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Gunshot trauma is a growing public health concern worldwide, with significant morbidity and mortality. Effective emergency care is critical in reducing the burden of gunshot trauma. This review aims to summarize current research on best practices for emergency gunshot trauma care, highlighting innovative strategies to enhance patient outcomes. The review examines evidence-based guidelines for initial assessment and triage, hemorrhage control, imaging, and surgical decision-making. The importance of damage control resuscitation, tranexamic acid, and whole blood resuscitation is emphasized. Advances in imaging, surgical techniques, and telemedicine are transforming trauma care. Psychological and ethical considerations, including post-traumatic stress disorder and medicolegal implications, are also discussed. The review concludes that optimizing emergency management of gunshot trauma requires a multifaceted approach, incorporating evidence-based strategies, innovative technologies, and multidisciplinary collaboration.
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Gunshot trauma is a growing public health concern worldwide, with a rising incidence of firearm-related injuries and fatalities [1]. In emergency departments, the management of gunshot trauma poses significant challenges due to the complexity and variability of injuries, limited resources, and high-stakes decision-making [2]. Effective emergency care is critical in reducing morbidity and mortality associated with gunshot wounds (GSWs), with prompt and structured interventions influencing patient outcomes [3].

Recent studies have highlighted the importance of evidence-based strategies in optimizing emergency management of gunshot trauma. For instance, research on damage control resuscitation (DCR) and hemorrhage control has shown promising results in improving survival rates and reducing complications[4],[5]. Moreover, advances in imaging and surgical techniques have enhanced diagnostic accuracy and treatment efficacy [6].

This review aims to summarize current research on best practices for emergency gunshot trauma care, highlighting innovative strategies to enhance patient outcomes. By examining the evidence base for initial assessment and triage, hemorrhage control, imaging, and surgical decision-making, this review seeks to provide a comprehensive framework for optimizing emergency management of gunshot trauma.
[bookmark: _heading=h.8lvgwy4slthn]Epidemiology and Burden of Gunshot Trauma
Firearm-related injuries are a significant global health concern, with far-reaching consequences for individuals, communities, and healthcare systems [7]. Mortality from firearms contributes more than 250,000 deaths each year worldwide [8],[9]. 
The majority of firearm-related deaths, over 50%, occur in just six countries: the United States, Brazil, Mexico, Colombia, Venezuela, and Guatemala [10],[11].
In the United States, 45,222 people died from firearm-related injuries in 2020 [12]. 
Between 2006 and 2015, there were about 198,839 firearm-related emergency department visits for patients under the age of 21 in the United States.  An estimated 11,909 people died after visiting the emergency room [13].

Demographically, young adults and males are disproportionately affected by gunshot trauma [14],[15]. Male aged 15-34 years are disproportionately affected, with homicide being the leading cause of firearm-related deaths, followed closely by suicide[15].
Additionally, socioeconomic factors such as poverty and unemployment contribute to the increased risk of firearm-related injuries [16].
[bookmark: _heading=h.hrpe1cl7a485]Evidence-Based Initial Assessment and Triage
The initial assessment and triage of patients with gunshot trauma are critical in determining outcomes [17]. The American College of Surgeons Committee on Trauma (ACSCOT) recommends the use of the Advanced Trauma Life Support (ATLS) framework for the initial assessment of trauma patients [18]. Triage is the process of prioritizing patients based on the severity of their injuries [19]. The Revised Trauma Score (RTS) and the Injury Severity Score (ISS) are commonly used trauma scoring systems [20]. The RTS assesses the patient's Glasgow Coma Scale (GCS) score, systolic blood pressure (SBP), and respiratory rate (RR), while the ISS evaluates the severity of injuries in six body regions [21].

The primary survey which is the initial assessment is a systematic evaluation of the patient's airway, breathing, circulation, disability, and exposure (ABCDE approach) as shown in Figure 1 [22],[23]. This approach helps identify life-threatening injuries and prioritizes interventions. Intubation strategies and cervical spine precautions are critical in maintaining a patent airway [24]. The use of video laryngoscopy and rapid sequence intubation (RSI) can facilitate airway management [25].

Detection and management of pneumothorax and hemothorax are essential in maintaining adequate oxygenation and ventilation [26]. The use of chest ultrasound and thoracostomy can aid in diagnosing and managing thoracic injuries. Identifying hemorrhagic shock and implementing resuscitation strategies are critical in maintaining circulatory function. The use of tourniquets, hemostatic dressings, and tranexamic acid (TXA) can aid in controlling hemorrhage [27].

Neurological assessment using the Glasgow Coma Scale (GCS) and spinal injury evaluation are essential in identifying neurological deficits [28]. The use of point-of-care ultrasound (POCUS) can aid in evaluating spinal injuries. Point-of-care ultrasound (POCUS) has become an essential tool in the initial assessment of trauma patients [29],[30]. The Focused Assessment with Sonography for Trauma (FAST) and extended FAST (eFAST) exams can aid in evaluating abdominal, thoracic, and spinal injuries [31].
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Figure 1. ABCDE Algorithm: A: Airways, B: Breathing, C: Circulation, D: Disability-rapid neurological assessment, E: Exposure. Source: Thim et al., 2012.

[bookmark: _heading=h.56qq8hbsvtmi]Hemorrhage Control and Damage Control Resuscitation (DCR)
Hemorrhage control is a critical component of emergency gunshot trauma care, as uncontrolled bleeding is a leading cause of preventable death [32]. Effective hemorrhage control strategies can significantly improve survival rates and reduce complications. Prehospital hemorrhage control is crucial in reducing blood loss and improving patient outcomes [33]. Tourniquets, hemostatic dressings, and junctional hemorrhage techniques have been shown to be effective in controlling hemorrhage in prehospital settings [34]. The use of tranexamic acid (TXA) in prehospital settings has also been studied. The CRASH-2 trial demonstrated a significant reduction in mortality with TXA administration [35].
Similarly, the MATTERs trial showed improved outcomes with prehospital TXA administration [36].

Massive transfusion protocols (MTP) are critical in managing severe hemorrhage in trauma patients [37],[38]. When a patient presents with vital signs indicating significant blood loss, such as a systolic blood pressure (SBP) less than 70 mmHg or an SBP between 71-90 mmHg with a heart rate over 108 bpm, activation of MTP is crucial. This is particularly true for patients with major injuries like penetrating torso wounds, major pelvic fractures, or findings of hemorrhage in multiple regions on a FAST (Focused Assessment with Sonography in Trauma) exam. To address these, transfusing 4 units of red blood cells (RBC) and 2 units of fresh frozen plasma (FFP), which follows current guidelines emphasizing balanced blood component therapy (1:1:1 ratio) to improve outcomes in hemorrhagic shock is recommended [38].
Damage control surgery (DCS) is another critical strategy in managing severe hemorrhage and contamination in trauma patients. DCS involves rapid surgical intervention to control hemorrhage and prevent further injury [39]. Endovascular techniques, such as resuscitative endovascular balloon occlusion of the aorta (REBOA), have also been used to control non-compressible hemorrhage. 
This approach focuses on stabilizing the patient long enough for definitive surgical repair [40].

The debate over permissive hypotension vs. aggressive resuscitation continues, with some studies suggesting improved outcomes with permissive hypotension [41]. In these cases, ongoing monitoring of coagulation status via rapid tests, like the Citrated Rapid TEG, is essential. This helps guide subsequent transfusions of FFP, platelets, or cryoprecipitate based on factors such as the clotting time (ACT), clot strength (MA), and fibrinolysis (LY30). Additionally, the use of TXA has proven to be beneficial, particularly in patients with high rates of bleeding, where further reassessment ensures that treatment can be modified accordingly [42].
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Figure 2: Goal-directed Massive Transfusion Protocol for Trauma. Source: Vigneshwar et al., 2021
[bookmark: _heading=h.du6lmjk080qp]Imaging and Surgical Decision-Making
Imaging plays a critical role in the evaluation and management of gunshot trauma patients. The choice of imaging modality depends on the patient's hemodynamic stability, injury pattern, and clinical suspicion for specific injuries [43]. Consequently, understanding the appropriate use of imaging modalities is essential in guiding surgical decision-making.

Initially, computed tomography (CT) is the preferred imaging modality for evaluating abdominal and thoracic injuries in stable patients. CT angiography can also be useful in evaluating vascular injuries. However, in unstable patients, CT scans may not be feasible, and alternative imaging modalities such as ultrasound or plain radiographs may be used [44].

Subsequently, the decision to pursue non-operative management (NOM) or surgical intervention depends on the patient's clinical presentation, injury pattern, and hemodynamic stability. NOM may be appropriate for patients with minor injuries, while surgical intervention may be necessary for patients with more severe injuries or hemodynamic instability.

Ultimately, a multidisciplinary team approach is essential in the management of gunshot trauma patients [45]. Coordination between emergency physicians, trauma surgeons, radiologists, and other healthcare providers ensures that patients receive timely and effective care.

[bookmark: _heading=h.3eb3xgsexwjv]Management of Neurological and Spinal Gunshot Trauma
Neurological and spinal gunshot trauma requires prompt and specialized care to prevent long-term disability and improve outcomes [46]. The management of penetrating traumatic brain injuries (pTBI) and spinal cord injuries (SCI) involves a multidisciplinary approach, including emergency physicians, trauma surgeons, neurosurgeons, and rehabilitation specialists.

The stabilization of patients with pTBI involves securing the airway, breathing, and circulation (ABCs), followed by a thorough neurological assessment. Decompressive craniectomy and intracranial pressure (ICP) monitoring may be necessary to manage elevated ICP and prevent further brain injury [47]. Prognostic indicators for survival and neurological outcomes in pTBI patients include the Glasgow Coma Scale (GCS) score, pupillary reactivity, and imaging findings [48].

The treatment of spinal gunshot wounds involves a thorough spinal evaluation, including plain radiographs, computed tomography (CT), and magnetic resonance imaging (MRI) [49]. Surgical intervention may be necessary to stabilize the spine, decompress the spinal cord, and prevent further injury. The role of corticosteroids in acute spinal trauma remains controversial, with some studies suggesting improved outcomes with methylprednisolone administration, while others have failed to demonstrate a significant benefit [50]. However, early intervention and rehabilitation are critical in optimizing outcomes for patients with neurological and spinal gunshot trauma. 
[bookmark: _heading=h.up66nqoilwbo]Infection Control and Critical Care Considerations
Infection control and critical care considerations are crucial in the management of gunshot trauma patients. The risk of wound infections and sepsis is high in these patients, and prompt intervention is necessary to prevent these complications [51]. To mitigate this risk, prophylactic antibiotics are often administered, with the choice of antibiotic depending on the type of wound, the patient's medical history, and local antibiotic resistance patterns.

Critically injured gunshot trauma patients require close monitoring and management in the intensive care unit (ICU). In the ICU, ventilatory strategies, sedation, pain management, and deep vein thrombosis (DVT) prophylaxis are critical components of care [52]. Mechanical ventilation is often necessary, and the use of lung-protective ventilation strategies, such as low tidal volume ventilation, can reduce the risk of ventilator-induced lung injury [53].

Furthermore, sedation and pain management are critical components of ICU care in gunshot trauma patients. The use of sedation and pain management protocols can reduce the risk of delirium and improve patient outcomes [54]. Additionally, Deep Vein Thrombosis (DVT) prophylaxis, using pharmacological or mechanical methods, is essential in preventing venous thromboembolism [55].
[bookmark: _heading=h.xpub0dzacm5p]Psychological and Ethical Considerations in Gunshot Trauma
Gunshot trauma has significant psychological and ethical implications for both patients and healthcare providers. The emotional toll of treating firearm-related injuries can lead to emotional exhaustion, caregiver distress, and secondary traumatic stress [56]. Post-traumatic stress disorder (PTSD) is a common psychological sequela in gunshot survivors, with prevalence of 20% for men and 36% for women [57]. 
Healthcare providers, particularly those in emergency departments, are also at risk of developing PTSD and other mental health disorders due to repeated exposure to traumatic events [58]. Decision-making in non-survivable injuries poses significant ethical challenges, particularly in cases where patients or their families request aggressive interventions. Furthermore, healthcare providers must navigate medicolegal considerations, such as mandatory reporting laws for firearm-related injuries [59]. Providing psychological first aid (PFA) is essential in supporting patients and families affected by gunshot trauma [60]. PFA involves offering emotional support, reassurance, and practical assistance to individuals in crisis. Healthcare providers can also benefit from mental health support, such as peer support groups and stress management training. By acknowledging the psychological and ethical implications of gunshot trauma, healthcare providers can better support their patients and themselves, ultimately improving outcomes and reducing the risk of emotional exhaustion and caregiver distress.
[bookmark: _heading=h.s3i6egjfbx73]Advances and Future Directions
The management of gunshot trauma is an evolving field, with ongoing research and innovation aimed at improving patient outcomes [61]. Emerging technologies, telemedicine, and simulation-based learning are some of the exciting developments that hold promise for enhancing trauma care. Artificial intelligence (AI) and machine learning (ML) are being explored for their potential to improve trauma assessment and triage. Automated triage tools, powered by AI and ML algorithms, can help prioritize patients and optimize resource allocation [62], [63].

Portable hemostatic devices and battlefield-inspired trauma care techniques are also being developed to improve hemorrhage control and resuscitation [64]. These innovations have the potential to reduce morbidity and mortality in gunshot trauma patients. Furthermore, telemedicine and remote trauma consultation are becoming increasingly popular, enabling real-time expert guidance and consultation. Virtual platforms can facilitate communication between trauma teams, reducing errors and improving patient outcomes [65].

Simulation-based learning is also an effective way to train healthcare professionals in trauma care. High-fidelity trauma simulation can improve teamwork, communication, and decision-making skills, ultimately enhancing patient outcomes [66]. Standardized protocols and checklists can also improve trauma care, reducing errors and improving patient outcomes [67]. Ongoing research and innovation in these areas will continue to shape the future of trauma care.
[bookmark: _heading=h.l1zund22es9z]Conclusion 
The optimization of emergency management of gunshot trauma necessitates a multifaceted approach that incorporates evidence-based strategies, innovative technologies, and multidisciplinary collaboration. The importance of rapid, structured interventions in A&E settings cannot be overstated, as timely hemorrhage control, imaging, and surgical decision-making are critical determinants of patient outcomes.

The implementation of damage control resuscitation, tranexamic acid, and whole blood resuscitation has been shown to improve outcomes in trauma patients. Furthermore, adherence to evidence-based guidelines can significantly reduce morbidity and mortality in trauma patients. The integration of artificial intelligence, telemedicine, and simulation-based learning can also enhance patient outcomes and improve the efficiency of trauma care.

However, despite these advances, significant challenges persist in the management of gunshot trauma. The psychological and ethical considerations in gunshot trauma care require further research and attention, as healthcare providers and patients alike are affected by these injuries. Ultimately, optimizing emergency management of gunshot trauma requires continued training, policy updates, and multidisciplinary collaboration among healthcare providers, policymakers, and researchers.
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