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Abstract. The study of chest injuries which 

profoundly impact quality of life, life expectancy, 

disability rates, and mortality is of significant 

importance. In clinical research, the authors 

analyzed diagnostic results from 527 patients aged 

18 to 85 with closed chest trauma, consisting of 

82% men and 18% women. The study confirms 

that traumatic chest injuries are severe conditions 

that necessitate strict adherence to well-defined 

diagnostic and treatment guidelines. It is advisable 

to utilize thoracoscopy and video-assisted 

thoracoscopy for managing hemothoraxes with 

small volumes of bleeding, as these minimally 

invasive techniques can enhance patient outcomes 

and reduce recovery times. The incorporation of 

advanced three-dimensional (3D) printing 

technologies into medical practice for chest injuries 

is also recommended, as it can improve surgical 

planning and enable personalized treatment 

strategies. Moreover, 3D printing can aid in the 

fabrication of patient-specific implants and 

prosthetics, thereby enhancing the effectiveness of 

reconstructive surgeries. Further research is needed 

on pharmacotherapy when using medications in 

accordance with the codes of the 11th revision of 

the International Classification of Diseases, to 

optimize therapeutic efficacy. Additionally, an in-

depth study of the integrated ABC/VEN-analysis 

of drug prescriptions in pharmacotherapeutic 

regimens for thoracic trauma treatment dynamics 

in both inpatient and outpatient healthcare facilities 

is recommended. This could lead to better resource 

allocation, improved patient care, and the 

development of more effective treatment protocols. 

Emphasizing interdisciplinary collaboration 

among surgeons, radiologists, and pharmacologists 

is crucial to advance the management of chest 

trauma, ensuring that patients receive 

comprehensive and holistic care throughout their 

recovery process. 

Keywords: quality of life, life expectancy, 

fatalities, trauma, chest, thoracoscopic surgery, 

thoracic injuries. 

 

Introduction. In modern conditions, it has been established that during everyday activities of 

people, domestic and criminal injuries are committed due to carelessness or intentionally. They affect 

the quality and length of life, the development of concomitant diseases, disability, and fatalities. 

Include approximately 2/3 of patients with chest injuries of varying degrees of severity, from a simple 

rib fracture to a penetrating wound of the heart or tracheobronchial rupture [1-8]: 

➢ the most common is a blunt chest injury with a frequency of 90%, of which less than 10% 

require any surgical intervention; 

➢ mortality ranks 2nd after head injury, which emphasizes the importance, promptness and 

timeliness of initial treatment; 

➢ after these injuries, patients may experience simple shortness of breath or even respiratory 

arrest; 

➢ many of these deaths can be prevented by quick delivery of victims to a health care facility, 

multidisciplinary diagnosis, treatment and pharmacotherapy; 
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➢ the more rib fractures a patient has, the higher the mortality rate due to additional damage to 

the main human organ; 

➢ a difference in injury patterns was revealed: elderly patients are more prone to rib fractures, 

and young patients have more injuries to internal organs and chest structures; 

➢ significant chest trauma is present in combat-wounded patients, but the vast majority of cases 

are associated with a penetrating mechanism; 

➢ the most common chest injuries are pneumothorax, pulmonary contusion, and chest wall 

injury, while lung or major vessel injuries have the highest mortality rates; 

➢ drainage or thoracentesis is indicated as the initial diagnostic and therapeutic intervention for 

most patients with thoracic trauma; 

➢ with more serious injuries, thoracotomy (mainly anterolateral), sternotomy or other surgical 

access may be indicated in urgent cases; 

➢ a great role is played by the professionalism of the thoracic surgeon in the management of 

chest trauma in the seriously injured. 

Damage to the chest wall in closed injuries is the most common thoracic injuries, which make 

up 50-70%, and in combined injuries – 90.8%, and pneumothorax is a frequent complication of 

thoracic injuries [9, 10]. 

Thoracic trauma with multiple rib fractures in 80-90% of cases is accompanied by intrapleural 

complications due to damage to intercostal vessels. At the same time, during hostilities, the frequency 

of chest injuries reaches 8-12% [11-14]. 

It should be noted that this type of damage is one of the most severe. It leads to fatal 

consequences in every 3rd victim [15]. Diagnosis of this pathology is difficult. Thoracic trauma is the 

cause of death of every third victim with combined injuries. In 25% of inpatients with this pathology, 

serious diagnostic and tactical errors are allowed. In cases accompanied by fragmented rib fractures, 

the mortality rate is about 50% [9, 16, 17]. 

In the most severe forms of chest trauma, impaired oxygenation and ventilation, a severe 

inflammatory reaction, structural disruption of the musculoskeletal system, aspiration, and 

subsequent pneumonia are often the result of pathophysiological damage. In addition, this severe 

complex of injuries is often not isolated and can be combined with a craniocerebral injury, fractures 

of the spine in the cervical and thoracic regions, injuries of long bones and hard organs [18]. 

In clinical conditions, various types of external fixation, skeletal traction, or pneumatic 

stabilization of the floating part of the chest wall are more often used to stabilize the frame of the 

patient's chest wall [19-21]. However, these treatment methods have significant drawbacks: 

inadequate repositioning and unstable retention of broken fragments, development of abscesses and 

suppurations in the locations of fixators, pneumothorax and pneumomediastinum, purulent-

inflammatory lesions of the upper respiratory tract, and pleuropulmonary complications [16, 22]. 

The purpose of the study was to establish clear diagnostic tactics for thoracic trauma and for 

complications that are a consequence of thoracic trauma. Also, an important aspect is the 

establishment of a clear diagnostic and treatment algorithm for thoracic trauma. 

Materials and methods. A retrospective analysis of the results of treatment of 527 patients 

who were treated at the following clinical bases (thoracic departments) of the Danylo Halytsky Lviv 

National Medical University was conducted: 

❖ Lung Health Center (Lviv) [23]; 

❖ Lviv Military Medical Clinical Center of the State Border Service of Ukraine, which is the 

regional center of the western part of the State Border of Ukraine, covers 7 regions [24]. 

During diagnostic video thoracoscopy and diagnostic thoracoscopy, the visceral and costal 

pleura, accessible areas of the pericardium, and the diaphragm were examined in detail. Diagnostic 

video thoracoscopy makes it possible to inspect the lungs, pericardium, and interstitium. diaphragm, 

chest wall [17, 25]. A standard comprehensive examination of patients was carried out: clinical and 

radiological, laboratory, using invasive methods, pleural puncture and cytological examination of 

punctate. 
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All patients underwent a general clinical complex of laboratory examinations: general blood 

analysis, biochemical blood analysis, general urinalysis. 

Radiography of the chest organs in two projections, electrocardiography [16, 26] were also 

performed. An ultrasound examination method was used for diagnostic purposes. It was performed 

after a pleural puncture to control the presence of fluid in the pleural cavity, or to diagnose limited 

exudative pleurisy. The authors used the method of ultrasound diagnostics to detect residual fluid in 

the pleural cavity after pleural puncture. Philips HD II XE device was used. As is known, during this 

examination, the minimum amount of liquid in the pleural cavity that can be detected is 20 ml. [27]. 

With a larger amount of residual exudate in the pleural cavity, its amount and localization were very 

clearly established. The last indicators were informative in the aspect of solving the question of the 

expediency of further elimination of pleural effusion. 

Pleural puncture was performed according to the standard technique, under local anesthesia 

with 0.5% novocaine solution or 2% lidocaine solution. A sensitivity test was mandatory to detect a 

possible allergic reaction to the specified anesthetics. Patients were, as a rule, in a sitting position. 

Pleural puncture was performed in 7, 8 intercostal spaces along the upper edge of the rib. 

Rivalt's test was performed to differentiate exudate and transudate, the content and level of 

protein, lymphocytes, leukocytes, the presence of atypical cells, mycobacterium tuberculosis were 

examined. 

To verify the above-mentioned nosologies, we use thoracoscopy or video thoracoscopy. 

Thoracoscopy was performed with a rigid thoracoscope manufactured by the Berlin Medical 

Equipment Factory according to the generally accepted method. The examination of the pleural cavity 

was carried out sequentially by sectors (pleural dome, costosternal, costal, costovertebral surfaces, 

lungs by segments, diaphragm, pericardium, areas of the upper, front, lower, and back interstitium) 

[9, 25, 28]. 

When conducting a thoracoscopy, attention was paid to the color, thickness of the visceral and 

parietal pleura mucosa, the presence of moorings and adhesions, fibrin layers, the presence of rashes 

and their nature on the pleura, the presence of tumors. Before carrying out this invasive intervention, 

if the patient had a hydrothorax, an artificial pneumothorax was not applied. 

In the presence of a small amount of exudate – up to 250 ml, up to 200 ml of furacilin solution 

was additionally injected into the pleural cavity during puncture in order to prevent iatrogenic damage 

to the visceral pleura and lung tissue during thoracoscopy. 

Directly during the thoracoscopy, exudate was removed from the pleural cavity with a suction 

device, and optical devices with direct and lateral vision were used for visual inspection. As a rule, 

the tube of the thoracoscope was passed (introduced) into the pleural cavity in the 4th intercostal space 

along the mid-axillary line. 

In the majority of cases, thoracoscopy was performed under local anesthesia in patients with 

exudative pleurisy. After examination of the organs of the pleural cavity, a biopsy was performed for 

histological examination from the pathologically changed surface of the costal and visceral pleura, 

from prosiform vesicles on the pleura, from tumor formations, from the junctions between the parietal 

and visceral pleura. 

This manipulation, as a rule, was not accompanied by bleeding, and only in 15 cases we used 

a solution of aminocaproic acid and burning with a diathermocoagulator [28]. 

Video thoracoscopy was performed under general anesthesia using an Olympus YEC-40 

video thoracoscope. In cases where endoscopic surgery was predicted in the future, Eshelon 30-50 

endosuturing devices were used for resection of lung tissue. If necessary, pneumolysis and stoppage 

of hemorrhage were carried out by standard methods. In case of exudative pleurisy of tumor origin, 

the final stage of the operation was the performance of coagulation or chemical pleurodesis [9]. 

Results and discussion. A chest injury is a pathology that requires special attention from 

doctors, medical personnel and pharmacists and a meticulous and demanding attitude towards such 

patients. This is due to the fact that with this pathology, vital organs can be affected and 

accompanying health disorders can develop. 
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A closed chest injury and an open chest injury are distinguished [29]. With a closed injury, 

the internal organs and structures of the chest are affected without wound damage to the skin on the 

chest. 

In case of an open injury, there are wounds on the chest. In addition, penetrating and non-

penetrating chest injuries are distinguished [30]. In penetrating lesions, the costal pleura is damaged, 

in non-penetrating lesions, there is no lesion. 

It is possible for patients to develop severe, life-threatening complications, such as massive 

bleeding, tension pneumothorax with progression of respiratory failure, multiple floating rib fractures 

[31, 32]. 

Hemothorax is more often a consequence of damage to the intercostal artery during a rib 

fracture. However, hemothorax can be a consequence of intrapulmonary bleeding. According to the 

volume of blood in the pleural cavity, there are small (up to 100 ml), medium (from 100 ml to 500 

ml), large (over 500 ml) bleeding. With continuous pulmonary bleeding, puncture blood from the 

pleural cavity - coagulates. With hemothoraxes that developed a few days ago and do not continue, 

the puncture blood coagulates (Rouvilois-Gregoire test). 

The development of traumatic and post-traumatic exudative pleuritis is quite often observed, 

which can occur under the "mask" of hemothorax or be combined with the latter [26]. 

During clinical research, we analyzed the results of diagnosis of 527 injured patients aged 18 

to 85 years with closed chest trauma, who were distributed as follows – 432 men (82%), 95 women 

(18%), who were treated within the last 3 years (2021-2024), of which there were 179 patients 

(39.9%) with severe chest injuries. 

Causes of chest injuries among injured patients (Fig. 1): 

• Traffic accidents – 30%; 

• Domestic injuries – 59%; 

• Catatrauma – 11%. 

Fig. 1. Causes of chest injuries. 

 

However, studies have shown the following (Fig. 2): 

o 32 patients (25%) had multiple rib fractures; 

o 47 patients (8.9%) were diagnosed with a fragmentary nature of rib damage with the formation 

of costal and sternocostal valves; 

o 26 patients (4.9%) had a fracture of the body of the sternum with displacement of bone 

fragments of varying severity. 
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Fig. 2. Types of chest injuries. 

 

Preoperative treatment of patients with multiple and fragmentary rib fractures in the acute 

period of chest injuries included (Fig. 3): 

▪ Puncture of the pleural cavity – 98 patients (16%); 

▪ Drainage of the pleural cavity – 153 patients (25%); 

▪ Thoracoscopy – 215 patients (35%); 

▪ Rehabilitation tracheobronchoscopy – 171 patients (28%). 

 

Fig. 3. Types of preoperative treatment of patients with multiple and fragmentary rib fractures in the 

acute period of chest injuries. 
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Open chest trauma was observed in 137 patients. Bleeding from soft tissues was observed in 

all these cases. However, hemothorax as a complication of chest injury was observed in 157 cases. 

In case of a chest injury and the presence of a hemothorax, drainage of the pleural cavity must 

be performed after pleural puncture. 

In case of medium and large hemothorax, a thoracotomy was performed with verification and 

determination of the source of bleeding, and the implementation of the appropriate operative method. 

In turn, with a small volume of hemothorax – thoracoscopy or video thoracoscopy was 

performed. This operation made it possible to clearly establish the source of hemorrhage and 

determine the further treatment tactics for a specific patient. 

In 79 patients, hemorrhage was associated with damage to the intercostal artery. And in 78 

patients, bleeding was the result of damage to the lung tissue and, accordingly, injury to blood vessels 

in the lung tissue. 

Clinical case 1. Patient B., 19 years old, blood pressure – 40/0 mm Hg, was urgently admitted 

to the night shift. art., without consciousness. It is known from the anamnesis that the victims received 

multiple knife wounds in the left half of the chest and the left half of the abdomen. The injuries were 

caused by a skewer and a hunting knife. Also, the ulnar artery was completely severed on the left 

hand. Only bandages were applied to the left elbow, hemostatic tourniquets were not applied. A 

massive subcutaneous emphysema was found on both sides of the chest, in connection with which 

the X-ray of the lungs was uninformative. Foamy blood was coming out of the wounds on the left 

side of the chest during breathing. From the wounds in the left half of the abdomen – the omentum is 

everted. After placing a tourniquet on the left shoulder, drainage of the left half of the chest was 

performed. More than 1 liter of blood came out of the drainage. Despite the measures of intensive 

therapy, raising blood pressure to 70/30 mm Hg century, the patient was unconscious. On 

auscultation, breathing was practically not heard on the right side of the chest. A right-sided 

pneumothorax was suspected. This diagnosis was confirmed by right-sided pleural puncture. The 

mechanism of the injury was as follows: a skewer from the left half of the abdominal cavity "passed" 

through the dome of the diaphragm on the right, and injured the right lung. After drainage of the right 

half of the chest, the patient's condition stabilized. Blood pressure rose to 100/65 mm Hg, the patient 

regained consciousness. This made it possible to perform surgical interventions on the patient: 

suturing and plastic surgery of the left ulnar artery, laparotomy, stopping bleeding from the 

mesenteric vessels, thoracotomy and suturing lung wounds. 

Traumatic exudative pleurisy was diagnosed in 83 patients. Exudate is hemorrhagic. All 

patients with traumatic and post-traumatic exudative pleurisy underwent pleural puncture, and 59 

patients underwent thoracoscopy or video thoracoscopy, which ended with drainage of the pleural 

cavity. 

When examining the costal and visceral pleural, diaphragmatic and pulmonary surfaces, no 

signs of hemorrhage were found. 

Clinical case 2. Patient V. was admitted to the Military Medical Center of the Border Service 

with signs of multiple fragmentary window fractures of the chest on the right and left. It is known 

from the anamnesis that the citizen was involved in a traffic accident. A bus ran over the victim, who 

was performing customs clearance. The patient has a tracheostomy tube, saturation indicators are 78, 

the patient is on artificial oxygen breathing. On the radiograph of the lungs – the left hemithorax – is 

completely shaded throughout (Fig. 4). 
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Fig. 4. Multiple fragmentary fractures of both lungs, total shadowing of the left hemithorax, 

tracheostomy tube in the right main bronchus. 

 

In the semi-sitting position of the patient, a pleural puncture was performed in the 6th 

intercostal space along the front axillary line. A serous-hemorrhagic exudate was obtained. A pleural 

puncture was performed in the 2nd intercostal space along the anterior axillary line on the left. No 

free liquid was obtained. Upon a more detailed examination of the X-ray image, it was found that the 

distal end of the tracheostomy tube was inserted into the right main bronchus, which caused iatrogenic 

obturation of the left main bronchus and, accordingly, atelectasis of the left lung. The tracheostomy 

tube is pulled above the level of the bifurcation of the trachea. The patient's blood oxygenation 

dramatically improved to 88. Subsequently, the patient underwent video thoracoscopic surgery. 

While conducting research, it was established that (Fig. 5): 

✓ traumatic pneumothorax was ascertained in 235 patients and was observed in both closed and 

open chest trauma (44.6%); 

✓ 95 victims with symptoms of tension pneumothorax (18%) were admitted to hospital 

inpatients of health care facilities, in serious condition with the development of acute 

respiratory failure. During a puncture of the affected half of the chest, air was found in the 

pleural cavity. Radiologically, the displacement of the interstitium in the healthy direction 

was ascertained. During drainage of the pleural cavity, air flowed noisily from the affected 

half of the chest; 

✓ double drainage of the affected pleural cavity was performed in 47 patients (8.9%); 

✓ 105 patients were diagnosed with subcutaneous emphysema (19.9%); 

✓ thoracoscopy or video thoracoscopy for traumatic pneumothoraxes was performed in 183 

patients (34.7%). 
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Fig. 5. Types of surgical interventions, types of pneumothoraxes. 

 

Of interest is the experience of Hu M., Sun M., Bao S., Luo J., Zhuo L., Guo M., Department 

of Cardiothoracic Surgery, Chenggong University Affiliated Hospital (Military Hospital of the 73rd 

Army, Xiamen, China), who investigate thoracic dissection, which is a common and serious traumatic 

condition in thoracic surgery, and the treatment of thoracic chain often involves open reduction and 

internal fixation, which is relatively traumatic, difficult, and expensive [33]. Doctors offer three-

dimensional (3D) printing technology, which is widely used in the clinical field. The use of 3D-

printed products for chest injuries will become a new treatment technology. The use of 3D-printed 

thoracic external fixation guides is a promising clinical experience. The short-term effectiveness of 

the new technology needs to be evaluated. Facilitates thoracic treatment using a customized 3D-

printed external fixation guide in conjunction with video-assisted thoracoscopic surgery (Figs. 6, 7). 

 

 

Fig. 6. The range of rib fractures, the localization of paradoxical breathing and the approximate 

position of the direction printed on a 3D printer were determined: 

 

A – based on the patient's computer tomography data, a three-dimensional reconstruction was 

performed to determine the specific number and location of rib fractures; 
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B – data from Digital imaging and Communications in Medicine were modeled, and rib 

fracture areas were color-coded; 

C – based on the morphological data of the healthy side of the chest, an external fixation guide 

was developed; 

D – soft tissue was added to the model and the size of the external fixation guide was adjusted 

to simulate a tight fit to the chest wall; 

E – in the guide, several holes were designed for positioning and fixation (F). 

 

 
Fig. 7. These models were imported into a laser 3D printer to create an external fixed guide: 

 

A – the 3D printed guide could surround the chest and its surface was designed with 

positioning and fixed holes for the wire to pass through; 

B, C – the guide had a larger front surface and a smaller back surface, which could provide 

comfortable and effective wrapping; 

D – according to the actual situation of the patient, it was modified and polished, and finally 

a 3D printed guide for the operation was obtained. 

Separately, we note that all basic types of medical care (primary, specialized, emergency, 

palliative) and rehabilitation for adults and children are covered by the Program of Medical 

Guarantees-2024 [34]. It includes the treatment of health disorders associated with traumatic 

pneumothorax according to the ICD-11 code [35-37]. Pharmacotherapy is aimed at [38-52]: 

 reduction of pain and inflammation; 

 anti-inflammatory drugs are often used; 

 antibiotics are recommended to combat the disease of infectious origin; 

 localization of some complications; 

 in the presence of large accumulations of fluid, it may be necessary to carry out a drainage 

procedure; 

 study and generalization of the integrated ABC/VEN-analysis regarding the prescription of 

drugs during pharmacotherapy. 

In this way, the issue of establishing clear diagnostic tactics for thoracic trauma and 

complications resulting from thoracic trauma, as well as establishing a clear diagnostic and treatment 

algorithm for thoracic trauma, was considered. 

Conclusions. During the daily activities of people, domestic injuries are committed, which 

are the main reason that affect the quality and length of life, the development of concomitant diseases, 

disability and death, which include approximately 2/3 of patients with chest injuries of various 

degrees of severity, from a simple fracture rib to a penetrating wound to the heart or tracheobronchial 

laceration. Traumatic damage to the chest is a serious injury that can lead to dangerous complications 

and fatal consequences. It is advisable to follow clearly defined recommendations in the diagnosis 
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and treatment of traumatic lesions of the chest, especially in case of fragmentary fractures, pulmonary 

and intrapleural bleeding, in case of tension pneumothorax. Thoracic and video thoracoscopy is 

recommended for hemothoraxes to be performed only with small volumes of bleeding. The study and 

introduction into medical practice of three-dimensional (3D) printing technology, which is widely 

used in the clinical field, that is, the use of 3D-printed products for chest injuries, which will become 

a new treatment option. The use of 3D-printed external fixation guides for the chest is a promising 

clinical experience that needs to evaluate the short-term and long-term effectiveness of the new 

technology. The level of pharmacotherapy when using modern drugs in accordance with the 

nosological groups of the International Classification of Diseases-11 revision and pharmacoeconomic 

factors (benefits) that affect the price of drugs used during the course of treatment during the patient's 

stay in the hospital and in conditions that require further research outpatient treatment. Needs to be 

studied integrated ABC/VEN analysis of drug prescriptions in pharmacotherapeutic schemes of 

thoracic trauma relief and dynamics of treatment in inpatient and outpatient conditions of health care 

facilities. 
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