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Teaching aims

General purpose: to be able to diagnosis of Chest Injuries, to know pathophysiology, clinical manifestations and emergency care principles. 
	Concrete aims
	Initial level of knowledge-abilities

	To know
	To be able

	To assess function of external breathing
	To perform auscultation and percussion of chest

	Methods of clinical physical examination
	Principles of Urgent and deferred resuscitation

	Chain of survival Definition  
	General anesthesia. Types and features

	To know the principles of classification of injuries
	Fiatures of Inhalation anesthesia

	Clinical of Symptoms Haemothorax,  Hemoperitoneum.
	Blood substitutes. Classification, applying.



	The definition of “Golden hour” 
	Tips and features of Pneumothoraxes 

	Transfusion Complications: Acute Transfusion Reactions – Allergic, anaphylactic shock
	Main principles of the wounds

	Clinical signs of brain injuries 
	Tipes of bleeding and hemorrhage

	Principles of pleural cavity draining in pneumothorax and hemothorax
	Principles of Urgent and deferred resuscitation

	Methods of clinical physical examination
	To perform ABC control for victims

	Chain of survival Definition  
	To apply occlusive dress on the chest wound

	Principles of Urgent and deferred resuscitation
	To apply tourniquet 

	General anesthesia. Types and features
	To apply CPR (Chest press, artificial breathing) 

	Fiatures of Inhalation anesthesia
	Choice of anesthesia according to features of the injury

	Blood substitutes. Classification, applying.


	To perform control, opening and cleaning of upper air ways 

	Tips and features of Pneumothoraxes 
	

	Main principles of the wounds
	

	Tipes of bleeding and hemorrhage
	

	Principles of Urgent and deferred resuscitation
	

	General anesthesia. Types and features
	

	Features of Inhalation anesthesia
	



Topic actuality

The thoracic cavity contains three major anatomical systems: the airway, lungs, and the cardiovascular system. As such, any blunt or penetrating trauma can cause significant disruption to each of these systems that can quickly prove to be life threatening unless rapidly identified and treated. Chest trauma accounts for approximately 25% of mortality in trauma patients.1,2  
This rate is much higher in patients with polytraumatic injuries. 85-90% of chest trauma patients can be rapidly stabilized and resuscitated by a handful of critical procedures.  Trauma patients are commonly encountered in all emergency departments, not just in specified trauma centers. For this reason, emergency medicine providers should be prepared to appropriately evaluate, resuscitate and stabilize any patient with chest trauma. 


Unlike other disease entities, trauma patients often present with a known traumatic mechanism such as a car collision, fall, gunshot or stab wound. In rare cases, a patient may present in a state of significant altered mental status and be unable to provide any significant history.  In these situations, certain physical examination clues to the presence of trauma include findings such as contusions, lacerations, or deformities.  Palpation of crepitus over the chest wall may also be appreciated.  


In patients who are awake and lucid, the chest trauma may present with chest pain, dyspnea, back or abdominal pain, and occasionally syncope. Unstable chest trauma patients may show signs of severe respiratory distress or profound shock requiring emergent resuscitation. Unstable chest trauma patients can also deteriorate to the point of traumatic arrest and depending on the mechanism of chest trauma, may be candidates for an emergent ED thoracotomy. 


Mechanism of Injury 

Thoracic trauma can be distinguished by the mechanism of injury. Blunt trauma refers to mechanisms causing increased intrathoracic pressure such as car collisions (most common cause of thoracic trauma), and falls. By comparison, penetrating trauma largely refers to gunshots, stab wounds, and occasionally impalement. There is considerable overlap amongst the various traumatic disorders experienced in both penetrating and blunt chest trauma. However, in comparison to penetrating trauma, blunt chest trauma patients may have a more subtle presentation with less obvious physical exam findings. 


Initial Actions and Primary Survey


Life-threatening injuries associated with thoracic injuries are often identified in the primary survey by carefully assessing the patient’s ABCDEs. 


The injuries to be identified and treated in the thoracic region during the  primary survey  are: 
- Airway obstruction 

- Tension pneumothorax 

- Open pneumothorax 

- Flail chest and pulmonary contusion 

- Massive hemothorax 


- Cardiac tamponade 

Secondary Survey:  Potentially Life-threatening Chest Injuries

- Tracheobronchial tree injury-Simple pneumothorax


- Pulmonary contusion


- Hemothorax


- Blunt cardiac injury


- Traumatic aortic disruption


- Blunt esophageal rupture


- Traumatic diaphragmatic injury


These injuries usually require immediate interventions such as intubation, needle decompression, tube thoracostomy, or pericardiocentesis.  These life-threatening injuries and related problems are resolved as they are discovered. Patients with chest trauma can be admitted to the ED via Emergency Medical Services (EMS), often in a supine position and with a cervical collar. 

Prehospital treatment of penetrating thoracic trauma patients can include needle decompression, 3-sided occlusive dressing, and IV resuscitation.  Patients can also be admitted into the ED, in which case it is advisable to immediately apply a C-Spine collar and proceed with Advanced Trauma Life Support *(ATLS) Assessment. 


* The Advanced Trauma Life Support® (ATLS®) program can teach you a systematic, concise approach to the care of a trauma patient. ATLS was developed by the American College of Surgeons (ACS) Committee on Trauma (COT) and was first introduced in the US and abroad in 1980.  Its courses provide you with a safe and reliable method for immediate management of injured patients. 


All trauma patients must be managed in accordance with ATLS* (Advanced Trauma Life Support) – algorithms 1 – ABCDE Control 
A  (Airway with c-spine protection): Is the patient speaking in full sentences? 

B  (Breathing and Ventilation): Is the breathing labored? Are symmetrical, breath sounds present bilaterally? 

C  (Circulation with hemorrhage control): Are pulses present and symmetric? How does the patient’s skin appear? (cold clammy, warm well-perfused) 

D  (Disability): What is their GCS scale? Are they moving all extremities? 

E  (Exposure/Environmental Control): Completely expose the patient. Is rectal tone present? Is there any gross blood per rectum? 


Initial Interventions:

- IV (intra venously)   – 2 large-bore (minimum 18 Gauge) Antecubital IV 


- O2 – Nasal cannula, Face Mask 


- Monitor: Place the patient on a cardiac monitor. 


It is important to note that if there is any deficiency noted during the primary survey, the problem must be addressed immediately, without proceeding until the patient has been stabilized.  

If the patient’s primary survey is intact, the adjuncts to the primary survey and resuscitation begins.  The adjuncts to the primary survey include any of the following as necessary: EKG, ABG, chest X-ray, pelvis x-ray, urinary catheter, eFAST exam and/or DPL. 


Next, a secondary survey must be performed. The secondary survey is the complete history and physical examination.  This is completed after the primary survey and after any intervention performed as part of an abnormal primary survey.  


Chest exam should detail entry and exit wounds, the total number of wounds, ecchymosis and deformities, paradoxical movement, or crepitus. Bedside sonography should be used to perform an eFAST exam, which assesses for the presence of pneumothorax, hemothorax, cardiac tamponade and intraperitoneal blood.


Details of the trauma mechanism are crucial.  For motor vehicle accidents (MVAs) speed of collision, position of colliding cars to each other, position of patient in the car, seatbelt use, extent of car damage (intrusion, windshield damage, difficulty of extrication, air bag deployment) are important elements to elicit. With respect to falls, the height of fall is important to know. 

When treating patients with gunshot wounds, the type of gun, distance from the shooter, and number of shots heard are all relevant. For stab wounds, it is prudent to obtain information on the kind of weapon used. 


Presentation


Chest trauma can lead to several serious and potentially life-threatening injuries. As a generality, chest trauma patients present with chest pain and shortness of breath but can also present in shock (altered mental status) or in traumatic arrest. Presenting vital signs tend to range from slightly abnormal to floridly unstable. Thoracic injuries are identified by primary survey signs: tachypnea, respiratory distress, hypoxia, tracheal deviation, breath sounds, percussion abnormalities, and chest wall deformities. Chest trauma injuries can range from thoracic wall contusion or laceration, to pneumothorax (PTX), flail chest, and cardiac tamponade. Any injury within the “box” described as the region in between the nipple lines, inferior neck line and diaphragm often results in injury to underlying organs. 


Pneumothorax (PTX)


The presentation for this entity is typically less dramatic than tension pneumothorax. Patients present with chest pain and shortness of breath, tachycardia, tachypnea, and hypoxia. On physical exam they often have bilateral breath sounds, although typically asymmetric with decreased breath sounds noted on the side of the PTX. Chest X-ray (figure 1a) and bedside ultrasonography (figure 1b) are useful in making the diagnosis. 
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Figure 1. Simple traumatic left sided pneumothorax.
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Tension Pnenmothorax (PTX)
Tension PTX typically presents with shortness of breath and chest pain in the setting of
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trauma and in certain cases, may present as traumatic arrest. Air is forced into the pleural space
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                                                                      Figure 1. Simple traumatic left sided pneumothorax (arrows) .


Tension Pneumothorax (PTX) 


Tension PTX typically presents with shortness of breath and chest pain in the setting of trauma and in certain cases, may present as traumatic arrest. Air is forced into the pleural space without any means of escape, eventually completely collapsing the affected lung. The mediastinum is pushed to the opposite side, decreasing venous return and compressing the opposite lung. Shock results from the decrease in venous return causing a reduction in cardiac output and is classified as obstructive shock.


Patient position. The most commonly used position are either with the patient lying at 45° with their arm raised behind the head to expose the axillary area or in a forward lean position. The procedure may also be performed with the patient lying on their side with the affected side uppermost. In trauma situations emergency drain insertion is more likely to be performed whilst the patient is still in supine position as part of the primary trauma survey. Clinical findings include absent breath sounds ipsilateral to the PTX, tracheal deviation opposite to the PTX, crepitus and jugular venous distension. Bedside ultrasound can be used to confirm the absence of lung sliding on the site of suspicion. Tension pneumothorax is a clinical diagnosis and there should be no delays in obtaining chest x-rays to make this diagnosis. 

If the diagnosis of tension PTX is suspected, patients should undergo prompt needle decompression followed by tube thoracostomy - Anterior Chest surface through the II-d intercostal space along the mid clavicle line. Use Portable valve systems These should be used for patients with on-going air leaks or fluid drainage. These are based on a one-way flutter system - conventional underwater seal units.
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Figure 2. Scheme of Tension PTX development


Open Pneumothorax 


Open pneumothorax is a sucking chest wall wound from penetrating injury.  This is typically caused by a defect in the chest wall greater than 2/3 diameter of the trachea.  In this case, air moves preferentially through chest-wall defect resulting in ineffective ventilation & hypoxia.  Patients present with complaints of chest pain and shortness of breath.  The physical exam is significant for sonorous breath sounds, sucking air from the wound, and shallow respirations.
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  Figure 3.  Scheme of development Open PTX        Figure 4. Conventional Occlusive Dressing
It is treated by placement of an occlusive dressing with tape on three sides to create an escape valve. If application of a 3-sided dressing is not performed, this injury can turn into a tension PTX. The ultimate treatment is a tube thoracostomy placed ipsilateral to the side of the wound but at a different anatomic location. 


Hemothorax – is blood congestion in the pleural cavity; it can develop during closed and open fractures. Clinical picture. With mild haemothorax the blood flows down into pleural sinus and usually does not cause special complaints from the patient, even objective symptoms are absent.

With large and total pneumothorax the lung is completely compressed, the mediastinum is shifted to the opposite side, significant infringements of haemodynamics and respiration occur.

Patient complaints include shortness of breath or chest pain.  Occasionally, patients may be asymptomatic.  Typical exam findings are decreased breath sounds and dullness to percussion.  Although vital signs typically indicate tachycardia, tachypnea or hypoxia, they may also be normal. In large hemothorax dyspnea, cyanosis, accelerated pulse of weak filling, decrease in arterial pressure are observed. During percussion acute obtusion is determined, during auscultation — significant weakening in respiration. X-ray examination reveals the level of liquid and in total haemothorax even a homogeneous dark patch is found. The pleural puncture confirms the diagnosis. The diagnosis can be confirmed with a bedside ultrasound which can reliably reveal the presence of a hemothorax. Although chest x-ray can be utilized, the sensitivity of an upright chest x-ray is superior to that of a portable chest x-ray. 

Treatment. The blood from the pleural cavity needs to be removed immediately (puncture or drainage of the pleural cavity), otherwise in due time coagulation occurs and infection of the blood. If the blood loss through the siphon pleural drainage is larger than 1L a day and the bleeding proceeds, it must be stopped by an emergency thoracotomy. The typical treatment is placement of a 36-40 French chest tube. If the hemothorax is retained despite the chest tube, then a video assisted thoracoscopic surgery is recommended. 


Medium or large traumatic hemothoraxes are treated primarily by closed thoracic drainage, traditionally by inserting a large-caliber chest tube (in China, a 2-cm diameter stiff silicone tube is typically used) through an incision along the sixth or seventh spatium intercostale around the midaxillary line on the affected side. Inserted at the puncture point to a depth of 8–15 cm. The external end of the drain tube was connected to a drainage bag and was rinsed with 20 ml of physiological saline once every 8 h.


Indications for emergent surgery are: 

- Greater than 1500 ml of blood output at initial chest tube placement and 


- Output of greater than 200 ml/hour of blood for 2-4 hours. 


Flail Chest 


A flail chest occurs when patients suffer three or more rib fractures in two places. This occurs when a segment of the chest wall lacks bony continuity with the rest of the thoracic cage and results in severe disruption of normal chest wall movement – inability to create negative pressure for ventilation. Pulmonary contusion is a frequent complication. Patients present with chest pain, dyspnea, painful respirations and are tachycardic, tachypneic and hypoxic. Clinical findings are pertinent for a visible or palpable deformity, bruising or crepitus, paradoxical movement and splinting with secondary hypoventilation. Chest x-ray can be used to make the diagnosis (figure 5). Early intubation is advocated in elderly patients, those with multiple rib fractures or if patients are in respiratory failure.  The treatment goal is to re-expand the lung with Continuous Positive Airway Pressure (CPAP) or physiotherapy, with the goal of preventing atelectasis. For patients with less severe injuries, pain control and incentive spirometry can be attempted. All patients need admission for observation.
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Figure 5. a - A patient with flail chest, subcutaneous emphysema and pulmonary contusions on the right chest x-ray Image; b – The diagram shows a flail segment. 

Pulmonary Contusion 

Severe blunt chest trauma causes leakage of blood and proteins into alveoli causing atelectasis, which can lead to Acute Respiratory Distress Syndrome (ARDS) (figure 3). Patients with pulmonary contusions can present asymptomatically but often complain of shortness of breath, chest pain, cough or hemoptysis. On exam tachypnea, tachycardia, and hypoxia are common. In severe cases ecchymosis can be evident over the chest wall and decreased breath sounds may be heard. Although chest x-ray is typically performed, the initial chest x-ray may appear relatively normal, especially within the first 6-12 hours after the injury. Computed Tomography (CT) has a greater sensitivity and specificity for the diagnosis of pulmonary contusions. For large pulmonary contusions and significant respiratory distress, patients may need to be intubated. Smaller contusions can be managed with conservative management that includes incentive spirometry, pulmonary toilet, pain control and careful fluid administration. Clinical vigilance is needed in patients with pulmonary contusion as they can blossom over the initial 48 hours.

Cardiac Tamponade 

Cardiac Tamponade from chest trauma is caused by a penetrating injury to the heart with subsequent tamponade. Patients present with chest pain, shortness of breath, and frequently with altered mental status. On exam Beck’s triad (hypotension, Jugular Venous Distention, and distant heart sounds) may be present. A more frequent presentation is that of hypotension, shock, pulsus paradoxus (greater than 10 mm Hg decrease in systolic pressure with inspiration), and narrowing of pulse pressure. The diagnosis is clinical however, it can be made with bedside ultrasound while performing the eFAST exam (figure 4).  Although EKG may demonstrate electrical alternans, this is not frequently seen in traumatic tamponade. Chest x-ray can show an enlarged cardiac silhouette. In hemodynamically stable patients, pericardiocentesis is indicated. As little as 15 - 20 mL removal may result in immediate hemodynamic improvement. Unstable patients need emergency surgical intervention in the Operating Room (OR). Patients may present in PEA and if they lose their vitals while in the ED, ED thoracotomy is indicated. 

Blunt Aortic Injury 

Blunt Aortic Injuries, or traumatic aortic disruption, are usually seen in sudden deceleration type injuries secondary to abrupt deceleration from a motor vehicle accident > 30 mph or > 40 ft fall.  Most traumatic aortic injuries involve the proximal aorta.  

Patients fall into three categories: A) dead on scene – presumed complete aortic transection on impact. B) hemodynamically unstable – full thickness transection with active hemorrhage from the aorta.  C) Hemodynamically stable patients – partial thickness transection with possibility of pseudoaneurysm of the aorta.  

Patients may present with vague complaints including chest/back pain and lower extremity complaints but may also present with altered mental status and extremely unstable vital signs. Unstable patients can present with a left sided hemothorax as well. In stable patients, physical findings are nonspecific. However, it is important to look for chest wall contusions as well as pulse and blood pressure discrepancies in the extremities. 


Diagnosis is suggested if the mediastinum is widened on a chest x-ray. A CTA (spiral CT) is diagnostic. Angiography is considered the gold standard and only performed if the spiral CT is unequivocal. Transesophageal Echocardiography (TEE) can be used for unstable patients, though intubation is required prior to testing.  The treatment for hemodynamically unstable patients is emergent surgery to cross-clamp the aorta. For stable patients, aggressive BP control to a SBP< 120 mmHg followed by eventual surgical correction is advocated. 


Diagnostic Testing


Chest x-ray: All chest trauma patients should receive a portable chest radiograph. However, the sensitivity of a chest radiograph is only 65% for detection of acute traumatic injuries such as pneumothorax/hemothorax.  Chest x-ray is easily performed at the bedside with minimal disruption to resuscitative care.


Chest CT:  CT scanning has a much higher sensitivity than chest x-ray for detection of acute traumatic chest injuries however, obtaining a chest CT requires transportation out of the ED and obtaining images can delay care.  CT imaging may not be possible, especially in hemodynamically unstable patients.


eFAST Ultrasound:  Recent studies8  have also established the utility of bedside ultrasound – specifically the eFAST exam, in the diagnosis and management of several acute chest injuries such as hemothorax, pneumothorax, and cardiac tamponade. 


EKG: An EKG may be helpful in patients with blunt chest trauma or single vehicle MVA to help elucidate a cause of the accident. 


Pulse Oximetry: This is helpful to assess adequacy of oxygenation and need for supplemental O2. 


Laboratory Testing:  Blood testing, including ABG, does not have much utility in making the diagnosis of any of the conditions listed above. Generally, for all trauma patients a type and screen should be requested in the likely event blood transfusion is needed. CBC will help later with determining the amount of blood loss.  Patients with cardiac contusion will require serial troponins.


Treatment


The immediate goal of treating patients with chest trauma is to maintain or reestablish adequate oxygen perfusion to the end organ systems by providing ventilatory and hemodynamic support.  Each intervention is aimed at mitigating the specific disease process and is discussed in detail above.   


Hemodynamically unstable patients: Intravenous crystalloid fluid and Packed Red Blood Cell (O-Neg) transfusion with likely need for emergent or surgical intervention. 


Tension Pneumothorax:  Needle decompression thoracostomy followed by tube thoracostomy 


Pneumothorax: Tube thoracostomy. See video of chest tube placement at: https://www.youtube.com/watch?v=IdmMR8JxmFo

Open Pneumothorax: Three-sided valve dressing and tube placement at site separate from injury 


Hemothorax: Tube thoracostomy.  If greater than 1500 ml of blood obtained on initial chest tube placement or more than 150-200ml/hr x 4 hours, then surgical intervention is necessary 


Flail Chest: Symptomatic support with intubation and ventilation as needed. Incentive spirometry and pulmonary therapy are necessary. In extreme cases patients may require cardiothoracic surgical intervention. 


Pulmonary Contusion: Symptomatic support with high flow oxygen, incentive spirometry, pain control, and intubation if necessary. 


Cardiac Contusion: Close monitoring for any significant changes in ejection fraction with EKGs, echocardiogram and cardiac markers.


Cardiac Tamponade: Pericardiocentesis followed by OR thoracotomy. See video of procedure at:  https://www.youtube.com/watch?v=GcoAHYcngEw

Blunt Aortic Injury: In stable patients, treatment is aimed at blood pressure control followed by close observation and delayed aortic repair. If a patient is unstable then large volume blood transfusion and stat emergency aortic repair by Cardiothoracic and Vascular surgery is needed. 


Great Vessel Injury: In an unstable patient, large volume blood transfusion and emergency surgical intervention are required. 
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