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Abstract

Trauma surgery in emergency medicine is a crucial component in managing severe injuries and
improving patient survival. This paper explores the evolving trends and best practices in trauma care,
focusing on the role of trauma scoring systems, minimally invasive surgery (MIS), and disparities in
care across different regions. Trauma scoring systems, such as the Injury Severity Score (ISS),
Revised Trauma Score (RTS), and Emergency Surgery Score (ESS), are vital tools in guiding clinical
decisions and predicting outcomes. The integration of MIS, combined with Enhanced Recovery After
Surgery (ERAS) protocols, has revolutionized trauma surgery by reducing recovery times and
minimizing postoperative complications. However, challenges persist, especially in low-resource
settings where trauma care systems may be underdeveloped. Disparities in access to advanced care
and technology contribute to poorer outcomes in low-income countries. Simplified trauma scoring
systems, like CRAMS and KTS, have shown promise in these regions. The study emphasizes the need
for ongoing research and innovation, including the use of artificial intelligence to enhance trauma care
systems globally. Collaborative efforts between high- and low-income countries are essential to
address these disparities and improve outcomes for all trauma patients.

Keywords: Trauma surgery, Emergency medicine, Trauma scoring systems, minimally invasive
surgery (MIS), Enhanced Recovery After Surgery (ERAS), Disparities in trauma care

1. Introduction

Trauma surgery is a cornerstone of emergency medicine, directly impacting patient survival and
recovery in the aftermath of severe injury. The landscape of trauma surgery has evolved significantly
over the past few decades due to advances in surgical techniques, technology, and prehospital trauma
care. Trauma remains one of the leading causes of morbidity and mortality worldwide, with road
traffic accidents, falls, and violence being the most prevalent causes of traumatic injuries (AlSowaiegh
et al., 2021). As the number of trauma patients increases globally, particularly in high-income
countries, healthcare systems must continually adapt to meet the growing demand for trauma care.
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The management of trauma in emergency medicine is a complex process that involves a
multidisciplinary approach, with trauma surgeons, emergency physicians, anesthesiologists, and
nursing staff collaborating to provide optimal care. The primary goals are to stabilize the patient,
control hemorrhage, prevent infection, and ensure that the injured body part is repaired to restore
function and minimize complications. This level of care requires immediate decision-making, often
under significant time pressure, and with a limited amount of available information. As a result,
trauma scoring systems have become integral tools in triage, guiding clinicians in determining the
severity of injuries and the best course of action for each patient. In the context of trauma surgery, the
need for precise and effective trauma scoring systems has grown. Trauma scoring systems, such as
the Injury Severity Score (ISS), the Revised Trauma Score (RTS), and the Emergency Surgery Score,
have become widely accepted to quantify the severity of injuries and predict outcomes. These systems
aim to assist clinicians in identifying patients who need immediate life-saving interventions and those
who may benefit from more conservative management. The use of these scoring systems has allowed
trauma teams to triage patients more effectively, thus improving the efficiency of emergency care and
enhancing patient survival rates.

1.1 Research Objectives

This research aims to:

e Analyze the role of trauma scoring systems in improving patient outcomes in emergency surgery.

o Explore the integration of advanced surgical techniques such as minimally invasive surgery (MIS)
in emergency trauma care.

o Examine the disparities in trauma care across high-income and low-income settings and propose
potential solutions.

2. Literature Review

2.1 Trauma Scoring Systems

Trauma scoring systems are essential tools that have significantly contributed to the improvement of
trauma care in emergency medicine. These systems have become integral to the triage process, helping
clinicians assess the severity of injuries, guide decision-making, and predict patient outcomes. Trauma
scoring systems, such as the Emergency Surgery Score (AlSowaiegh et al., 2021), Injury Severity
Score (ISS), and the Revised Trauma Score (RTS), are used in clinical settings to evaluate the severity
of trauma and the potential for recovery or complications. Their application ensures that patients
receive the appropriate level of care based on their injury severity. These scoring systems serve as
benchmarks for clinicians to prioritize cases, determine the need for surgery, and optimize the
management of resources in busy emergency departments.

The Injury Severity Score (ISS) is one of the most widely used trauma scores and is designed to
quantify the severity of injuries. The ISS is calculated by summing the squares of the highest
Abbreviated Injury Scale (AIS) scores in each of three body regions. It has been found to be a reliable
predictor of outcomes in trauma patients, with higher ISS scores correlating with increased mortality
rates and the need for intensive care (Galvagno et al., 2019). However, while the ISS is a valuable
tool, it is not without its limitations. For example, it does not account for physiological parameters
such as heart rate or blood pressure, which can be critical in evaluating trauma patients (Kaafarani et
al., 2020). As a result, there has been a call for the integration of additional scoring systems that
incorporate these factors to improve the accuracy of trauma predictions. The Revised Trauma Score
(RTS) is another widely utilized trauma score that takes into account physiological parameters such
as Glasgow Coma Scale (GCS) score, systolic blood pressure, and respiratory rate. Studies have
shown that RTS is particularly effective in prehospital settings, where paramedics must quickly
determine the severity of injuries and the need for immediate surgical intervention (Galvagno et al.,
2019). RTS is often used in conjunction with the ISS to provide a more comprehensive assessment of
trauma patients. However, some critics argue that the reliance on GCS can limit its applicability,
especially in patients with head injuries where GCS may not fully reflect the severity of the condition
(AlSowaiegh et al., 2021).
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More recently, the Emergency Surgery Score (ESS) has emerged as an important tool for trauma
surgeons. This score is based on factors such as the patient's clinical condition, vital signs, and injury
mechanism, making it a more holistic approach to predicting surgical outcomes. A retrospective study
by AlSowaiegh et al. (2021) highlighted the ESS as a valuable tool across multiple surgical specialties,
showing its capacity to predict outcomes in emergency surgery settings. The ESS has been validated
in various trauma settings, proving to be a reliable predictor of mortality and morbidity, helping
clinicians prioritize surgical intervention and care. However, while promising, ESS has yet to achieve
universal acceptance, and further studies are necessary to establish its place in routine clinical practice.
As trauma care continues to evolve, researchers are exploring the integration of artificial intelligence
and machine learning into trauma scoring systems to improve their predictive accuracy. Advances in
computational models can incorporate a greater number of variables, from laboratory results to
imaging findings, thus providing a more nuanced view of trauma severity. Although these methods
show great potential, their implementation is still in the developmental stages, and large-scale studies
are needed to evaluate their effectiveness in real-world trauma care.

2.2 Minimally Invasive Surgery in Emergency Trauma Care

Minimally invasive surgery (MIS) has dramatically changed the landscape of trauma surgery in
emergency medicine. Traditionally, trauma surgery has been associated with extensive open
procedures, especially for abdominal and chest injuries, which are often complicated by prolonged
recovery times, significant blood loss, and high rates of postoperative complications. However, the
introduction of MIS techniques, such as laparoscopic surgery, has greatly improved patient outcomes
by reducing the invasiveness of the procedures and enhancing recovery times (Moparthi et al., 2024).
The benefits of MIS in trauma surgery are particularly evident in abdominal trauma cases, where
laparoscopic surgery has become a preferred option for many trauma surgeons. MIS allows for smaller
incisions, which reduce the risk of infection and decrease postoperative pain, leading to shorter
hospital stays and quicker returns to normal function (Moparthi et al., 2024). Furthermore, MIS has
been shown to improve the accuracy of surgical interventions by providing high-definition imaging
of internal structures, which is essential in trauma care where rapid assessment and precise repair are
crucial.

The implementation of Enhanced Recovery After Surgery (ERAS) protocols alongside MIS has
further revolutionized trauma care. ERAS protocols emphasize early mobilization, optimized
nutrition, and a multimodal approach to pain management, all of which contribute to faster recovery
and fewer complications (Moparthi et al., 2024). A study by Kaafarani et al. (2020) demonstrated that
when ERAS protocols were combined with MIS for trauma patients, the length of hospital stay was
significantly reduced, and the incidence of complications such as infections and respiratory issues was
lower compared to traditional open surgery. Despite these advancements, the integration of MIS in
emergency trauma surgery is not without challenges. The learning curve associated with laparoscopic
techniques can be steep, and many trauma surgeons may be hesitant to adopt these methods,
particularly in high-pressure emergency settings where speed and experience are paramount.
Moreover, in certain trauma cases, especially when extensive internal injuries are involved, open
surgery may still be necessary. Therefore, a blended approach that combines both MIS and traditional
surgery based on the specific needs of the patient is often recommended.

2.3 Disparities in Trauma Care

While trauma care has improved globally, significant disparities persist between high-income and
low-income countries, particularly in the areas of trauma triage, surgical interventions, and post-
operative care. Trauma is the leading cause of death among individuals aged 1 to 44 worldwide, and
many of these deaths occur in low-income countries where access to healthcare resources is limited.
According to Hoogervorst et al. (2020) and Joshipura & Gosselin (2020), the burden of trauma is
disproportionately high in resource-limited settings, where hospitals often lack the necessary
equipment, trained personnel, and trauma care protocols to provide adequate care.
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In these low-income settings, the lack of advanced trauma scoring systems like the ISS or RTS poses
a major challenge. Basic trauma care often relies on subjective clinical judgment rather than objective
metrics, leading to inconsistent and potentially dangerous management decisions. To address these
issues, simpler trauma scoring systems, such as the KTS (Kern Trauma Score) and CRAMS (Clinical
Risk and Assessment Model Score), have been introduced in resource-limited settings (Peng et al.,
2017). These systems are designed to be simple and easy to implement in environments with limited
resources, making them an ideal solution for countries with constrained healthcare systems. KTS, for
example, uses just a few clinical parameters, such as age, Glasgow Coma Scale score, and systolic
blood pressure, to predict mortality and guide treatment decisions. Although these scores are less
comprehensive than more advanced trauma scores, they have proven to be effective in improving
patient outcomes in these settings. Additionally, improving access to trauma care in low-resource
settings requires a multi-faceted approach. Efforts to train healthcare professionals in basic trauma
care and triage, improve infrastructure, and provide more affordable surgical equipment are all critical
to addressing these disparities. Furthermore, increasing the availability of telemedicine and mobile
health technologies can help bridge the gap in trauma care, particularly in rural and underserved areas.
By implementing these solutions, healthcare systems in low-income countries can reduce trauma-
related mortality and improve patient outcomes. While significant strides have been made in trauma
surgery and emergency medicine, ongoing challenges remain, particularly in addressing the disparities
in trauma care across different socioeconomic contexts. It is imperative that both high-income and
low-income countries continue to refine their trauma care systems to ensure that all patients,
regardless of geographic location, have access to timely, effective care.

Table 1. Comprehensive Trauma Surgery and Emergency Care Comparison Table

Category Subcategor | High- Low- Challenges Potential | Referenc
y Income Income in Low- | Solutions | e
Countries | Countries Income
Settings
Trauma Injury Widely Limited Requires Implement | Galvagno
Scoring Severity used in | adoption detailed simpler et al.,
Systems Score (ISS) | trauma anatomical scoring 2019
centers scoring, not | systems
ideal for field
triage
Revised Effective | Rarely used | Requires Training Kaafarani
Trauma n due to lack of | GCS first et al.,
Score prehospita | equipment assessment, responders | 2020
(RTS) 1 & ED which may be | in RTS
settings difficult  in | applicatio
untrained n
settings
Emergency | Predicts Minimal Not Research | AlSowaie
Surgery surgical implementati | standardized | and gh et al,
Score (ESS) | outcomes | on globally validation | 2021
effectively in diverse
settings
CRAMS Used in | Preferred in | Lacks Further Peng et
Score some low-resource | precision for | research to | al., 2017
prehospita | settings complex improve
1 triage trauma cases | its
systems accuracy
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Prehospital | Emergency | Ambulanc | Limited Delayed Increase Hoogervo
Care Medical e EMS transport governme | rst et al.,
Services networks, | infrastructur | times, lack of | nt 2020
(EMS) air medical | e emergency investment
transport response in EMS
teams
Triage & | Al- Manual, High risk of | Develop Ferre et
Field assisted subjective misclassificat | mobile al., 2022
Assessment | triage and | assessments | ion of trauma | health
telemedici severity tools  for
ne support triage
Surgical Open Performed | Most High Improve Moparthi
Techniques | Surgery when common infection aseptic et al.,
(Laparoto | necessary | method due | rates, techniques | 2024
my, for major | to lack of | prolonged , increase
Thoracoto | trauma MIS tools hospital stays | access to
my, antibiotics
Craniotom
y)
Minimally | Standard | Limited High cost of | Training Moparthi
Invasive for availability | equipment, programs | et al.,
Surgery abdominal lack of trained | and 2024
(MIS) & thoracic surgeons affordable
trauma laparoscop
ic
equipment
Hybrid Used Rarely Requires both | Develop Kaafarani
Surgery selectively | available MIS and open | trauma et al.,
(MIS + | for severe surgery care 2020
Open) trauma expertise fellowship
cases S for
surgeons
Robotic- Available | Not Extremely Research | Jiang et
Assisted in available high cost and | into cost- | al., 2023
Surgery advanced lack of | effective
trauma expertise alternative
centers S
Postoperati | ICU & | Al-based | Limited ICU | High Increase Ferre et
ve Care Recovery monitorin | beds, mortality due | ICU al., 2022
g, inadequate to lack of | capacity,
ventilator | monitoring | critical care low-cost
access monitorin
g solutions
Enhanced | Standard Rarely Limited Global Moparthi
Recovery for  MIS | implemented | awareness & | training et al.,
After procedures training in | programs | 2024
Surgery ERAS for trauma
(ERAS) surgeons
Protocols
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Trauma Blood Blood Shortage of | High Develop Hoogervo
Care Transfusio | banks & | blood supply | mortality communit | rst et al.,
Disparities | n & | advanced from y  blood | 2020
Hemorrhag | transfusio hemorrhage donation
e Control n protocols programs
Access to | Readily Inconsistent | High rates of | Strengthen | Joshipura
Essential available | access to | infection & | supply &
Medication | pain basic drugs | inadequate chain Gosselin,
S manageme pain relief networks | 2020
nt &
antibiotics
Technology | Artificial Al-driven | Minimal Lack of high- | Research | Jiang et
& Intelligence | predictive | application | quality into low- | al., 2023
Innovation |in Trauma | models in | due to cost & | trauma data cost Al
Care use training solutions
needs
Telemedici | Used for | Rarely Poor internet | Investmen | Ferre et
ne for | remote available access, lack |t in mobile | al., 2022
Trauma consultatio of telehealth | health
Manageme | ns infrastructure | technologi
nt €s
Workforce | Trauma Sufficient | Shortage of | Lack of | Develop Joshipura
& Training | Surgeon specialists | trained formal trauma | regional &
Availability | in trauma | surgeons surgery trauma Gosselin,
centers training training 2020
programs
EMS & | Routine Minimal Inadequate Establish | Hoogervo
Prehospital | paramedic | prehospital | trauma emergency | rst et al.,
Training certificatio | trauma stabilization | responder | 2020
n training in the field education
programs
Policy & | Governme | Structured | Fragmented | Lack of | Policy Joshipura
Research nt trauma emergency funding, reforms & | &
Investment | networks | response political increased | Gosselin,
in Trauma systems barriers global 2020
Care partnershi
ps
Trauma Al & | Limited Heavy Increase Jiang et
Research & | machine research reliance  on | collaborati | al., 2023
Clinical learning funding outdated on
Trials research in protocols between
trauma high- &
care low-
income
countries

3. Methodology

3.1 Research Design

This study employs a narrative review approach, synthesizing findings from relevant research articles
to provide insights into the current practices in trauma surgery. A particular focus is placed on the
application of trauma scoring systems, emerging technologies in trauma care, and the intersection of
prehospital care and surgical intervention.
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3.2 Data Collection

The research methodology involves a systematic review of literature, including retrospective studies,
clinical trials, and prospective observational research, focusing on trauma surgery in emergency
medicine. Data sources include PubMed, Google Scholar, and other academic databases that feature
peer-reviewed studies related to trauma surgery practices, scoring systems, and outcomes. Key studies
from authors such as AlSowaiegh et al. (2021), Kaafarani et al. (2020), and Galvagno et al. (2019)
have been included to provide a comprehensive understanding of the current state of trauma surgery.

4. Findings and Discussion

4.1 Trauma Scoring Systems: Impact and Validation

Trauma scoring systems are essential tools that have been integrated into trauma care protocols
worldwide to assess the severity of injury and guide clinical decision-making in emergency settings.
These systems, such as the Injury Severity Score (ISS), the Revised Trauma Score (RTS), and the
Emergency Surgery Score (ESS), help prioritize patient care, triage injuries, and predict patient
outcomes (AlSowaiegh et al., 2021). The implementation of these scoring systems is particularly
critical in environments like emergency departments, where the rapid assessment and prioritization of
care can significantly impact patient survival and recovery rates (Galvagno et al., 2019). While these
scoring systems have been validated in multiple trauma settings, their application in real-world
clinical settings can face several challenges, including the variability of trauma cases, lack of
standardization, and discrepancies in the availability of resources.

The Emergency Surgery Score (ESS), developed by AlSowaiegh et al. (2021), is one of the most
prominent scoring systems for predicting patient outcomes in trauma surgery. The ESS is
multifactorial and includes clinical parameters such as patient age, Glasgow Coma Scale (GCS) score,
heart rate, and injury mechanism. These factors are combined to estimate the likelihood of adverse
outcomes, such as mortality or the need for surgical intervention. This system has been validated
through large-scale, retrospective studies, and has been shown to be an effective tool for predicting
outcomes in emergency surgery across multiple surgical specialties (AlSowaiegh et al., 2021). The
simplicity of the ESS makes it a valuable tool in resource-limited settings and high-pressure
environments, where decision-making must be rapid. However, its widespread implementation
remains a challenge, largely due to the lack of standardization in its application across diverse trauma
care settings (Kaafarani et al., 2020). This inconsistency hinders the universal adoption of ESS, which
limits its potential as a global tool for emergency trauma care.

Another widely used scoring system is the Revised Trauma Score (RTS), which incorporates
physiological parameters such as GCS, systolic blood pressure, and respiratory rate (Galvagno et al.,
2019). The RTS was specifically designed to help clinicians assess the severity of trauma in the
prehospital and emergency department settings. By evaluating these critical physiological indicators,
the RTS provides an objective measure of a patient's condition, which is essential for determining the
necessary level of care. Galvagno et al. (2019) demonstrated that the RTS can be used effectively for
patient triage, as it helps predict patient outcomes, including survival and the need for intensive care.
Despite its benefits, the RTS has some limitations, particularly in its reliance on GCS to evaluate
neurological function. In patients with severe head injuries, GCS may not always accurately reflect
the severity of the condition, leading to potential misjudgments in triage (AlSowaiegh et al., 2021).
Despite these challenges, the RTS continues to be widely used in emergency departments worldwide
and remains a cornerstone of trauma care. Additionally, the Injury Severity Score (ISS) has been one
of the most commonly used trauma scores for over four decades. The ISS is a comprehensive scoring
system that evaluates the severity of injuries in different body regions and provides an overall score
based on the worst injuries in three body areas. This score is predictive of mortality, morbidity, and
the length of hospital stay (DiMaggio et al., 2017). The ISS has been validated in numerous trauma
studies and has become a standard for assessing trauma severity in clinical and research settings.
However, like the RTS, the ISS does not account for important physiological factors, such as shock
or hypotension, which can influence patient outcomes (Kaafarani et al., 2020). Moreover, the ISS is
less effective in prehospital settings because it requires detailed knowledge of the specific injuries
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sustained, which may not always be available in the field (Kaafarani et al., 2020). Despite these
limitations, the ISS remains one of the most widely used trauma scoring systems, and it continues to
be integral in trauma research and clinical care.

In recent years, there has been a growing emphasis on improving the accuracy and applicability of
trauma scoring systems, particularly with the advent of advanced technologies and data analytics.
Researchers have begun exploring the use of artificial intelligence (AI) and machine learning (ML)
to enhance trauma scoring systems. By analyzing large datasets from trauma patients, Al can help
develop predictive models that incorporate a wider range of variables, such as laboratory results,
imaging findings, and genetic data. These advances have the potential to improve the precision of
trauma scoring systems and make them more adaptable to a wider variety of clinical scenarios (Jiang
et al., 2023). Although these technologies hold great promise, their integration into clinical practice is
still in the experimental stage. Further studies are needed to evaluate the effectiveness of Al-powered
trauma scores and their ability to provide more accurate and individualized predictions of patient
outcomes (Moparthi et al., 2024). One notable study by Kaafarani et al. (2020) provided further
validation for the ESS in the context of emergency general surgery. In this prospective study, the
authors assessed the predictive accuracy of the ESS in a multicenter trauma setting, confirming its
utility as a prognostic tool. This validation study showed that the ESS was able to predict both
mortality and morbidity in trauma patients, making it an important tool for trauma surgeons. Kaafarani
et al. (2020) argued that the ESS's ability to incorporate both clinical parameters and injury
mechanisms provides a more comprehensive assessment of trauma patients than traditional scoring
systems like the ISS or RTS. Despite its strengths, the study also acknowledged that the ESS requires
further validation in more diverse settings before it can be universally implemented in trauma care
protocols. Another significant contribution to the field of trauma scoring systems comes from
Galvagno et al. (2019), who conducted a study examining the correlation between the RTS and the
ISS in prehospital trauma triage. Their findings showed that both scores had a high degree of
correlation, which suggested that these systems could be used interchangeably in some cases.
However, they also highlighted the importance of incorporating other factors, such as patient age,
comorbidities, and pre-existing conditions, into trauma scoring to improve its predictive accuracy.
This conclusion underscores the need for continuous refinement of trauma scoring systems to better
reflect the complexities of individual patients (Galvagno et al., 2019).

Table 2. Impact and Validation of Trauma Scoring Systems

Scoring System | Impact Validation Reference
Injury Severity | Standardized trauma | Validated in multiple trauma | Galvagno et al.,
Score (ISS) assessment, widely used | studies, strong correlation | 2019; Kaafarani
in hospitals and research | with mortality and ICU | etal., 2020
for mortality prediction admission rates
Revised Trauma | Rapid triage tool for | Proven predictive ability for | Galvagno et al.,
Score (RTS) prehospital and | survival but limited in cases | 2019;
emergency settings, | of severe head trauma due to | AlSowaiegh et
prioritizes critical patients | reliance on GCS al., 2021
Emergency Guides surgical decision- | Multicenter validation | AlSowaiegh et
Surgery  Score | making, predicts | studies confirm accuracy | al., 2021;
(ESS) complications and | across various emergency | Kaafarani et al.,
mortality risk surgeries 2020
Kern Trauma | Simplified trauma score | Shown to improve triage but | Peng et al., 2017
Score (KTS) for resource-limited | less precise than ISS & RTS
settings, useful for quick [ in  predicting long-term
assessment outcomes
CRAMS Score Quick prehospital | Effective for field triage but | Peng et al., 2017
assessment  tool  for | lacks high accuracy in severe
emergency responders trauma cases
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Trauma and | Combines ISS, RTS, and | Highly validated for | Kaafarani et al.,
Injury Severity | patient age to refine | mortality prediction but | 2020
Score (TRISS) trauma prognosis complex to calculate
manually
Glasgow Coma | Measures  neurological | Strong correlation with head | Galvagno et al.,
Scale (GCS) impairment in  head | trauma outcomes but does | 2019
injuries, used globally not assess non-neurological
injuries
Pediatric Designed for pediatric | Proven effective for pediatric | DiMaggio et al.,
Trauma  Score | trauma patients, adjusts | triage but lacks adult trauma | 2017
(PTS) for body size and | application
physiology
Modified Early | Helps predict patient | Good sensitivity for early | Kim et al., 2021
Warning Score | deterioration in trauma | detection of critical cases but
(MEWS) and emergency settings lacks specificity for major
trauma
National Early | Used in  emergency | Validated for early | Mitsunaga et al.,
Warning Score | departments for early | recognition of critical illness, | 2019
(NEWS) trauma intervention but not trauma-specific
Triage Early | Prioritizes patients based | Validated in some trauma | Torun & Durak,
Warning Score | on trauma severity settings, but less predictive in | 2019
(TEWS) complex cases
Severe Trauma | Helps predict | Requires  imaging  data, | Jiang et al., 2023
Score (STS) complications and need | making it impractical for
for ICU admission prehospital use
Bleeding  Risk | Predicts risk of major | Shown to improve | Yang et al., 2021
Index (BRI) hemorrhage in trauma | transfusion decision-making
patients but requires laboratory
results
Artificial Al-driven analysis for | Still in experimental stages; | Jiang et al., 2023
Intelligence (AI) | predicting trauma severity | requires further validation
Trauma Models | and outcomes through large-scale clinical
trials
Automated Al-powered CT/MRI | Highly accurate but costly | Zhangetal., 2022
Imaging-Based analysis ~ for  trauma | and requires advanced
Scoring diagnosis technology
Predictive Uses machine learning to | Early studies show promise, | Jiang et al., 2023
Analytics for | assess trauma survival | but real-world
Trauma probabilities implementation is limited
Outcomes
Hybrid Trauma | Combines ISS, RTS, and | Emerging field, requires | Yuvaraj et al,
Scores (Al + | Al-driven analytics for | further validation for clinical | 2024
Traditional next-generation  trauma | application
Scoring) assessment

Trauma scoring systems, such as the Emergency Surgery Score, Revised Trauma Score, and Injury
Severity Score, play a vital role in trauma care by providing clinicians with objective measures to
assess injury severity and predict patient outcomes. While these systems have proven effective in
many trauma settings, their application is not without challenges. The lack of standardization in their
use, as well as the variability of trauma cases, can complicate their effectiveness in certain clinical
contexts (AlSowaiegh et al., 2021; Kaafarani et al., 2020). As trauma care continues to evolve,
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ongoing research into the development of more precise and adaptable trauma scoring systems,
including the integration of Al and machine learning, holds great promise for improving patient
outcomes in the future.

4.2 The Role of Minimally Invasive Surgery (MIS) in Trauma Care

Minimally Invasive Surgery (MIS) has dramatically transformed trauma care, particularly in cases
involving abdominal injuries. The evolution of MIS techniques has improved both patient outcomes
and recovery times, thus reducing the overall burden of trauma care. Traditional open surgeries, which
require large incisions and longer recovery periods, have been increasingly replaced by minimally
invasive approaches that involve smaller incisions, reduced trauma to surrounding tissues, and quicker
recovery times (Moparthi et al., 2024). This shift towards MIS in trauma care, particularly in
emergency settings, is made possible by advanced imaging technologies such as laparoscopes and
endoscopic equipment that allow surgeons to view and operate on the injury without the need for large
incisions.

The Enhanced Recovery After Surgery (ERAS) protocols, when combined with MIS, have
significantly enhanced patient recovery in trauma settings. ERAS guidelines focus on optimizing
postoperative care through a multidisciplinary approach, including the use of less invasive techniques,
early mobilization, and proper pain management strategies (Moparthi et al., 2024). Studies by
Moparthi et al. (2024) have shown that patients who underwent MIS in combination with ERAS
protocols experienced shorter hospital stays, lower complication rates, and faster recovery compared
to those who underwent traditional open surgeries. The benefits of these combined approaches extend
not only to the physical recovery of patients but also to the healthcare system, which sees reduced
resource utilization and cost savings due to shorter hospital stays and fewer complications.

MIS plays a particularly critical role in trauma surgery for abdominal injuries. Abdominal trauma,
ranging from blunt force to penetrating injuries, has historically been a major area of concern in
emergency trauma surgery. Open abdominal surgeries were often associated with high complication
rates, including infections and prolonged recovery periods (Moparthi et al., 2024). However, with the
advent of MIS techniques such as laparoscopy, surgeons can now perform precise operations with
fewer complications and significantly reduce the physical stress on patients. The minimally invasive
approach allows for smaller incisions, which leads to less blood loss and reduced risk of postoperative
infections. Furthermore, MIS is associated with a reduction in pain and the need for narcotic
analgesics, which accelerates recovery and decreases the risk of opioid dependence (Moparthi et al.,
2024). Moreover, the role of MIS is not confined to only abdominal trauma. It is also increasingly
being applied in other trauma-related surgeries, such as orthopedic trauma and thoracic injuries. MIS
techniques in orthopedic trauma, particularly for fractures and dislocations, allow for the use of
internal fixation devices with minimal disruption to surrounding tissues, which results in faster
recovery and better overall outcomes for patients (Hoogervorst et al., 2020). Similarly, in thoracic
injuries, where traditionally large incisions were needed to access the chest cavity, MIS has enabled
less invasive methods of chest wall stabilization and lung repair. These advancements have brought
about a profound improvement in trauma surgery, not just in terms of immediate outcomes, but in
terms of long-term functionality and quality of life for patients.

Despite the promising benefits of MIS, its integration into trauma care is not without challenges. One
of the major concerns is the availability of specialized equipment and trained personnel in
resource-limited settings. Many developing countries, where trauma cases are often the most severe,
may not have access to the sophisticated technology required for MIS procedures. This creates
disparities in the quality of trauma care between high-income and low-income countries (Joshipura &
Gosselin, 2020). To address this, various studies have suggested the development of simpler, more
cost-effective MIS techniques that can be implemented in low-resource environments. For example,
the use of portable laparoscopes or simpler arthroscopic techniques in orthopedic trauma care could
offer a feasible solution in these settings (Peng et al., 2017).

Another challenge to the widespread adoption of MIS in trauma care is the need for continuous
education and training. Surgeons and emergency care teams need to be well-versed in the latest MIS
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techniques and technologies to effectively implement them in emergency situations. Continuous
professional development programs and simulation-based training could help in overcoming this
barrier and ensure that trauma care providers are equipped with the necessary skills to perform MIS
procedures safely and effectively (Moparthi et al., 2024). Additionally, the cost of MIS remains a
significant factor that hinders its widespread use, particularly in resource-limited settings. While the
initial costs of the specialized equipment and instruments may be high, it is important to consider the
long-term cost savings associated with reduced hospital stays and fewer postoperative complications.
In the context of emergency trauma care, this could be an essential argument in favor of adopting
MIS, as it could reduce the overall cost of care, even though the initial investment may be substantial

(Moparthi et al., 2024).

Table 3: Impact and Validation of Minimally Invasive Surgery (MIS) in Trauma Care
MIS Primary | Advanta | Challenge | Cost Technol | Clinical | Future Refere
Applicati | Use ges s Implicat | ogy Outcom | Develop | nce
on ions Used es ments
Laparosc | Treatment | Reduces | Requires High Laparosc | Faster Al- Mopart
opic of  blunt | infection | specialized | initial opes, recovery, | guided hi et al.,
Surgery | and risk, training, cost but | endosco | lower laparosco | 2024
for penetratin | minimize | limited in | lower pic tools | complica | pic
Abdomin | g s scarring | unstable long- tion rates | surgery
al abdomina patients term
Trauma | | injuries expenses
MIS for | Minimall | Precise Difficult in | Reduces | Advance | Faster Smart Kaafara
Hollow y invasive | intervent | severe hospital | d healing, | robotic ni et al.,
Viscus approach | ion, trauma stay costs | suturing | fewer suturing | 2020
Injury for lower cases devices | adhesion | systems
Repair intestinal | post-op ]

perforatio | pain

ns
Thoracos | Minimall | Shortens | Requires Moderate | Video- Reduced | Al- Hooger
copic y invasive | hospital | advanced | cost assisted | ICU stay, | assisted | vorst et
Surgery | treatment | stay, imaging savings thoracos | faster thoracic | al.,
for Chest | for lung | lowers copy ventilatio | surgery 2020
Trauma |and rib | respirato n

injuries ry recovery

complica
tions

MIS for | Internal Faster Expensive | High Image- Quicker | Robotic- | Hooger
Orthope | fixation of | healing, | implants initial guided mobilizat | assisted | vorst et
dic fractures | less investme | orthoped | ion, fracture al.,
Trauma | with postoper nt, long- | ic tools | better fixation | 2020

minimal ative term functiona

disruption | pain savings 1

outcome
s

Endosco | Minimall | Preserve | Requires High Endosco | Faster Al- Hooger
pic Spine | y invasive | s spinal | high equipme | pic neurolog | assisted | vorst et
Surgery | decompre | stability, | expertise | nt cost cameras, | ical neurosur | al.,
in ssion for | less neural recovery | gery 2020
Trauma | spinal blood monitori

injuries loss ng
MIS for | Minimall | Reduces | Limited High Fluorosc | Better Robotic | Mopart
Pelvic y invasive | complica | access in | upfront opy- pain navigatio | hi et al.,
Fracture | percutane | tions, emergency | costs, but | guided control, |n for | 2024
Fixation preserves | settings cost- early
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ous soft effective | instrume | mobilizat | pelvic
fixation tissue long- nts ion surgery
term
Portable | Trauma Expands | Limited Cost- Portable | Improve | Al- Peng et
Laparosc | surgery in | access to | resources, | effective | laparosc | d driven al.,
opy in | remote MIS lack of | alternativ | opic survival | portable | 2017
Low- and globally | trained e for low- | units in rural | surgery
Resource | underdev personnel | income trauma kits
Settings | eloped regions cases
areas
ERAS Optimize | Reduced | Requires Reduces | Standard | Improve | Al- Mopart
Protocols | d narcotic | patient overall ized d patient | driven hi et al.,
Combine | recovery | use, adherence, | hospitali | ERAS satisfacti | ERAS 2024
d  with | after faster multidisci | zation guideline | on, fewer | customiz
MIS surgery discharge | plinary costs ] complica | ation
approach tions
MIS for | Non- Preserve | Complex | High 3D Decrease | Al-based | Mopart
Solid invasive | s organ | cases may | initial imaging, | d bleeding | hi et al.,
Organ managem | function, | still cost but | laparosc | transfusi | control 2024
Injury ent of | avoids require significa | opic on rates, | systems
(Liver, organ open open nt long- | coagulati | lower
Spleen, trauma surgery | procedures | term on mortality
Kidney) benefits
Robotic- | Precision- | Higher Very Major Robotic | Improve | Al- Jiang et
Assisted | enhanced | accuracy, | expensive, | cost arms, Al- | d integrate | al.,
MIS in | surgery minimal | requires barrier in | enhance | precision | d surgical | 2023
Trauma | for errors highly low- d , Dbetter | robotics
Surgery | complex skilled resource | visualiza | long-
trauma surgeons settings | tion term
cases outcome
s
MIS in | Less Reduces | Requires Moderate | Pediatric | Better Al- DiMag
Pediatric | invasive | recovery | pediatric- | cost, laparosc | cosmetic | driven gio et
Trauma | approach | time, specific justified | opes, outcome | pediatric | al.,
Surgery | for child | minimize | equipment | by miniaturi | s, shorter | MIS 2017
trauma ] scar reduced | zed tools | ICU solutions
patients formatio hospital stays
n stay
MIS for | Minimall | Lowers | Not Cost Fluorosc | Reduced | Al- Mopart
Gunshot | y invasive | risk  of | always varies by | opy, blood guided hi et al.,
Wounds | bullet secondar | feasible procedur | vascular | loss, vascular | 2024
and removal y for severe | e stents fewer stent
Penetrati | and infection | injuries complica | placemen
ng vascular | s tions t
Trauma | repair
MIS for | Repair of | Reduces | Complex | Lower Mesh Fewer Biomech | Mopart
Trauma- | post- post-op | in multi- | long- implants, | complica | anical hi et al.,
Induced | traumatic | pain, organ term cost | endosco | tions, Al- 2024
Hernias | hernias shortens | trauma due to | pic better enhanced
hospital | cases fewer guidance | long- mesh
stays recurrenc term implants
es stability
Cost- Comparis | Reduces | High Cost Al- Demonst | Al- Mopart
Effective | on of MIS | ICU upfront savings driven rated assisted | hi et al.,
ness of | vs. open | admissio | cost from cost lower cost- 2024
MIS in n _ costs, reduced long- effective
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Trauma | surgery lowers remains a | hospital | predictio | term ness
Care costs secondar | barrier stay n models | costs in | analysis
y trauma
complica care
tions
Training | Implemen | Improves | Requires High cost | Virtual Faster Al-based | Mopart
Challeng | tation of | surgical | specialized | of reality adaptatio | personali | hi et al.,
es for | MIS  in | efficienc | training surgical | (VR) n to MIS | zed 2024
MIS trauma y and | programs | simulator | training | techniqu | training
Adoption | settings accuracy S modules | es programs
MIS in | Combat- | Reduces | Limited High Portable | Higher Al- Jiang et
Military | related field availabilit | initial MIS survival | integrate | al.,
Trauma | injury evacuati |y in war | investme | units, Al | rates in |d field | 2023
Care managem | on zones nt  but | diagnosti | battlefiel | surgical
ent with | burden, reduces | cs d injuries | units
minimal increases medical
invasiven | survival evacuatio
ess n costs
Global Differenc | High Cost, lack | Initiative | Portable | Increase | WHO- Joshipu
Dispariti | es adoption | of trained | s are in | MIS d MiIS|led MIS|ra &
es in MIS | between in personnel, | place for | equipme | availabili | initiative | Gosseli
Access high- and | develope | infrastruct | affordabl | nt, ty in|s n, 2020
low- d ure e  MIS | telemedi | developi
income nations, | challenges | solutions | cine ng
countries | limited training | regions
access in
LMICs
Future of | Evolution | Greater | Requires Costs Al- Increasin | Al- Mopart
MIS in | of MIS | precision | more expected | assisted | g driven hi et al.,
Trauma | technique |, research to MIS adoption | predictiv | 2024
Care s with Al | improve | and decline platform | in e
and d developme | with s emergen | analytics
robotics outcome | nt mass cy for MIS
] adoption trauma
settings

The application of MIS techniques in emergency trauma care is likely to continue to grow,
especially as technological advancements lead to the development of more affordable and efficient
tools. As the field of trauma surgery evolves, it is essential that healthcare systems focus on
overcoming barriers to the implementation of MIS, such as equipment costs and training. Doing so
will not only improve the outcomes of trauma patients but will also contribute to more efficient and
sustainable trauma care in emergency settings (Moparthi et al., 2024).

4.3 Addressing Trauma Care Disparities

The disparities in trauma care between high- and low-income countries are stark and well-
documented, leading to significant differences in patient outcomes. Trauma remains a leading cause
of death and disability worldwide, with the highest burden observed in low-resource settings
(Joshipura & Gosselin, 2020). These disparities are particularly evident when considering the
availability of trauma scoring systems, surgical expertise, and essential medical technologies, all of
which contribute to the quality of care provided to trauma patients. Low-income countries often lack
access to advanced trauma care systems and the infrastructure necessary to implement comprehensive
trauma management protocols (Peng et al., 2017). The gap in access to these essential resources can
result in suboptimal care, delayed interventions, and higher mortality rates among trauma patients.
One of the key challenges faced by low-resource settings is the limited access to advanced trauma
scoring systems and the lack of trained personnel who can effectively use these tools. Trauma
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scoring systems such as the Emergency Surgery Score (AlSowaiegh et al., 2021) and the Injury
Severity Score (ISS) have been proven to be valuable tools for guiding triage and decision-making in
emergency settings. However, these systems often require specialized training and resources that are
not readily available in many low-income regions (Joshipura & Gosselin, 2020). To address this issue,
it is crucial to develop simplified, cost-effective trauma scoring systems that can be easily
implemented in low-resource settings. Systems such as CRAMS (Peng et al., 2017), which have been
validated for use in resource-limited environments, offer an example of how trauma care can be
improved through basic, yet effective, scoring tools. CRAMS, a composite score that incorporates
factors such as age, systolic blood pressure, and respiratory rate, can assist healthcare providers in
making initial trauma assessments, especially in emergency settings where immediate decisions are
necessary. Additionally, training local healthcare workers is essential for empowering communities
and ensuring the proper utilization of available trauma care resources. Training healthcare providers
in trauma assessment, basic life support, and the use of simplified trauma scoring systems can
significantly improve patient outcomes. Educational programs and simulation-based training
could help build the capacity of healthcare workers, ensuring they can confidently assess and manage
trauma cases effectively. For example, in regions with limited access to advanced diagnostic tools,
training in clinical judgment, based on the CRAMS or similar scoring systems, can help prioritize the
most critical cases and improve triage decisions (Peng et al., 2017).

Another effective strategy for overcoming these disparities is the implementation of telemedicine
and mobile health technologies. Telemedicine platforms allow healthcare providers in remote or
underserved areas to consult with trauma specialists in real-time, enabling more accurate diagnoses
and treatment decisions. For instance, mobile health applications that provide guidelines on trauma
care and real-time decision-making support can enhance the capabilities of healthcare workers, even
in resource-poor settings. These technologies can bridge the gap by facilitating access to expert
knowledge and improving the quality of care delivered to trauma patients (Ferre et al., 2022). In
addition to these practical solutions, government and international partnerships are essential for
improving trauma care infrastructure in low-resource regions. Governments can allocate resources to
enhance trauma care systems, including the provision of trauma centers, emergency medical services,
and training programs. International organizations, NGOs, and global health initiatives also play a
critical role in providing financial support, training, and resources for trauma care development in
low-income countries. By fostering collaborations between high- and low-income countries,
knowledge and resources can be shared to improve trauma care systems worldwide (Joshipura &
Gosselin, 2020). Furthermore, it is crucial to recognize that socioeconomic factors also influence
trauma outcomes. Poverty, lack of education, and limited access to healthcare can exacerbate the
challenges of providing timely and effective trauma care. Addressing these underlying determinants
of health is key to reducing trauma-related mortality and morbidity in low-income countries. Public
health initiatives aimed at improving education, road safety, and access to healthcare services can
contribute to long-term improvements in trauma care and prevention (Hoogervorst et al., 2020).
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Table 4. Addressing Trauma Care Disparities

Categor | Key High- | Low- Propose | Techno | Cost Clinica | Future | Refere
y Challen | Income | Income | d logy Implicat | 1 Develop | nce
ges Countr | Countr | Solution | Used ions Outco | ments
ies ies s mes

(HICs) | (LICs)
Access | Limited | Well- Few Increase | GPS- High Lower | Al- Joship
to trauma | establis | speciali | trauma based initial mortali | powered | ura &
Trauma | hospital | hed zed center ambula | cost but | ty, trauma | Gosseli
Centers | s in | trauma | trauma | funding | nce long- faster mapping | n, 2020
LICs networ | centers, | & dispatc | term interve
ks mostly | expand h, Al- | savings | ntions
in urban | rural driven
areas trauma triage
units
Emerge | Lack of | Rapid | Delayed | Train Mobile | Moderat | Faster | Smart Ferre
ncy trained | respons | respons | first health | e trauma | EMS et al,
Medical | prehosp | e e times, | responde | apps for | investme | interve | tracking | 2022
Services | ital teams, | lack of | rs, triage nt, high | ntions | systems
(EMS) respond | helicop | trained | impleme impact
ers ter parame | nt
EMS dics communi
ty EMS
networks
Trauma | Comple | ISS, Limited | Develop | Al- Low- Improv | Al- Peng et
Scoring | x RTS, use of | and assisted | cost ed integrate | al.,
Systems | trauma | TRISS | standar | impleme | trauma | impleme | triage d trauma | 2017
scores widely | dized nt severity | ntation accurac | scoring
not used trauma | simplifie | predicti y
suited scores d scores | on
for (e.g.,
LICs CRAMS,
KTS)
Surgical | Lack of | Special | Severe | Internati | Virtual | High for | Improv | Al- Joship
Expertis | trained | ized shortag | onal reality | training | ed assisted |ura &
e trauma | trauma | e of | trauma (VR) but cost- | surgica | surgical | Gosseli
surgeon | surgery | trauma | training | surgical | effective |1 planning | n, 2020
s teams surgeon | programs | training | long- capacit
] , mobile term y
surgical
teams
Prehosp | Delayed | Advanc | Poor Expand | GPS- High Reduce | Drone- | Hooger
ital transpor | ed road ambulan | guided | initial d assisted | vorst et
Trauma | tation prehosp | infrastr | ce emerge | cost, prehos | emergen | al.,
Care and lack | ital ucture, | services, | ncy long- pital cy 2020
of trauma | few develop | dispatc | term mortali | transport
equipm | care ambula | low-cost | h benefits | ty
ent nces emergen
cy
transport
Telemed | Limited | Widesp | Few Invest in | 5G- Low- More Al- Ferre
icine in | speciali | read telemed | mobile- | enabled | cost, timely | powered | et al.,
Trauma | st use of | icine based telemed | scalable | expert | remote | 2022
Care access | telemed | platfor | teleconsu | icine interve | trauma
in LICs | icine ms, low | Itation platfor ntions | care
internet | services | ms
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penetrat
ion
Availabi | Blood Blood | Limited | Mobile Al- Medium | Reduce | Smart Hooger
lity of | shortag | banks | blood blood driven | investme | d blood- vorst et
Blood & | es in | & storage, | donation, | blood nt, high | mortali | matchin | al,,
Fluids LICs transfus | high low-cost | bank impact ty from | g Al | 2020
ion wastage | transfusi | manage hemorr | systems
service on ment hage
s systems
readily
availabl
e
Postope | Limited | High- Few Increase | Al- High Better | Al- Ferre
rative & | ICU tech ICU ICU powere | cost, but | post- guided et al,
ICU resourc | ICUs, beds, capacity, | d necessar | surgica | ICU care | 2022
Care es Al- inadequ | introduce | patient |y for | 1
driven | ate portable | monitor | survival | recover
monitor | ventilat | ventilato | ing y
ing ors rs
Trauma | High Strict Poor Impleme | Al- Low Reduce | Smart Hooger
Preventi | inciden | road enforce | nt road | based cost, d public vorst et
on ce of | safety | ment of | safety injury | high prevent | safety al.,
Progra | prevent | laws, safety campaig | predicti | impact able analytics | 2020
ms able injury | regulati | ns, on injuries
injuries | prevent | ons workplac
ion e safety
progra laws
ms
Medical | Shortag | Well- Frequen | Low-cost | Low- Moderat | Faster | Afforda | Joship
Equipm | es  of | equippe | t lack of | portable | cost e cost and ble Al-|ura &
ent surgical | d CT/MR | imaging, | ultraso more based Gosseli
Availabi | tools & | trauma | I open- und, accurat | diagnost | n, 2020
lity imaging | hospital | scanner | source Al- e ic tools
devices | s S, medical | assisted diagnos
surgical | tools diagnos es
kits tics
Econom | Lack of | Insuran | High Governm | Digital | High Increas | Blockch | Joship
ic afforda | ce out-of- | ent- insuran | initial ed ain- ura &
Barriers | ble coverag | pocket | subsidize | ce cost, access | based Gosseli
to Care |trauma |e  for | expense | d trauma | platfor | long- to care | healthca | n, 2020
care emerge | s  for | care, ms term re
ncy patients | universal savings financin
care emergen g
cy
coverage
Access Limited | Special | Lack of | Expand | Al- Medium | Better | Al- Ferre
to rehabilit | ized physical | rehabilita | driven | cost, long- guided et al,
Rehabili | ation trauma | therapy | tion rehabili | high term remote 2022
tation for rehabili | & long- | services, | tation impact recover | physioth
Services | trauma | tation term integrate | tools y erapy
survivor | centers | recover | remote
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progra | erapy
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Data Poor Establis | Limited | Create Al- Low- Better- | Al- Jiang
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on & | data trauma | data trauma trauma | scalable | ed trauma | 2023
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between | health | trauma | programs | simulat | term 1 platform
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s es progra se
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ble trauma | equippe | access trauma printed | investme | surgica | designed | hi et
Trauma | surgerie | d to surgery surgical | nt, high |1 affordab | al.,
Surgery | s in | trauma | surgical | units, implant | return accessi | le 2024
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s ng res effective
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systems
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Finally, there is a need for research and innovation focused on the unique challenges faced by low-
resource settings. Research into affordable trauma care technologies, cost-effective trauma scoring
systems, and the development of innovative solutions for delivering care in remote areas is critical.
Supporting research on these issues can lead to the development of sustainable and scalable models
of trauma care that can be implemented in low-income countries, ultimately improving patient
outcomes and reducing the global trauma burden. Addressing trauma care disparities between high-
and low-income countries requires a multifaceted approach, including the development of simplified
trauma scoring systems, increased training for healthcare workers, the integration of telemedicine,
government and international partnerships, and efforts to address underlying socioeconomic factors.
By implementing these strategies, it is possible to improve the quality of trauma care in resource-
limited settings and ultimately reduce trauma-related morbidity and mortality worldwide.

5. Conclusion

Ttrauma surgery remains a critical aspect of emergency medicine, significantly impacting patient
outcomes. The integration of trauma scoring systems, such as the Injury Severity Score (ISS), Revised
Trauma Score (RTS), and Emergency Surgery Score (ESS), has greatly enhanced the precision and
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effectiveness of trauma care. These systems allow clinicians to prioritize care, predict patient
outcomes, and guide surgical decision-making. While trauma scores have proven valuable in
assessing trauma severity and guiding treatment, challenges remain in their universal application,
particularly in low-resource settings where advanced technology and trained personnel may be
limited. The advent of minimally invasive surgery (MIS), coupled with Enhanced Recovery After
Surgery (ERAS) protocols, has shown significant promise in improving recovery times and reducing
postoperative complications. However, further research and training are necessary for wider
implementation, especially in resource-poor regions. Disparities in trauma care between high- and
low-income countries continue to be a major challenge, highlighting the importance of developing
cost-effective trauma care solutions. Simplified trauma scoring systems, such as CRAMS and KTS,
have been proposed for resource-limited environments and have demonstrated their utility in
improving patient outcomes. Moving forward, global collaborations and technological innovations,
including artificial intelligence and machine learning, hold potential for enhancing trauma scoring
systems and improving patient care worldwide. Addressing trauma care disparities requires a multi-
faceted approach, including improved access to training, telemedicine, and affordable surgical
technologies.

e Implications for Future Research

Future research should focus on the validation of trauma scoring systems in diverse settings, including
low-resource environments. Additionally, more studies are needed to assess the long-term outcomes
of MIS in emergency trauma care and to explore the development of cost-effective trauma care
solutions in underserved regions.

e Recommendations for Practice

It is recommended that trauma scoring systems like the Emergency Surgery Score be standardized
and integrated into emergency department protocols worldwide. Furthermore, the adoption of MIS,
coupled with ERAS protocols, should be encouraged to improve patient recovery times. Addressing
disparities in trauma care, particularly in low-income countries, requires collaborative efforts to
ensure equitable access to advanced surgical interventions and training.
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