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Abstract: Introduction: Thoracic trauma represents a critical challenge in emergency
medicine and trauma surgery, encompassing a broad spectrum of injuries ranging from
minor rib fractures to life-threatening visceral damage. Objective: To describe the
clinical experience and outcomes of surgical interventions in patients with thoracic
trauma treated at public hospitals within the Ministry of Health. Method: A multicenter,
retrospective, longitudinal, observational, and descriptive study was conducted by the
General Surgery departments of three secondary-care hospitals. Results: The study
included 65 patients, all of whom were male (100%), with a mean age of 35 years (mode:
34; range: 20-68). Regarding the mechanism of injury, 96% of cases were attributed to
interpersonal violence. The reported morbidity rate was 63.07% (adjusted to 34%), with a
mortality rate of 16.6%. Conclusions: In Mexico, surgical thoracic trauma is predominantly
associated with interpersonal violence involving male victims. While the diagnosis is
frequently evident due to the nature of the presentation, successful management relies
heavily on advanced surgical expertise. Surgeons demonstrate high levels of clinical
efficiency and technical proficiency in the resolution of these complex cases.

Keywords: Trauma, Thoracic trauma, Cardiac tamponade, Hemothorax, Pneumothorax,
Empyema, Hypovolemic shock.

INTRODUCTION

Thoracic trauma represents a critical challenge in emergency medicine and surgical trauma
care, encompassing a broad spectrum of injuries ranging from minor rib fractures to life-
threatening visceral damage. Common etiologies include falls, motor vehicle collisions, and
interpersonal violence.[1] In polytrauma patients, thoracic trauma is the second most
frequent unintentional injury and the third leading cause of death, following traumatic brain
and abdominal injuries.[2] It accounts for approximately 15% of all trauma cases and is
present in nearly half of polytraumatized patients. Furthermore, it is the second leading
cause of mortality after traumatic brain injury, contributing significantly to death in an
estimated 25% to 50% of trauma cases.[3] Given its potential for rapid progression, prompt
recognition, clinical assessment, and appropriate management are essential to mitigate
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complications and improve patient outcomes.[4] Blunt thoracic trauma is characterized by
injuries that do not breach skin integrity; this mechanism is prevalent in motor vehicle
accidents, falls, and sports-related injuries. Such trauma can lead to severe complications,
including hemothorax, pneumothorax, or pulmonary contusions, which result in high
morbidity and mortality if not managed in a timely and effective manner.[5] Globally,
thoracic trauma is a major public health concern, accounting for 10% to 15% of all traumatic
injuries and serving as the direct cause in nearly 25% of all trauma-related deaths.[6] In
Mexico, mortality rates associated with interpersonal violence (homicide) are exponentially
high within specific demographics. Data from 2024 indicates that assault is the second
leading cause of death in the 15-24 age group and the primary cause in the 25-34 age group,
falling to sixth place among those aged 45-54. Additionally, accidents remain a significant
cause of mortality. [7, 8] The factors that most frequently determine patient survival are
the etiology and the temporality of intervention. [9] Currently, thoracic trauma is
responsible for approximately one-quarter of all trauma-related deaths, with some
estimates reaching as high as 60%.[10] Rib fractures occur in approximately 40% of patients
with thoracic trauma. Multiple rib fractures are strongly associated with pneumothorax,
hemothorax, flail chest, and pulmonary lesions, all of which can significantly increase
mortality rates.[11]

OBJECTIVE

To describe the clinical experience and outcomes of surgical interventions in patients with
thoracic trauma treated at public hospitals under the Ministry of Health in Mexico City.

METHODS

This is a multicenter, retrospective, longitudinal, observational, and descriptive study
conducted by the General Surgery services of three secondary-care hospitals within the
Mexico City Ministry of Health:

1. Iztapalapa General Hospital "Dr. Juan Ramon de la Fuente"
2. Tlahuac General Hospital
3. General Hospital "Dr. Rubén Lenero”

The study period spanned from February 1, 2023, to February 1, 2026, focusing on
patients who underwent surgical intervention for thoracic trauma at the aforementioned
institutions.

Case records were systematically reviewed to evaluate the following variables: age,
sex, etiology (mechanism of injury), type of surgical intervention (emergency, urgent, or
elective), operative time, estimated blood loss, length of hospital stay, morbidity, and
mortality. Post-operative follow-up was conducted through outpatient consultations.

Data analysis was performed using descriptive statistics, including measures of
central tendency and relative frequency distributions, ensuring a high level of confidence
in the reported values.
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RESULTS

A total of 65 patients were analyzed, all of whom were male (100%). The mean age was 35
years (mode: 34; range: 20-68 years). Regarding the etiology of thoracic trauma, 96% of
cases were secondary to interpersonal violence. The most frequent mechanism of injury was
penetrating wounds from firearm projectiles, accounting for 27 cases (41.53%), followed by
sharp-force injuries in 24 patients (36.92%). Blunt thoracic trauma was the third most
common presentation with 13 cases. See Table 1.

Table 1: Etiology of Thoracic Trauma in Patients from Three Ministry of Health
Hospitals in Mexico City

Etiology of Thoracic Trauma | N | %
Firearm Injuries 27 | 41.53
Sharp-Force Injuries. 24 | 36.92
Blunt Thoracic Trauma 13120
Motor Vehicle Accidents 6 | 11.11
Occupational Accidents. 3 |07.40
Others 1 ]101.23
Total 74

Within the study cohort, six patients sustained thoracic trauma from motor vehicle
accidents and three from occupational incidents, including one case of crush injury.
Although the analysis accounted for overlap in causal factors, the statistical adjustments
were calculated based on the actual sample size. Notably, firearm injuries emerged as the
predominant mechanism of trauma in this series.

Clinical diagnoses served as the primary surgical indication, and interventions were
categorized by urgency as emergent, urgent, priority, or elective. While concomitant
injuries to other vital organs were identified, this study focused exclusively on patients
requiring a thoracic surgical approach.

According to the findings summarized in Table 2, the predominant clinical entity
was thoracic trauma associated with rib fractures—occurring either in isolation or in
combination with pneumothorax or hemopneumothorax—accounting for 45% of the cohort.
Initial clinical suspicion was confirmed via chest X-ray and/or computed tomography (CT).
Within this group, three cases of tension pneumothorax were identified, requiring
immediate decompression and chest tube thoracostomy in the resuscitation bay, followed
by elective surgical fixation in cases of complex multiple rib fractures.

The second most frequent pathology involved pulmonary parenchymal injuries,
identified in 17 patients (26%) who presented with hypovolemic shock upon admission. Due
to institutional infrastructure limitations regarding immediate diagnostic imaging,
management was based on clinical assessment, leading to emergency anterolateral
thoracotomy. In these instances, surgical repair (suture repair) of the parenchyma and
tributary vessels was performed, achieving effective hemostasis.

In descending order of frequency, 11 cases of cardiac injury (17%) were documented.
The diagnostic approach included pericardiocentesis or a pericardial window, with definitive
surgical resolution via sternotomy or left anterolateral thoracotomy. Myocardial repair was
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successfully achieved without intra-aortic balloon pump (IABP) support, given the limited
availability of advanced technological resources. Finally, although a damage control
surgery strategy was considered for selected cases, its implementation was restricted by
the technical complexity and the critical nature of the injuries. [12]

Furthermore, thoracic injuries with concomitant abdominal involvement—clinically
referred to as penetrating thoracoabdominal trauma—ranked fourth in incidence. This
diagnosis was identified in eight individuals; it should be noted that a ninth case involving a
pregnant patient was initially identified but subsequently excluded to maintain the
homogeneity of the study sample. In this specific trauma category, firearm injuries
predominated, with hypovolemic shock serving as the primary determinant for strategic
management. Successful emergency surgical intervention relied on the coordinated
response of the anesthesiology and nursing teams, as well as the blood bank.

The diagnostic protocol was based on non-contrast computed tomography, due to
the lack of available contrast media or clinical laboratory support at the time of admission.
In the emergency setting, simultaneous left thoracotomy and exploratory laparotomy
(celiotomy) were performed to address hemoperitoneum, pneumothorax, and hemothorax.
The primary objective focused on damage control surgery for vital organs and achieving
hemostasis through packing, with subsequent prioritized procedures scheduled in a staged
manner. Finally, six patients experienced cardiopulmonary arrest; these individuals
responded to resuscitation maneuvers and subsequently developed post-cardiac arrest
syndrome. See Table 2.

Table 2: Surgical Diagnosis, Diagnostic Imaging, Association with Shock, Type of
Surgery, and Surgical Procedures

Surgical Diagnosis No/% Diagnostic Shock Type of Therapeutic
Studies Grade Surgery Management
Lung Injury 17/26 | Clinical/None v Urgent Pulmonary Suture
Repair
Cardiac Injury 11/17 Fast Usg/Tc v Emergent Cardiac Suture
Repair
Diaphragmatic Injury 5/8 Chest X-Ray Il Urgent Mesh Repair
Cardiac Tamponade 4/6 Ct /v Emergent Cardiac Suture
Repair
Greatvassel Injury 3/4 Clinical/Tc [ Urgent Packing
Rib Fractures/Pneumothorax/ | 29/45 | Rib Series/Ct Elective/Na Surgical
Hemothorax Ct 0 Fixation/Chest Tube
Flail Chest. 4/6 Ct [ Priority Damage Control
Penetrating Thoracoabdominal | 8/12 Clinical/Tc /v Emergent Damage Control
Trauma
Total 81

Thoracic trauma involving acute diaphragmatic rupture occurred in 8% of cases,
presenting with hemorrhage, Grade Il hypovolemic shock, and associated pneumothorax.
These patients underwent emergency thoracic surgery aimed at restoring the anatomical
and functional integrity of the diaphragm via primary suture repair (raffia) or the use of
Teflon mesh, depending on resource availability. Diagnostic support was based on basic
imaging, including plain chest X-rays and, in selected instances, non-contrast computed
tomography.
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Great vessel injuries were analyzed as a distinct category, involving the descending
aorta, the aortic arch, the superior and inferior vena cava, and the pulmonary veins.
Multivascular involvement was identified in several patients. Successful surgical repair
(raffia) was achieved for both the vena cava and the aorta; however, pulmonary vein repair
remained a significant technical challenge. In emergency scenarios involving Grade IV
hypovolemic shock,[13] surgical approaches included bilateral thoracotomy, left
anterolateral thoracotomy, and exploratory laparotomy.

Finally, flail chest was identified as another significant surgical diagnosis. Of these
patients, four were managed with supportive care, two of whom required mechanical
ventilation; notably, these patients did not present with hypovolemic shock. Elective
surgical management via rib osteosynthesis was performed in three cases, while one patient
was successfully transferred to a tertiary care center for specialized management. See
Table 3.

Table 3: Grade of Hypovolemic Shock in Patients with Thoracic Trauma

Shock Grade | Number/%
Grade O 07/10.76
Grade | 02/3.07
Grade Il 06/09.23
Grade llI 03/04.61
Grade IV 47/72.30
Total 65/100

The majority of cases presented with Grade IV hypovolemic shock, with some
patients meeting criteria for irreversibility; nevertheless, despite institutional limitations,
definitive therapeutic management was achieved. This critical state affected a total of 47
patients (72.30%), representing a notably high incidence. Grade 0 shock followed in
frequency, occurring predominantly in cases of flail chest, rib fractures, and simple
pneumothorax. It is imperative to specify that these clinical statuses were determined upon
admission to the emergency department or the shock trauma bay.

In one specific case, an emergency anterolateral thoracotomy with open-chest
cardiac massage was performed. Furthermore, several immediate transfers to the operating
room were executed, based exclusively on clinical judgment and the attending surgeon'’s
decision.

Regarding the therapeutic strategies employed, management was individualized and
expedited, based on critical clinical decisions made by the attending surgeon to optimize
patient outcomes. This comprehensive approach began at the time of prehospital reception
and continued through the surgical phase, including vital sign monitoring, initial clinical
assessment, chest tube thoracostomy, central venous catheterization, and immediate
transfer for emergency surgery. The most frequent surgical procedure was left anterolateral
thoracotomy, performed in 42 patients (64.61%), followed by right anterolateral
thoracotomy in 11 cases (16.92%). Additionally, two bilateral thoracotomies and two median
sternotomies (3.07%) were documented. In cases of flail chest, elective multiple rib
osteosynthesis was performed once clinical stability was achieved. See Figure 1.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 15



Scholar Publishing

Figure 1: Thoracic surgery via left anterolateral thoracotomy with cardiac exposure
and myocardial suture repair.

Cardiac repairs (suturing/raffia) are performed expeditiously, optimizing available
resources in the absence of advanced technology, vascular surgeons, or interventional
angiologists, and without the support of extracorporeal circulation or hemodynamic
services. From a surgical standpoint, these represent high-complexity techniques requiring
rapid and efficient exposure to repair muscular defects in a beating heart, with a critical
emphasis on preserving the coronary arteries to prevent intraoperative ischemia or
myocardial infarction.

Furthermore, in patients with penetrating thoracoabdominal trauma, a simultaneous
dual-cavity approach was employed. The primary objective of this strategy was damage
control and achieving hemostasis through ligatures, sutures, and packing, in order to
stabilize the patient for subsequent scheduled surgeries. These procedures, performed in
critical scenarios involving Grade IV hypovolemic shock and multiple organ failure, rely
fundamentally on the surgeon's expertise and clinical judgment, constituting life-saving
measures intended to preserve the patient's life under extreme conditions.

The mean operative time was 129 minutes (range: 38-191 minutes). Regarding
intraoperative blood loss quantified by the anesthesiology service, a mean of 1,830 mL was
recorded, with ranges between 40 and 4,200 mL. Forty-three percent of the cohort (n=28)
was successfully transferred to the Intensive Care Unit (ICU) for specialized postoperative
management, with a mean ICU stay of 14 days (range: 7-17 days). The mean total hospital
stay was 23 days (range: 0-51 days). An overall morbidity rate of 63.07% was reported, which
was adjusted to 34% considering that patients frequently presented with multiple
complications, either simultaneously or sequentially. Detailed postoperative complication
findings are presented in Table 4.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 16



Scholar Publishing

Table 4: Morbidity in Patients Undergoing Thoracic Surgery for Chest Trauma.

Morbidity Number /%

Pneumonia 07/10.76
Pleural Effusion 05/07.69
Empyema 11/16.9

Cardiac Sequelae 03/04.61

Brachial Plexus Injury | 03/04.61
Spinal Cord Injury 02/03.07
Surgical Site Infection | 10/16.92
Total 41/63.07

Infectious processes were identified as the three leading causes of morbidity within
the study group. Empyema and pulmonary abscesses ranked first; these conditions required
surgical drainage and targeted antibiotic therapy based on specific cultures and sensitivity
testing. In refractory cases, secondary surgical interventions such as decortication
and/or lobectomy were performed.

The second most frequent complication was surgical site infection, which demanded
exhaustive management, including serial debridement/dressings, microbiological cultures,
and specific antibiotic regimens. Healthcare-associated pneumonia ranked third in
incidence and was managed similarly with culture-guided antimicrobial therapy. Finally,
cases of pleural effusion were managed via chest tube drainage, with pleurodesis using
povidone-iodine or talc performed in four patients. See Figure 2.

Figure 2: Left anterolateral thoracotomy with surgical repair of the lung parenchyma.
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Patients with cardiac sequelae and neurological injuries were referred to tertiary
care centers for specialized management by the Cardiology, Spine Surgery, Neurology, and
Neurosurgery departments. Postoperative follow-up was conducted for an average of three
months through the General Surgery outpatient clinic; however, a 64% loss to follow-up rate
was documented.

Mortality rates varied across the participating hospitals, with an overall average
of 16.6% (representing seven deaths). It should be noted that this rate does not exceed those
reported in national and international medical literature for high-complexity traumatic
injuries.

DISCUSSION

The mechanism of injury is driven by the transfer of sufficient kinetic energy to penetrate
the cutaneous barrier, skeletal structures, and vital organs. Conversely, blunt thoracic
trauma is characterized by internal injuries that do not compromise skin integrity. Both
scenarios underscore the lethal potential inherent in the etiology and mechanism of the
assault. [14]

Regarding etiology, impalement injuries, although rare, present unique diagnostic
and surgical challenges due to their unpredictable trajectories and the frequent
involvement of multiple organ systems. These cases necessitate meticulous,
multidisciplinary management to optimize clinical outcomes. [15]

In blunt thoracic trauma, which presents an incidence of 63%, the necessity
for cardiopulmonary bypass must be considered in patients with specific injuries. Evidence
shows that the most prevalent injuries include cardiac lesions (42%), thoracic aortic injuries
(42%), and cardiac tamponade (25%), with a reported mortality rate of 22%.[16]

Furthermore, it is essential to assess the vulnerability of each patient based on pre-
existing medical conditions. These comorbidities increase the risk of severe injuries that
often remain undetected within complex multisystem trauma. A notable example
is ankylosing spondylitis, which can present with hemothorax in the absence of rib fractures,
or spinal cord injury due to vertebral fractures following low-impact blunt trauma. [17]
Similarly, Fanconi syndrome a generalized proximal tubular dysfunction leading to
hypophosphatemic osteomalacia may predispose patients to spinal and rib fractures even
without a significant traumatic history.[18]

Another complex scenario involves the association of an open thoracic wound with a
pathological sternal fracture, secondary to remote trauma, chronic chest wall infections,
malignancy, or sternal osteomyelitis. Such conditions complicate the prevention of
complications arising from structural instability of the chest wall. [19]

Regrettably, firearm injuries have been documented as the leading cause of death
in the pediatric population, with an exceptionally high mortality rate reaching 68% in cases
of direct cardiac injury, evidenced by a 24% vs. 1% comparison P < 0,001.[20] Finally, rib
fractures remain among the most frequent injuries in trauma patients. Over the last two
decades, significant scientific progress has led to the development of multiple rib
stabilization systems, including intrathoracic deployment devices. Despite ongoing debate,
clear indications for the surgical fixation of rib fractures exist, although no definitive
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consensus currently recommends one specific system or surgical approach over another.
[21]

It is essential to document that the incidence of blunt abdominal injuries resulting
from high-energy non-penetrating thoracic impacts is frequently overlooked, which is
associated with increased morbidity and mortality. While the diagnosis of penetrating
firearm wounds successfully predicts lesion locations by tracing the ballistic trajectory, no
similar correlation has been established to date for blunt impacts. [22] Furthermore, the
severity of combat-related trauma is evident; musculoskeletal injuries represent the
greatest medical threat to deployment readiness, accounting for 60% of limited-duty days
in 2019. The incidence is primarily distributed across the spinal column (lumbosacral: 30%;
cervical: 22%; thoracic: 10%), totaling 62%. Medical attention for these conditions is a
priority for the reintegration of active-duty military personnel.[23] Additionally, it must be
considered that thoracic trauma is a direct cause of pulmonary embolism, a complex and
poorly understood phenomenon in trauma settings. Its underlying mechanisms remain
largely unknown; it is classified as immediate, early, or late, and can occur even in the
absence of deep vein thrombosis. [24] Hemorrhagic shock remains one of the leading causes
of preventable trauma-related death, especially within the first hours following the injury.
Identifying patients who require massive transfusions [25] or those at high risk of mortality
is crucial for optimizing trauma management. Consequently, therapeutic planning and
surgical decision-making have a direct impact on mortality rates. [26] Regarding the
mechanism of injury, the reviewed literature indicates that sharp-force injuries were the
most prevalent, accounting for 23.9% of cases, followed by blunt trauma. Notably, falls from
height frequently reported as the primary trauma mechanism in numerous studies ranked
third in this cohort.[27]

Cardiac involvement in polytrauma patients is multifactorial and is frequently
underdiagnosed or incompletely evaluated. This condition contributes to the development
of acute cardiac dysfunction and long-term cardiovascular complications. Therefore, it is
imperative to analyze the role of systemic inflammation, oxidative stress, neurohormonal
activation, and immune dysregulation in trauma-induced myocardial injury. [28]

Furthermore, vascular injuries presenting with hemodynamic instability or those
affecting high-risk critical vessels are associated with high mortality rates. The interventions
of choice include emergency department thoracotomy and definitive surgical repair. In a
series of 1,441 vascular injuries analyzed over 10 years, a mortality rate of 34% (329 deaths)
was recorded, with penetrating trauma being the most common mechanism (n=854, 88%)
compared to blunt trauma (n=111, 12%). In the context of thoracic trauma, it was
documented that thoracic aortic injury ( p=0.0206), cardiac injury ( p<0,001); 14.4 (IC del
95%: 1.6-134); OR: 14.4; 95% Cl: 1.6-134), or the necessity for emergency
thoracotomy (p=0,0032) serve as critical prognostic indicators. [29]

Regarding the diagnosis of thoracic trauma, management strategies are based on the
etiology and mechanism of injury. Trauma center activation criteria are implemented to
classify patients and ensure appropriate resource allocation. Using a triage system based on
prehospital physiological variables, series of up to 14,232 patients have been reported, with
an Intensive Care Unit admission rate of 12.1%, a transfusion rate of 1%, and a mortality
rate of 1%. Within these cases, interventions included 170 abdominal surgeries, 18 angio-
interventions, 265 neurosurgical procedures, and 227 thoracic procedures. [30]
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The initial clinical presentation is fundamental for diagnostic orientation; for
instance, the development of dysphagia and airway compromise may result from
retropharyngeal chyle accumulation. Diagnostic imaging beginning with chest X-rays
(posteroanterior and rib series), followed by ultrasound, echocardiography, and computed
tomography (CT) is decisive in revealing specific findings, such as prevertebral fluid
collection. [31]

It is imperative to note that cardiac and thoracic vascular injuries are among the
most severe and potentially lethal conditions in trauma care. Frequently, these injuries are
not documented via imaging because many patients either succumb before hospital arrival
or require immediate emergency surgery. However, obtaining precise and timely imaging,
when the patient's stability permits, is essential for guiding urgent treatment and optimizing
outcomes in both blunt and penetrating trauma of the heart and great vessels. [32]

The presence of intact costal cartilage is essential for chest wall elasticity; however,
injuries to these structures are frequently underdiagnosed in trauma computed tomography
scans, even in patients with confirmed rib fractures. A high index of clinical suspicion for
costal cartilage involvement must be maintained in patients with a high injury burden,
radiographically detected flail segments, or concomitant sternal fractures. [33] Digital
health technologies, particularly Artificial Intelligence, are increasingly employed to
mitigate diagnostic delays in high-acuity clinical settings. Conventional radiological
interpretation remains limited by heavy workloads and the inherent complexity of subtle
findings, which make rib fractures difficult to detect on standard chest X-rays. [34]

The reported sensitivity for detection by radiologists can be as low as 15%, meaning
up to half of all fractures may go unnoticed. Although CT and ultrasound can improve
diagnostic accuracy, they are resource-intensive and not always feasible for first-line
triage. [35] In contrast, the application of Artificial Intelligence achieves a sensitivity of
74.5% and a specificity of 93.3%, delivering diagnostic results in seconds—over 1,000 times
faster than formal radiological reports. [36]

Rib fractures are the most common traumatic injuries and can lead to significant
morbidity and mortality; nonetheless, surgical stabilization of rib fractures is not yet
uniformly implemented across trauma centers. The heterogeneity of inclusion criteria and
the varied taxonomy of rib fractures—especially regarding the degree of displacement—
hinder diagnostic consensus and subsequent therapeutic management. [37] Furthermore,
for patients with three or more traumatic rib fractures, or any number of fractures
associated with hemothorax, pneumothorax, or the requirement for chest tube
thoracostomy during admission, an outpatient follow-up chest X-ray is recommended. This
practice aims to identify persistent abnormal radiographic findings and determine the need
for post-discharge interventions while limiting unnecessary imaging. [37]

To optimize prognostic accuracy in patients with both blunt and penetrating thoracic
trauma, the substantial disease burden underscores the imperative need for early diagnosis,
expedited risk stratification, and specialized management to improve survival rates and
clinical outcomes. [38] While computed tomography-based evaluations remain the
diagnostic cornerstone, significant gaps persist. In this regard, the implementation of
independent Artificial Intelligence algorithms has demonstrated remarkable efficacy,
achieving a mean Jaccard index of 0.963 and a data similarity coefficient of 99% in diagnostic
certainty. [39]
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Regarding intrathoracic organ injuries, specifically traumatic cardiac valvular lesions
following blunt chest trauma, these present a low incidence and are routinely overlooked
during the initial trauma assessment. It has been documented that echocardiography can
reveal severe aortic and mitral insufficiency as late as one week after hospital discharge,
emphasizing the critical role of postoperative follow-up. [40] Currently, CT diagnostic
resources in thoracic trauma are being integrated into multimodal dynamic fusion models
that combine baseline clinical parameters, radiological features, and deep learning analysis
of CT scans obtained from both emergency departments and inpatient settings. [41] This
approach enables dynamic prognosis through the precise quantification of pulmonary
contusions, hemothorax, and pneumothorax, allowing for the early identification of patients
at risk of poor outcomes. This facilitates the real-time optimization of therapeutic strategies
and ensures timely intervention, thereby significantly improving the overall prognosis. [42]

Anterior mediastinal hematomas following blunt thoracic trauma are typically not
lethal; however, in exceptional cases, they can cause extra pericardial tamponade,
requiring urgent surgical intervention. These are confirmed via chest computed tomography
by ruling out intracardiac or great vessel injuries. In these scenarios, despite initial
hemodynamic stability, subsequent clinical deterioration necessitates a transthoracic
echocardiogram, which may reveal right ventricular compression consistent with said
tamponade. [43]

Furthermore, diagnostic tools based on biomarkers have been implemented to
identify myocardial contusions and differentiate between types of myocardial infarction
following blunt trauma. The use of cardiac troponin is noteworthy, [44] given that cardiac
involvement in polytrauma is multifactorial and frequently underdiagnosed. Current
protocols include transthoracic echocardiography and electrocardiography, complemented
by the measurement of serum concentrations of troponin T and NT-proBNP using high-
sensitivity electrochemiluminescence immunoassays. [45] The ability of high-sensitivity
troponin | to predict major cardiac events has been evaluated, demonstrating a sensitivity
of 74% and a specificity of 72% in predicting 30-day mortality. [46] Sudden Arrhythmic Death
Syndrome (SADS) represents a significant cause of sudden cardiac death in young individuals
with structurally normal hearts and negative toxicology. In cases associated with trauma or
suicide, endocardial and pericardial adipocyte density has been identified as a key
discriminating factor in diagnostic models. Genetic analysis has detected pathogenic
variants in several cases, while histology has revealed significant differences in hearts
previously considered normal. [47] Regarding the surgical management of thoracic trauma,
the surgical stabilization of rib fractures (SSRF) has gained significant importance; most
studies demonstrate its efficacy in patients with severe isolated chest wall injuries. In
polytraumatized patients, this intervention significantly reduces mortality and is associated
with a lower incidence of acute respiratory distress syndrome (ARDS), especially when
stabilization is performed within the first 72 hours of admission. [48] For posterior rib
fractures, the objective is to preserve the musculature; it has been shown that muscle-
sparing posterolateral, axillary, and anterior approaches allow for the recovery of up to 95%
of periscapular strength at six months. In fractures near the spinal column, a distance of at
least 2 cm between the rib head and the tubercle is recommended to allow for the
placement of two plate holes in the rib neck. [49]

Furthermore, pain management is critical in thoracic trauma. Although thoracic
epidural anesthesia and paravertebral blocks have been the gold standard techniques, they
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present technical difficulties and considerable failure rates. In this context,
the costotransverse foramen block emerges as a novel and safe option; by depositing local
anesthetic adjacent to the foramen, it provides effective analgesia in both acute and long-
term phases, reducing opioid consumption. [50] Similarly, ultrasound-guided regional
anesthesia techniques are progressively replacing deep sedation, allowing for procedures
such as shoulder reduction by combining brachial and cervical plexus analgesia with greater
safety and muscle relaxation. [51]

Regarding tracheal injuries in the context of penetrating trauma, these represent
critical clinical events requiring prompt surgical assessment and specialized airway
management. Primary end-to-end tracheoplasty is often the indicated surgical approach; in
scenarios involving concomitant esophageal involvement, the utilization of an intercostal
muscle flap alongside specialized surgical access—such as sternotomy or thoracotomy—has
been documented as a viable strategy in high-acuity cases. [52] Finally, the clinical
management of traumatic aortic injuries has seen a paradigm shift. Current clinical
consensus leans toward conservative medical management for Grade | and Il injuries,
while thoracic endovascular aortic repair is preferred for Grades Ill and IV. Open surgical
repair remains an alternative depending on the complexity of the case and the institutional
capabilities. [53]

Regarding the safety and efficacy of endovascular repair, a technical and clinical
success rate of 100% has been reported, with a safety profile of 95% and no procedure-
related mortality. In patients undergoing Thoracic Endovascular Aortic Repair, evaluation
via Computed Tomography Angiography is essential to ensure short-, medium-, and long-
term success. [54] Given that blunt traumatic aortic injury is potentially lethal with a
spectrum ranging from minor intimal tears to complete aortic rupture, the latter often being
fatal before hospital arrival the failure of conservative medical management justifies the
use of both endovascular and open surgical repair techniques, the latter being the historical
gold standard. [55, 56]

On the other hand, Thoracic Outlet Syndrome refers to a complex of vascular and/or
neurological symptoms related to the compression of the neurovascular bundle beneath the
clavicle and the branches of the brachial plexus. This compression generally occurs in one
of three spaces: the interscalene triangle, the costoclavicular space, and the sub-pectoralis
minor tunnel. [57] In addition to the clinical presentation, the diagnostic protocol may
include chest X-rays, arterial and venous Doppler ultrasound, or electromiography when
neurological symptoms are present.[58] Surgical treatment is indicated if symptoms persist
after conservative management or as a first-line therapy if a deficit is identified or an
anatomical obstruction is evident. Decompression through first rib resection is the most
common surgical procedure in this context.[59] While the traditional approach is open
surgery via cervical/supraclavicular or axillary access, robot-assisted minimally invasive
surgery using a posterior approach has also been described.[60]

In the context of cardiac trauma, cardiac tamponade is a critical scenario where the
diagnosis can be established through clinical findings, echocardiography, or computed
tomography. The physiological volume of fluid in the pericardial space typically does not
exceed 50 ml; however, in chronic pathologies, it can accumulate up to 1,000 ml. [61, 62]
In selected cases of cardiac trauma where studies demonstrate the presence of rib fractures
without pneumothorax or active bleeding, management may be conservative and actively
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monitored for 72 hours, provided the patient remains hemodynamically stable until
discharge. [63]

Anterior mediastinal hematomas following blunt thoracic trauma are typically not
life-threatening; however, in rare instances, they can cause extrapericardial
tamponade requiring urgent surgical intervention. Compression of the cardiac chambers is
uncommon following blunt thoracic trauma. [64] The selection of the surgical approach
must consider both the operative modality (open versus minimally invasive) and the
anatomical route (subxiphoid versus transthoracic). Although median sternotomy remains
the standard approach for anterior mediastinal hematomas with hemodynamic
compromise. [65] Stabbing injuries are infrequent but potentially lethal emergencies;
although the clinical relevance of cardiac involvement in penetrating thoracic trauma
remains uncertain, these traumatic lesions are rare but severe and require structured,
multidisciplinary hospital management. Minimally invasive approaches are feasible in
hemodynamically stable patients. The low rate of prehospital chest tube placement
warrants a more exhaustive evaluation, given an overall mortality rate of 3.6%. [66]

Cardiac arrest resulting from severe thoracic trauma combined with aortic injury
presents a complex scenario in emergency medicine. Extracorporeal cardiopulmonary
resuscitation serves as a specialized intervention in such contexts; nevertheless, its
application depends on institutional infrastructure and specific clinical expertise, as it
represents a highly specialized surgical resource.[67] Conversely, while various injuries are
managed through conservative protocols, surgical stabilization of rib fractures for flail
segments has been studied for its role in clinical recovery and respiratory management.
Minimally invasive and thoracoscopic techniques are continuing to advance, though their
implementation is influenced by resource requirements and technical complexity. [68, 69]

In efforts to address mortality in cases requiring immediate surgical intervention,
research has explored surgical strategies such as resuscitation median sternotomy combined
with aortic occlusion techniques for hemodynamically unstable patients with penetrating
thoracic trauma. This approach is characterized by its versatility, allowing access to
mediastinal structures and both hemi thoraces through a single incision in specific
emergency scenarios. [70] As previously mentioned, cardiac tamponade is a critical
condition resulting from the accumulation of fluid typically blood within the pericardial sac.
This leads to impaired ventricular filling, a reduction in stroke volume, and
ultimately, obstructive shock. Diagnostic ultrasound can reveal pericardial effusion
suggestive of tamponade; when hemopericardium is confirmed (frequently involving at least
200 ml of blood), emergency thoracotomy is required as a definitive life-saving
measure.[71] Alternatively, pericardiocentesis is a rapid, minimally invasive technique
primarily used for medical tamponade or as a temporary stabilization measure. Its utility in
traumatic tamponade is limited due to the frequent presence of clotted hemopericardium.
[72]

The thoracic region encompasses the spinal cord, where spinal cord injuries resulting
from gunshot wounds represent a frequent and severe clinical condition. These injuries carry
significant associated morbidity and mortality, accounting for 13% to 17% of all cases. Such
traumatic events are particularly costly due to high medical expenses and the substantial
decline in quality of life; they predominantly affect young men (87.5%, with a mean age of
29.5 years), which is consistent with the literature. Among the operated levels, the thoracic
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spine was the most frequently treated, representing 58% of cases. [73] These patterns are
usually stable, except in the case of a vertebral body burst fracture. Vertebral body
fractures present a higher frequency of associated injuries, regardless of the spinal segment,
due to their anatomical location. The primary indications for surgery were instability, mainly
secondary to vertebral body burst fractures, and the removal of the projectile when lodged
within the spinal canal. Associated injuries influenced clinical management decisions, as
they often required more urgent treatment than the spinal cord injury itself. [74]
Percutaneous vertebroplasty reduced the rates of intervertebral bridge ossification in
patients with thoracolumbar osteoporotic vertebral fractures, potentially related to the
improvement of local mechanical stability. Conservatively managed patients who developed
intervertebral bridge ossification had significantly better functional scores than those who
did not. [75]

CONCLUSIONS

In Mexico, thoracic trauma surgery is predominantly driven by interpersonal violence,
primarily affecting the male population. While the diagnosis is frequently evident upon
initial clinical evaluation, successful definitive management relies directly on the surgical
proficiency and clinical judgment of the medical team.

Despite significant institutional limitations including deficiencies in infrastructure,
specialized personnel, logistics, medical supplies, and high-level administrative
management surgeons demonstrate high levels of efficiency and efficacy in resolving these
complex cases. Practicing trauma surgery within the current public health system presents
a continuous challenge; nevertheless, professional competence and technical commitment
allow for the overcoming of systemic shortcomings, achieving favorable clinical outcomes
in high-acuity scenarios and resource-limited settings.

Conflict of Interest

The authors stated that they had no potential conflicts of interest regarding the research,
authorship, and/or publication of this article.

REFERENCES

1. Jain A, Waseem M. Trauma toracico. [Actualizado el 27 de febrero de 2025]. En: StatPearls
[Internet]. Isla del Tesoro (FL): StatPearls Publishing; enero de 2025. Disponible en:
https://www-ncbi-nlm-nih-gov.translate.goog/books/NBK482194/?

2. Chrysou K, Halat G, Hoksch B, Schmid RA, Kocher GJ. Lessons from a large trauma center:
impact of blunt chest trauma in polytrauma patients-still a relevant problem? Scand J Trauma
Resusc Emerg Med. 2017 Apr 20;25(1):42. doi: 10.1186/513049-017-0384-y. PMID: 28427480;
PMCID: PMC5399315.Perry R.D., Fetherston J.D. Yersinia pestis-etiologic agent of plague. Clin
Microbiol Rev. 1997; 10(1):35-66.

3. Gonzalez L. Roberto, Riquelme U. Alejandra, Reyes M. Rodrigo, Barra M. Sebastian, Alarcon O.
Felipe, Seguel S. Enrique et al . Mortalidad en hospitalizados con traumatismo toracico:
variables asociadas, causas y distribucion temporal. Rev. cir. [Internet]. 2021 Oct [citado 2026
Feb 16]; 73(5): 592-601. Disponible en:

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 24



Scholar Publishing

10.

11.

12.

13.

14.

15.

16.

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=52452-45492021000500592&Ing=es.
http://dx.doi.org/10.35687/52452-454920210051050.

Mancha-Alfonso Yohan Manuel, Alfonso-Gonzalez Iruma, Romero-Fernandez Ariel José. Trauma
toracico cerrado. Breves reflexiones. Salud y Vida [Internet]. 2025 Dic [citado 2026 Feb 16] ;
9(18): 139-148. Disponible en: http://ve.scielo.org/scielo.php?script=sci_arttext&pid=52610-
80382025000200139¢&lng=es. Epub 05-Oct-2025. https://doi.org/10.35381/s.v.v9i18.4662.

American College of Surgeons. Advanced Trauma Life Support (ATLS) Student Course Manual.
10th ed. Chicago, IL: American College of Surgeons; 2019.

Tajbakhsh F, Zakerabasali S, Mahmoudzadeh-Sagheb Z, Abdolrahimzadeh Fard H, Bashiri A.
Effectiveness of a developed self-care mobile application for chest trauma patients: an
interventional study. BMC Health Serv Res. 2026 Jan 29. doi: 10.1186/512913-026-14054-8. Epub
ahead of print. PMID: 416123009.

INEGI. Estadisticas de defunciones registradas en méxico. (edr). comunicado de
prensa2024.https://www.inegi.org.mx/cont enidos/saladeprensa/boletines/2024/edr
/edr2023_en-jn.pdf

Lupio-Garcia B.R., Garcia-Sanchez M.A. Zepeda Carrillo C.A., y cols. Lesion vascular de vena
cava inferior. Revista Ocronos. Vol. VII. N.° 4-Abril 2024. Pag. Inicial: Vol. VII; n° 4: 553

Pehlivanlar M, Oguzhan A, Aksoy i, Aydin, Ulger F. Evaluacion prondstica de casos con trauma
toracico ingresados en la unidad de cuidados intensivos: resultados clinicos a 10 afos. Ulus
Trauma Acil Cerrahi Derg. 2019; 25:46-54.

Karajizadeh, M., Yadollahi, M., Yousefi, MR et al. Factores de riesgo de mortalidad en pacientes
con trauma toracico en un centro de traumatologia de nivel 1 en el sur de Iran. Sci Rep 15,
32310 (2025). https://doi.org/10.1038/s41598-025-13830-6

Caragounis, E.-C., Xiao, Y. y Granhed, H. Mechanism of Injury, Injury Patterns, and Associated
Injuries in Patients Operated on for Chest Wall Trauma. Eur. J. Trauma Emerg. Surg. 47 , 929-
938 (2021).

Garcia-Sanchez M.A., Garcia-Hernandez, J. L., Cabello, J. de J. U., Barron, G. M., Castillo, L.
F. F., Salvador, J. R. H., Suarez, I. A. L., Daniel, M. Y. P., & Oca Ambriz, |. R. M. (2025).
Damage Control Surgery: A Strategic Resource!British Journal of Healthcare and Medical
Research, Vol -12(02). 90-109.

Baruj Ricardo Lupio Garcia. Carol Atzimba Zepeda Carrillo. Mariana Gonzalez Valiente y cols.
Lesion vascular de vena cava inferior. revista Ocronos. Vol. VII. N° 4-Abril 2024. Pag. Inicial:
Vol. VII; n°® 4: 553.

Leal Lopez A, Tawil M, Helenowski M, Van Truong L, Gitto L. Fatal Air Weapon Injuries: Two
Unusual Cases and Review of the Forensic Literature. Am J Forensic Med Pathol. 2026 Feb 16.
doi: 10.1097/PAF.0000000000001121. Epub ahead of print. PMID: 41693034.

Pandey V, Tiwari P, Marripati BK, Srivastava V, Khobragade M, Dwivedi AND, Gangolli CK.
Impalement Injuries in Children: Patterns, Management, and Outcomes From a 10-Year Single-
Center Review. Pediatr Emerg Care. 2026 Feb 12. doi: 10.1097/PEC.0000000000003579. Epub
ahead of print. PMID: 41671267.

Karamchandani MM, Nahmias J, Alvarez C, et al. Utilization of Cardiopulmonary Bypass in
Trauma Patients: A Multi-Institutional Study of the American Association for the Surgery of
Trauma. Am Surg. 2026 Feb 14:31348261425181. doi: 10.1177/00031348261425181. Epub ahead
of print. PMID: 41689481.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 25


http://dx.doi.org/10.35687/s2452-454920210051050
https://doi.org/10.35381/s.v.v9i18.4662
https://doi.org/10.1038/s41598-025-13830-6

Scholar Publishing

17. Kang Z, Luo B, Zhou X, Yang X. Life-threatening spinal cord injury and occult intercostal artery
rupture following low-energy trauma in a patient with ankylosing spondylitis: a case report.
BMC Surg. 2026 Feb 11. doi: 10.1186/s12893-026-03594-9. Epub ahead of print. PMID:
41673833.

18. Kim D. Hypophosphatemic Osteomalacia Induced by Low-Dose Adefovir-Related Fanconi
Syndrome. J Med Cases. 2026 Feb 2;17(3):133-139. doi: 10.14740/jmc5281. PMID: 41669644;
PMCID: PMC12885145.

19. Ortego A, Sharma V. Open Chest Wound with Sternal Fracture in the Emergency Department, a
Case Report. J Educ Teach Emerg Med. 2026 Jan 31;11(1):V15-V18. doi: 10.5070/M5.52202.
PMID: 41660173; PMCID: PMC12880881.

20. Matecki M, Walker M, Corbett J, Donnelly KA, Shapiro G, Smith ER, Diaz F, Davenport M,
Mitstifier P, Streit S, Sarani B. Wounding Patterns in Fatal and Nonfatal Pediatric Firearm
Injuries. Pediatr Emerg Care. 2026 Feb 18. doi: 10.1097/PEC.0000000000003580. Epub ahead of
print. PMID: 41703420.

21. Schubl SD, Greig CJ, Doben A. Intrathoracic surgical stabilization of rib fractures: What you
need to know. J Trauma Acute Care Surg. 2025 Nov 12. doi: 10.1097/TA.0000000000004832.
Epub ahead of print. PMID: 41701566.

22. Caffrey J, Hsu FC, Gayzik FS. Multi-Compartment Injury Risk in High-Rate Non-Penetrating Blunt
Thoracic Impacts. J Biomech Eng. 2026 Feb 3:1-18. doi: 10.1115/1.4071003. Epub ahead of
print. PMID: 41631415.

23. Granger E, Armstrong K, Franks C, Andre T, Wade C, Davis R. Return to Duty Rates in Active-
Duty Military: Comparing Minimally Invasive and Open Cervical Spine Surgery. Mil Med. 2026 Feb
14:usag014. doi: 10.1093/milmed/usag014. Epub ahead of print. PMID: 41689542.

24. Siddiqui T, Muhammad K, El-Menyar A, Atique S, Ahmed K, Rizoli S, Al-Thani H. Immediate
Pulmonary Embolism or Pulmonary Artery Thrombosis Following Blunt Chest Injury? Eur J Case
Rep Intern Med. 2026 Jan 26;13(2):006150. doi: 10.12890/2026_006150. PMID: 41668822;
PMCID: PMC12885596.

25. Segura, C. A. S., Medina, M. S. H., Sixtos, J. R. L., Ruiz, C. A., & Sanchez, M. A. G. (2025).
Bleeding in Surgery. British Journal of Healthcare and Medical Research, Vol - 12(04). 12-30.

26. Yu B, Cho J, Kim H, Hwang SH, Hwang J, Kim S, Oh J, Lee S, Kim DW, Seok J, Kim K, Lee J, Yon
DK, Kang WS. On-scene machine learning prediction model for massive transfusion in trauma
and its association with in-hospital mortality. BJS Open. 2025 Dec 29;10(1):zraf167. doi:
10.1093/bjsopen/zraf167. PMID: 41705531.

27. Turkoglu B, Karakas B, Yar MD, Tezcan HM, Tunc MV, Ozen D, Kaymak S, Unlii A. Prediction of
massive transfusion and mortality in early trauma care: A retrospective analysis of scoring
systems. Ulus Travma Acil Cerrahi Derg. 2025 Nov;31(11):1109-1118. doi:
10.14744/tjtes.2025.52643. PMID: 41392841; PMCID: PMC12782695.

28. Bekbossynova M, Saliev T, Mukarov M, Sugralimova M, Batpen A, Kozhakhmetova A, Zhanbolat
A. Indirect myocardial injury in polytrauma: mechanistic pathways and clinical utility of
immunological markers. Journal of Development and Cardiovascular Diseases. 2025; 12(7):268.
https://doi.org/10.3390/jcdd12070268

29. Asensio JA, Ceron SA, Mondschein DJ, Martin SD, Inyang ID, Smith-Singares E, Bechara C,
Williams M, Rowe VL, Velasco JM. Predictors of Outcomes in 1,441 Vascular Injuries: 10-Year
Experience in a Large Urban Trauma Center. J Am Coll Surg. 2026 Jan 27. doi:
10.1097/XCS.0000000000001802. Epub ahead of print. PMID: 41589887.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 26



Scholar Publishing

30. Frederick AB, Wright A, Del Gaizo J, Streck CJ. A multicenter analysis of a two-tier triage
system for serious injuries, morbidity, and mortality in pediatric patients following blunt
trauma. J Trauma Acute Care Surg. 2026 Jan 23. doi: 10.1097/TA.0000000000004918. Epub
ahead of print. PMID: 41575233.

31. Murugesan N, Nallathambi V, Kalanchiam GP, Venkataramaiah S, Kadam CL. Cervicothoracic
Injury with Retropharyngeal Chyle Leak-Diagnostic Dilemma and Management: Case Report.
JBJS Case Connect. 2026 Jan 23;16(1). doi: 10.2106/JBJS.CC.25.00459. PMID: 41576216.

32. Costenbader K, Beheshtian E, Fleiter TR, Jeudy J, Kundi R, Smith EB, Sliker CW. Imaging of
Cardiac and Nonaortic Thoracic Vascular Trauma. Radiographics. 2026 Feb;46(2):e250097. doi:
10.1148/rg.250097. PMID: 41569928.

33. Forrester JD, Abou Chaar M, Barnes AT, Bauman ZM, Bendjemil S, Betts NN, Christie B, Dasari
R, Wb D, Earley MJ, Faliks B, Johns TJ, Johnson C, Junker MS, Kim BD, King JM, Knight AW,
Schweibinz AA, Stephens D, Stuever M, Wang S. Lost fractures: prevalence and risk factors for
missed costosternal and costal cartilage fractures among patients with radiologic chest wall
injury. Trauma Surg Acute Care Open. 2026 Jan 9;11(1):e002020. doi: 10.1136/tsaco-2025-
002020. PMID: 41561394; PMCID: PMC12815250.

34. Huang ST, Liu LR, Tsai MF, Huang MY, Chiu HW. Prospective Diagnostic Accuracy and Technical
Feasibility of Artificial Intelligence-Assisted Rib Fracture Detection on Chest Radiographs:
Observational Study. JMIR Med Inform. 2026 Jan 29;14:e77965. doi: 10.2196/77965. PMID:
41610279; PMCID: PMC12854400.

35. Tee YS, Liao CA, Kuo LW, Hsu CP, Wang CC, Fu CY, Liao CH, Cheng CT. Artificial intelligence-
assisted training for rib fracture interpretation: a prospective study in undergraduate medical
students. World J Emerg Surg. 2026 Feb 14. doi: 10.1186/s13017-026-00678-y. Epub ahead of
print. PMID: 41691241.

36. Sermonesi G, Bertelli R, Pieracci FM, Balogh ZJ, Coimbra R, Galante JM, Hecker A, Weber D,
Bauman ZM, Kartiko S, Patel B, Whitbeck SS, White TW, Harrell KN, Perrina D, Rampini A, Tian
B, Amico F, Beka SG, Bonavina L, Ceresoli M, Cobianchi L, Coccolini F, Cui Y, Dal Mas F, De
Simone B, Di Carlo I, Di Saverio S, Dogjani A, Fette A, Fraga GP, Gomes CA, Khan JS, Kirkpatrick
AW, Kruger VF, Leppaniemi A, Litvin A, Mingoli A, Navarro DC, Passera E, Pisano M, Podda M,
Russo E, Sakakushev B, Santonastaso D, Sartelli M, Shelat VG, Tan E, Wani |, Abu-Zidan FM, Biffl
WL, Civil I, Latifi R, Marzi I, Picetti E, Pikoulis M, Agnoletti V, Bravi F, Vallicelli C, Ansaloni L,
Moore EE, Catena F. Surgical stabilization of rib fractures (SSRF): the WSES and CWIS position
paper. World J Emerg Surg. 2024 Oct 18;19(1):33. doi: 10.1186/s13017-024-00559-2. Erratum
in: World J Emerg Surg. 2025 Jan 29;20(1):8. doi: 10.1186/s13017-024-00568-1. PMID:
39425134; PMCID: PMC11487890.

37. Reiber M, Mormol J, Krech L, Pounders S, Chapman A, Steensma E. Not All Black and White: Is
Routine Chest Radiography Following Rib Fractures Beneficial? J Surg Res. 2026 Feb 19;320:15-
22. doi: 10.1016/j.jss.2026.01.027. Epub ahead of print. PMID: 41719620.

38. Riccardo Farinella, Alessio Felici, Giulia Peduzzi, Sabrina Gloria Giulia Testoni, Eithne Costello,
Paolo Aretini, Ricardo Blazquez-Encinas, Elif Oz, Aldo Pastore, Matteo Tacelli, Burcak Otlu,
Daniele Campa, Manuel Gentiluomo, From classical approaches to artificial intelligence, old
and new tools for PDAC risk stratification and prediction, Seminars in Cancer Biology, Volume
112, 2025, Pages 71-92.

39. Tingting Zhao, Dong Li, Mengshan Wu, Chenyuan Zhang, Xiaoyuan Qu, Xin Tian, Yixi Zhang,
Chunlin Song, Xiaoran Wang, Xianghong Meng, Zhi Wang, A CT-based multimodal fusion model
for predicting outcomes in blunt chest trauma: A multicenter study, The American Journal of
Emergency Medicine,Volume 102, 2026, Pages 71-77,

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 27



Scholar Publishing

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Nguyen HQ, Dang HQ, Doan HQ, Bui PD. Severe Aortic and Mitral Regurgitation After Blunt Chest
Trauma. JACC Case Rep. 2026 Feb 21:107037. doi: 10.1016/j.jaccas.2026.107037. Epub ahead
of print. PMID: 41721818.

Zhao T, Li D, Wu M, Zhang C, Qu X, Tian X, Zhang Y, Song C, Wang X, Meng X, Wang Z. A
multimodal fusion model based on CT to predict outcomes in blunt thoracic trauma: a
multicenter study. Am J Emerg Med. 2026 Apr; 102:71-77. DOI: 10.1016/J.AJEM.2025.12.038.
Electronic publication January 2, 2026. PMID: 41576754.

Chen, Q., Huang, G., Li, T. et al. Insights into epidemiological trends of severe chest injuries:
an analysis of age, period, and cohort from 1990 to 2019 using the Global Burden of Disease
study 2019. Scand J Trauma Resusc Emerg Med 32, 89 (2024). https://doi.org/10.1186/s13049-
024-01258-2

Lee N, Youn SH, Kim Y, Kim M, Jheong J, Ha G, Kim Y. Extrapericardial tamponation after blunt
chest trauma treated with subxiphoid video-assisted uniportal thoracoscopic surgery: case
report. J Cardiothorac Surg. 2026 February 6. DOI: 10.1186/513019-026-03871-X. Epub before
printing. PMID: 41652439.

Mair, J. The Pathophysiology of Cardiac Troponin Release and the Various Circulating Cardiac
Troponin Forms—Potential Clinical Implications. J. Clin. Med. 2025, 14, 4241.
https://doi.org/10.3390/jcm14124241

Sztulman L, Pfeiffer V, Saenger M, Brenner R, Usov L, Marzi I, Weber B. Beyond the initial
impact: Troponin patterns frequently show delayed cardiac injury in patients with polytrauma.
World J Emerg Surg. 2026, January 31. DOI: 10.1186/5S13017-026-00672-4. Epub before printing.
PMID: 41618429.

Milley B, Taverna XJ, Abrard S, Debord-Peguet S, Jean FX, Cartier R, Lukaszewicz AC, Pérez P.
Efficacy of high-sensitivity troponin | in predicting cardiovascular events in patients with
thoracic trauma. Eur J Trauma Urg Surg. 2026 Jan. 29; 52(1):33. DOI: 10.1007/500068-025-
03065-5. PMID: 41609864; PMCID: PMC12855210.

Holm PH, Jensen THL, Westaby J, Sheppard M, Jacobsen SB, Dupont ME, Andersen JD, Winkel
BG, Tfelt-Hansen J, Banner J, Olsen KB. Quantitative Histological Insights Into Sudden
Arrhythmic Death Syndrome: Findings From a Forensic Autopsy Cohort. APMIS. 2026
Mar;134(3):€70169. doi: 10.1111/apm.70169. PMID: 41747709.

Matecki M, Forssten MP, Cao Y, Sarani B, Mohseni S. Surgical Stabilization of Rib Fractures in
Severe Polytrauma: A Potential Indication. Am Surg. 2026 Feb 10:31348261421661. doi:
10.1177/00031348261421661. Epub ahead of print. PMID: 41667081.

Manes TJ, DeGenova DT, Taylor BC, Patel JN. Far Posterior Approach for Rib Fracture Fixation:
Surgical Technique and Tips. JBJS Essent Surg Tech. 2024 Dec 6;14(4):€23.00094. doi:
10.2106/JBJS.ST.23.00094. PMID: 39650795; PMCID: PMC11617350.

Prusty AV, Gupta A, Mohanty CR, Padhy BM, Sahu SK, Radhakrishnan RV, Barik AK, Sahoo S,
Hansda U, Das S, Bayana R. Analgesic efficacy of ultrasound-guided erector spinae plane block
versus costotransverse foramen block in patients with chest trauma: A randomized controlled
study. Injury. 2026 Jan 10:113038. doi: 10.1016/j.injury.2026.113038. Epub ahead of print.
PMID: 41577530.

Heinen R, Schubert AK, Palashev D, Feigl G, Wiesmann T. Update Periphere Regionalanasthesie
: Rippe, Clavicula und Schulterluxationen [Update peripheral regional anesthesia : Rib, clavicle
and shoulder dislocation]. Anaesthesiologie. 2026 Mar;75(3):209-220. German. doi:
10.1007/s00101-026-01652-8. Epub 2026 Feb 11. PMID: 41670700.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 28


https://doi.org/10.1186/s13049-024-01258-2
https://doi.org/10.1186/s13049-024-01258-2

Scholar Publishing

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Gonzalez-Sanchez EA, Medina-Muhoz DE, Bermea-Caldelas MF, Hernandez Guedea MA, Muhoz-
Madonado GE. Tracheoesophageal Injury Following Gunshot Wound to the Chest: A Case Report.
Curus. 2025 Dec 25;17(12):e100083. doi: 10.7759/cureus.100083. PMID: 41602260; PMCID:
PMC12832566.

Matthews R, Chou EL, Dubose JJ, Baril DT, Gupta N, Arbabi CN, Saqib NU, Starnes BW, Quiroga
E, Miller CC, Azizzadeh A. Impact of Trauma Center Volume on Treatment Strategies and
Outcomes of Blunt Traumatic Aortic Injuries. J Vasc Surg. 2026 Feb 5:50741-5214(26)00087-X.
doi: 10.1016/j.jvs.2026.01.035. Epub ahead of print. PMID: 41654034.

Fontana F, Piacentino F, Grimoldi F, Coppola A, Macchi E, Cervarolo MC, Franchin M, lerardi
AM, Floridi C, Carrafiello G, Giovagnoni A, Venturini M. Endovascular treatment of traumatic
thoracic aortic injuries in patients with normal anatomy and anatomical variants: safety,
efficacy and long-term follow-up. Radiol Med. 2026 Jan 27. doi: 10.1007/s11547-026-02173-5.
Epub ahead of print. PMID: 41591721.

Embel V, Hafeez MS, Russo L, Ahmed N. Non-operative management of blunt traumatic aortic
injuries. World J Cardiol. 2026 Jan 26;18(1):111254. doi: 10.4330/wjc.v18.i1.111254. PMID:
41607614; PMCID: PMC12835999.

Ye JB, Lee JY, Lee JS, Kim SH, Choi H, Kim Y, Yoon SY, Sul YH, Choi JH. Observational
management of Grade Il or higher blunt traumatic thoracic aortic injury: 15 years of experience
at a single suburban institution. Int J Crit Illn Inj Sci. 2022 Apr-Jun;12(2):101-105. doi:
10.4103/ijciis.ijciis_89_21. Epub 2022 Jun 24. PMID: 35845121; PMCID: PMC9285127.

Egyud MRL, Holmes S, Burt BM. Technical Aspects of Robotic First Rib Resection. Thorac Surg
Clin. 2023 Aug;33(3):265-271. doi: 10.1016/j.thorsurg.2023.04.005. Epub 2023 May 25. PMID:
37414482.

Gkikas A, Lampridis S, Patrini D, Kestenholz PB, Azenha LF, Kocher GJ, Scarci M, Minervini F.
Thoracic Outlet Syndrome: Single Center Experience on Robotic Assisted First Rib Resection and
Literature Review. Front Surg. 2022 Mar 8;9:848972. doi: 10.3389/fsurg.2022.848972. PMID:
35350142; PMCID: PMC8957785.

Burt BM, Palivela N, Cekmecelioglu D, Paily P, Najafi B, Lee HS, Montero M. Safety of robotic
first rib resection for thoracic outlet syndrome. J Thorac Cardiovasc Surg. 2021
Oct;162(4):1297-1305.e1. doi: 10.1016/j.jtcvs.2020.08.107. Epub 2020 Sep 3. PMID: 33046231.

Chermat A, Rojas D, Tricard J, Mauduit M, Rouze S, Olivo C, Clergeau S, Kaladji A, Lucas A,
Mahé G, De Latour BR. First report of robot-assisted surgical resection of the first rib via a
posterior approach for the treatment of thoracic outlet syndrome. J Thorac Dis. 2026 Jan
31;18(1):13. doi: 10.21037/jtd-2025-1540. Epub 2026 Jan 27. PMID: 41660453; PMCID:
PMC12876020.

Yuriditsky E., Horowitz J.M. The physiology of cardiac tamponade and implications for patient
management. J Crit Care. 2024; 80:154512. doi: 10.1016/j.jcrc.2023.154512.

Shaham L., Fisher L., Segev A., et al. Echocardiography vs hemodynamic assessment of diastolic
dysfunction. J Invasive Cardiol. 2024;36(1). doi: 10.25270/jic/23.00106.

Rodriguez}-Rodriguez A., Garcia-Sanchez M.A., Hernandez-Lopez A., y cols. Trauma cardiaco
penetrante un desafio quirdrgico. Revista Ocronos. Vol. VII. N° 4-Abril 2024. Pag. Inicial: Vol.
VIl; n° 4: 780

Rodgers-Fischl PM, Makdisi G, Keshavamurthy S. Extrapericardial Tamponade After Blunt
Trauma. Ann Thorac Surg. 2021 Jan;111(1): e49-e50. doi: 10.1016/j.athoracsur.2020.04.098.
Epub 2020 Jun 10. PMID: 32531210.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research Page | 29



Scholar Publishing

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Lee N, Youn SH, Kim Y, Kim M, Jheong J, Ha G, Kim Y. Extrapericardial tamponade following
blunt chest trauma treated with subxiphoid uniportal video-assisted thoracoscopic surgery: a
case report. J Cardiothorac Surg. 2026 Feb 6. doi: 10.1186/s13019-026-03871-x. Epub ahead of
print. PMID: 41652439

Rabe SM, Scheuermann U, Zeidler S, Kleber C, Steinert M, Kramer S. Penetrating thoracic stab
wounds and the cardiac box: a single-center experience of in-hospital treatment and outcome
in Germany. Scand J Trauma Resusc Emerg Med. 2026 Jan 17;34(1):18. doi: 10.1186/s13049-
026-01555-y. PMID: 41546052; PMCID: PMC12849326.Copiar. Descargar .nbib

Gao X, Jin L, Li Y. ECPR In Penetrating Chest Trauma With Thoracic Aortic Injury: A Case
Report. Clin Case Rep. 2026 Apr 3;14(4):e72194. doi: 10.1002/ccr3.72194. PMID: 41948764,
PMCID: PMC13052074.

Ramsuchit B, Martinez Ugarte S, Kao LS, Meyer D. A Contemporary Review of Operative
Indications for Chest Wall Trauma. Thorac Surg Clin. 2026 May;36(2):223-234. doi:
10.1016/j.thorsurg.2025.12.004. Epub 2026 Feb 20. PMID: 41927159.

Ordoiez CA, Serna JJ, Parra MW, Gempeler A, Fernandez MI, Montilla D, Barbosa M, Salcedo A,
Serna CA, Sanchez B, Franco MJ, Palacios H, Garcia AF, Rodriguez-Holguin F. One incision,
complete access: Median sternotomy and aortic occlusion in penetrating chest trauma. J
Trauma Acute Care Surg. 2026 Mar 31. doi: 10.1097/TA.0000000000004872. Epub ahead of
print. PMID: 41925571.

Huelskamp MD, Mboulla Nzomo M, Horst N, Acar L, Duesing H, Marschall U, Raschke MJ,
Rosslenbroich S. The impact of injury severity and age on short-and long-term mortality and
hospital length of stay after surgical stabilisation of rib fractures (SSRF): a German population-
based propensity-score matched investigation. World J Emerg Surg. 2026 Mar 2;21(1):21. doi:
10.1186/513017-026-00682-2. PMID: 41772696; PMCID: PMC13059353

Prasad S, Khan Z, Kumar A, Anwer M, Kumar A. Emergency Management of Blunt Cardiac
Tamponade: A Report of Two Cases. Cureus. 2026 Jan 26;18(1):e102292. doi:
10.7759/cureus.102292. PMID: 41755963; PMCID: PMC12933373.

Adler Y, Risti¢ AD, Imazio M, Brucato A, Pankuweit S, Burazor |, Seferovi¢ PM, Oh JK. Cardiac
tamponade. Nat Rev Dis Primers. 2023 Jul 20;9(1):36. doi: 10.1038/s41572-023-00446-1. PMID:
37474539.

Freitas PAR, Povoa RG, Kuromoto RK, Brock RS, Jeng BCP, Junior CGC, Paiva WS. Surgical
management of gunshot-induced spinal cord injuries: A case series analysis. J Craniovertebr
Junction Spine. 2026 Jan-Feb;17(1):78-83. doi: 10.4103/jcvjs.jcvjs_217_25. Epub 2026 Jan 15.
PMID: 41717294; PMCID: PMC12915745.

Goh BC, Striano BM, Crawford AM, Tobert DG, Fogel HA, Cha TD, Schwab JH, Bono CM,
Hershman SH. Surgical Intervention is Associated With Improvements in the ASIA Impairment
Scale in Gunshot-induced Spinal Injuries of the Thoracic and Lumbar Spine. Clin Spine Surg.
2022 Aug 1;35(7):323-327. doi: 10.1097/BSD.0000000000001308. Epub 2022 Mar 10. PMID:
35276720.

Cai H, Zheng HL, Chen PB, Song SK, Mardan M, Lu ZY, Xu QY, Li B, Zheng XF, Jiang LS, Jiang SD.
Percutaneous Vertebroplasty Reduced the Adjacent Intervertebral Bridging Ossification Rates in
Patients With Thoracolumbar Osteoporotic Vertebral Compression Fractures: A Retrospectively

Comparison Study. Orthop Surg. 2026 Mar;18(3):523-532. doi: 10.1111/0s.70266. Epub 2026 Feb
11. PMID: 41672574; PMCID: PMC12967605.

Vol. 13 No. 03 (2026): British Journal of Healthcare and Medical Research

Page | 30



