


Multidisciplinary Management Pathways in Polytrauma: Integrating Prehospital Care, Emergency Resuscitation, and ICU Strategies

Abstract
Polytrauma remains a leading cause of preventable death and disability worldwide, with outcomes strongly shaped by how well prehospital services, emergency departments, operative/interventional teams, and intensive care units function as a single coordinated system. Modern trauma care is increasingly organised around time-sensitive pathways that prioritize hemorrhage control, avoidance of secondary injury, and rapid transitions to definitive care, while simultaneously recognising that overly aggressive interventions can worsen coagulopathy, hypothermia, acidosis, and inflammatory complications. This review synthesizes contemporary evidence and high-impact guidance on integrated polytrauma management across the continuum: (i) prehospital triage, hemorrhage control, airway/ventilation decisions, and early resuscitation including blood products and antifibrinolytics; (ii) emergency department trauma team workflows emphasizing parallel processing, damage control resuscitation, massive transfusion activation, and imaging strategies; (iii) early operative and interventional hemorrhage control, including selective use of endovascular temporizing measures; and (iv) ICU strategies that prevent secondary brain and organ injury, reduce nosocomial harm, and enable earlier rehabilitation. A targeted literature search was conducted across PubMed/MEDLINE, Embase, Cochrane Library, Web of Science, and Scopus (January 2015 - November 2025) to identify high-impact evidence on multidisciplinary polytrauma pathways. We emphasise practical decision nodes and handoff interfaces—where delays, miscommunication, or mismatched priorities commonly occur—and propose a pathway-based framework that links physiology-driven resuscitation, definitive haemorrhage control, and staged surgical repair. Key themes include early recognition of life-threatening bleeding, individualised hemostatic resuscitation guided by evolving evidence, structured timing of major fracture care in the context of concomitant injuries, and ICU bundles for venous thromboembolism prevention, neuroprotection, and organ support. Finally, we outline implementation approaches (protocols, simulation, registries, and quality metrics) and future directions, including precision resuscitation, refined prehospital blood strategies, and integrated hybrid trauma platforms.
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1. Introduction
[bookmark: _GoBack]Trauma refers to harm inflicted on the body by external forces. Despite progress in treatment for trauma patients, it remains the primary cause of death and disability in adults (Mileković et al., 2023; Achebe et al., 2025). Polytrauma represents one of the most challenging scenarios in modern trauma care, with fracture healing outcomes that defy conventional expectations (Achebe et al., 2025; Lee et al., 2021). Polytrauma is not simply the sum of multiple injuries; it is a dynamic, time-dependent syndrome in which bleeding, hypoxia, traumatic brain injury (TBI), and systemic inflammatory responses interact with clinical decisions made across settings (Mukhametov et al., 2023; Devendra et al., 2021). Many trauma deaths occur early from haemorrhage or unsurvivable brain injury, while later mortality and long-term disability arise from secondary brain injury, sepsis, and multiple organ dysfunction. Large trauma-system analyses repeatedly show that the “when” and “how” of early management—particularly haemorrhage control and physiology-focused resuscitation—strongly influence preventable death rates (Callcut et al., 2019; Eastridge et al., 2019).
In response, high-performing trauma systems increasingly rely on standardised pathways that align prehospital decisions, emergency resuscitation, operative/interventional control of bleeding, and ICU strategies into a coherent sequence. The objective is not rigid protocolization at all costs, but rather a shared mental model that enables rapid, consistent action while retaining clinician judgment for atypical scenarios (e.g., combined TBI and hemorrhagic shock, complex pelvic bleeding, or unstable physiology requiring staged surgery). Contemporary trauma guidance also acknowledges that aggressive resuscitation can be harmful if it worsens dilutional coagulopathy, hypothermia, or uncontrolled bleeding, reinforcing the value of damage control resuscitation and early definitive haemorrhage control (Rossaint et al., 2023).
1.1 Scope and objective of this review
This review integrates evidence and practice guidance relevant to multidisciplinary pathway-based management of adult polytrauma across:
(1) prehospital triage and time-critical interventions;
(2) emergency department team-based resuscitation, imaging, and haemorrhage control decisions;
(3) staged operative/interventional strategies, including damage control surgery and orthopaedics; and
(4) ICU management aimed at preventing secondary injury and accelerating recovery.
We focus on pragmatic decision nodes and interfaces where discontinuities commonly occur: EMS-to-ED handoff, ED-to-OR/interventional radiology (IR) transitions, and OR-to-ICU transitions. We also highlight where evidence is strong (e.g., balanced transfusion strategies, structured VTE prophylaxis approaches) and where uncertainty persists (e.g., patient selection for prehospital antifibrinolytics or endovascular temporising measures).

2. Methods for literature selection
A targeted literature search was performed to identify recent, high-impact evidence and guidance informing multidisciplinary polytrauma pathways.
2.1 Databases and date range
Databases: PubMed/MEDLINE, Embase, Cochrane Library, Web of Science, and Scopus.
Date range: January 1, 2015, through November 30, 2025, with inclusion of a small number of foundational trials/guidelines when essential to interpret current practice (e.g., major transfusion strategy trials).
2.2 Search strings (examples)
Core concept: (“polytrauma” OR “major trauma” OR “severe trauma”) AND pathway domains, including:
· Prehospital: (“prehospital” OR “EMS” OR “out-of-hospital” OR “air ambulance”) AND (“blood” OR “plasma” OR “whole blood” OR “tranexamic acid” OR “tourniquet” OR “resuscitative thoracotomy”)
· ED resuscitation: (“damage control resuscitation” OR “massive transfusion protocol” OR “balanced transfusion” OR “viscoelastic” OR “TEG” OR “ROTEM” OR “trauma team”)
· Imaging: (“whole-body CT” OR “pan-scan” OR “trauma CT”)
· Operative/interventional: (“damage control surgery” OR “open abdomen” OR “pelvic haemorrhage” OR “endovascular” OR “REBOA”)
· ICU: (“trauma ICU” OR “critical care” OR “traumatic brain injury” OR “venous thromboembolism prophylaxis”)
2.3 Inclusion and exclusion logic
Inclusion: adult major trauma/polytrauma studies; randomised controlled trials, high-quality observational studies, systematic reviews/meta-analyses, and major multidisciplinary guidelines/consensus documents; English-language; outcomes relevant to mortality, transfusion/bleeding control, secondary injury, complications, or system performance.
Exclusion: pediatric-only populations; isolated single-injury pathways without clear relevance to polytrauma integration; small case reports unless representing a major pathway inflexion (not used for primary conclusions); non-peer-reviewed opinion pieces as sole evidence.

3. A systems approach to polytrauma across the continuum of care
Polytrauma pathways function best when designed around predictable, time-dependent threats: uncontrolled haemorrhage, airway compromise/hypoxia, and severe TBI with evolving intracranial pathology. Trauma-system mortality analyses highlight that early deaths are commonly dominated by haemorrhage and brain injury, while later deaths reflect complications and physiologic failure—patterns that justify “front-loading” interventions that stop bleeding and prevent secondary injury (Callcut et al., 2019; Eastridge et al., 2019).
3.1 Trauma team structure and parallel processing
A defining feature of high-performing trauma care is parallel processing: tasks that used to occur sequentially (assessment → IV access → imaging → transfusion → procedures) occur simultaneously under a coordinated leader. This requires role clarity (airway, circulation, procedures, documentation, ultrasound/imaging liaison, blood bank liaison), explicit trigger criteria (massive transfusion activation), and rehearsed transitions to OR/IR. Standardised communication tools (e.g., structured EMS handoff frameworks) reduce information loss, particularly around mechanism, suspected bleeding sites, prehospital vitals, administered blood products or antifibrinolytics, and response to resuscitation.
3.2 Physiology-first decision nodes
Across settings, pathway design benefits from physiology-first decision nodes rather than purely anatomy-first triggers. Examples include: early identification of hemorrhagic shock with immediate hemostatic resuscitation and haemorrhage-control routing; individualised transfusion and coagulation support; and staged surgery decisions based on physiologic reserve and concomitant injuries. This philosophy is embedded in modern major-bleeding trauma guidance and resuscitation research, emphasising avoidance of iatrogenic coagulopathy and delay to haemorrhage control (Rossaint et al., 2023).

4. Prehospital care: triage, haemorrhage control, and early resuscitation
The prehospital phase shapes downstream options by determining (a) destination selection and time-to-definitive care, (b) physiologic deterioration en route, and (c) whether early interventions reduce preventable death without adding harm. Prehospital pathways should be built around three priorities: rapid transport to definitive haemorrhage and neurosurgical capability when needed, immediate control of external compressible bleeding, and selective resuscitation/airway interventions that stabilise without delaying transport.
4.1 Destination and triage decisions
For suspected major trauma, destination choice (trauma centre level, distance, availability of IR/neurosurgery) is often as important as on-scene interventions. While protocols vary by region, a common pathway principle is that unstable physiology or suspected noncompressible torso haemorrhage should trigger direct transport to a high-capability centre, because secondary transfers are strongly associated with delay to definitive haemorrhage control and time-sensitive neurosurgical care.
4.2 Haemorrhage control: compressible bleeding first
Prehospital haemorrhage control focuses on rapid identification and control of compressible bleeding using direct pressure, hemostatic dressings when appropriate, and tourniquets for severe extremity hemorrhage. Civilian trauma data demonstrate that tourniquet use can be associated with improved survival when applied for severe limb bleeding within organised systems, supporting their inclusion in prehospital pathways for major extremity haemorrhage (Teixeira et al., 2018).
Pelvic stabilisation (e.g., pelvic binders) is often used as a temporising strategy for suspected unstable pelvic fractures with haemorrhage, aiming to reduce pelvic volume and tamponade bleeding while expediting transport. Pathway logic typically treats pelvic stabilisation as an “immediate action” that should not delay transport.
4.3 Airway and ventilation: selective intervention, continuous reassessment
Advanced airway management can be life-saving but can also worsen hypotension, interrupt rapid transport, or complicate subsequent neurologic assessment. Many systems, therefore, emphasise selective airway intervention: clear indications (airway obstruction, refractory hypoxia, inability to protect airway, severe TBI with compromised ventilation) plus hemodynamic optimisation prior to induction when possible. A pathway approach integrates airway decisions with haemorrhage recognition: if shock is suspected, preoxygenation, permissive hypotension principles, and rapid transport with early blood products may be prioritised alongside airway stabilisation.
4.4 Prehospital blood products: “bringing the blood bank forward”
A major shift in prehospital pathways is the increasing feasibility of administering blood products before hospital arrival. Two landmark randomised trials examined prehospital plasma in hemorrhagic shock risk. In the PAMPer trial, prehospital plasma was associated with improved 30-day survival compared with standard care, supporting the principle that earlier hemostatic resuscitation may matter when transport times allow meaningful prehospital therapy (Sperry et al., 2018). In contrast, the COMBAT trial did not show a mortality benefit of prehospital plasma in its setting, emphasising that context (transport times, protocols, patient selection) influences effect size (Moore et al., 2018).
Pathway interpretation is that prehospital plasma may be most beneficial when (a) transport times are long enough for prehospital transfusion to meaningfully precede hospital transfusion, (b) hemorrhagic shock risk is high, and (c) systems can ensure correct storage, logistics, and training. These findings also reinforce that prehospital pathways should be designed around system realities rather than extrapolated universally.
4.5 Antifibrinolytics in the field: tranexamic acid (TXA)
TXA has been investigated across trauma phenotypes, with contemporary work focusing on timing, injury patterns, and patient selection. In polytrauma pathways, TXA is typically conceptualised as a time-sensitive adjunct for patients at risk of life-threatening haemorrhage, rather than a routine intervention for all trauma. The STAAMP trial evaluated prehospital TXA strategies and informs many EMS protocols, highlighting the importance of early administration and careful selection (Guyette et al., 2021). 
For traumatic brain injury, the CRASH-3 trial demonstrated that TXA is safe and that early treatment can reduce head injury–related death in relevant subgroups, reinforcing the broader pathway concept that “time matters” for antifibrinolysis and that coexisting TBI does not inherently preclude TXA when appropriately selected (CRASH-3 Trial Collaborators, 2019). The more recent PATCH-Trauma trial evaluated prehospital TXA in severe trauma populations and further informs balancing potential benefits against thrombotic risk concerns and logistical feasibility (PATCH-Trauma Investigators, 2023).
A pathway-based implementation often uses physiologic triggers (suspected major haemorrhage, hypotension, tachycardia, high-risk mechanism) plus explicit contraindication screens, and aligns TXA administration with parallel actions: haemorrhage control, early blood products when available, and destination decisions.
4.6 Temporising endovascular and resuscitative procedures
The prehospital domain increasingly intersects with advanced resuscitative procedures historically limited to hospitals. Resuscitative thoracotomy in traumatic cardiac arrest remains highly selective and system-dependent; recent data in physician-led prehospital services provide contemporary insight into feasibility and outcomes (Perkins et al., 2025). These data support pathway emphasis on strict indications, team expertise, and integration with rapid transport to definitive surgical care.
Similarly, resuscitative endovascular balloon occlusion of the aorta (REBOA) has expanded as a temporising strategy for noncompressible torso haemorrhage, but evidence and implementation challenges remain significant. A contemporary review emphasises that REBOA should be embedded in rigorous protocols, with careful attention to access complications, ischemic time, and ensuring rapid transition to definitive haemorrhage control (Thrailkill et al., 2021). In pathway terms, REBOA is not a “destination therapy”; it is a bridge that only improves outcomes when it shortens time to definitive control rather than delaying it.

5. Emergency department resuscitation: team-based damage control and decision alignment
The ED phase is the central integration point where prehospital information is converted into definitive prioritisation: haemorrhage-control routing, transfusion strategy, imaging plan, and operative/interventional activation. ED pathways should explicitly support parallel processing and early escalation because delays accumulate rapidly at this node.
5.1 Primary survey with simultaneous interventions
Modern trauma team workflows often structure the primary survey to allow simultaneous actions: securing airway/oxygenation, obtaining rapid vascular access (including intraosseous when needed), warming measures, early blood product availability, and point-of-care ultrasound. The overarching pathway goal is to avoid “diagnostic drift” in physiologically unstable patients: if shock and suspected bleeding are present, resuscitation and haemorrhage-control activation proceed even while anatomy is being clarified.
5.2 Massive transfusion activation and hemostatic resuscitation
Massive transfusion protocols (MTPs) operationalise rapid delivery of blood components, reduce delays, and provide a framework for communication between the trauma team and the blood bank. However, appropriate activation remains challenging. A systematic review of predictors and scores for triggering MTP activation highlights heterogeneity in performance and reinforces that pathway design should incorporate both clinical judgment and validated triggers tailored to local populations (Shih et al., 2019).
Balanced transfusion strategies gained strong support from randomised evidence. The PROPPR trial compared transfusion ratios and provided critical data informing modern damage control resuscitation, supporting early balanced delivery of plasma and platelets alongside red cells in massively bleeding trauma patients (Holcomb et al., 2015). In pathway terms, PROPPR reinforces early, structured hemostatic resuscitation rather than delayed “catch-up” plasma/platelets after large-volume red cell transfusion.
5.3 Viscoelastic testing and individualised coagulation support
While fixed-ratio MTPs improve speed and reliability, they may not optimally address individual coagulation phenotypes. Viscoelastic hemostatic assays (e.g., TEG/ROTEM) allow more targeted component and factor therapy. The ITACTIC randomised trial evaluated viscoelastic assay–augmented protocols for major trauma haemorrhage, informing ongoing debate about how best to blend fixed-ratio speed with individualised correction (Baksaas-Aasen et al., 2021). Practically, many pathways adopt a hybrid: immediate initiation of balanced components for suspected massive bleeding, followed by rapid transition to viscoelastic-guided refinement once results are available.
5.4 Imaging strategy: whole-body CT versus selective imaging
Imaging decisions are a classic pathway tension: whole-body CT (“pan-scan”) can rapidly identify occult injuries but may delay haemorrhage control or expose unstable patients to risk during transport and scanning. The REACT-2 randomised trial compared immediate total-body CT with standard workup and provides an evidence base for balancing speed of diagnosis against workflow and patient-selection considerations (Sierink et al., 2016). Many pathway models therefore stratify by physiology: stable or stabilised patients may undergo early whole-body CT to accelerate definitive planning, whereas persistently unstable patients prioritise immediate haemorrhage control (OR/IR) with imaging tailored to what changes immediate management.
5.5 Early haemorrhage control routing: OR, IR, or hybrid strategies
A defining feature of integrated trauma care is early activation of haemorrhage control pathways that include trauma surgery, anaesthesia, IR, and transfusion services. For abdominal haemorrhage, damage control laparotomy may be prioritised in unstable patients, while angioembolization may be appropriate for selected stable or transient responders depending on the suspected bleeding source. For complex pelvic haemorrhage, hybrid approaches (packing plus angioembolization) or rapid transitions between OR and IR may be required; pathway success depends on minimising handoff delays and ensuring shared decision-making on the dominant bleeding mechanism.
5.6 Neuroprotection from the start: integrating TBI into resuscitation
Polytrauma frequently coexists with TBI, creating competing priorities: aggressive blood pressure support for cerebral perfusion versus permissive hypotension approaches for haemorrhage control. Contemporary severe TBI guidance emphasises prevention of secondary injury through optimised oxygenation, ventilation, and hemodynamic management while avoiding iatrogenic harms (Carney et al., 2017). In pathway terms, this mandates explicit cross-disciplinary alignment: trauma, neurosurgery, anaesthesia, and ICU teams should agree on physiology targets and sequencing (e.g., prioritizing hemorrhage control to enable stable cerebral perfusion, while ensuring early measures that prevent hypoxia and extreme hypotension).

6. Operative and interventional strategies: staged control, then definitive repair
In polytrauma, “definitive repair” is often not the immediate goal. Instead, modern pathways emphasise staged care: rapid control of bleeding/contamination, abbreviated procedures in physiologically exhausted patients, and delayed definitive reconstruction when physiology is restored.
6.1 Damage control surgery and the open abdomen
Damage control surgery (DCS) is used when prolonged definitive procedures would worsen physiologic derangement. When abdominal closure is unsafe due to swelling, ongoing resuscitation needs, or risk of abdominal compartment syndrome, an open abdomen strategy may be used. The WSES guideline on open abdomen management provides structured recommendations on indications, temporary closure approaches, re-exploration timing, and closure planning, emphasising that open abdomen is resource-intensive and should be reserved for those most likely to benefit (Coccolini et al., 2018). In pathway form, open abdomen decisions should be coupled to a closure strategy from the outset to reduce fistula risk, infection, and prolonged critical illness.
6.2 Damage control orthopaedics and timing of major fracture care
Orthopaedic management in polytrauma exemplifies the “second hit” concept: extensive early surgery can exacerbate systemic inflammation and worsen outcomes in unstable patients, yet delaying fixation can increase complications and impede mobilisation. Damage control orthopaedics (DCO) uses temporising fixation (e.g., external fixation) in unstable physiology, with definitive fixation delayed until resuscitation and stabilisation (Volpin et al., 2021).
However, modern pathways increasingly aim to identify which patients can safely undergo earlier definitive fixation, especially with improved resuscitation and ICU support. A Delphi consensus and systematic review on early major fracture care in polytrauma provides contemporary expert recommendations for timing major fracture care in the context of concomitant injuries (brain, chest, abdomen, spine/cord, vascular), supporting a structured, injury-contextual approach rather than a single timing rule (Pfeifer et al., 2024). Pathway implication: orthopedic timing should be explicitly negotiated with trauma/ICU teams based on physiologic status, bleeding control, and competing injury priorities, rather than based solely on fracture pattern.
6.3 Endovascular temporization: REBOA within integrated hemorrhage control
REBOA has become a prominent example of endovascular temporization. Contemporary synthesis emphasises that outcomes depend heavily on strict selection, operator training, minimising ischemic time, and ensuring immediate access to definitive haemorrhage control (Thrailkill et al., 2021). In pathway terms, REBOA should be embedded into a “clock-aware” algorithm with explicit triggers for inflation, escalation, transfer to definitive control, and deflation strategies.

7. ICU strategies: preventing secondary injury and enabling recovery
The ICU phase is where early physiologic wins are preserved—or lost. ICU pathways for polytrauma integrate ongoing hemostatic management, neurocritical care principles, lung-protective strategies, infection prevention, VTE prophylaxis, nutrition, and early rehabilitation. Importantly, ICU care is not isolated from surgical plans; it must remain aligned with staged operative/interventional needs.
7.1 Ongoing hemostasis and refinement of resuscitation
After initial haemorrhage control, ICU teams continue to manage coagulopathy, anaemia, hypothermia, and metabolic derangements. Major bleeding guidance emphasises structured correction of trauma-induced coagulopathy and careful balance of transfusion, coagulation products, and temperature/calcium management, reinforcing the continuum nature of hemostatic resuscitation beyond the ED (Rossaint et al., 2023). When viscoelastic testing is available, ICU-based refinement can support targeted transfusion strategies consistent with evidence from viscoelastic-guided protocol trials (Baksaas-Aasen et al., 2021).
7.2 Neurocritical care integration for polytrauma with TBI
Severe TBI requires meticulous avoidance of secondary insults. ICU pathways typically prioritise strict avoidance of hypoxia, prevention of hypotension, careful ventilation targets to prevent extremes that could worsen cerebral perfusion, and timely neurosurgical decision-making. The Brain Trauma Foundation’s fourth-edition guidance provides an evidence-based framework for many of these priorities (Carney et al., 2017). In polytrauma, pathway conflicts are common—for example, permissive hypotension for haemorrhage versus adequate cerebral perfusion. Successful systems explicitly codify “override rules” (e.g., suspected uncontrolled bleeding may require expedited haemorrhage control to ultimately stabilise cerebral perfusion; suspected herniation may prioritise immediate neuroprotective measures and neurosurgical access). These rules must be locally developed and rehearsed because they depend on resource availability and patient mix.
7.3 Ventilation, chest injury, and prevention of iatrogenic harm
Blunt thoracic trauma, pulmonary contusions, aspiration, and transfusion-related lung injury can push polytrauma patients toward acute respiratory failure. ICU pathways generally employ lung-protective ventilation principles, cautious fluid management after haemorrhage control, and aggressive pain control strategies that reduce splinting and atelectasis. While these principles are widely accepted, their execution in polytrauma is complicated by concurrent brain injury (ventilation targets), open abdomen (diaphragmatic mechanics), and planned re-operations (sedation and transport). Pathway design therefore, benefits from daily multidisciplinary rounds that anticipate OR/IR timing and adjust sedation/ventilation plans accordingly.
7.4 Infection surveillance, staged surgery, and open abdomen risks
Open abdomen management and staged surgical plans elevate infection risk and complicate nutrition and mobilisation. The WSES guideline highlights the importance of early reassessment and timely closure when feasible, framing open abdomen as a time-sensitive strategy rather than an indefinite state (Coccolini et al., 2018). ICU pathways should therefore include explicit “closure readiness” checkpoints, with clear ownership across trauma surgery and ICU teams.
7.5 Venous thromboembolism (VTE) prevention and timing
VTE prophylaxis is a major ICU pathway element, particularly in immobilised polytrauma patients with fractures, spinal injuries, and TBI. The Western Trauma Association critical decisions algorithm provides updated guidance on reducing VTE in trauma patients, including practical considerations on timing in the presence of TBI or spinal trauma and the role of mechanical prophylaxis when pharmacologic prophylaxis is delayed (Ley et al., 2020). Pathway implementation typically uses a structured risk/contraindication assessment, repeat imaging triggers (e.g., stability of intracranial haemorrhage), and multidisciplinary agreement to avoid unnecessary delays, because delayed prophylaxis is consistently associated with higher VTE risk.
7.6 Blood strategy evolution in the ICU: whole blood and component therapy
Whole blood–based resuscitation has re-emerged in civilian trauma systems, with ongoing debate about optimal indications, logistics, and outcomes. A systematic review, meta-analysis, and practice management guideline from EAST conditionally recommends whole blood resuscitation in adult civilian trauma patients receiving transfusion, while acknowledging limitations in the evidence base and population-specific uncertainties (Meizoso et al., 2024). ICU pathways that include whole blood must integrate it with ongoing coagulation assessment and transfusion stewardship, ensuring that early resuscitation benefits are not offset by downstream complications.

8. Implementation: building reliable multidisciplinary pathways
Evidence alone does not create better outcomes; reliability does. Pathway implementation should focus on: (1) clear activation triggers, (2) stable roles and rehearsed teamwork, (3) robust logistics (blood availability, imaging access, OR/IR readiness), and (4) measurement and feedback.
8.1 Protocol architecture and “interfaces”
The most failure-prone moments in polytrauma care are interfaces: EMS-to-ED, ED-to-OR/IR, and OR-to-ICU. Pathways should therefore define minimum data elements for handoffs (mechanism, suspected injuries, trends in vitals, fluids/blood/TXA given, response to interventions) and incorporate closed-loop confirmation. Trauma teams can also hardwire “decision bundles” at interfaces—for example, if MTP is activated, then blood bank notification, warming strategy, calcium monitoring plan, and early haemorrhage-control consult activation occur automatically, reducing reliance on memory under stress.
8.2 Quality metrics aligned with pathway goals
Metrics should reflect pathway intent: time to haemorrhage control, time to balanced transfusion availability, appropriate MTP activation, avoidance of hypothermia, time to CT for stable patients, time to OR/IR for unstable patients, ventilator days, VTE prophylaxis timeliness, and functional outcomes. Mortality review frameworks, like those used to characterise “why and how” trauma patients die, remain important tools to identify preventable delays and pathway deviations (Callcut et al., 2019).
8.3 Training and simulation
Because many key events are infrequent but high-stakes (massive haemorrhage, traumatic arrest, emergent thoracotomy, REBOA deployment), simulation-based team training is often essential to pathway reliability. Simulation should focus on communication, role clarity, and interface performance rather than only procedural skill.

9. Future directions
The next decade of polytrauma pathway evolution is likely to be shaped by three trends.
First, precision resuscitation will increasingly tailor blood products and coagulation support to individual phenotypes using rapid diagnostics and refined algorithms, building on structured approaches to massive transfusion activation and viscoelastic-guided resuscitation evidence (Shih et al., 2019; Baksaas-Aasen et al., 2021).
Second, prehospital hemostatic strategies will likely expand, but with greater attention to system context and patient selection. The mixed results of prehospital plasma trials underscore that “earlier” is not automatically “better” unless the intervention meaningfully precedes definitive care and matches the patient’s physiologic need (Sperry et al., 2018; Moore et al., 2018). Likewise, continued research will refine when prehospital TXA provides net benefit in severe trauma, informed by contemporary trials (PATCH-Trauma Investigators, 2023; CRASH-3 Trial Collaborators, 2019).
Third, hybrid trauma platforms—integrating imaging, endovascular capabilities, and operative teams—may reduce handoff delays for bleeding control. However, such platforms require careful pathway engineering to prevent technology-driven delays and to maintain time-to-definitive control as the primary objective.

10. Conclusions
1. Polytrauma outcomes improve most when care is organised as a single, continuous pathway—linking prehospital services, emergency resuscitation, operative/interventional haemorrhage control, and ICU management—rather than as disconnected episodes of care.
2. The earliest priority across all settings is rapid recognition of life-threatening haemorrhage and immediate initiation of coordinated haemorrhage-control actions, because time-to-control is a dominant driver of preventable death.
3. Prehospital management is highest impact when it focuses on destination accuracy, compressible haemorrhage control, and selective airway/ventilation interventions that stabilise without delaying transport, while ensuring early communication of physiologic trends and treatments delivered.
4. Emergency department performance depends on parallel processing: simultaneous assessment, vascular access, warming, early availability of blood products, activation of massive transfusion workflows, and rapid escalation to definitive haemorrhage control when shock persists.
5. A physiology-first approach should guide imaging and procedures: stable or stabilised patients benefit from rapid diagnostic clarity, while unstable patients require prioritized hemorrhage control with only the minimum imaging needed to guide immediate action.
6. Hemostatic resuscitation is most effective when it is timely, structured, and adaptable—starting with reliable delivery of balanced blood components when major bleeding is suspected, then refining therapy as physiology and coagulation status evolve.
7. Operative and interventional strategies should follow staged principles: immediate control of bleeding and contamination, abbreviated procedures when physiology is exhausted, and planned transition to definitive repair once perfusion, temperature, and coagulation are restored.
8. Orthopaedic decision-making should be explicitly integrated into the overall resuscitation plan, using temporising fixation in unstable patients and timing definitive fixation based on physiologic readiness and competing injury priorities rather than a fixed clock.
9. ICU care determines whether early resuscitation gains translate into survival with meaningful recovery; priorities include prevention of secondary brain injury, lung-protective ventilation, careful fluid strategy after haemorrhage control, early infection surveillance, and structured mobilisation/rehabilitation planning.
10. Prevention of avoidable complications—particularly venous thromboembolism, ventilator-associated harm, delirium, pressure injuries, and catheter-related complications—should be treated as core pathway goals rather than “later” issues, because they meaningfully shape length of stay and long-term disability.
11. The most common failure points occur at interfaces (EMS-to-ED, ED-to-OR/IR, OR-to-ICU); standardised handoffs, closed-loop communication, and predefined activation triggers reduce delays and improve team alignment under stress.
12. Sustainable improvement requires implementation science: clear protocols, simulation-based team rehearsal, reliable logistics (blood, imaging, OR/IR readiness), continuous audit with feedback, and outcome tracking that includes functional recovery—not only mortality.
13. Future progress is likely to come from more precise patient selection for prehospital interventions, better real-time physiologic and coagulation assessment, and system designs that shorten time to definitive haemorrhage control while reducing iatrogenic injury throughout the care continuum.

11. Limitations
1. This review is a narrative synthesis; despite using an explicit search approach, study selection and emphasis may reflect the author interpretation and may not capture every relevant publication or regional practice variation.
2. Polytrauma is highly heterogeneous (injury patterns, physiology, comorbidities, age, anticoagulant use, and mechanisms), so pathway recommendations cannot be uniformly applied without clinical judgment and local adaptation.
3. Evidence strength is uneven across the continuum: some domains have strong randomised data, while others rely on observational studies, registry analyses, or expert consensus, which may introduce confounding and limit causal inference.
4. Prehospital interventions are particularly context-dependent (transport times, staffing models, availability of blood products, training, and protocols), reducing generalizability between urban and rural systems and between physician-led and paramedic-led services.
5. Many studies prioritise short-term outcomes (mortality, transfusion volumes, time metrics) over long-term functional recovery, neurocognitive outcomes, and quality of life, which are critical for polytrauma survivors.
6. Definitions of “polytrauma,” “hemodynamic instability,” “massive transfusion,” and “damage control” vary across studies and guidelines, complicating direct comparison and synthesis.
7. Implementation barriers—resource constraints, blood product logistics, IR/OR availability, staffing, and communication infrastructure—may limit pathway fidelity even when evidence-based protocols exist.
8. Real-world adherence to protocols is variable; outcomes may reflect system reliability, team experience, and volume rather than the pathway elements alone.
9. Emerging technologies and strategies (advanced endovascular temporization, expanded prehospital transfusion programs, rapid diagnostics) are evolving quickly; conclusions about their optimal use may change as new trials and safety data accumulate.
10. Finally, the review does not provide cost-effectiveness estimates; resource-intensive pathway components may not be feasible everywhere, and local prioritisation is essential.
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