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Chapter 23  Thoracic Trauma
OEC Instructor Resources: Student text, Instructor’s Manual, PowerPoints, Test Bank, IRCD, myNSPkit (online resource)

OEC Student Resources: Student text, Student CD, myNSPkit (online resource)

Chapter Objectives

Upon completion of this chapter, the OEC Technician will be able to:

23-1.
List the major anatomical structures of the thoracic cavity.

23-2.
Describe the basic physiology of thoracic structures.

23-3.
Describe the pathology of the following thoracic injuries:

(
flail chest

(
pneumothorax
(
hemothorax
(
tension pneumothorax

(
sucking chest wounds

(
pericardial tamponade

23-4.
List the signs and symptoms of various thoracic injuries.

23-5.
Describe and demonstrate how to assess the chest for trauma, using the L.A.P. method.

23-6.
Describe and demonstrate the emergency management of a sucking chest wound.

Essential Content

I.
Anatomy and physiology

A.
The Chest


1.
Thorax extends from base of neck to lower edge of rib cage (costal margin)




a.
Enclosed by bony rib cage, sternum, thoracic spine, diaphragm




b.
Ribs protect thoracic organs; provide structural support with vertebrae




c.
Cavity contains lungs and heart 




d.
Mediastinum contains heart, aorta, vena cava, trachea, esophagus, thymus gland, nerves



2.
Lungs divided into several lobes




a.
Right has three, left has two due to location of heart




b.
Trachea divides into two main-stem bronchi at carina, just behind top of sternum





i.
Each bronchus divides into progressively small branches to alveoli


3.
Diaphragm is primary muscle of respiration; separates thoracic and abdominal cavities




a.
Attaches at xiphoid process, lumbar vertebrae, and lower ribs




b.
Contracts and descends into abdomen, creating negative pressure in chest, draws air into lungs




c.
Exhalation causes passive relaxation




d.
Controlled by phrenic nerves connected to spinal cord at C3, C4, and C5 in neck and travel to diaphragm





i.
Spinal cord injury at or above this level impairs respiration due to loss of signals



e.
Intercostal muscles assist in respiration



4.
Lungs surrounded by visceral pleura



5.
Parietal pleura lines inside wall of chest



6.
Both pleurae have serous fluid between them acting as lubricant, allowing lungs to move with breathing




a.
Breathing problems occur if space is changed—result of trauma or various diseases



7.
Heart contained in sac called pericardium that has small amount of serous fluid that allows heart to move freely with each beat




a.
Injuries or other conditions that allow fluid or blood to accumulate within the pericardial sac can compromise heart function and output



8.
Thoracic cavity size can change due to respirations, position of diaphragm, and position of body




a.
Can cause appearance of injury to be either abdominal or chest depending on position of patient

II.
Chest injuries

A.
Mechanisms of injury


1.
Injuries either open or closed




a.
Closed typically caused by blunt trauma and occurs as result of fall or collision




b.
Open caused by physical penetration of the chest cavity


2.
Compression is common mechanism of injury




a.
Internal damage can occur directly due to applied force to heart or lungs




b.
Can also occur indirectly such as if a fractured rib lacerates a nearby structure



3.
Inertia is another cause




a.
Stopping after sudden deceleration of the body after fall or crash causes tissues to violently tear away from attachments as internal organs continue to move once the chest wall has stopped moving



4.
Harder to assess and manage than more obvious external injuries



5.
Almost always require advanced care


B.
Types of chest injury (less common injuries such as commotio cordis or traumatic asphyxia can lead to death if not recognized and treated quickly)
1. Contusions

a.
Minor blunt trauma may result in contusion, localized swelling, bruising, and pain
b.
More significant mechanism of injury can cause internal organ contusion; chest wall is forcibly compressed against internal structures


i.
Pulmonary contusion is a bruise of lung tissue, causing alveoli to become filled with fluid and blood



a)
Gas exchange compromised, causing hypoxia



b)
Commonly occurs in patients who suffer rib fractures


ii.
Myocardial contusion involves the heart


a)
Also called cardiac contusion, injures heart muscle, may cause contractions to become less effective


b)
Severe bruising can result in arrhythmia, reduced cardiac output, or cardiogenic shock

2. Fractures and dislocations

a.
Impact and crushing injuries can cause fractures

b.
Suspect internal damage, energy that caused fracture can transmit to underlying structures


i.
Clavicle and rib fractures most commonly encountered in many outdoor activities



a)
Clavicles discussed in Chapter 20

b)
Rib fractures can impair breathing due to intense pain caused by deep respirations



c)
Patient may self-splint to lessen discomfort


d)
Sharp end of displaced fractured rib can lacerate underlying lung tissue and/or blood vessels



e)
Elderly at high risk due to more brittle bones

ii.
Flail chest

a) Two or more adjacent ribs that are fractured in two or more places

b) Thoracic instability causes injured segment of chest wall to move independently of rest of rib cage
c) Isolated, or “flail,” segment will move inward with inspiration and outward with expiration; opposite that of the rest of the chest (paradoxical motion)

d) Patient complains of severe chest wall pain and shortness of breath; may self-splint flail segment

e) Be alert for other associated internal injuries

iii.
Scapula fracture

a)
Associated with severe trauma along with serious internal injury


b)
Covered in Chapter 20

iv.
Sternum fracture

a)
Can be life threatening due to underlying organ damage


b)
Suspect myocardial or pulmonary contusion


c)
Entire sternum can become a flail segment if ribs on both sides become fractured or separated from sternal cartilage


d)
Can be caused by compressions during CPR and high-speed blunt chest trauma


e)
Suspect associated rupturing or tearing of aorta in significant rapid deceleration injury

v.
Sternoclavicular joint injury

a)
Joint where clavicle inserts into sternum can become dislocated


b)
If medial clavicle has dislocated posteriorly can put pressure on heart and other structures causing a true emergency
vi.
Lower rib cage injury

a)
Stretched or separated cartilage along the bottom of lower anterior rib cage can cause pain and hinder breathing


b)
Hard to differentiate from a broken rib

3. Pneumothorax
a.
Pneumothorax is a trauma or leak in the lung causing air to collect in pleural space


i.
Condition manifested by shortness of breath or hypoxia because air in pleural space prevents lung from fully expanding


ii.
Can be caused by blunt or penetrating trauma, spontaneously due to underlying disease, compressive forces, or blast injuries


iii.
Most common is from penetrating trauma that allows external air to enter pleural space



a)
Each inspiration creates difference between pressure within thorax and external environment



b)
Lung may partially collapse, results in decreased gas exchange and hypoxia


c)
May hear sucking noise each time patient breathes (sucking chest wound); requires rapid treatment and transport



iv.
Blunt trauma to thoracic wall at peak of inspiratory cycle will cause one or both lungs to burst



b.
Tension pneumothorax is accumulation of pressurized air in pleural space



i.
Build-up of intrathoracic pressure can cause organs in cavity to become compressed, results in reduced lung capacity, severe respiratory distress, and eventually decreased cardiac output



ii.
If both lungs develop tension pneumothorax, will likely lead to rapid death



iii.
Can be encountered in closed chest trauma, often sharp bone fragment of fractured rib may puncture lung or bronchus



iv.
Air leaks out of hole into pleural space with breathing, creating pressure



v.
Can develop or be made worse with application of positive pressure, such as rescue breathing with a bag-valve mask



vi.
Hallmarks are shortness of breath, distended neck veins (JVD), tachycardia, low blood pressure, cyanosis, decreased lung sounds if lung is deflated; late signs include tracheal deviation



vii.
Can lead to subcutaneous emphysema, where air leaks into soft tissues and under the skin, creating a crackling sensation of the skin


c.
Pneumothorax can occur spontaneously; a small air pocket on lung surface ruptures 


d.
Hemothorax is similar to pneumothorax except it is blood that accumulates within pleural space



i.
Caused by disruption of one or more blood vessels within chest



ii.
Due to blunt or penetrating trauma or spontaneously as result of thoracic aneurysm



iii.
Pleural space can hold 3–4 liters of blood, which can lead to hypovolemic shock



iv.
Blood can compress or collapse one or both lungs, resulting in hypoxia and shock



v.
Pain and shortness of breath are common complaints


e.
Hemopneumothorax is when both air and blood leak into pleural space simultaneously, which can be associated with multi-system trauma and have high morbidity and mortality
4. Pericardial tamponade

a.
Blunt or penetrating chest trauma, rupture of a cardiac vessel, or a small hole in the heart’s wall can cause bleeding inside pericardial sac

b.
May be caused by various nontraumatic medical conditions when fluid other than blood accumulates in pericardial sac


i.
Bacterial sepsis may create pus as the source of tamponade


ii.
Viral infections around heart can cause serous fluid to compress heart

c.
Fluid builds pressure on heart; right ventricle collapses first, preventing walls of heart from expanding, impairing venous return of blood

d.
Blood backs up into jugular veins in neck as well

e.
Cardiogenic shock and death occur rapidly as less blood is being pumped to lungs for oxygenation

f.
Pain, shortness of breath, and distended neck veins are early signs, followed by muffled heart sounds and decrease in pulse pressure (Beck’s triad)

5. Aortic rupture and dissection
a.
Most common cause is rapid deceleration


i.
Inertia and sudden stop inflicts tremendous shearing force on internal organs and tissues


ii.
Aorta especially vulnerable, can result in rupture or tearing, followed by rapid internal hemorrhage, hypovolemic shock, and death


iii.
If part of thickness of vessel’s wall is disrupted, can cause aneurysm or dissection where blood leaks between layers of aorta; can eventually cause rupture


iv.
Patients present with severe acute chest or back pain or pain radiating from chest to back between shoulder blades—tearing or stabbing in nature; patient appears gravely ill ; if ruptured, signs of profound shock


v.
If tear is before or after one of the large arteries on top of aorta that go to each arm, blood pressure can be different in two arms


vi.
Rapid transport to definitive-care center is necessary to prevent lethal outcome



6.
Commotio cordis



a.
Sudden cardiac death due to blunt thoracic trauma without any observable thoracic or cardiac damage



b.
Occurs following direct blow to chest that interrupts heart’s electrical activity at precise moment in which it is attempting to reset after a beat



c.
Most often affects young, healthy individuals, most under 16 years of age


7.
Traumatic asphyxia


a.
Crush asphyxia occurs when external pressure on chest wall prevents normal chest expansion, resulting in profound hypoxia or anoxia



b.
Compressive injury typically caused by entrapment under heavy object, or from massive thoracic cage fractures where chest wall is unable to expand



c.
May result in ruptured blood vessels, particularly in face and neck, causing eyes to bulge, ruptured blood vessels in eyes, and purplish discoloration of face


C.
Environmental factors


1.
High altitude can complicate thoracic injury due to decreased partial pressure of oxygen or bariatric pressure that expands gas volumes




a.
May cause pneumothorax to worsen




b.
Descent to elevation may improve breathing and oxygenation




c.
Has direct implication when considering use of aeromedical evacuation of a patient with suspected pneumothorax or other internal thoracic injury

III.
Assessment


A.
Scene size-up, evaluate and mitigate hazards


B.
Assess mechanism of injury to determine forces involved


C.
Using Standard Precautions, start with primary survey



1.
Assess ABCDs, ensure adequate breathing, control bleeding, assess pulse rate and quality and patient’s mental and neurologic condition


D.
Request needed resources


E.
Move on to secondary survey specific to thoracic injuries



1.
Note patient’s overall appearance and skin color



2.
Is patient anxious?



3.
Pale or cyanotic?



4.
Eyes bulging or bloodshot; could indicate traumatic asphyxia



5.
Neck veins distended; could suggest pericardial tamponade or tension pneumothorax



6.
Observe for signs of discomfort, equal and symmetric chest movement, when having patient take a deep breath



7.
Listen for breath sounds bilaterally



8.
Correct life-threatening situations and prepare patient for rapid evacuation rather than wasting time identifying individual injuries when thoracic injuries are present or suspected



9.
L.A.P. assessment is an option to use in suspected thoracic injuries




a.
L—Look for obvious trauma using DCAP-BTLS




b.
A—Auscultate lungs to ensure breath sounds present, equal, and clear bilaterally, anterior and posterior





i.
If breath sounds absent or abnormal, suspect internal injury to pulmonary system or respiratory disease





ii.
OEC Technicians should be able to identify abnormalities




c.
P—Palpate entire chest, axillary regions, and upper back





i.
“Walk” patient’s clavicles with fingertips, as clavicle fracture may cause pneumothorax





ii.
Scapular and sternal fractures associated with internal chest injuries





iii.
Be alert for subcutaneous emphysema or flail segments



10.
Complete secondary assessment in usual fashion, obtaining complete set of vitals


11.
Reassess frequently, watching for changes



12.
Document findings on patient care report



13.
Serial vital signs essential as changes could indicate internal bleeding and decompensated shock



14.  Pay close attention to pulse pressure—narrowing of pressure may indicate presence of pericardial tamponade

IV.
Management


A.
Thoracic injury associated with respiratory distress or hypotension considered a “load and go”


B.
Patients with commotio cordis present in cardiac arrest and must be treated aggressively using cardiopulmonary resuscitation techniques, including defibrillation


C.
Patients with asphyxia must have external pressure relieved from thoracic cage quickly and be given aggressive ventilatory support


D.
Patients caught in an avalanche should have snow or debris removed from around the chest, ensuring open airway and breathing is effective



1.
Use suction as necessary



2.
If traumatic asphyxia, tension pneumothorax, or cardiac tamponade suspected, summon assistance and transport with advanced care providers


E.
Apply high-flow oxygen via nonrebreather mask, assisting with bag-valve mask if needed



1.
If patient worsens while bagging, think of tension pneumothorax


F.
Control external bleeding


G.
Use occlusive dressing for obvious sucking chest wound, taping on three sides, allowing pressurized air within the thoracic cavity to escape, and preventing air intake through the wound upon inspiration


1.
Monitor closely for signs of tension pneumothorax 



2.
Readjust dressing if evidence of air buildup


H.
If spinal injury suspected, apply manual cervical spine stabilization and rapidly immobilize entire spine


I.
Treat other soft-tissue injuries of chest in usual manner


J.
Rib fractures should be splinted using soft, bulky dressing secured to the chest to minimize movement of fractured bone ends



1.
Do not splint if it impairs breathing or delays other needed care and transport



2.
Tightly constrictive circumferential bandages can inhibit chest wall expansion during inhalation


K.
Splint flail segments above and blow fractured section in same manner as for isolated rib fracture



1.
Large segments can use pillow, clothing, a magazine, or other material as needed



2.
Have patient hold splint in place and secure splint and dressing against chest wall



3.
Assist patient respirations if flail segment causes severe pain or respiratory distress


L.
Leave impaled objects in place; removal could cause hemorrhage, pneumothorax, or exsanguination



1.
Shorten object if needed, not causing further injury with excessive movement of object



2.
If object is fixed or not movable or cannot be shortened because of time needed for equipment to arrive, object may be removed



3.
Be prepared to care for excessive bleeding, pneumothorax, or other life threats


M.
Carefully consider positioning for transporting patient



1.
Patient with dyspnea or serious chest injury will benefit from sitting or head-uphill position



2.
Patient with suspected spinal injury may have head of spine board elevated to ease breathing



3.
If in shock and breathing is primary concern, place head uphill



4.
If profound hypovolemic shock, elevate feet 8–12 inches above heart level and place patient’s head downhill for transport



5.
Ultimate goal is to ensure blood and oxygen reaches the brain

Case Presentation
You are riding the chair lift above the terrain park when you observe a snowboarder entering the half pipe. He launches off the lip and rotates backward in the air. Miscalculating his position, he slams into the rail on the top deck and slides down the wall. When he comes to a stop, you can see that he is lying motionless on the snow. You radio your partner to respond with a toboggan. Upon reaching the summit, you hear your partner, who is now on the scene, requesting a trauma pack, an ambulance, and ALS. Grabbing the pack that includes oxygen from the summit hut, you proceed to the scene. Upon your arrival, the patient is sitting up and is complaining of difficulty breathing. He is resisting your partner’s attempts to maintain manual spinal stabilization.

What should you do?

Case Update
You calm the patient and convince him to allow your partner to maintain cervical spine stabilization while you perform an assessment. The patient’s airway is open, there is no external bleeding, and circulation to all extremities is normal. The patient’s mental status is also normal. He appears to be having moderate difficulty breathing and is holding his right upper chest and side with both hands. He has shallow respirations at 28 per minute that are unrelieved with high-flow oxygen via a nonrebreather mask. His pulse is 102 beats a minute. When you palpate the patient’s rib cage, he winces in pain. He states that his chest hurts “real bad” and that it is painful to breathe. Other patrollers arrive to assist.

What should you do now?

Case Disposition
With the assistance of the other patrollers, you quickly immobilize the patient’s spine on a long spine board, load him into a toboggan in a head-uphill position, and transport him to the first-aid room at the base lodge. Once inside, you take a full set of vital signs; the pulse has increased to 114, the blood pressure is 100/70, and the respiratory rate is 28 on high-flow oxygen. As you deliver your hand-off report to the paramedics, you show them a large bruise on the upper chest wall that extends beneath the patient’s armpit. The paramedics agree with your assessment that the patient needs air transport.

Several days later during a patrol meeting, your medical advisor informs you that the patient was admitted to the hospital with a displaced posterior rib fracture that had punctured the lung. The patient had a significant pneumothorax that required installing a chest tube for several days. He compliments you on the care you and your team provided and states that the patient is expected to recover fully.

Discussion Points
Have you or a family member ever suffered a chest injury from an accident? What did it feel like?

Have you ever had a broken rib? What did it feel like? How was it treated?

Do you know of anyone who has suffered a clavicle injury?

What is your area’s protocol for treatment of a sucking chest wound? How many sides do you tape?
How would a patient at your area be transported if he or she suffered a chest injury? Air or land transport to a trauma or care facility?  

What are some factors that you need to take into consideration at your area regarding treating or transporting a chest injury? Is altitude an issue? Is length of transport to aid room an issue?
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