as a practical means of improving
prehospital trauma care and identified clinical, digital and system-level developments
relevant to problems encountered during routine practice. They also contributed ideas for
potential solutions, indicating that frontline clinicians may have an important role in
identifying priorities for service development. However, implementation was considered to
depend on training, reliable resources, supportive leadership, clear organisational processes
and suitability for the prehospital environment. Saudi ambulance services should establish
transparent processes for receiving, acknowledging, developing and evaluating frontline-
generated innovation ideas. The solutions identified in this study should not be considered
established interventions, but priorities for evaluation to determine their feasibility, safety,

acceptability, cost and potential contribution to improving trauma care.
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