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ABSTRACT
Background

Despite a substantial burden, trauma care in France remains insufficiently structured at the
national level. While France has pioneered physician-led prehospital emergency systems,
trauma care organizations vary across regions and lack meaningful national coordination. This
position paper, developed by experts from the Groupe d’Interface en Traumatologie Grave
(GITE), describes the current organization of trauma care in France, identifies structural gaps
across the continuum of care, and proposes strategic priorities to strengthen a coordinated
national trauma system.

Priority Perspectives

Optimal outcomes depend on accurate recognition of major trauma patients and timely
orientation to the most appropriate care pathway within regional systems. Despite a high level
of clinical expertise, significant limitations persist, including fragmented trauma networks
without national coordination, absence of standardized trauma center accreditation,
heterogeneous triage implementation, and insufficient integration between prehospital
services, hospitals, and rehabilitation pathways. National data systems also remain
incomplete, limiting the ability to monitor performance and support quality improvement. To
address these challenges, this article proposes targeted actions and introduces key
performance indicators spanning the trauma pathway. These indicators aim to provide a
standardized framework for evaluating trauma care delivery and to support benchmarking,
research, and continuous system improvement.

Conclusions

France benefits from strong clinical expertise and substantial technical resources for major
trauma care. However, greater coordination across the trauma care pathway is needed to fully
leverage these assets. A structured national trauma strategy, with standardized governance,
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integrated registries, and defined performance indicators, could improve system
performance, reduce regional disparities, and strengthen resilience.

Keywords Major trauma Trauma System Quality Indicators Health Care Organization
l. INTRODUCTION

Worldwide, trauma is a leading cause of death and disability among people under 45 [1] and
the onset of a chronic disease for survivors [2]. In France, trauma accounts for approximately
40,000 deaths per year, millions of emergency department visits, and almost 150 000 hospital
admissions every year [3]. Yet, trauma remains a poorly structured and underfunded area [4].
In the United States, for instance, injuries cost $671 billion in 2013 and represent nearly 10%
of total disability-adjusted life years (DALYs) lost annually, but they receive only 1% of the
National Institutes of Health’s biomedical research funding [5], and a comparable imbalance
likely exists in France, despite the lack of robust national-level data. Trauma has thus rightfully
been described as the “neglected epidemic of our time”[4,6].

Major trauma can be defined as an injury or combination of injuries that are life-threatening
or could be life-changing because it may result in long-term disability, according to the British
National Institute for Health and Care Excellence (NICE). It may encompass a wide spectrum
of injuries, from isolated arterial wounds of the upper limb to extensive multiorgan
deceleration injuries. Yet, these diverse conditions share common life-threatening features,
most notably traumatic brain injury and acute traumatic coagulopathy, both of which are the
leading causes of early post-traumatic mortality. In such situations, time is of the essence, and
management must not suffer from any delay, whether prehospital or in-hospital [7,8].
Therefore, the diagnosis of major trauma must be made a priori on immediate clinical grounds
and partial medical history, without waiting for comprehensive imaging or full diagnostic
confirmation. Subsequent management is multidisciplinary at every stage, from prehospital
care to rehabilitation, and the continuum of care must integrate rehabilitation and
psychological support, as psychological sequelae and long-term disability are frequent [9]
(Figure 1).

In this context, trauma care should not be siloed and must be coordinated through a network-
based model, where resources and expertise are pooled across a geographic region [10]. While
France has been a pioneer in the development of prehospital medicalization, it lags behind in
the organization of such trauma networks. Only a few regions have implemented trauma
networks, at least partially, and no national framework currently exists.

Trauma stakeholders should collectively engage in the integration of artificial intelligence. This
requires access to high-quality data, including trauma registries, automated patient
monitoring, and national health data systems. In combination with clinicians trained in
artificial intelligence and collaboration with nonmedical data scientists, these resources can
help define appropriate and effective applications of these technologies across all stages of
care [11,12].

This paper thus seeks to identify the structural and organizational gaps that obstruct optimal
trauma care in France. By defining standards of care, exposing unmet needs, and delineating
key performance indicators, we argue for a unified national strategy, an actionable roadmap
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for major trauma care that strengthens everyday practice while preparing for exceptional
situations. For each critical stage in the management of major trauma patients, we will briefly
review the state of the art, highlight current limitations and gaps, and propose perspectives
and solutions (Figure 2).

TRAUMA SYSTEM AND TRAUMA CENTRES
1. Current organization

A trauma system aims to ensure maximum survival and optimal functional recovery following
injury by minimizing preventable deaths and sequelae. This requires the right patient to reach
the right place at the right time. In such systems, resources are organized around designated
trauma centres, which concentrate the regional capabilities required for optimal trauma care.
Landmark studies have shown that treatment in specialized trauma centres substantially
reduces mortality, particularly among frail patients and those with high injury severity scores.
[10,13]. This expertise is a combination of competencies, technical platforms availability,
organizational capacity, and volume of trauma patients treated. In France, a national
framework was implemented in 2019 and helps categorise trauma centres according to the
resources available [14]. Nevertheless, unlike countries such as the United States, Canada, the
United Kingdom, Australia, or Germany, the designation of a trauma centre in France relies
solely on an informal self-declaratory process. Even in these systems, however, the distribution
of trauma centres often fails to align with population needs. Rural areas, in particular, face
limited access to high-level care [15].

Beyond structural organization, the effectiveness of a trauma network relies heavily on human
factors: fostering interdisciplinary and interprofessional trust, promoting a shared
understanding of community goals, and encouraging widespread engagement in quality
improvement [16]. It is now widely accepted that a trauma centre is a specialty hospital, not a
hospital of specialties [17]. Finally, strengthening civil-military cooperation remains a key
strategic element for ensuring resilience and operational surge capacity during crises or mass
casualty events [5].

2. Limitations and Gaps

Despite the growing number of regional initiatives, the French trauma system remains
fragmented, often operating in silos, with a lack of national coordination and no standardized
oversight [18]. As a result, regional trauma systems vary in their level of development and
more commonly function as exclusive rather than inclusive networks. Similarly, there are
currently no national indicators to monitor trauma care performance or patient outcomes, and
even fewer addressing the medico-economic aspects of practice. This situation makes it
difficult to assess system-wide effectiveness, which is regrettable in the current context.

Also, while prehospital care and early resuscitation are generally well-established priorities
and relatively well integrated, post-ICU care, including perioperative medicine, coordination
with primary care and rehabilitation pathways, remains poorly structured and insufficiently
connected within trauma networks [19]. This is likely due to the fact that most investments
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focus on the initial phase of care. As a result, perioperative medicine and long-term patient
outcomes are often neglected, based on the assumption that survival alone is sufficient. This
may partly explain why, aside from certain regions, the development of regional trauma
networks lacks sustained support from the authorities, despite their
responsibilities. Furthermore, the designation of trauma centres in France remains largely
declarative, even though standard criteria have been published more than five years ago [14].
In the United States, where only one in three citizens lives within a functional trauma system,
access to an integrated trauma system is similarly inconsistent [15]. These inconsistencies may
reflect significant disparities in the timeliness and availability of critical resources.

Finally, reflecting these challenges, the national trauma registry, the Traumabase, remains
primarily focused on acute hospital care and is still largely disconnected from prehospital
regulation systems and mid- to long-term patient outcomes. Furthermore, it has yet to achieve
nationwide coverage, due to persistent difficulties in enrolling all trauma centres, lacking
dedicated and funded clinical research assistants. The ABC grading system triage tool, initially
proposed by the TRENAU registry and subsequently validated by the GITE, is widely accepted
and clinically effective but remains inconsistently implemented across regions and phases of
care. In addition, it is poorly adapted for use by first responders during the earliest stages of
triage [20,21].

3. Perspectives and Opportunities

National Standardisation of trauma governance. A first priority is the establishment of
nationally standardized roles and processes within trauma systems. This includes the
promotion of common protocols and organizations, implemented consistently across all
regions and phases of care. The Groupe d’Interface en Traumatologie GravE (GITE), which
brings together experts from all disciplines involved in trauma care, provides strategic direction
and operational coherence, guiding nationwide coordination efforts. The GITE also serves as
the primary point of contact for public authorities on matters related to trauma care
coordination in France.

Accreditation of centres and networks. To ensure coherence and quality across the national
territory, an independent body, in partnership with regional health authorities, should be
responsible for accrediting trauma centres and networks. This process will have to be based
on standardized and objective criteria encompassing infrastructure, clinical competencies,
patient outcomes [14]. Such an approach would ensure that trauma centre designation is
guided by population needs rather than institutional opportunity or preference, thereby
promoting equitable access to high-level trauma care, reflecting the successful model
implemented by regional obstetrical networks.

Data and quality Monitoring. The Traumabase, as the national trauma registry, has
significantly advanced and accelerated trauma research in France. However, it must now also
serve as a tool for quality improvement, enabling the monitoring of both patient, centres and
system outcomes, identifying performance gaps, and facilitating benchmarking. Expanding its
coverage and ensuring integration into every stage of the trauma pathway are essential steps
to enable comprehensive patient tracking, from the point of injury through rehabilitation and
return to work. This will also enable the medico-economic assessment of trauma care
activities.



Resilience, disaster, and Conflict preparation. The expertise developed on a daily basis in
trauma centres and trauma systems must, in coordination with the Military Health Service and
Civil Security, be fully leveraged during disasters or high-intensity conflicts. This may involve
providing strategic guidance, deploying material or human resources, or, when necessary,
directly managing patient care, regardless of the timing of treatment.

lll. TRIAGE AND PREHOSPITAL REGULATION
1. Current organization

Prehospital triage aims to direct the right patient to the right place in a timely fashion. It is a
cornerstone of any efficient trauma care system. Undertriage occurs when a patient with major
trauma is taken to a facility lacking the capacity to provide adequate trauma care, a mismatch
associated with a 25% increase in mortality [22]. Conversely, overtriage occurs when a trauma
patient is transported to a facility providing a higher level of care than necessary. While it may
appear precautionary, overtriage can overwhelm trauma centres, compromising the
availability of critical resources and potentially affecting care quality.

In France, the SAMU (Service d’Aide Médicale Urgente) holds legal responsibility for the
medical regulation of prehospital emergencies within its respective jurisdictions. They operate
in close collaboration with the fire department (Services d'Incendie et de Secours), which
manages and dispatches most non-medical emergency teams with the highest degree of
territorial granularity but with limited operational autonomy, delivering care only within the
framework of strict, protocol-driven constraints. The entire French trauma system is built
upon this model of medically supervised prehospital care, a system that has proven effective
and has subsequently been adopted by several other countries [23-26]. Based on information
provided by the first bystanders, the nature of the response is determined, dispatching a
medical team alongside rescue personnel whenever the situation is perceived as serious or
complex, and bringing the patient to the most adapted trauma centre. This point represents
the SAMU's primary challenge: to identify, as accurately and as early as possible, cases that
require prehospital medical teams.

In this context, the ABC grading system, used in conjunction with trauma centres’ level
categorisation, has emerged as a reference triage method designed to standardize decision-
making and improve the accuracy of severity assessments [14,20]. Nevertheless, despite these
improvements, accurately identifying the precise level of severity and determining the
appropriate course of action remains challenging, even when a medical team intervenes.

2. Limitations and Gaps

Several limitations currently hinder the effectiveness of prehospital regulation and triage in
France.

First and foremost, there is no reliable national data to quantify under- and overtriage, which
limits the ability to monitor triage performance and assess or improve current practices.



Second, triage reliability still requires improvement, as clinical decision-making alone,
especially under pressure or at night, can lead to significant misjudgements, even for the most
severe cases of major trauma [27]. These situations highlight the limitations of clinical intuition
and underscore the urgent need for new, validated triage tools, likely augmented by artificial
intelligence and the use of real-time data [12]. Such tools are expected to save time at the
medical dispatch level by assessing the probability of requiring emergent therapy. This type of
integrated tool also enables the use of data collected upstream by first responders, as well as
monitoring data, thereby enhancing the granularity and precision of medical decision-making.

Third, triage quality is still often assessed using parameters such as the Injury Severity Score,
whereas metrics such as the Need for Trauma Intervention (NFTI) appear more relevant than
traditional 1SS-based thresholds for determining whether a patient has been appropriately
triaged [28].

Moreover, while the ABC grading system has emerged as a reference framework, its
implementation remains inconsistent across medical dispatch centres and regions, reflecting
broader disparities in trauma system maturity [20]. Moreover, the ABC grading system is
designed for use by medical professionals, limiting its applicability during the initial stages of
triage. This occurs in a context where there is insufficient literature describing telephone-
based criteria used by laypersons to recognize major trauma. In this regard, a linguistic and
conversation-analytic approach to emergency calls may be needed, as developed in out-of-
hospital cardiac arrest but still largely absent in trauma care [29,30]. It is also important to
emphasize that the assessment and triage skills of first bystanders in France are highly
heterogeneous, as no formal, accredited training exists for non-medical prehospital
responders. This constitutes a critical issue when addressing the challenges of the initial triage
performed at the time of the emergency call, which relies on the information reported by the
first responders at the scene.

Finally, the lack of structured regional and national networks has direct consequences on
patient care. Collaboration between SAMUs and SIS units from neighbouring departments
remains insufficient and lacks formalized frameworks, despite their complementary
responsibilities. Moreover, SAMU teams often operate with limited and unreliable visibility
into the availability of in-hospital resources across the territory, making optimal, real-time
patient orientation challenging. This lack of visibility is reciprocal: hospitals would clearly
benefit from greater insight into prehospital care being delivered by emergency teams. Such
visibility could include geolocation, shared vital signs, and information about therapeutic
interventions, all aimed at improving anticipation and preparation capacities.

3. Perspectives and Opportunities

Structuring the governance of care. At a time when the governance of emergency response
resources may be reconsidered in France, it is essential to affirm that the supervision of patient
care must remain under medical oversight. Indeed, while high-stakes strategic decisions, such
as the response to emergency situations, may legitimately involve executive authorities, the
organization of care must remain grounded in evidence-based medicine and the expertise of
trained clinical professionals.



Improving the reliability of triage and the recognition of major trauma from the very first
call. Enhancing triage accuracy means reducing the variability in decision-making. This involves
a shift from mortality-predictive scores (such as the MGAP score) toward resource-predictive
tools like the RedFlag score (which identifies severe haemorrhage management needs)[31—
33]. This change in paradigm will allow for better anticipation of care requirements and may
rely on artificial intelligence tools. Such tools are expected to assist the regulator by analysing
clinical parameters, and eventually unstructured signals such as vocal intonation, to support
clinical decision-making [12]. For example, as in the case of acute coronary syndrome,
telephone criteria (patient characteristics, history of illness, or words used by callers) must be
found. Additionally, connected technologies may allow early projection of the regulator to the
field, even before the arrival of first responders, thus improving the quality and coordination
of the initial medical response. Finally, if the SAMU has not sent a medical team to a major
trauma patient, French rescuers, with their low level of training, need to be able to recognize
this. To achieve this, scores much simpler than the ABC grading system need to be developed.
More broadly, the proposed triage tools should now be evaluated through high-quality
prospective studies or a registry.

Real-Time Information Sharing with a Unique Point of Contact. The implementation of shared
digital tools between SAMU, firefighter dispatching, and hospitals is now essential to enable
real-time information exchange, whether regarding resource availability, patient data, or
situational awareness. This would support an operational view at the regional level and a
strategic overview nationally, without calling into question the importance of centralized
medical regulation with a single point of contact within each dispatch center. Such data would
have to be integrated into the national trauma registry to enable a nationwide trauma system
quality improvement program

Shortening trauma orientation decisions. Reducing prehospital delays relies heavily on the
early transmission of an initial assessment to the medical regulator. This early report,
medicalized, not depending on the situation, and likely to be done within the first 10 minutes
on site, would allow the regulator to build the hospital orientation decisions promptly and
trauma centres to prepare for patient arrival. This information, combined with structured data
streams such as those from patient monitors, could be integrated into digital decision-support
tools powered by artificial intelligence. In addition, the need to negotiate admissions to trauma
centers on a case-by-case basis often places a burden on dispatch teams, leading to delays in
admission, especially for patients with multiple fractures. This delay is particularly problematic
for the most critically ill patients, whose survival is closely linked to the timeliness of treatment,
as well as for less severely injured patients, who may be perceived as not serious enough for
the trauma centre yet too complex for the local hospital. It is proposed, as an operational
objective, that all major trauma patients should receive a definitive hospital destination within
30 minutes of first on-scene contact.

Territorial organization and structure. The organization of patient triage and referral should
rely on a regional, or at least territorial, framework. Such an approach is essential to ensure
consistency, equity, and efficiency in trauma care delivery, particularly in the current context
where greater authority in health system governance and crisis management is being devolved



to departmental-level authorities. This consideration is crucial for initial patient referral and
supports the longitudinal structuring of care pathways within territories. One of the first steps
will be to define a regional strategy aimed at minimizing transport time between the accident
site and the trauma center. A strategy for the appropriate use of medical helicopters must be
developed and tailored to local territorial contexts.

IV. PREHOSPITAL CARE
1. Current organization

The prehospital management of major trauma patients plays a decisive role in their prognosis.
In France, as previously described, this phase is coordinated by the SAMU, often in conjunction
with SIS teams. The model of physician-led prehospital care is a historical choice in France that
continues to shape the organization of trauma response in the field [23-25].

Structured assessment frameworks such as ABCDE or MARCHE are widely applied to rapidly
identify and treat life-threatening injuries. Early haemorrhage control, through compression,
tourniquets, or pelvic binders, is a priority, alongside the application of damage control
resuscitation principles. This focus reflects the reality that half of all trauma deaths occur
within the first hour, during which most preventable fatalities also take place.

It is increasingly recognized that time itself is a therapeutic intervention. The coordinating
physician must carefully balance the expected benefit of each procedure against the potential
delay in hospital admission, every 10-minute delay being associated with a 4% increase in
mortality [7]. Between the traditional paradigms of 'scoop and run,' rapid evacuation to the
hospital with minimal on-scene intervention, and 'stay and play,’ comprehensive treatment
prior to transport, a more nuanced 'play and run' approach has emerged [7]. This strategy
emphasizes performing only essential life-saving actions in the prehospital phase while
avoiding unnecessary delays in transferring the patient to definitive hospital care.

2. Limitations and Gaps

Despite a structured approach and an increasing emphasis on damage control medicine, the
current organization of prehospital trauma care in France still presents several limitations.

A first critical gap lies in the poor development of integrated, real-time communication systems
between prehospital teams and receiving trauma centres, which hinders early patient
orientation and limits anticipatory resource mobilization. This lack of data sharing is further
illustrated by the fact that information from the prehospital phase is inconsistently collected
and rarely integrated into national trauma registries, thereby reducing the capacity for
performance evaluation and system-wide improvement.

In daily practice, a critical challenge remains the earliest possible recognition of a major
trauma patient. Such early detection is indeed essential to enable the trauma system to
activate the most appropriate chain of care and, particularly in the prehospital setting, to
initiate a medicalized response. The training level of first responder firefighters is standardized
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and focused on BLS, with the recent introduction of specific skills such as the use of Hemocue
or cardiovascular monitoring tools. However, a large number of firefighters are volunteers
with varying levels of skill. This heterogeneity directly affects the management of time-
sensitive care, as no national benchmarks currently exist to ensure timely assessments or
decision-making, often leading to delays incompatible with the requirements of trauma care.

3. Perspectives and Opportunities

Establish and follow key performance indicators. A pragmatic step forward would be to define
explicit time targets for the prehospital phase. These timelines are not intended to serve as
rigid dogmas to be applied to every patient, as valid individual circumstances may justify
exceeding them. However, they would provide valuable indicators for temporal comparison
within a single centre and for benchmarking across a trauma system. For example, a
reasonable target could be a 30-minute delay between the first notification to the dispatch
centre and the identification of the destination centre. Such a benchmark could also encourage
receiving centres to either acknowledge receipt of the admission or facilitate transfer to a
partner centre within the trauma network. Establishing these benchmarks would help
synchronise decision-making and optimise patient flow, offering clear and practical criteria for
evaluating professional practice.

Implement a graded response system. Under physician-led regulation, a tiered response
system should be implemented, integrating first responders, protocol-driven nursing
responders, and prehospital medical teams. The overarching objective is to deploy the most
appropriate level of pre-hospital resources for each patient, ensuring that a physician
systematically attends to major trauma cases. Achieving this requires enhanced triage accuracy
to minimize both under-triage and over-triage in prehospital deployment.

Enhance scene visualization for dispatchers. High-quality and secure video transmission tools
are now available and widely used in everyday life. These technologies could enable SAMU
physicians to gain an early visual assessment of the scene, either through bystanders alerting
emergency services or through the first responders already on site. Such approaches have
been implemented for several years in prehospital organizations such as Magen David Adom
(Israel), where live video feeds from the scene are routinely used to guide dispatch decisions
and prehospital care. They could significantly improve triage quality and help optimise the
allocation of limited resources in complex situations.

V.  RESUSCITATION ROOM, INTERVENTIONAL RADIOLOGY, AND OPERATING ROOM
1. Current organization

The initial hospital care of major trauma patients relies on anticipation, preparation, and tight
team coordination. Pre-alerts from medical dispatch, sent before patient arrival, enable in-
hospital teams to prepare the resuscitation bay, activate massive transfusion protocols, and
ready the operating room for immediate surgical intervention or embolization. Alongside the
clinical examination performed by the receiving team, imaging is a cornerstone of trauma
management. A rapid trauma assessment using eFAST, chest X-ray, and pelvic X-ray allows
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identification of patients requiring immediate surgical or interventional management prior to
whole-body CT acquisition [34,35]. This head-to-pelvis CT scan has become the gold standard
for diagnostic assessment, for hemodynamically stable or stabilized patients, enabling rapid
identification of life-threatening injuries and prioritization of therapeutic actions [36,37].
Consequently, trauma centres must guarantee 24/7 immediate access to CT scanners, ideally
co-located with trauma bays and operating theatres.

Simultaneously, early activation tools, such as the Red Flag criteria, and standardized
handovers at the time of arrival help identify high-risk cases in advance and enhance
situational awareness [32]. Upon arrival at the hospital, trauma patients should be taken
directly to dedicated trauma bays equipped with standardized resources and located as close
as possible, both geographically and operationally, to the operating or interventional radiology
room. It is now widely accepted that lost minutes in trauma care, even in the hospital, cannot
be recovered and have an impact on in-hospital mortality [38]. Thus, the priorities upon the
arrival of a patient in haemorrhagic shock are to identify the source of bleeding, ensure
adequate tissue oxygenation and volume status, control bleeding and coagulopathy, and, later
on, address the risk of thrombosis [39].

Damage control principles involve abbreviated procedures focused on haemorrhage control
and contamination limitation, with the aim of keeping operative time as short as possible for
each surgical site [8]. Meanwhile, early administration of tranexamic acid, balanced
transfusion strategies with a high plasma-to-red-cell ratio, targeted correction of trauma-
induced coagulopathy, and permissive hypotension are maintained until surgical haemostasis
is achieved.

2. Limitations and Gaps

The widely promoted concept of the “Golden Hour” was originally intended to highlight the
urgency of early trauma management. However, it may have inadvertently created a false
sense of having a full hour to intervene, with each team involved, prehospital, resuscitation
room, operating or interventional radiology room, sometimes interpreting this window
independently. In reality, nearly 50% of trauma-related deaths occur within the first hour
following injury, underscoring the critical importance of every minute. This misperception can
fragment time management and hinder the coordination of truly time-sensitive care
throughout the trauma pathway.

Nevertheless, while trauma leaders, radiologists, and surgeons in Level-1 centres benefit from
structured training and high volume of cases, such standardization and daily practice are often
lacking in lower-level centres. This raises critical challenges, particularly in non-academic
hospitals where experience and expertise are frequently less important, even though these
facilities can serve as the first point of access for major trauma patients because of under-
triage matters. Moreover, trauma centres’ governance often depends on individuals, typically
driven by a single specialty, rather than being embedded in a broader institutional culture.
Despite the accelerating development of interventional radiology, its integration into trauma
pathways in France remains heterogeneous. While several level-1 trauma centres have
established formal “IR activation protocols” with rapid mobilization of on-call teams, this
organization is far from standardized nationwide. Access to interventional radiology outside
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working hours is uneven, and many level-2 centres lack local expertise, necessitating
secondary transfers that may delay definitive care.

Structurally, trauma care is often perceived as a burden rather than a hospital-wide strategic
priority. Several factors drive this perception. First, the management of major trauma patients
is difficult to capture through standard coding systems, leading to inadequate reimbursement
[40]. Second, the on-call surgical coverage required for trauma care competes directly with
elective surgical activity, which is both more profitable and more highly valued in academic
careers. As a result, trauma surgery and haemostatic embolization remain undercompensated,
carry limited academic recognition, and impose continuous care obligations—factors that have
long discouraged professionals from pursuing careers in this field.

Finally, tailoring trauma interventions to the specific needs, profiles, and trajectories of
individual patients remains more an aspiration than a clinical reality. Although patient
heterogeneity is increasingly recognized [41], clear and validated decision-making criteria for
guiding key interventions, such as triage to a level-1 trauma centre, indications for damage
control surgery or embolization, vasopressor use, or coagulation factor administration, are still
lacking. Recent trials, such as CRYOSTAT-2, suggest that certain treatments may offer
conditional benefits in specific subgroups (e.g., penetrating trauma), underscoring the urgent
need for real-time stratification tools [42]. At the same time, key time-stamped events, such
as arrival, imaging, surgery, and interfacility transfers, are often inconsistently recorded,
limiting the utility of registries for research, benchmarking, and quality improvement.
Therefore, there is a pressing need to reform the data systems used for trauma research, with
the aim of better reflecting the actual patient journey and evolving clinical phenotypes across
the trauma system. Such improvements would facilitate the identification of which
interventions, or combinations thereof, are most effective for specific trauma phenotypes, in
defined contexts and organizational settings. [43].

3. Perspectives and Opportunities

Direct access to interventional platforms. Triage protocols should prioritize the direct referral
of Grade A and B trauma patients to care units equipped with immediate surgical and
interventional capabilities, while minimizing inter-team handovers. Whenever possible,
patients should be brought directly to trauma bays designed for rapid access to operating and
interventional radiology rooms. Accordingly, direct supervision of the initial assessment by an
operating room—based team appears to facilitate a reduction in time to surgical intervention.

In this context, the emergence of hybrid resuscitation rooms and dedicated emergency
operating rooms may further reduce initial management delays [44—46]. The overarching goal
is to ensure that any patient requiring immediate surgery can be operated on within 30
minutes of arrival or sooner if necessary, and that all others can undergo a CT scan within the
same timeframe. This CT scan can, if necessary, be performed in hemodynamically unstable
patients [36], and sometimes even on the way to the operating room, with the aim of guiding
the surgical procedure. Achieving this requires a dedicated trauma team coordinating care
from the moment of arrival to the end of the damage control phase.

Standardized medical, interventional, and surgical training. Maintaining trauma care
competencies in lower-volume or rural centres remains a major challenge, as clinical exposure
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is often limited. To address this, targeted national strategies are needed to ensure equitable
training across all regions, including rural centres, for medical, surgical, and interventional
specialists. Such strategies could include the certification of damage control competencies and
the formal designation of academic leaders in the field, potentially involving the creation of
dedicated academic chairs in trauma surgery within level-1 trauma centres. Finally, this vision
should clearly be developed within the framework of a trauma system response, with strong
inter-hospital connections, up to enabling the immediate deployment of an expert team to a
lower-level centre when a patient cannot be transported.

Operation and interventional room prioritization and capacity planning. Hospitals should
implement structured systems for prioritizing trauma patients within emergency operating
room workflows. This may include rapid scheduling protocols, pre-emptive estimation of
surgical durations, and coordinated planning for ICU or downstream bed availability. Such an
organization requires inter-specialty coordination and collaboration with specialized
professionals such as engineers and logistics experts. Establishing a 24/7 platform for secure
image transfer would also facilitate real-time radiological consultation with reference trauma
centres, optimise decision-making for secondary transfers, and reduce delays in accessing
definitive care [47].

Institutional trauma governance. As suggested by Davenport et al, a trauma centre should be
a specialty hospital, not a hospital of specialties. In this perspective, it is essential that each
trauma centre and each trauma system have clearly identified governance, recognized by
clinical teams, hospital leadership, and public authorities alike. This governance must be cross-
disciplinary, encompassing the entire continuum of trauma patient care. It should be
responsible for overseeing trauma activity as well as for evaluating and maintaining its quality.

VI.  CRITICAL CARE
1. Current organization

In addition to conventional organ support, critical care for major trauma patients has, in recent
years, incorporated several important innovations. One key development is the increasing
recognition of delayed trauma-induced coagulopathy, an entity closely associated with
thrombotic complications, systemic inflammation, and multiorgan failure [48]. This delayed
coagulopathy is now understood as a consequence of both the initial haemorrhagic insult and
the extent of tissue injury. Another key finding is the concept of post-aggressive
immunosuppression, which significantly increases susceptibility to secondary infections [49].
In this context, targeted interventions have been explored, such as the potential role of
corticosteroids, immunostimulation, or preemptive antibiotic therapy, both of which may help
reduce respiratory infection rates during this immunologically vulnerable period [50-52].

Apart from patients with intracranial hypertension or ARDS, a major shift has also occurred in
sedation practices over the past decade, with a growing emphasis on light or even no sedation
to facilitate early neurological assessment and rehabilitation, with the exception of severe TBI
patients. This paradigm shift introduces new challenges, notably the need for effective pain
control strategies. To this end, regional anaesthesia, especially thoracic blocks, is increasingly
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used in the ICU to enable early mobilization, aligning with Enhanced Recovery After Trauma
principles [53-55].

Finally, multidisciplinary collaboration is being implemented earlier in the critical care pathway,
with close coordination involving infectious disease specialists, nutritionists, and rehabilitation
teams. These collaborations increasingly extend beyond the ICU, with critical care teams taking
on advisory roles during postoperative management and contributing to the growing
development of post-ICU follow-up clinics.

2. Limitations and Gaps

Despite notable advances, ICU teams still face major challenges in tailoring care to individual
risk profiles. For example, current thrombotic risk stratification tools lack specificity, leading to
a one-size-fits-all approach that fails to capture patient heterogeneity in coagulation status
and immuno-inflammatory responses. Similarly, advanced neuroprognostic methods, such as
MRI-based methods, remain poorly accessible and often struggle to discriminate patients in a
clinical "grey zone” [56,57].

Also, operational coordination between the ICU, operating room, and surgical wards remains
suboptimal, often resulting in fragmented care and, at times, delayed decision-making or
interventions. In this context, intermediate care beds are typically reserved for patients with
overt organ failure. However, patients with complex medical and surgical needs, such as those
with multiple fractures, elderly individuals with multiple comorbidities, thoracic trauma
requiring advanced ventilatory strategies, or simply patients at high risk of organ failure, are
often managed on conventional wards, despite the potential benefits of enhanced monitoring
and support for these populations in intermediate care beds.

Over the last decade, the transition toward lighter sedation protocols may have been
insufficiently accompanied by robust pain management strategies [58]. Access to regional
anaesthesia techniques, particularly thoracic nerve blocks, remains limited in many ICUs,
restricting both patient comfort and the potential for early mobilization.

Critical care for trauma patients is inherently complex and often involves high-stakes decisions
with potential life-changing consequences. Yet, patient involvement is frequently limited by
impaired consciousness or delirium. Moreover, patients and their families often have only a
partial understanding of the care being delivered and their implications. This communication
gap limits the ability of healthcare providers to engage patients meaningfully in shared
decision-making strategies.

3. Perspectives and Opportunities

Moving toward personalized medicine. While hundreds of predictive models have been
published to predict a wide range of possible outcomes, research projects that challenge the
real-world effectiveness of these models remain rare. Yet it is clear that what research needs
is not another model, but the demonstration of clinicians’ ability to implement existing models
and assess their impact on meaningful patient outcomes through actionable interventions.
Achieving this will require real-time access to high-quality data and the training of physicians
in the use of such decision-support tools.

13



Early Rehabilitation in ICU. It is now necessary to disrupt the traditional sequence in which
patients are first evaluated by rehabilitation specialists only after transfer from the ICU to
surgical and radiological wards. Rehabilitation specialists should conduct early assessments
directly in the ICU, including physiotherapists specifically trained in trauma recovery. The goal
is to establish a true rehabilitation continuum that begins as soon as the patient is stable
enough.

Strengthening patient and family understanding and involvement. While ICUs have largely
opened up to families in recent years, notably by extending visiting hours, it is now time to find
solutions to better involve patients and their relatives in decisions that concern them and that
concern trauma care organisations. This could include the use of explanatory videos and
documents focused on survival challenges and the realities of daily care. Such initiatives are
likely to facilitate greater adherence to care decisions and could even foster increased
participation in clinical research.

Develop Post-ICU rehabilitation units. These units, dedicated to the transition from intensive
care to rehabilitation, serve the most complex and severely affected patients. They
particularly focus on trauma cases in which neurological and respiratory impairments persist.
Although such units already exist in a few major trauma centres across France, their
development remains too slow. They aim to facilitate and streamline the patient’s journey by
enabling earlier ICU discharge once the patient’s condition is sufficiently stable. Technical
care, such as prolonged ventilatory weaning, can be continued outside the ICU as part of a
coordinated rehabilitation approach delivered by multidisciplinary teams, alongside motor,
cognitive, and functional rehabilitation.

VIL. SURGICAL WARD AND PERIOPERATIVE MEDICINE
1. Current organization

The surgical ward is a key interface between the acute trauma phase and the patient’s long-
term trajectory. It is where hospital discharge plans are shaped, whether toward rehabilitation
facilities or direct return home. It is also a critical site of expertise for delivering high-quality
postoperative surgical and medical care.

To date, the daily management is primarily led by surgical teams, with anesthesiology and
intensive care specialists providing support for acute and complex medical issues. In France,
the evolution of the name of the specialty ‘Anesthesiology and Intensive Care” toward
"Anesthesiology, Intensive Care, and Perioperative Medicine" reflects a shift in focus: beyond
intraoperative care, Critical Care Anesthesiologists are increasingly expected to intervene in
perioperative optimization, risk stratification, and long-term care planning, including
addressing non-acute issues.

During this post-resuscitation phase, diagnostic and interventional radiology remain integral
to patient care. Follow-up imaging enables early detection of complications, while
interventional procedures are frequently used to treat issues such as arterial
pseudoaneurysms or postoperative collections. Close integration of radiology into the surgical
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ward workflow facilitates timely decision-making, enhances patient recovery, and
complements ongoing surgical, medical, and paramedical care.

2. Limitations and Gaps

Despite its strategic importance, the surgical ward currently faces significant organizational
challenges. In particular, pain management, anticoagulation strategies, and postoperative
infection control are inconsistently applied, sometimes reflecting a lack of investment and
medical expertise to manage complex interventions. Notably, the absence of standardized
postoperative pain management protocols has been identified as a critical gap, underscoring
the need for rigorous guidelines [59]. Moreover, many inpatient beds in surgical wards have
been closed, concentrating complex cases in the remaining beds, while less complex cases are
increasingly managed on an outpatient basis. These issues have significantly increased both
surgeons’ and nurses’ workloads and may also contribute to unnecessarily prolonged hospital
stays for some patients.

Also, discharge planning remains fragmented, with insufficient structured linkage between
acute hospital care, primary care, and the rehabilitation pathways. This fragmentation can lead
to suboptimal patient transitions, which may impair patient outcomes such as readmission
rates or hospital length of stay. Moreover, surgical wards are partly structured around elective
activity. This organization may, at times, create tensions in bed availability or workflow,
especially when urgent trauma admissions coincide with periods of high elective surgical
activity. Rather than implying competition, these situations underline the need for improved
coordination and greater adaptive capacity across services. Finally, although surgical wards
naturally operate within specialty-specific frameworks, the management of severe trauma
benefits from a better integration between urgent and elective care pathways, fostering a
more resilient and responsive system.

Finally, within the continuum of ICU care challenges, early rehabilitation is often delayed due
to persistent physiotherapist understaffing, limited access to specialized equipment (e.g.,
mobilization chairs, ergocycles), and the late involvement of physical and rehabilitation
medicine specialists. Similarly, nutritional support is frequently suboptimal, with limited use
of indirect calorimetry to accurately estimate energy needs, potentially further compromising
recovery [60]. These gaps can undermine the functional recovery trajectory of major trauma
patients.

3. Perspectives and Opportunities

Strengthen Perioperative Medicine in Surgical Wards. Enhancing perioperative medicine
within surgical wards is a key strategy to optimise the care continuum for trauma patients. By
bridging surgical and medical, this approach can significantly improve recovery trajectories,
particularly for complex cases. Furthermore, multidisciplinary perioperative teams, including
surgeons, anaesthesiologists-intensivists, rehabilitation specialists, and social workers, could
provide consultative support for trauma patients managed elsewhere in the hospital, ensuring
continuous, holistic, and perioperatively optimised care. Indeed, beyond the initial phase,
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many trauma patients remaining in surgical units no longer require daily surgical interventions
but instead need physical therapy, nutritional support, social services, or psychological care.

Strengthen Post-Discharge Support. New opportunities are emerging to intensify monitoring
for patients who no longer require intensive care but remain at risk of complications in surgical
wards. Wearable technologies could be leveraged to detect early deterioration and guide
interventions. These technologies will also provide structured data that will be helpful to feed
Al programs dedicated to anticipating patients’ failure or complications. In the same spirit,
tele-rehabilitation programs should be deployed early for patients discharged home,
supporting continuous functional recovery and proactive complication management. Finally,
stronger integration with primary care networks will be critical to ensure comprehensive
follow-up and address the long-term medical, functional, and social needs of trauma patients
after hospital discharge.

Early Identification of Patients at Risk for Prolonged Hospitalization. Early recognition of
patients at risk for extended hospital stays may permit timely and early allocation of hospital
resources to optimise post-surgical recovery. Systematic risk assessment during the initial days
of admission, such as through validated scoring tools, may facilitate targeted interventions and
proactive care planning, rather than waiting until discharge becomes imminent. This approach
could prevent unnecessary stays in surgical units for patients who no longer require complex
surgical care but still need rehabilitation services or social support.

Vill.  REHABILITATION, COMMUNITY CARE, AND RETURN TO WORK
1. Current organization

Specialized rehabilitation pathways for trauma patients currently exist within post-acute care
facilities in France. These units provide multidisciplinary rehabilitation tailored to patients’
primary sequelae and functional autonomy, combining physical therapy, mental health,
occupational therapy, social workers, and cognitive or language therapy. In 2017, trauma-
related rehabilitation activity accounted for approximately 25% of all inpatient rehabilitation
admissions nationwide, representing around 16,000 hospital stays per year [61,62]. These
pathways are designed to ensure continuity of care through structured connections with
outpatient day programs, specialist consultations, and community-based primary care
services.

A particular strength of the French system lies in the fact that care is almost entirely free of
charge when the patient is covered by the 'Affections Longue Durée 30' scheme, which can be
activated after trauma under certain circumstances. However, for many patients, the financial
impact of surviving major trauma persists well beyond the initial recovery period [63].

Finally, silver trauma, which is inherently linked to population aging, is an increasingly

important issue. These patients are at high risk of undertriage and require dedicated care
pathways, particularly during the rehabilitation phase [64].
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2. Limitations and Gaps

Despite their importance, rehabilitation pathways remain insufficiently connected with acute
trauma care services. As a result, acute care teams often lack visibility into patient outcomes
after transfer, making early rehabilitation planning difficult and decision-making poorly
informed by patient trajectories. Conversely, rehabilitation teams are often only minimally
informed about the patient’s initial care journey. Finally, admission to rehabilitation units is
often anticipated late during the hospital stay, even though the need for rehabilitation can
frequently be anticipated. This results in unnecessary occupancy of surgical or ICU beds and
can delay in the initiation of rehabilitation.

Furthermore, existing specialized rehabilitation pathways, such as “multiple trauma”,
“complex digestive care”, or “neurological injury” are very siloed in France, while many trauma
patients present with overlapping conditions (e.g., orthopaedic trauma, brain injury,
tracheostomy care), making them poorly suited to the patient’s needs. This segmentation
leads to eligibility challenges and increases the risk of fragmented care. Moreover, up to 45%
of patients develop psychiatric disorders that exacerbate their initial injuries, slow recovery,
and compromise clinical outcomes. These disorders are associated with reduced treatment
adherence, an increased risk of complications, and a higher likelihood of recurrent trauma,
whether intentional or unintentional [65].

It is also essential to better address the growing importance of silver trauma [66,67]. Although
these patients are captured in the French Trauma Registry, informal comparisons with
international registries suggest that they remain underrepresented in severe trauma pathways
[68]. In addition, dedicated pathways for older trauma patients remain largely focused on
peripheral limb fractures and would benefit from further strengthening [69].

Finally, it appears essential that trauma care pathways better account for the impact of post-
traumatic stress, following the example of recent initiatives addressing post-intensive care
syndrome.

3. Perspectives and Opportunities
Develop Transversal Polytrauma Rehabilitation Units. Creation of transversal “polytrauma”
rehabilitation units capable of managing complex, mixed pathologies could be a solution to
address current gaps. Also, standardizing the implementation of rehabilitation consultations
from the time of admission to the ICU or trauma centre, along with strengthening the
deployment of mobile rehabilitation teams, could significantly improve trauma patients’ early
functional assessment.

Standardize the use of functional assessment tools. There is a wide range of tools in the
medical literature to assess autonomy, quality of life, and life expectancy after trauma.
However, these tools often fail to focus on what truly matters to patients. Moreover, while they
are sometimes used in research, they are only rarely implemented in a structured and
sustainable way at the level of a centre or population. To address this, measurement tools
must be defined through consensus, and these tools should be simple to collect, readily
available, and meaningful to patients.
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Improved consideration of patients with frailty. This point is especially important for older
individuals. For this reason, since 2025, the French Trauma Registry has systematically
collected frailty data using the Clinical Frailty Scale [70]. This reflects the need to develop care
pathways, particularly for these populations, that extend beyond the acute phase and are
strongly integrated with community-based healthcare. However, frailty assessment should
also incorporate social and mental health dimensions, which are key determinants in the daily
care of patients with major trauma

Establish Personalized Post-Trauma Follow-Up Plans. Each major trauma patient should have,
before hospital discharge, an individualized post-trauma care plan ensuring continuity and
personalization of long-term healthcare pathways. For patients who are not addressed to
rehabilitation units, town-hospital networks should be strengthened, and follow-up care could
involve a smartphone application and/or day hospital consultation programs, coordinated by
advanced practice nurses. The structure and format of such follow-up should be designed to
support patients and to improve their outcomes without becoming an additional burden [71].

Strengthen Links with Primary Care and communities. Stronger partnerships between acute
care departments and surgery wards need to be established with primary care, rehabilitation
units, mental health specialists, and more broadly with the civil society [72]. “Return to Work”
programs could be developed in collaboration with primary care providers and community-
based organizations to ensure a comprehensive and supported reintegration process for
patients.

Expand Public Prevention Campaigns. Public health efforts must reinforce injury prevention
strategies. These communication efforts should be based on the dissemination of prevention
messages and public health initiatives aimed at the general population in order to reduce the
incidence of everyday life trauma. Inspired by initiatives like Stop The Bleed and the Hartford
Consensus, efforts should also focus on empowering citizens as immediate responders, while
maintaining vigilance against the influence of powerful lobbies, particularly in sectors like
alcohol and automobile industries.

IX. KEY PERFORMANCE INDICATORS PROPOSITIONS FOR MAJOR TRAUMA CARE

This section aims to propose an initial set of standardized performance indicators for the
management of patients with major trauma in France. The proposed indicators correspond to
key steps in the trauma care pathway identified by the authors as essential. When appropriate,
a reference timeframe is provided. These timeframes are not intended as rigid thresholds that
all patients must meet; rather, they should be adapted to the specific clinical context of each
situation. They represent population-level targets suitable for benchmarking and quality
assessment (Table 1).

These indicators could serve as a trauma care footprint for individual centres or trauma
systems, enabling systematic evaluation of care quality for patients with major trauma. In
addition, they may act as an incentive to promote the structured and sustainable collection of
relevant data. Ultimately, these indicators are intended to be shared regularly and
transparently at both the centre and trauma system levels.
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The current list of indicators, based on expert clinical opinion, must be refined and validated
using high-quality research data. Given the limited French evidence on variables associated
with trauma care performance, it is essential that each trauma centre contributes data to the
national trauma registry to support efforts in evaluating and improving care outcomes.

X.  CONCLUSION

The resources required for the management of trauma patients exist in France and operate at
a high level of quality. Nevertheless, strengthening coordination at both regional and national
levels would further enhance their effectiveness. Establishing a structured national trauma
roadmap could guide the strategic alignment of expertise, infrastructure, and care pathways,
improving patient outcomes, reducing territorial disparities, and supporting a resilient,
integrated trauma care system for the future. Indeed, no single specialty can manage trauma
alone, and high-quality care depends on tightly integrated, multidisciplinary pathways.
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FIGURE

1. Figure 1: Involvement of specialties throughout patient’s care pathway,
illustrating the constant multidisciplinary nature of trauma management

The proposed list of specialties is not exhaustive. Radiology includes both conventional
radiology and interventional radiology.
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2. Figure 2: Key perspectives and opportunities across the trauma care timeline

The timing of these interventions may be extended or shortened depending on clinical
circumstances and contextual factors.
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TABLES

Table 1: Propositions of trauma system and trauma centres key performance

indicators

Possible | Availability
- thresholds in the
Indicators DeSCS:it;Ion / for national
dichotomiza|Traumabase
tion registry
Structure indicators
Existence of multidisciplinary trauma governance Yes /No No
Institutional funding dedicated to trauma epidemiology Yes /No No
Proportion of trauma patients included in the national registry % No
Existence of multidisciplinary morbidity and mortality review| Yes/No No
dedicated to trauma
Epidemiological indicators
Total number of trauma patients managed Number Yes
Distribution by GRADE (A/B/C) severity classification Number Yes
In-hospital mortality rate % Yes
Gap between observed and predicted mortality % Yes
Under-triage ratef % 5% No
Over-triage rate® % 30% Possibly
Proportion of patients aged >75 years % Yes
Proportion of patients aged <15 years % Yes
Number of incoming secondary transfers Number Yes
Number of outgoing secondary transfers Number Yes
Pre-Hospital indicators

Delay to the first medical team on site Median [IQR]| 25 min Yes
Delay between the team on site and the first handover the medicalMedian [IQR] 10 mn No
dispatch centre
Delay between notification to the medical dispatch centre and/Median [IQR]| 30 mn No
identification of the destination centre
Medical time on scene (from arrival to departure) Median [IQR]| 30 mn Yes
Medial total medical time (on site + transport to the trauma center)|Median [IQR]| 60 mn Yes
Proportion of patients transported to the hospital by a medicalized % Yes
means
Proportion of patients presenting with haemorrhagic shock % Yes
receiving tranexamic acid ??? bof
Proportion of secondary medicalisation rate. % No
Helicopter transportation % Yes
Proportion Prehospital tracheal intubation % Yes
Dead on scene % No
Prehopital use blood component % Yes

Early care hospital Indicators
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Proportion of patients who received at least one unit of red blood % Yes
cells within the first six hours after hospital admission
Proportion of patients presenting with a Glasgow Coma Scale score % Yes
< 8 or with abnormal CT findings
Proportion of patients undergoing CT scan % Yes
Proportion of patients undergoing direct haemorrhage control % Yes
procedures (without prior CT scan)
Delay between arrival in the resuscitation room and departure for|Median [IQR]| 30 mn Yes
haemorrhage control procedures or CT scan
Delay between arrival in the resuscitation room and completion ofMedian [IQR]| 60 mn No
damage control surgery (to = time of operating room admission)
Hospital length of stay Median [IQR] Yes
Intensive care unit length of stay Median [IQR] Yes
Duration of mechanical ventilation (excluding intraoperative period)|Median [IQR] Yes
Proportion of patients undergoing surgery within 24 hours % Yes
Proportion of patients undergoing interventional radiology within % Yes
24 hours
Proportion of patient readmitted in critical care within 7 days after % No
discharge

Later in hospital indicator
Proportion of patient readmitted within 14 days after discharge No
Proportion of patients receiving a psychological assessment before % No
discharge
Proportion of patients receiving opioid treatment for more than 7 % No
days with a pain specialist assessment
Proportion of patients with an ICU stay > 7 days or a ward stay > 15 % No
days who received a rehabilitation assessment
Proportion of patients with an ICU stay > 7 days or a ward stay > 15 % No
days who received a social worker assessment
Proportion of patients admitted in ICU % Yes
Proportion of patients discharged to a rehabilitation facility % No
Proportion of patients discharged at home % No

Later care Indicators

Proportion of patients with a general practitioner visit within 7 days % No
after hospital discharge
Proportion of patients receiving a mental health evaluation within 3 % No
months after hospital discharge
Proportion of patients receiving a chronic pain risk assessment % No
within 6 months after hospital discharge
Proportion of patients who have returned to their pre-injury living % No
situation and activity 6 months after trauma
Proportion of patients who have returned to work 6 months after % No
trauma
Proportion of patients discharged alive who died within the first year % No

after discharge

¢ % of secondary admission. ®* % of ISS < 9. The proposed temporal thresholds for
dichotomization are provided for illustrative purposes; they should not be interpreted as
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values below which a patient would be considered inadequately treated, but rather as tools
useful for population-level comparison and monitoring.
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