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Chapter 35
Chest Trauma

Unit Summary
Upon completion of this chapter and related course assignments, students will be able to integrate assessment findings with principles of epidemiology and pathophysiology to formulate a field impression and implement a comprehensive treatment/disposition plan for a patient with thoracic trauma. Students will be able to describe the anatomy and physiology of the organs contained within the thoracic cavity. Students will be able to describe the assessment process for a patient with a thoracic injury. Students will be able to discuss the signs and symptoms of various thoracic injuries and relate them to the underlying physiological changes. Students will be able to discuss the emergency care of a patient with a thoracic injury. Students will be able to describe the pathophysiology, assessment, and management of chest wall injuries, including flail chest, rib fractures, clavicle fractures, and sternal fractures. Students will be able to describe the pathophysiology, assessment, and management of lung injuries including simple pneumothorax, open pneumothorax, tension pneumothorax, hemothorax, and pulmonary contusion. Students will be able to describe the pathophysiology, assessment, and management of myocardial injuries including cardiac tamponade, myocardial contusion, myocardial rupture, and commotio cordis. Students will be able to describe the pathophysiology, assessment, and management of vascular injuries including traumatic aortic disruption and penetrating wounds of the great vessels. Students will also be able to describe the pathophysiology, assessment, and management of other chest injuries including diaphragmatic rupture, esophageal tears, tracheobronchial tears, and traumatic asphyxia.
National EMS Education Standard Competencies

Trauma
Integrates assessment findings with principles of epidemiology and pathophysiology to formulate a field impression to implement a comprehensive treatment/disposition plan for an acutely injured patient.
Chest Trauma
Recognition and management of
• Blunt vs penetrating mechanisms (pp 1698–1699)
• Open chest wound (pp 1706–1713)
• Impaled object (pp 1699–1701)
Pathophysiology, assessment, and management of

• Blunt vs penetrating mechanisms (pp 1698–1699)

• Hemothorax (p 1712)

• Pneumothorax (pp 1706–1712)

• Open (pp 1707–1708)

• Simple (pp 1706–1707)

•  Tension (pp 1708–1712)

•  Cardiac tamponade (pp 1713–1714)

•  Rib fractures (p 1705)

•  Flail chest (pp 1703–1705)

•  Commotio cordis (pp 1715–1716)

•  Traumatic aortic disruption (pp 1716–1717)

•  Pulmonary contusion (pp 1712–1713)

•  Blunt cardiac injury (p 1715)

•  Tracheobronchial disruption (p 1719)

•  Diaphragmatic rupture (pp 1718–1719)

•  Traumatic asphyxia (pp 1719–1720)

Knowledge Objectives
1. Describe risk factors related to cardiovascular disease. (p 910)

2. Review the anatomy and physiology of the chest. (pp 1695–1698)
3. Understand the mechanics of ventilation in relation to chest trauma. (pp 1698–1699)
4. Describe the assessment process for patients with chest trauma. (pp 1699–1703)
5. Discuss the significance of various signs and symptoms of chest trauma, including changes in pulse rate, dyspnea, jugular vein distention, muffled heart sounds, changes in blood pressure, diaphoresis or changes in pallor, hemoptysis, and changes in mental status. (pp 1699–1701)
6. Discuss the emergency medical care of a patient with chest trauma. (p 1703)
7. Discuss the pathophysiology, assessment, and management of chest wall injuries, including flail chest, rib fractures, sternal fractures, and clavicle fractures. (pp 1703–1706)
8. Discuss the pathophysiology, assessment, and management of lung injuries, including simple pneumothorax, open pneumothorax, tension pneumothorax, hemothorax, and pulmonary contusion. (pp 1706–1713)
9. Discuss the pathophysiology, assessment, and management of myocardial injuries, including cardiac tamponade, myocardial contusion, myocardial rupture, and commotio cordis. (pp 1713–1716)
10. Discuss the pathophysiology, assessment, and management of vascular injuries, including traumatic aortic disruption and penetrating wounds of the great vessels. (pp 1716–1718)
11. Discuss the pathophysiology, assessment, and management of other chest injuries, including diaphragmatic injury, esophageal injury, tracheobronchial injuries, and traumatic asphyxia. (pp 1718–1720)

Skills Objectives

1. Describe the steps to take in the assessment of a patient with suspected chest trauma. (pp 1699–1703)

2. Demonstrate the management of a patient with a tension pneumothorax using needle decompression. (pp 1709–1712, Skill Drill 1)

Readings and Preparation

• Review all instructional materials including Chapter 35 of Nancy Caroline’s Emergency Care in the Streets, Seventh Edition, and all related presentation support materials.

• Consider reading the following articles ahead of time and summarizing them for students or using them for further discussion of thoracic trauma.

· “Thoracic Trauma” by M. Sharma:                              http://emedicine.medscape.com/article/905863-overview
· “Blunt Chest Trauma” by M. Mancini:                http://emedicine.medscape.com/article/428723-overview 

· “The Deadly Dozen of Chest Trauma” by H. Cubasch & E. Degiannis: http://www.ajol.info/index.php/cme/article/viewFile/43996/27512 

Support Materials

• Lecture PowerPoint presentation

• Case Study PowerPoint presentation

• To use live scenarios in the classroom to generate group discussion on chest trauma, consult EMS Scenarios: Case Studies for the EMS Provider, available at www.jblearning.com, ISBN: 9780763755553.

Enhancements

• Direct students to visit the companion website to Nancy Caroline’s Emergency Care in the Streets, Seventh Edition, at http://www.paramedic.emszone.com for online activities.
• Check with local colleges and universities to arrange a visit to an anatomy lab to allow the students to view the contents of the thoracic cavity. This will provide an opportunity for students to gain a better perspective of how anatomical structure and position contribute to injury patterns.

Content connections: Remind students that all thoracic injuries will not present immediately or with a dramatic clinical presentation. Depending on the severity of the injury(ies), clinical signs and symptoms may not present for minutes or hours. Focus should be directed towards identifying and correcting any life-threats and maintaining the ABCs. Emphasize the importance of maintaining a high index of suspicion and performing frequent ressessments to catch subtle changes in the patient’s condition. 

Students must remember that not all inuries require advanced interventions. The patient may initially require supplemental high-flow oxygen via a nonbreathing mask. Endotracheal intubation may not always be appropriate. For example, endotracheal intubation may worsen a tracheal or bronchial tear and create a complete obstruction. Proper assessment and reassessment will help guide patient care.

Teaching Tips

Using a tire and a slab of ribs simulate the chest and lung. Have the students perform a needle decompression describing each step of the technique as they proceed. Use fix-a-flat to plug the tire after each student. 

Unit Activities

Writing activities: Divide the class into small groups and have each group create a case scenario centered around one of the “deadly dozen” thoracic injuries. Ask the students to include injury patterns, changes to anatomic structures, field diagnosis, and management.

Student presentations: Keeping the students in their assigned groups, have each group present their scenario to the class. After the initial presentation, allow each group 10 minutes to write down how they would treat the patient. Ask each group to discuss their treatment to reveal any differences in approach to patient management. 

Group activities: Create a jeopardy game with the categories centered around thoracic trauma. Divide the class into two teams and have each team select a captain who will be responsible for choosing questions and providing the answers for the team. 

Visual thinking: Add photos or video clips to the presentation to provide further illustration of thoracic injuries, associated pathopysiology, and proper management.

Pre-Lecture 

You are the Medic
 “You are the Medic” is a progressive case study that encourages critical-thinking skills.
Instructor Directions

12. Direct students to read the “You are the Medic” scenario found throughout Chapter 35.

•
You may wish to assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions and the Patient Care Report.

•
You may also use this as an individual activity and ask students to turn in their comments on a separate piece of paper.

Lecture
I. Introduction

A.
Rapid transportation and more lethal weapons have lead to higher incidence and severity of thoracic trauma, along with the need for rapid assessment and treatment.

B.
Thoracic trauma accounts for a significant number of serious injuries and fatalities.

1.
According to the Centers for Disease Control and Prevention (CDC), thoracic trauma in the United States annually causes:

a.
More than 700,000 emergency department visits

b.
More than 18,000 deaths

2.
The National Trauma Data Bank (NTDB) reported that in 2010 there were:

a.
135,733 traumatic incidents involving the thoracic region

3.
An estimated one in four trauma deaths are directly due to thoracic injuries.

4.
These injuries may be so deadly because of:

a.
The specific organs housed within the thoracic cavity

b.
The mechanism that causes these injuries often involves great force.

II. Anatomy

A.
The thorax consists of the bony cage overlying vital organs in the chest, defined:

1.
Posteriorly by thoracic vertebra and ribs

2.
Inferiorly by the diaphragm

3.
Anteriorly and laterally by the ribs

4.
Superiorly by the thoracic inlet

B.
Dimensions of the area are of great importance in patient physical assessment.

1.
Thoracic cavity extends to the 12th rib posteriorly

a.
Diaphragm inserts just below the fourth or fifth rib

i.
As the diaphragm moves during respiration, the size and dimensions of the thoracic cavity vary.

(a)
Affects the organs or cavities in case of blunt or penetrating injury

2.
Bony structures of the thorax include:

a.
Sternum

b.
Clavicle

c.
Scapula

d.
Thoracic vertebrae

e.
12 pairs of ribs

3.
Sternum 

a.
Consists of:

i.
Superior manubrium

ii.
Central sternal body

iii.
Inferior xyphoid process

b.
Suprasternal notch: Space superior to the manubrium

c.
Angle of Louis: Junction of the manubrium and sternal body

4.
Clavicle: Elongated, S-shaped bone that connects to the manubrium and overlies the first rib as it proceeds toward the shoulder

a.
Subclavian artery and vein lie beneath

5.
Scapula: The triangular bone overlying the posterior aspect of the upper thoracic cage

6.
Each of the 12 pairs of ribs attaches to the 12 thoracic vertebrae.

a.
First seven pairs attach directly to the sternum via the costal cartilage.

b.
The costal cartilage provides an indirect connection between the anterior part of eighth, ninth, and tenth ribs and the sternum.

c.
The eleventh and twelfth ribs have no anterior connection

i.
“Floating ribs”

7.
Intercostal space between each rib

a.
Numbered according to the rib superior to the space

b.
This area houses: 

i.
Intercostal muscles

ii.
Neurovascular bundle: an artery, vein, and nerve running on the bottom aspect of each rib

8.
Mediastinum: Central region of the thorax, which contains:

a.
Heart

b.
Great vessels

c.
Esophagus

d.
Lymphatic channels

e.
Trachea

f.
Mainstem bronchi

g.
Paired vagus and phrenic nerves

9.
Heart resides inside the pericardium (tough fibrous sac)

a.
Inner visceral layer—adheres to the heart and forms epicardium

b.
Outer parietal layer—comprises the sac

c.
Pericardium attaches to the diaphragm.

d.
Anterior portion of heart is the right ventricle

i.
Relatively thin chamber walls

ii.
Pressure approximately one fourth of pressure in the left ventricle

e.
Most of heart is protected anteriorly by the sternum

i.
With each beat, the heart can be felt in the fifth intercostal space along the midclavicular line

(a)
Known as cardiac impulse

f.
Average cardiac output (heart rate x stroke volume) of adult: 70 x 70 = 4,900 mL/min

10.
Aorta: Largest artery in the body

a.
Exits the left ventricle and ascends towards right shoulder

b.
Proceeds inferiorly toward the abdomen

c.
Three points of attachment:

i.
Anulus

ii.
Ligamentum arteriosum

iii.
Aortic hiatus

d.
Points of attachment are sites of potential injury.

11.
Lungs occupy most of space within thoracic cavity

a.
Lined with dual layer of connective tissue (pleura)

i.
Parietal pleura lines interior of each side of the thoracic cavity

ii.
Visceral pleura lines exterior of each lung

b.
Pleura separated by viscous fluid

i.
Allows two layers to move against each other without causing pain or friction

ii.
Creates a surface tension that holds layers together 

(a)
Keeps the lung from collapsing on exhalation

iii.
If space fills with air, blood, or fluids, the lung collapses.

12.
Diaphragm: Primary breathing muscle

a.
Forms barrier between thoracic and abdominal cavities

b.
Works with intercostal muscles to increase thoracic cavity size during inspiration 

i.
Creates a negative pressure that pulls air in through the trachea

c.
Breathing effort can be helped by accessory muscles:

i.
Trapezius

ii.
Latissimus dorsi

iii.
Rhomboids

iv.
Pectoralis

v.
Sternocleidomastoid

III. Physiology

A.
The primary functions of the thorax and its contents are to maintain oxygenation and ventilation and to maintain circulation.

1.
Breathing process includes:

a.
Delivery of oxygen to the body

b.
Elimination of carbon dioxide

B.
The brain stimulates breathing via chemoreceptors located in carotid sinus and aortic arch.

1.
Receptors analyze arterial blood.

a.
When CO2 gets too high, receptors send a message to the brain to increase respiratory rate.
i.
Hypoxic drive: Secondary mechanism that some COPD patients develop because of chronic excess CO2
C.
Intercostal and accessory muscles pull the chest wall out and away from the center of the body as the diaphragm contracts downward.

1.
Resulting negative pressure draws air:

a.
Through mouth and nose

b.
Down the trachea

c.
Through smaller bronchioles

d.
To alveolar spaces

i.
This air replaces air contained in the alveoli.

D.
Blood is delivered via pulmonary circulation to capillaries adjacent to the alveoli.

1.
This blood is returned to the heart after traveling through the body.

2.
This blood has low O2 concentration and high CO2 concentration. 

3.
Oxygenation process includes delivery of O2 from air to blood

a.
Because air entering the alveoli has a higher O2 concentration than blood in nearby capillaries:

i.
O2 will follow concentration gradient, entering the blood.

ii.
Most O2 binds to hemoglobin and returns to the heart.

E.
Ventilation is the process by which CO2​ is removed from the body.
1.
When air enters the alveoli, it has less CO2​ compared with blood in nearby capillaries.

a.
CO2 diffuses down its concentration gradient and enters the air within the alveoli.

2.
Positive pressure is created within the thorax as the diaphragm and the chest wall relax.

a.
Air that has been diffused is exhaled.

i.
Process is repeated with each respiration.

F.
Proper heart functioning is essential for delivering blood.

1.
As blood returns from the body:

a.
It is pumped from the right side of the heart to the lungs.

b.
Oxygenation and ventilation take place.

c.
Oxygenated blood enters the left side of the heart and is pumped to the body.

2.
Ability to pump blood depends on:

a.
A functional pump (heart)

b.
Adequate blood volume

c.
Lack of resistance to the pumping mechanisms (afterload)

3.
These factors collectively determine cardiac output.

a.
Cardiac output: Volume of blood delivered to the body in 1 minute

i.
Heart rate (beats/min) x stroke volume (mL of blood per beat)

4.
Any injury limiting these factors will affect cardiac output.

IV. Pathophysiology

A.
Traumatic injury to the chest may cause compromise of ventilation, oxygenation, or circulation.

1.
Two mechanisms of injury:

a.
Blunt

b.
Penetrating

2.
Two basic injury patterns:

a.
Closed chest injury

i.
Skin over the injury remains intact

ii.
Generally caused by blunt trauma

iii.
Force distributed over a large area

iv.
Visceral injuries from:

(a)
Deceleration

(b)
Sheering forces

(c)
Compression

(d)
Rupture

b.
Open chest injury

i.
Chest wall is penetrated by an object

ii.
Force distributed over smaller area

3.
Blunt trauma may lead to:

a. 
Fracture of the ribs, sternum, or whole areas of the chest wall

b.
Bruise of the lungs and heart

c.
Damage to the aorta

d.
Broken ribs lacerating intrathoracic organs.

e.
Organs torn from attachment in chest cavity.

4.
Blast injuries may be either blunt or penetrating.

a.
Primary shock wave—compresses organs as in blunt trauma

b.
Secondary phase—thrown objects may penetrate the skin

B.
Thoracic trauma may impair cardiac output.

1.
Trauma may cause:

a.
Blood loss

b.
Pressure change

c.
Vital organ damage

d.
Combination of these

2.
Bleeding into thoracic cavity increases chance of hypovolemia and hypoxia.

3.
Increased intrapleural pressures:

a.
Decrease lung volume and oxygenation.

b.
Impair heart’s pumping ability.

4.
Blood in the pericardial sac compresses the heart.

5.
Damage to myocardial valve may disrupt ventricular filling, causing backflow into the atria.

6.
Vascular disruption may occur.

7.
Major vessel rupture can cause fatal blood loss.

8.
A small tear or blockage could cause tissue ischemia.

9.
Ventilatory impairments can be rapidly fatal.

a.
Patients with chest pain breathe shallowly.

i.
Reduces minute volume (volume of air exchanged in 1 minute)

b.
Air entering pleural space compresses lungs and decreases tidal volume.

c.
Blood collecting in thoracic cavity prevents full lung expansion.

d.
Some injuries result in fewer pressure changes, and less movement of air, decreasing the amount of oxygen for gas exchange.

e.
Other complications that may impair gas exchange include:

i.
Atelectasis: Alveolar collapse that prevents the use of portions of the lung

(a)
Significantly reduces area available for gas exchange

(b)
The more alveoli damage, the less gas exchange.

ii.
Bruised lung tissue may cause significant hypoxemia.

iii.
Tearing or rupture of respiratory structures prevents O2 from reaching alveoli.
V. Patient Assessment

A.
Scene size-up

1.
Be sure scene is safe to enter.

2.
Follow standard precautions, including appropriate personal protective equipment.

3.
After identifying number of patients:

a.
Triage patients.

b.
Request any needed extra resources.

c.
Determine MOI if possible

4.
Chest injuries are common in:

a.
Motor vehicle crashes

b.
Falls

c.
Assaults

B.
Primary assessment

1.
Form a general impression.

a.
Assess level of consciousness using AVPU

i.
Responsive patients may give chief complaint

(a)
Note what and how they say it.

ii.
Difficulty speaking may indicate chest injury.

b.
Perform a rapid scan, looking for:

i.
Obvious injuries

ii.
Appearance of blood

iii.
Difficulty breathing

iv.
Cyanosis

v.
Irregular breathing

vi.
Chest rise and fall on only one side

c.
Observe the neck for:

i.
Accessory muscle use during breathing

ii.
Extended or engorged external jugular veins

d.
Focus on ABCs.

e.
Initial general impression should determine a suspicion of injuries and determine urgency for medical intervention.

i.
Patients with significant chest injuries will appear sick and frightened or anxious.

2.
Airway and breathing

a.
Assess airway status while doing cervical spine manual in-line immobilization.

i.
Airway obstruction may be caused by:

(a)
Tongue placement 

(b)
Teeth

(c)
Dentures

(d)
Blood, mucus, vomitus

ii.
Airway impairment may be caused by:

(a)
Direct injury to airway

(b)
Secondary obstruction from inflammation or edema

b.
Airway compromise presents differently, depending on:

i.
Severity of impairment

ii.
Duration

iii.
Associated injuries

c.
Signs of obstruction may include:

i.
Stridor

ii.
Hoarseness or other changes in the voice

iii.
Gurgling or snoring respirations

iv.
Coughing

v.
Hypoxia and hypercarbia

vi.
Alterations in mental status

d.
Abnormal respiratory findings include:

i.
Tachypnea

ii.
Coughing

iii.
Hemoptysis

iv.
Accessory muscle use

v.
Retractions

e.
Take immediate action for airway impairment.

i.
Assume a simultaneous cervical spine injury—manually immobilize the patient.

(a)
Avoid the head tilt–chin lift maneuver—use the jaw-thrust maneuver instead.

ii.
Use the following as needed:

(a)
Suction

(b)
Basic airway adjuncts

(c)
Advanced airway adjuncts

(d)
Surgical airway management 

f.
After airway management, identify and manage impairment of oxygenation and ventilation, resulting from:

i.
Deficiencies in diffusion from:

(a)
Pulmonary injuries

(b)
Preexisting disease

ii
Deficiencies in air movement from the following impairments:

(a)
Pulmonary

(b)
Musculoskeletal

(c)
Neurologic

g.
Begin thorax inspection by checking contour, appearance, and symmetry of chest wall.

i.
The following suggest underlying injury with potential to compromise breathing:

(a)
Signs of soft-tissue injury (contusions, abrasions, lacerations, deformity)

(b)
Paradoxical motion of a chest wall section

(c)
Retractions

(d)
Subcutaneous air or edema

(e)
Impaled objects

(f)
Penetrating injuries

ii.
Address life-threats of penetrating trauma or paradoxical movement of chest wall first.

iii.
When applying further dressings, apply an occlusive dressing to all penetrating chest injuries.

h.
Assess ventilation and oxygenation.

i.
Examine respiratory rate, depth, and effort.

ii.
Reliance on accessory muscles or nasal flaring suggest ventilatory compromise.

iii.
Cyanosis or altered mental status suggest oxygenation deficiency.

i.
Apply O2 with a nonrebreathing mask at 15 L/m.

i.
Provide positive-pressure ventilations with 100% O2 if inadequate breathing

(a)
Overcomes normal physiologic functions, and will exacerbate a pneumothorax (collapsed lung).

ii.
Evaluate effectiveness with signs of skin circulation.

iii.
Decreasing O2 saturation (SpO2) values may indicate hypoxia.

iv.
Watch for impending tension pneumothorax signs.

j.
Final steps of breathing assessment:

i.
Palpate the chest, for evidence of:

(a)
Point tenderness

(b)
Bony instability

(c)
Crepitus

(d)
Subcutaneous emphysema

(e)
Edema

(f)
Tracheal position

ii.
Percussion, to help identify:

(a)
Hyperresonance (suggests increased air in cavity)

(b)
Dullness (suggesting blood in cavity)

iii.
Auscultation, for: 

(a)
Adventitious lungs sounds 

(b)
Confirmation of lung sounds in all lung fields

3.
Circulation

a.
Begin circulation impairment evaluation by checking mental status presentation for the following signs:

i.
Restlessness

ii.
Agitation

iii.
Confusion

iv.
Irrational

v.
Comatose

b.
If well oxygenated and good ventilation, these signs may indicate inadequate cerebral perfusion.

c.
Check pulses.

i.
Check rate, quality, rhythm, location, and respiratory-induced changes.

d.
Tachycardia frequently associated with hypovolemia, but not always, and may manifest with:

i.
Pain

ii.
Hypoxia

iii.
Psychological stress

e.
Low heart rate does not rule out hypovolemia or shock, which may be masked by:

i.
Neurogenic shock

ii.
Severe hypoxia

iii.
Cushing reflex

iv.
Use of beta blockers

v.
Myocardial injury

f.
Thready or weak pulse quality may suggest volume loss, but not necessarily.

g.
Irregular pulse may suggest:

i.
Hypoxia

ii.
Hypoperfusion

iii.
Serious underlying injuries or shock

h.
ECG monitor may be used, but only if there is no delay in primary assessment 

i.
Jugular vein distention (JVD) suggests increased intravenous pressure.

i.
May result from:

(a)
Tension pneumothorax

(b)
Volume overload

(c)
Right-sided heart failure

(d)
Cardiac tamponade

ii.
Measured in a 45° semi-Fowler’s position

(a)
Difficult to assess if cervical spine precautions are set

iii.
Lack of JVD in supine position with other physical findings suggests hypovolemic state.
j.
Auscultate the heart.

i.
Note if heart sounds are easily heard or muffled.

(a)
Important clue of tension pneumothorax or cardiac tamponade

k.
Even if assessment suggests shock, it may not be resulting from thorax.

i.
Obtain history and complete physical to determine other significant injuries.

4.
Transport decision

a.
Priorities are patients with ABC problems.

i.
Pay attention to subtle clues for indicators of life-threatening injury:

(a)
Skin appearance

(b)
Level of consciousness

(c)
Patient’s sense of impending doom

b.
If signs of poor perfusion or inadequate breathing:

i.
Transport quickly.

ii.
Perform rest of assessment en route.

c.
When in doubt with chest injuries, transport rapidly.

C.
History taking

1.
May need to be done en route, depending on severity of injuries or illness

2.
Obtain relevant patient history, including SAMPLE.

a.
Ask about symptoms, allergies, medications, medical history, and last oral intake.

b.
Questions about event should focus on MOI:

i.
Speed of vehicle or height of fall

ii.
Use of safety equipment

iii.
Type of weapon used

iv.
Number of penetrating wounds

D.
Secondary assessment

1.
Should include a head-to-toe assessment to identify physical injuries and reassess injuries identified in primary assessment

a.
Pay attention to:

i.
Cervical spine

ii.
Back

iii.
Abdomen

iv.
Neurologic and circulatory function in extremities

2.
Check for injuries that may compromise ABCs.

a.
These may include:

i.
Aortic transections

ii.
Great vessel injuries

iii.
Bronchial disruptions

iv.
Myocardial contusions

v.
Pulmonary contusions

vi.
Simple pneumothoraces

vii.
Rib fractures

viii.
Sternal fractures

b.
Obtain full set of vitals

c.
Monitoring equipment can aid the assessment:

i.
Capnography

ii.
Pulse oximetry

(a)
Useful to establish baseline measurement

(b)
Indicator of downward trends

3.
If chest injury is isolated with a limited MOI (such as a stabbing), focus on:

a.
Isolated injury

b.
Patient’s complaint

c.
Body region affected

4.
If significant trauma, quickly assess the patient from head to toe.

a.
Check the skin for:

i.
Ecchymosis

ii.
Other evidence of trauma

b.
Identify all wounds and control bleeding.

c.
Note location and extent of injury.

d.
Assess underlying systems.

e.
Examine anterior and posterior chest wall aspects.

f.
Remain alert for changes in ability to maintain adequate respiration.

5.
If there is significant trauma that is likely affecting multiple systems:

a.
Perform a full-body scan using DCAP-BTLS. 

b.
Inspect region for deformities which may reveal:

i.
Multiple rib fractures

ii.
Crush injuries

iii.
Significant chest wall injury

c.
Puncture wounds or other penetrating injuries indicate a possible open chest injury.

d.
Associated burns may change respiratory mechanics.

e.
Palpate for tenderness to:

i.
Localize injury

ii.
Find fractures

f.
Check for lacerations and local swelling.

E.
Reassessment

1.
Obtain repeated assessments of:

a.
Vital signs

b.
Oxygenation

c.
Circulatory status

d.
Breath sounds

2.
With a presumptive diagnosis of pneumothorax, patient should be considered unstable. 

a.
Reassess at least every 5 minutes for:

i.
Worsened dyspnea

ii.
Tachycardia

iii.
JVD development

3.
Other chest injuries may indicate more serious underlying conditions

4.
Maintain a high degree of suspicion during on-scene treatment and transport.

VI. Emergency Medical Care

A.
Management focuses on: 

1.
Maintaining airway

2.
Ensuring oxygenation and ventilation

3.
Supporting circulatory status

4.
Expeditious transport

B.
Airway management is the same as any other trauma patient.

1.
Exception: Use jaw-thrust maneuver instead of head-tilt chin-lift 

a.
Jaw-thrust maneuver limits cervical spine better.

2.
Avoid nasal airways if signs of facial injury.

a.
Endotracheal intubation instead

b.
If possible tracheal injury, reconsider endotracheal intubation.

i.
Partial tracheal tear—endotracheal tube could complete the tear

ii.
Use least invasive airway management possible.

3.
Ensure adequate oxygenation and ventilation.

a.
Oxygenation—high-flow O2 via nonrebreathing mask or bag-mask ventilation

b.
Ventilation—provide assistance in a vigilant fashion.
i.
Positive pressure could expand a pneumothorax, convert it into a tension pneumothorax, or increase dissection of air.

(a)
Should not be withheld, but carefully delivered 

(b)
Watch carefully for visible chest rise without overinflation.

C.
Assess circulatory system’s ability to provide oxygenation and ventilation.

1.
If circulatory status is compromised, supportive measures are needed.

a.
Place patient in supine or Trendelenburg position.

i.
Delivers blood from the lower extremities to central circulation.

b.
Intravenous fluids may help expand intravascular volume.

D.
Pharmacologic agents are limited in trauma management.

1.
Includes medications for appropriate airway management

2.
Includes medications for pain management

a.
Narcotic and nonnarcotic analgesics

b.
May be limited by:

i.
Local protocols

ii.
Short transport times 

iii.
Clinical state of patient 

c.
Nonpharmaceutical approaches may include:

i.
Splinting

ii.
Cold pack application

iii.
Careful handling

E.
Transport to appropriate facility.

1.
Trauma centers would be first choice, especial with potentially life-threatening injuries.

a.
May not be readily available

b.
May be too distant 

2.
Adhere to the Golden Period rule—the time during which treatment of shock or traumatic injuries is most critical.

VII. Pathophysiology, Assessment, and Management of Chest Wall Injuries

A.
Flail chest

1.
May result from a variety of blunt force mechanisms

a.
Occurs in as many as 20% of admitted trauma patients

b.
Mortality rates range from 50% to higher rates in those older than 60 years.

i.
Directly related to underlying and associated injuries

ii.
More likely to be a mortal injury if patients:

(a)
Are elderly

(b)
Have seven or more rib fractures

(c)
Have three or more associated injuries

(d)
Present with shock

(e)
Have associated head trauma

c.
Defined as two or more adjacent ribs fractured in two or more places

i.
Segment between fracture sites becomes separated from surrounding chest wall

(a)
“Free-floating segment”

ii.
Location and size affects degree that chest wall motion and air movement are impaired.

(a)
Flail sternum (most extreme)—sternum is completely separated from ribs, resulting in dysfunction on both sides of the chest

d.
Underlying physiologic pressures cause paradoxical movement of the segment and the rest of the chest wall.

i.
Chest wall expansion on inspiration causes negative pressure in thoracic cavity.

(a)
Draws the flail segment in toward the center of the chest

ii.
Chest wall relaxation or active contraction causes positive pressure. 

(a)
Forces air from the lungs and forces the flail segment away from the thoracic cavity

(b)
Lung tissue beneath flail segment is not ventilated.

e.
Can quickly become life-threatening

i.
Initially may not be apparent because of intercostals muscle splinting the area 

ii.
Paradoxical movement is a late sign of flailed segments.

f.
Palpate injury site for rib cage fractures and crepitus.

i.
Management often involves:

(a)
Positive-pressure ventilation

(b)
Positive end-expiratory pressure (PEEP) when assisting ventilations

g.
Pulmonary contusion can be caused by same blunt force trauma that causes flail segment.

i.
Injury to underlying lung tissue that inhibits normal diffusion of O2 and CO2
ii.
Three physical mechanisms cause formation:

(a)
Implosion—positive pressure from trauma compresses gases in the lung, making it rapidly reexpand, causing an implosion injury to lung tissue

(b)
Inertial effects—Tissue density differences between larger bronchioles and alveoli cause them to accelerate and decelerate at different rates, creating tearing and hemorrhage

(c)
Spalding effect—pressure waves from trauma disrupt the capillary-alveolar membrane, causing hemorrhage

h.
Pneumothorax or hemothorax may occur if bone fragments are driven further into the body

i.
Pain may prevent patients from taking in adequate tidal volume.

(a)
Limits the pulmonary system’s ability to compensate for flail segment.

2.
Assessment and management

a.
Physical assessment is key.

i.
Evidence of soft-tissue injury

ii.
Paradoxical chest wall movement (patient’s effort to “splint” injury may prevent visibility)

b.
Palpation may reveal:

i.
Crepitus

ii.
Tenderness

iii.
Dissection of air into tissue

c.
Auscultation may reveal:

i.
Decreased or absent breath sounds on affected side

d.
Expected signs and symptoms include:

i.
Hypoxia

ii.
Hypercarbia

iii.
Pain

e.
Associated findings include:

i.
Complaints of pain

ii.
Tenderness on palpation

iii.
Splinting

iv.
Shallow breathing

v.
Agitation/anxiety (hypoxia) or

vi.
Lethargy (hypercarbia)

vii.
Tachycardia

viii.
Cyanosis

f.
Poses a threat to patient’s ability to breathe and should be treated immediately

i.
If progressive respiratory failure, intubation and positive-pressure ventilation are needed.

ii.
If intubation not required, give high-flow O2​ via a nonrebreathing mask to increase partial pressure of O2.

g.
Stabilization of flail segment is controversial.
i.
Positive-pressure ventilation provides internal stabilization.

ii.
Recent studies indicate benefit from early operative stabilization.

B.
Rib fractures

1.
The most common thoracic injury

a.
Pain can result in significant morbidity because it contributes to:

i.
Inadequate ventilation

ii.
Self-splinting

iii.
Atelectasis

iv.
Pneumonia due to inadequate respiration

b.
Palpate the chest for subcutaneous emphysema (air under skin)

i.
May indicate potential pneumothorax

ii.
“Snap, crackle, pop” sensation

c.
Blunt trauma force to the thoracic cage may result in a rib fracture in one of three places:

i.
Point of impact

ii.
Edge of the object

iii.
Posterior angle of the rib

(a)
Ribs four through nine are most commonly fractured

d.
Ribs are part of a ring that helps expand and contract the thoracic cavity.

i.
Fracture of one or more ribs diminishes this ability.

ii.
Shallow breathing because of pain may result in:

(a)
Atelectasis

(b)
Possible hypoxia or pneumonia

e.
Rib fractures may indicate other associated injuries.

i.
Fractured ribs four through nine—concern for associated:

(a)
Aortic injury

(b)
Tracheobronchial injury

(c)
Pneumothorax

(d)
Vascular injury

ii.
Fractured ribs nine through 11—concern for associated: 

(a)
Intra-abdominal injury

2.
Assessment and management

a.
Patients typically report:

i.
Pleuritic chest wall pain

ii.
Mild dyspnea

b.
Physical examination shows:

i.
Chest wall tenderness

ii.
Overlying soft-tissue injury

iii.
Crepitus

iv.
Subcutaneous emphysema

c.
Watch for:

i. 
Shallow ventilations as patient tries to limit movement

ii.
Patient leaning toward injury site to reduce muscular tension

d.
Management focuses on:

i.
ABCs

ii.
Evaluate for other, more dangerous injuries.

e.
Administer supplemental O2.
f.
Gently splint chest wall by having patient hold a pillow or blanket against the area.

g.
Consider administering intravenous analgesic.

C.
Sternal fractures

1.
One in 20 patients with blunt thoracic trauma will have a sternal fracture.

a.
Not a large danger by itself, but is often associated with injuries that cause patients to die, including:

i.
Myocardial contusions

ii.
Flail sternum

iii.
Pulmonary contusions

iv.
Head injuries

v.
Intra-abdominal injuries

vi.
Myocardial rupture 

2.
Assessment and management

a.
Patient will report pain over anterior part of chest

b.
Palpation may reveal:

i.
Tenderness

ii.
Deformity

iii.
Crepitus

iv.
Overlying soft-tissue injury

v.
Possible flail segment

c.
Because of risk of myocardial contusion, perform an ECG rhythm analysis.

d.
Treatment is supportive only.

i.
Assess ABCs.

ii.
Manage associated injuries.

iii.
Analgesics to provide pain relief may aid ventilatory efforts. 

(a)
Do not use enough to suppress respiratory drive.

D.
Clavicle fractures

1.
One of the most common fractures

a.
Occur most often in:

i.
Children falling on outstretched hand

ii.
Cycling crashes and snowboarding

iii.
Crushing injuries to the chest

2.
Assessment and management

a.
Patient will: 

i.
Report pain in the shoulder

ii.
Usually hold arm across front of body

b.
Young child often reports pain throughout arm and refuses to use the limb.

c.
Swelling and tenderness occur over the clavicle.

i.
Skin occasionally will “tent” over fracture fragment.

d.
Clavicle lies directly over major arteries, veins, and nerves

i.
Can lead to neurovascular compromise

e.
Fractures can be splinted with a sling and swathe.

i.
Sling: Bandage or material to help support weight of the injured arm

(a)
Must apply gentle upward support to the olecranon process of the ulna.

(b)
Knot should be tied on the side of the neck so it does not press on the cervical spine.

VIII. Pathophysiology, Assessment, and Management of Lung Injuries

A.
Simple pneumothorax

1.
Small pneumothoraces not under tension occur in almost half of patients with thoracic blunt trauma.

a.
Pneumothorax: Accumulation of air or gas in the pleural cavity

i.
Air enters through a hole in the chest wall or surface of the lung during the breathing process.

ii.
Causes lung collapse on affected side as pressure builds

b.
Depending on hole size and rate of air filling the cavity, the lung may collapse anywhere from a few seconds to a few hours, or not at all.

i.
A chest wall hole of 2/3 the size of the trachea will cause a sucking sound.

ii.
The larger the hole, the faster the lung collapses.

c.
Delayed or improper treatment may lead to a tension pneumothorax.

d.
Some low-velocity wounds may heal themselves.

2.
Assessment and management

a.
Presentation and physical findings depend on size and degree of pulmonary compromise.

i.
Small pneumothorax

(a)
Mild dyspnea and pleuritic chest pain on affected side

(b)
Young and fit patients may have no need for chest decompression

(c)
Diminished or unequal breath sounds on auscultation 

(d)
Hyperresonance on affected side

ii.
Larger pneumothorax

(a)
Increasing dyspnea

(b)
Signs of serious respiratory compromise and hypoxia, including: 

(1)
Agitation

(2)
Tachypnea

(3)
Tachycardia

(4)
Cyanosis

(5)
Pulsus paradoxus

(6)
Absent breath sounds on affected side

iii.
Management includes:

(a)
Cover large open wounds immediately with a nonporous dressing secured on three sides.

(b)
Maintain ABCs, and provide high-concentration O2. 

(1)
Positive-pressure ventilation may result in tension pneumothorax.

(c)
Conduct repeated assessments to ensure it does not progress to tension pneumothorax.

(d)
If signs of developing tension, dressing removal may be necessary to allow the release of air trapped in the thoracic cavity.

B.
Open pneumothorax

1.
Occurs when a chest wall defect allows air into the thoracic space

a.
Results from penetrating chest trauma, which creates a link between external environment and pleural space

b.
Created when negative pressure in the thoracic cavity draws air into the pleural space with each inspiration

c.
With increase in size, lung loses ability to expand.

d.
If hole is larger than glottis opening, air is more likely to enter chest wall than the trachea

i.
Creates a “sucking chest wound”

(a)
Air moves in through chest wound instead of the lung during respiration

e.
Collapse of involved lung creates a mismatch between ventilation and perfusion.

i.
If pulmonary vasculature on involved side remains intact:

(a)
Heart will continue to perfuse the collapsed lung

(b)
Pneumothorax prevents ventilation, resulting in:

(1)
Hypoxia

(2)
Hypercarbia 

2.
Assessment and management

a.
Physical assessment will show:

i.
Chest wall defect

ii.
Impaled object

iii.
Sucking chest wound—if air is taken into the chest by negative inspiratory pressure

iv.
Bubbling wound—if air is forced out of chest with positive expiration pressure

v.
Subcutaneous emphysema—dissection within subcutaneous tissue of air moving in and out of the open wound  

b.
Focus assessment on possible presence of pneumothorax

i.
Because of decreased ability to oxygenate and ventilate, signs and symptoms may include:

(a)
Tachycardia

(b)
Tachypnea

(c)
Restlessness

c.
As the pneumothorax increases, patient’s breath sounds will decrease on the affected side.

i.
Chest percussion will aid in assessment.

(a)
Hyperresonant sound will be noted.

(b)
Findings would confirm a pneumothorax.

d.
Sucking chest wounds must be treated immediately.

i.
Convert wound to a closed injury to prevent pneumothorax from getting larger.

(a)
Place gloved hand over injury.

(b)
Replace hand with occlusive dressing or commercial chest seal.

(c)
Secure dressing on three sides to allow release of increased pressure if necessary.

ii.
Place patient on high-flow supplemental O2 via a nonrebreathing mask.

(a)
If oxygenation or ventilation remains inadequate, patient may need endotracheal intubation.

(1)
Use sedation or neuromuscular blockade, depending on local protocols.

iii.
If progression to tension pneumothorax, remove dressing or seal to allow a vent through opening.

(a)
If ineffective, treat for tension pneumothorax.
C.
Tension pneumothorax

1.
A life-threatening condition from continued air accumulation within interpleural space

a.
Can result from an open or closed injury, such as:

i.
Open thoracic injury

ii.
Injury to lung parenchyma from blunt trauma (most common)

iii.
Barotrauma from positive-pressure ventilation

iv.
Tracheobronchial injury from sheering forces

b.
Many patients in Level I regional trauma centers in cardiac arrest have this condition secondary to blunt trauma.

c.
Lung injury can cause a one-way valve, allowing air into pleural space but not out of it.

i.
As it accumulates, pressure builds against surrounding tissue

ii.
This compresses the lung, which diminishes:

(a)
Its ability to oxygenate blood

(b) 
Its ability to eliminate CO2
iii.
Pressure causes eventual lung collapse and mediastinum to shift to the contralateral side.

(a)
Leads to right-to-left intrapulmonary shunting and hypoxia

(b)
Leads to cardiac output reduction from heart and vena cava compression

(c)
Decreasing venous return to the heart reduces preload.

iv.
Pressure increase may exceed pressure in major venous structures:

(a)
Decreases venous return to the heart

(b)
Diminishes preload

(c)
Develops into shock

v.
If venous return decreases, the body will increase heart rate to maintain cardiac output.

2.
Assessment and management

a.
Classic signs include:

i.
Absence of breath sounds on affected side

ii.
Unequal chest rise

iii.
Pulsus paradoxus

iv.
Tachycardia

v.
Dysrhythmias 

(a)
Ventricular tachycardia and ventricular fibrillation

vi.
JVD

vii.
Narrow pulse pressure

viii.
Tracheal deviation

b.
Tachycardia is induced because the blood cannot easily return to the heart from the venous system.

i.
Blood accumulates within the great vessels outside the thoracic cavity.

ii.
Pressure pushes blood into the jugular vein, and it becomes distended.

(a)
Usually a late sign of tension pneumothorax

c.
During normal inspiration, negative pressure in the chest decreases blood return to the heart.

i.
Decreases preload and systolic blood pressure 

(a)
In tension pneumothorax or pericardial tamponade, effect is magnified.

(1)
Known as pulsus paradoxus

(2)
Often, radial pulse will be palpable with expiration and nonpalpable on inspiration.

d.
Jugular veins are considered distended when engorged to a level 1 to 2 cm above the clavicle

i.
Assess with patient in a 45° Fowler’s position—not to be done during primary assessment

e.
Trachea palpation or visualization may show a trachea deviation away from affected side.

i.
Check for cardiopulmonary finding rather than relying on all classic findings. 

f.
Air accumulation in pleural space decreases lung volume and diminishes breath sound during auscultation.

i.
Chest will resonate when percussed.

g.
Patient often has pleuritic chest pain and dyspnea from injury and collapsing lung.

i.
Often results in hypoxia

h.
Hypotension is a late finding—should not be used to confirm or exclude pneumothorax.

i.
Presence suggests enough pressure to severely impede preload.

ii.
May indicate simultaneous shock from other injuries

i.
Normal blood pressure with other signs present may indicate the heart is compensating for diminished venous return.

j.
Patients should immediately be put on high-flow supplemental O2 (12 to 15 mL/min) via nonrebreathing mask.

k.
Inspect the chest.

l.
Cover open wounds with nonporous or occlusive dressing.

i.
Allow air to escape by lifting one corner of dressing if signs are present.

m.
If a closed tension pneumothorax with findings suggest elevated pressure:

i.
May need to perform a needle decompression (needle thoracentesis or pleural decompression)

ii.
To properly perform needle decompression (thoracentesis) of a tension pneumothorax, refer to Skill Drill 35-1.

iii.
Needle decompression has risks.

(a)
Needle improperly placed may cause hemorrhage or injure lung parenchyma.

(b)
Failure to treat may cause cardiopulmonary arrest and pulseless electrical activity.

D.
Hemothorax

1.
Occurs when blood begins to accumulate within space between the parietal and visceral pleura

a.
Occurs in approximately 25% of chest traumas

b.
Most commonly caused by lung parenchyma tearing, but also from:

i.
Penetrating wound puncturing the heart or major vessels

ii.
Blunt trauma with deceleration shearing of major vessels

c.
Common sources of injury include:

i.
Rib fractures and injuries to lung parenchyma (most common)

ii.
Injury to:

(a) 
Liver

(b) 
Spleen

(c) 
Aorta

(d)
Internal mammary arteries

(e)
Intercostal arteries

(f)
Other intrathoracic vessels

d.
Location of injuries will make bleeding control impossible with usual practices.

e.
The collection of blood in the pleural space compresses and displaces surrounding lung.

i.
Limits ability to oxygenate and ventilate adequately

ii.
Potential of causing hypovolemia

iii.
Hemopneumothorax: both blood and air present in the pleural space

f.
Massive hemothorax: accumulation of more than 1,500 mL of blood within the pleural space

i.
Nearly 25% to 30% of blood volume loss (decompensated shock) of average adult

ii.
A patient can completely bleed out into the thoracic cavity.

2.
Assessment and management

a.
Signs include:

i.
Ventilatory insufficiency

ii.
Hypovolemic shock

b.
Findings that help differentiate from other injuries include:

i.
Lack of tracheal deviation

ii.
Possible hemoptysis

iii.
Dullness on percussion of affected chest side

iv.
Flat neck veins with hypovolemia 

v.
Distended neck veins with increased intrathoracic pressure

c.
Prehospital management:

i.
Supportive care

ii.
Rapid transport

iii.
If no airway intervention needed, give high-flow supplemental O2 via nonrebreathing mask

iv.
Two large-bore peripheral IV

(a)
Fluid resuscitation according to local protocols to limit hypotension duration

(1)
Hypovolemic shock with hypotension for more than 30 minutes raises mortality from 1 in 10 to 1 in 2 patients.

(2)
In patients older than 65 years, the risk is 9 out of 10.
E.
Pulmonary contusion

1.
Alveolar and capillary damage results from lung tissue compression against the chest wall during thoracic injury.

a.
Trauma may be localized (penetrating injury) or diffused (blunt injury).

b.
Injury may lead to:

i.
Loss of fluid and blood into involved tissues

ii.
Followed by white blood cell migration into area

iii.
Finally, local tissue edema

c.
Local tissue injury and edema dilute local surfactant in alveoli.

i.
Diminishes compliance

ii.
Causes alveolar collapse (atelectasis)

d.
Edema reduces delivery of O2 across capillary-alveolar interface, causing hypoxia.

i.
Hypoxia thickens produced mucus, which leads to:

(a)
Bronchiolar obstruction

(b)
Air trapping

(c)
Increase in dead air space and further atelectasis

e.
If large contusion, the body compensates by:

i.
Vasoconstricting pulmonary blood flow

ii.
Increasing cardiac output

f.
Attempt to shunt blood from injury further worsens hypoxemia by:

i.
Decreasing functional reserve capacity

ii.
Leading to mixed venous blood being sent back to the heart
2.
Assessment and management

a.
Initial assessment may not show presence or severity of injury.

i.
May take 24 hours before severity becomes clinically evident.

b.
Hypoxia and CO2 retention cause:

i.
Respiratory distress

ii.
Dyspnea

iii.
Tachycardia

iv.
Agitation

v.
Restlessness

c.
Hemoptysis (coughing up blood) possible from capillary injury and hemorrhage into pulmonary parenchyma

d.
Evidence of overlying injury may include:

i.
Contusions

ii.
Tenderness

iii.
Crepitus

iv.
Paradoxical motion

e.
Auscultation may reveal:

i.
Wheezes

ii.
Rhonchi

iii.
Rales

iv.
Diminished lung sounds in area of injury

f.
Cyanosis and low O2 may be found in severe injuries.

g.
Treatment includes:

i.
Managing airway 

(a)
High-concentration O2 and positive-pressure ventilation as necessary

ii.
Use caution when administering IV fluids.

(a)
Edema may exacerbate the injury. 

(b)
Use small fluid boluses at a time to help cardiac output.

(c)
Overhydration is contraindicated.

iii.
Administering small amounts of analgesics for pain may help maximize ventilatory function without suppressing ventilatory drive.

IX. Pathophysiology, Assessment, and Management of Myocardial Injuries

A.
Cardiac tamponade

1.
Excessive fluid in the pericardial sac

a.
Causes:

i.
Compression of the heart

ii.
Decreased cardiac output 

b.
Hemodynamic effects determined by:

i.
Size of pericardium perforation

ii.
Rate of hemorrhage from cardiac wound

iii.
Chamber of heart involved (most often right ventricle penetrated)

c.
Most commonly caused by penetrating wounds but can be from blunt force injuries

d.
Associated mortality varies.

i.
High-velocity injuries (gunshot) carry higher mortality risk than low-velocity injuries (stabbings).

ii.
If only injury, mortality rates greatly reduced.

e.
Can occur in both medical and trauma patients

i.
Medical—inflammatory processes cause slow fluid collection within the pericardial sac

(a)
1,000 to 1,500 mL may accumulate

ii.
Trauma—bleeding is rapid, with blood loss quickly collecting between the visceral and parietal pericardium.

(a)
As little as 50 mL of blood can cause cardiac output reduction.

f.
Continued bleeding increases pressure in the pericardium.

i.
Atria and vena cavae (the more pliable structures in the pericardium) compress.

ii.
Preload delivery is drastically reduced, diminishing stroke volume.

iii.
The heart tries to compensate by increasing heart rate.

(a)
Continued bleeding restricts preload and diastolic filling even more.

(b)
Pressure also reduces myocardium perfusion.

(c)
Leads to hypotension

2.
Assessment and management

a.
30% diagnosed with cardiac tamponade will have a classic combination of physical findings known as the Beck triad:

i.
Muffled heart tones

ii.
Hypotension

iii.
JVD

b.
Another classic finding is that of electrical alternans in an ECG strip.

i.
As fluid builds, the heart will begin to oscillate with each beat, causing its electrical axis to change.

(a)
Not common in acute cardiac tamponade

(b)
Must be differentiated from bigeminal ectopy.

(c)
Cardiac output is affected by increase in diastolic pressure, causing a narrowing of pulse pressures.

c.
Findings typical of shock:

i.
Weak or absent peripheral pulses

ii.
Diaphoresis

iii.
Dyspnea

iv.
Cyanosis

v.
Altered mental status

vi.
Tachycardia

vii.
Tachypnea

viii.
Agitation

d.
Physical findings similar to tension pneumothorax, but can be differentiated by:

i.
Equal breath sounds 

ii.
Trachea will be midline (lungs are not affected)

e.
Treatment includes:

i.
Assessing and managing ABCs

ii.
Ensuring adequate O2 delivery

iii.
Establishing IV access

iv.
Providing a rapid fluid bolus to maintain cardiac output

v.
Rapidly transferring to trauma center for periocardiocentesis

(a)
Inserting a needle attached to a syringe into the chest far enough to penetrate the pericardium to withdraw fluid
B.
Myocardial contusion

1.
Sudden deceleration of the chest wall from speeds greater than 20 to 35 mph may cause a collision of the heart to the posterior aspect of the sternum.

a.
Injury characterized by:

i.
Local tissue contusion and hemorrhage

ii.
Edema

iii.
Cellular damage within myocardium

b.
Direct damage to coronary arteries and veins compromise blood flow to heart.

c.
Damage to myocardial tissues may cause:

i.
Ectopic activity

ii.
Reentry pathways

iii.
Dysrhythmias

d.
Complications similar to myocardial infarction

i.
Rapidly obtain a 12- or 15-lead ECG to check degree of cardiac dysfunction.

ii.
Cellular membrane injury and myocardial action potential change may cause dysrhythmias.

e.
Structural changes may include:

i.
Ventricular septal defect

ii.
Myocardial rupture or aneurysm

iii.
Coronary artery occlusion

2.
Assessment and management

a.
Signs and symptoms include:

i.
Sharp, retrosternal chest pain most common complaint

ii.
Soft-tissue or bony injury in the area

iii.
Crackles or rales on auscultation

b.
Often an abnormal ECG

i.
Sinus tachycardia (most common)

ii.
Atrial fibrillation or flutter

iii.
Premature atrial contractions or premature ventricular contractions

iv.
New right bundle branch block

v.
AV blocks

vi.
Nonspecific ST-segment and T-wave changes

vii.
Ventricular tachycardia or fibrillation

c.
If coronary artery injury occurs, ischemic changes mimicking myocardial infarction may occur.

d.
Treatment includes:

i.
Nonspecific supportive care, including:

(a)
O2 administration

(b)
Frequent vital sign assessment

(c)
Cardiac monitoring

(d)
Establishing IV access

ii.
Fluid resuscitation to maintain blood pressure

iii.
Consult medical control before administering antidysrhythmic agents, unless allowed by protocols.

C.
Myocardial rupture

1.
An acute perforation of the ventricles, atria, intraventricular septum, intra-atrial septum, chordae, papillary muscle, and valves

a.
Caused by:

i.
Severe blunt force to the chest that compresses the heart between the sternum and vertebra

ii.
Penetration trauma from a foreign object or bony fragment propelled into the heart

b.
Life-threatening condition

2.
Assessment and management

a.
Patients present with:

i.
Acute pulmonary edema

ii.
Signs of cardiac tamponade

b.
If cardiac tamponade is present, and a periocardiocentesis can be done, patients should receive:

i.
Supportive care

ii.
Rapid transport to a facility where a thoracotomy can be done

D.
Commotio cordis

1.
Cardiac arrest caused by a direct blow to the thorax during the critical stage in the heart’s repolarization period

a.
Result of a chest wall impact directly over the heart, especially directly over the left ventricle.

b.
Commonly occurs in Caucasian boys between 4 and 16 years old

c.
Second most common cause of sudden cardiac death in young male athletes

i.
Approximately 50% occur during competitive sports; others from chest impacts in accidents or crashes.

ii.
Majority of athletes were between 10 and 25 years.

(a)
26% younger than 10 years old

(b)
9% were older than 25 years old

iii.
Has been documented following blunt or nonpenetrating chest trauma to anterior aspect of chest

iv.
May occur during sports where contacts with high-speed objects occur

2.
Assessment and management

a.
Signs and symptoms may include:

i.
Unresponsiveness

ii.
Apneic

iii.
No pulse

iv.
Cyanotic

v.
Tonic-clonic (grand mal) seizures

b.
Indicators include chest wall contusions and localized bruising.

c.
Survival rates have increased to approximately 35% over the past decade because of:

i.
Increased awareness

ii.
CPR preparation

iii.
Accessibility of automated external defibrillators at sporting events

d.
Delays in CPR and AED access of more than 3 minutes decrease survival rates to 3% to 5%.

e.
ALS treatment must follow sudden cardiac arrest ACLS guidelines.

i.
Treatment must be initiated early.

X. Pathophysiology, Assessment, and Management of Vascular Injuries

A.
Traumatic aortic disruption

1.
Dissection or rupture of the aorta

a.
Usually caused by blunt trauma from crashes and falls

i.
One in every five deaths from blunt trauma include transection of the aorta.

ii.
Causes 5,000 to 8,000 deaths annually in the United States 

iii.
Only a few patients survive until EMS arrive. 

(a)
If patient survives until EMS arrival, most can survive with prompt management.

b.
How injury evolves (in theory):

i.
Aorta is injured at fixed points by shearing forces.

ii.
High-energy and high-velocity impact causes the aortic arch to swing forward

iii.
Resulting tension, and area rotation and torque, cause the descending aorta to rupture at the point of attachment to the posterior thoracic wall.

c.
Three layers of aorta:

i.
Intima

ii.
Media

iii.
Adentitia 

d.
If intima is torn, high pressure allows blood to dissect along the media.

e.
More severe injuries allow blood to leak into surrounding tissues from all three layers.

f.
If tissues cannot stop bleeding, the injury can very quickly be fatal.

2.
Assessment and management

a.
Symptoms will vary depending on nature of injury.

b.
Signs and symptoms include:

i.
Tearing pain behind sternum or in the scapula

ii.
Hypovolemic shock

iii.
Dyspnea

iv.
Altered mental state

c.
If hematoma is present in the esophagus, trachea, or larynx, presentation may include:

i.
Dysphagia

ii.
Stridor

iii.
Hoarseness 

iv.
Difficulty swallowing

d.
A harsh murmur may be noted from where the blood passes the injury site to the aortic intima.

e.
Recognition often comes from suspicion based on MOI 

i.
There are often no signs of external chest trauma.

ii.
Assessment of extremity pulses is an important key because disruption causes diminished blood flow.

(a)
Extremity pulses diminished compared to pulses close to injury area

(b)
Stronger pulse (and higher blood pressure) in right arm than in left arm and lower extremities

f.
Expect associated injuries, including:

i.
Multiple rib fractures

ii.
Flail segment

iii.
Sternal or scapular fracture

iv.
Pericardial tamponade

v.
Hemothorax or pneumothorax

vi.
Clavicle fracture

g.
Prehospital management is symptomatic.

i.
Assess and manage ABCs.

ii.
Gradual IV hydration to treat hypotension

(a)
Aggressive fluid administration could worsen the injury by causing sudden changes in intra-aortic pressure.

iii.
Do not use pressor agents.

iv.
Expedite transport to trauma center with an available cardiothoracic surgeon.

B.
Great vessel injury

1.
Except for aorta, great vessels are located in areas protected by adjacent bony structures and other tissues.

a.
Injuries more likely with penetrating trauma

b.
Injuries may result in occlusion or spasm of the artery.

c.
Presentation in areas in which the blood supply is leaking may include:

i.
Pain

ii.
Pallor

iii.
Paresthesias

iv.
Pulselessness

v.
Paralysis

2.
Assessment and management

a.
If bleeding is not prevented by injury, presentation will include:

i.
Hypovolemic shock

ii.
Hemothorax

iii.
Cardiac tamponade

b.
If hematoma forms, compression of adjacent structures may cause other signs and symptoms.

c.
Management follows procedures for acute blood loss.

i.
Establish an IV for hydration during transport.

ii.
Treat pericardial tamponade immediately.

iii.
Do not use a pneumatic antishock garment.

(a)
May contribute to greater blood loss

XI. Pathophysiology, Assessment, and Management of Other Thoracic Injuries

A.
Diaphragmatic injuries

1.
Occurs in a relatively small percentage of trauma patients

a.
Missed diagnosis can result in significant complications in the years that follow.

b.
Injury may result from:

i.
Direct penetrating injury

ii.
Blunt force trauma leading to diaphragmatic rupture

c.
Most injuries occur on left side because liver protects right side.

d.
Once injured, recovery is inhibited by natural pressure differences between abdominal and thoracic cavities.

e.
Diaphragmatic injuries and associated physical findings have three phases:

i.
Acute—begins at time of injury and ends with recovery from other injuries

ii.
Latent—intermittent abdominal pain from periodic herniation or entrapment of abdominal contents in the defective diaphragm

iii.
Obstructive—abdominal contents herniate through the defect, cutting off their blood supply

f.
Tension gastrothorax: A rare complication of diaphragmatic injury

i.
Herniation of sufficient abdominal contents into the thoracic cavity causing intrathoracic pressure to:

(a)
Compress the lung on affected side.

(b)
Compromise circulatory function.

2.
Assessment and management

a.
Not likely to be identified in prehospital setting, but should be a concern.

b.
Most likely to care for patient during acute phase.

c.
Acute phase presentation:

i.
Hypotension

ii.
Tachypnea

iii.
Bowel sounds in chest

iv.
Chest pain

v.
Absence of breath sounds on affected side

d.
Symptoms in the obstructive phase may include:

i.
Nausea and vomiting

ii.
Abdominal pain

iii.
Constipation

iv.
Dyspnea

v.
Abdominal distension

e.
In both acute and obstructive phases, management focuses on maintaining adequate oxygen and providing rapid transport.

i.
Elevate head of backboard.

ii.
Provide positive-pressure ventilation.

iii.
If allowed by protocol, nasogastric tube placement may help by decompressing involved gastrointestinal organs.

B.
Esophageal injuries

1.
One of the most rapidly fatal injuries to the gastrointestinal system

a.
Rare and often associated with other injuries

2.
Assessment and management

a.
Often present with other spinal and thoracic injuries

b.
Signs and symptoms include:

i.
Pleuritic chest pain, particularly made worse by swallowing or neck flexion

ii.
Possible subcutaneous emphysema

iii.
Associated tracheal injury in more than half of patients

c.
No specific therapy is possible in the prehospital setting.

i.
Definitive care occurs in the hospital.

ii.
Do not give anything orally so as to minimize complications.

C.
Tracheobronchial injuries

1.
Rare and typically caused by penetrating injuries

a.
High mortality rate because of airway obstruction

b.
Site is often close to the carina.

c.
Allows for rapid movement of air into pleural space, causing a pneumothorax

i.
Injury may progress to a tension pneumothorax.

(a)
Needle thoracentesis often insufficient because of the amount of air entering pleural space.

2.
Assessment and management

a.
Clinical presentation varies from mildly symptomatic to severe respiratory compromise.

b.
Physical findings include:

i.
Hoarseness

ii.
Dyspnea and tachypnea

iii.
Respiratory distress

iv.
Hemoptysis

v.
Findings of pneumothorax or tension pneumothorax

c.
Treatment centers on assessment and management of ABCs.

i.
If possible, use bag-mask ventilation instead of intubation (may make injury worse and result in complete airway blockage).

ii.
High ventilatory pressure should be avoided (use gentle and slow pressure on the bag).

D.
Traumatic asphyxia

1.
May be induced by traumatic injuries that suddenly and forcefully compress the thoracic cavity

a.
Sudden chest compression causes pressure to major veins of the head, neck, and kidneys.

i.
Massive pressure increase passes to capillary beds, causing rupture.

2.
Assessment and management

a.
Dramatic physical findings

i.
Cyanosis of the head, upper extremities, and torso above level of the compression

ii.
Ocular hemorrhage

(a)
Mild, such as bleeding into the anterior surface of the eye (subconjunctival hematoma) 

(b)
Dramatic, such as eyes protruding from their normal position (exophthalmos)

iii.
Swollen and cyanotic facial structures (tongue, lips, etc.) 

b.
Not always fatal

c.
Have a high suspicion for associated injuries from the trauma.

d.
After other life-threatening injuries are managed, treatment includes:

i.
In absence of intubation, use a nonrebreathing mask to provide high-flow supplemental O2
ii.
Take cervical spine precautions, including immobilization.

iii.
Obtain IV access with two large-bore IV lines.

iv.
Transport to nearest trauma center.
XII. Summary

A.
The thorax contains the ribs, thoracic vertebrae, clavicle, scapula, sternum, heart, lungs, diaphragm, great vessels (including the aorta), esophagus, lymphatic channels, trachea, mainstem bronchi, and nerves.

B.
Oxygenation and ventilation, as well as some aspects of circulation, take place within the thorax.

C.
Injuries to the thorax can cause air or blood  in the lungs or prevent organs from being able to move properly, which inhibits oxygenation and ventilation.

D.
Begin a thoracic trauma patient assessment with a scene size-up and assessment of the ABCs.

E.
When assessing breathing, note signs of injury to the thorax, which may indicate other underlying injuries. Watch for paradoxical motion, retractions, subcutaneous emphysema, impaled objects, or penetrating injuries.

F.
Consider ventilation and oxygenation adequacy. Watch for hypoxia, irregular pulse, blood pressure changes, and jugular vein distention.

G.
Because the mechanism of injury may have been traumatic, always consider spine stabilization in such cases.

H.
Several types of chest injuries may have similar signs and symptoms. Managing various chest injuries includes several common steps: maintaining the airway, ensuring oxygenation and ventilation, supporting circulatory status, and transporting quickly. Learn the subtle differences between types of chest injuries to help manage them more specifically.

I.
Chest wall injuries include flail chest, rib fractures, sterna fractures, and clavicle fractures.

J.
In flail chest, two or more ribs are broken in two or more places, which can result in a free-floating rib segment that moves paradoxically to the rest of the chest wall. As a result, lung tissue beneath the segment is not adequately ventilated.

K.
Flail chest management includes airway management and possible positive-pressure ventilation if the patient experiences respiratory failure. Intubation may be necessary.

L.
Rib fractures cause significant pain and can prevent adequate ventilation. Sternal and clavicle fractures are usually associated with other serious injuries.

M.
Rib fracture management should focus on the ABCs and gentle splinting of the chest by having the patient hold a pillow or blanket against the area.

N.
Lung injuries include simple pneumothorax, open pneumothorax, tension pneumothorax, hemothorax, and pulmonary contusion.

O.
In a pneumothorax, air leaks into the space between the pleural surfaces from an opening in the chest or the surface of the lung. The lung collapses as the air fills the pleural space, causing a mismatch between ventilation and perfusion.

P.
Management of a pneumothorax starts with the ABCs and high-concentration oxygen administration. Cover a sucking chest wound with a nonporous dressing.

Q.
A tension pneumothorax results from air collection in the pleural space, and is a life-threatening condition. The air exerts increasing pressure on surrounding tissues as it accumulates, which compromises ventilation, oxygenation, and circulation.

R.
Patients with a tension pneumothorax should be placed on high-flow supplemental oxygen via a nonrebreathing mask. Cover open wounds with a nonporous or occlusive dressing. If signs of tension are present, lift one corner of the dressing to allow air to escape. If a closed tension pneumothorax is present, immediate relief of the elevated pressures must be done with a needle decompression.

S.
A hemothorax is the accumulation of blood between the parietal and visceral pleura, resulting in compression of structures around the blood collected; it compromises ventilation, oxygenation, and circulation.

T.
If a patient with a hemothorax does not require airway intervention, place the patient on high-flow supplemental oxygen via a nonrebreathing mask. Initiate two large-bore peripheral IVs, with fluid resuscitation guided by local protocols and directed at limiting hypotension duration.

U.
A hemopneumothorax is the collection of both blood and air in the pleural space.

V.
A pulmonary contusion occurs from compression of the lung and results in alveolar and capillary damage, edema, and hypoxia.

W.
If a patient has a pulmonary contusion or cardiac tamponade, assess and manage the ABCs and consider administering IV fluids.

X.
Myocardial injuries include cardiac tamponade, myocardial contusion, myocardial rupture, and commotio cordis.

Y.
Cardiac tamponade occurs when excessive fluid builds up in the pericardial sac around the heart, which compresses the heart and compromises stroke volume.

Z.
Treating cardiac tamponade begins by managing the ABCs, ensuring adequate oxygen delivery, and establishing IV access. Provide a rapid fluid bolus to maintain cardiac output. Pericardiocentesis is the ultimate treatment option, but is a risky technique rarely performed by paramedics.

AA.
Myocardial contusion is blunt trauma to the heart, and may cause hemorrhage, edema, and cellular damage, with possible dysrhythmias.

BB.

Management for myocardial contusion is supportive, but should also include cardiac monitoring and establishing IV access. If needed, begin fluid resuscitation to maintain blood pressure. Consultation with online medical control may lead to antidysrhythmic agent administration.

CC.
Myocardial rupture is perforation of one or more elements of the anatomy of the heart, such as ventricles, atria, or valves, which can occur from blunt or penetrating trauma.

DD.
Management for myocardial rupture should include supportive care and rapid transport to a trauma center for a thoracotomy.

EE.

Commotio cordis occurs from a direct blow to the chest during a critical portion of the heart’s repolarization period, resulting in possible cardiac arrest.

FF.

ALS treatment for commotio cordis must follow standard ACLS guidelines for sudden cardiac arrest, and treatments of the underlying rhythm must be initiated early for successful resuscitation.

GG.
Vascular injuries include traumatic aortic disruption and great vessel injury.

HH.
Traumatic aortic disruption is the ripping of the aorta; injuries to other great vessels may also cause potentially fatal bleeding.

II.
Management for traumatic aortic disruption focuses on symptom control. After ABCs are completed, give gradual IV hydration for hypotension. Management should be the same as for those with acute blood loss.

JJ.
Other thoracic injuries include diaphragmatic injuries; esophageal injuries, which can be rapidly fatal; tracheobronchial injuries; and traumatic asphyxia.

Post-Lecture 
This section contains various student-centered end-of-chapter activities designed as enhancements to the instructor’s presentation. As time permits, these activities may be presented in class. They are also designed to be used as homework activities.

Assessment in Action

This activity is designed to assist the student in gaining a further understanding of issues surrounding the provision of prehospital care. The activity incorporates both critical thinking and application of paramedic knowledge.

Instructor Directions

1.
Direct students to read the “Assessment in Action” scenario located in the Prep Kit at the end of Chapter 35.

2.
Direct students to read and individually answer the quiz questions at the end of the scenario. Allow approximately 10 minutes for this part of the activity. Facilitate a class review and dialogue of the answers, allowing students to correct responses as may be needed. Use the quiz question answers noted below to assist in building this review. Allow approximately 10 minutes for this part of the activity.

3.
You may wish to ask students to complete the activity on their own and turn in their answers on a separate piece of paper.

Answers to Assessment in Action Questions

1.
Answer: B.
Rib fractures

Rationale: Rib fractures—the most common thoracic injuries—are seen in more than half of all thoracic trauma patients. Even when the patient experiences no underlying or associated injury, the pain produced by the broken ribs can result in significant morbidity because it contributes to inadequate ventilation.
2.
Answer: C.
Atelectasis
Rationale: The ribs are part of a ring that helps to expand and contract the thoracic cavity. Because a fracture of one or more ribs destroys the integrity of this ring, the patient’s ability to adequately ventilate is diminished. Just as importantly, the patient will attempt to limit the pain caused by these injuries by using shallow breathing. This tendency results in atelectasis and may lead to hypoxia or pneumonia.
3.
Answer: A.
Abdominal injuries
Rationale: The presence of rib fractures is also suspicious for other associated injuries. When the clinical examination suggests a fracture of ribs four through nine, you should be concerned about associated aortic injury, tracheobronchial injury, pneumothorax, vascular injury, or other more serious injuries. Similarly, fractures of the lower ribs (9 through 11) should raise your concern for an associated intra-abdominal injury.
4.
Answer: D.
Pneumothorax
Rationale: Pneumothorax is the accumulation of air or gas in the pleural cavity. Injuries may result in pneumothoraces either by direct injury to the lung (ie, rib fracture, gunshot, stabbing) or through barotrauma.

5.
Answer: D.
Self splinting
Rationale: The management of a patient with rib fractures focuses on the ABCs and evaluating the patient for other, more lethal injuries. Administer supplemental oxygen and gently splint the patient’s chest wall by having the patient hold a pillow or blanket against the area; this measure may allow the patient to take deeper breaths, something that should be encouraged despite the pain.
Additional Questions
6.
Rationale: Pressure (eg, from the steering wheel during a motor vehicle crash) is applied to the chest at a time when the patient has inhaled and closed the glottis in anticipation of the trauma and/or pain. This increased pressure is translated to the intrathoracic cavity, where it results in rupture of the lung. In both direct injury and barotrauma, air is allowed to escape into the pleural space, causing a pneumothorax.
7.
Rationale: Jugular vein distention (JVD) suggests increased intravenous pressure—perhaps resulting from a tension pneumothorax, volume overload, right-sided heart failure, or cardiac tamponade. Because true jugular vein distention is measured with the patient in a 45° semi-Fowler’s position, it may be difficult to assess when cervical spine precautions have been implemented. Nevertheless, a lack of jugular vein distention in the supine position in combination with other physical findings (eg, tachycardia, altered mental status, thready pulses, poor skin perfusion) may suggest a hypovolemic state.

Assignments 
A.
Review all materials from this lesson and be prepared for a lesson quiz to be administered (date to be determined by instructor).

B.
Read Chapter 36, Abdominal and Genitourinary Trauma, for the next class session.

Unit Assessment Keyed for Instructors 
1.
Describe the bony structures of the thorax.

Answer: The bony structures of the thorax include the sternum, clavicle, scapula, thoracic vertebrae, and 12 pairs of ribs. The sternum is made up of three separate pieces: the manubrium, the body, and the xiphoid process. The space just above the manubrium is termed the suprasternal notch; the junction of the manubirum and sternal body is called the angle of Louis.

(pp 1695-1696)

2. 
How does major blood loss affect cardiac output?

Answer: There are two components to cardiac output: heart rate and stroke volume. A significant change in either can compromise cardiac output. Stroke volume, the amount of blood ejected from the ventricles with a single contraction, is dependent upon preload (the amount of blood in the ventricle just prior to contraction). If blood return to the heart is diminished, the amount available to be pumped by the ventricles also diminishes and compromises cardiac output.

(p 1698)

3.
Discuss how thoracic trauma can hinder effective ventilation and oxygenation.

Answer: Any injury that decreases or compromises ventilatory effort, availability of oxygen for gas exchange, and/or surface area within the lung can prevent adequate ventilation, oxygenation, or both. For example, a person with several rib fractures may take shallow breaths to decrease pain. Shallow breaths reduce the amount of air that reaches the lungs and participates in gas exchange. A tension pneumothorax or other injury that allows air to enter the pleural cavity will compress lung tissue and prevent full expansion. When collapse of the alveoli occurs (atelectasis),  the amount of surface area available for gas exchange diminishes. Additionally, an area of bruised lung tissue (pulmoanry contusion) can also lead to hypoxemia as blood and other fluid enter the alveoli impeding gas exchange.

(pp 1698-1699)

4.
Describe physical assessment findings that are indicative of respiratory compromise.

Answer: Airway compromise can present with a variety of clinical signs. Clues pointing towards obstructive problems include stridor, hoarseness or other changes in the voice, gurgling or snoring respirations, or coughing. Patients who present with an altered mental status may be suffering from hypoxia or hypercarbia. Additional signs of respiratory compromise include tachypnea, coughing, hemoptysis, accessory muscle use, and retractions.

(p 1699)

5.
Discuss the significance of jugular venous distension (JVD).

Answer: The presence JVD is suggestive of increased intravenous pressure and may be the result of a tension pneumothorax, volume overload, right-sided heart failure, or cardiac tamponade. The absence of JVD when the patient is supine when considered with other physical findings (tachycardia, alter mental status, and poor skin perfusion) may be indicative of hypovolemia.

(p 1700)

6. 
Identify the 12 life-threatening chest injuries (the “deadly dozen”).

Answer: The “deadly dozen” can  be divided into immediately life-threatening injuries and potentially life-threatening injuries. Injuries that are considered to be immediately life-threatening include airway obstruction, bronchial disruption, diaphragmatic tear, esophageal injury, open pneumothorax, tension pneumothorax, hemothorax, flail chest, and cardiac tamponade. Traumatic aortic disruption, myocardial contusion, and pulmonary contusion are considered potentially life threatening.

(p 1701)

7.
Discuss the benefit of PEEP therapy for a patient with a flail chest.

Answer: When a patient has a flail chest both ventilation and oxygenation are impaired due to pain, inadequate chest rise, and the potential for bruising to the lung tissue. PEEP will help keep the alveoli expanded preventing atelectasis and improving oxygenation.

(p 1704)

8. 
How can a tension pneumothorax compromise cardiac output?

Answer: As air accumulates in the pleural space the lung is placed under pressure and will shift towards the opposite side of the chest. If the pressure in the chest becomes greater than that within the vena cava, the vessel can collapse and significantly decrease blood return to the heart (preload). A decrease in preload leads to a decrease in stroke volume thereby reducing cardiac output. 

(p 1708) 

9.
What causes commotio cordis, and which age group is affected the most?

Answer: Commotio cordis occurs when the chest wall is impacted directly over the heart during its vulnerable period. This commonly occurs in Caucasian boys between the ages of 4 to 16 years while particpating in competitive sports such as baseball, football, or hockey.

(pp 1715-1716)

10.
How will a patient with traumatic asphyxia present?

Answer: Traumatic asphyxia is characterized by a series of dramatic physical findings. Patients will have cyanosis of the head, the upper extremities, and the torso above the level of compression. The eyes may protrude from their sockets or present with bleeding into the anterior surface. Additional clinical findings include a swollen protruding tongue, and swollen lips. 

(pp 1719-1720) 

Unit Assessment 

1.
Describe the bony structures of the thorax.

2. 
How does major blood loss affect cardiac output?

3.
Discuss how thoracic trauma can hinder effective ventilation and oxygenation.

4.
Describe physical assessment findings that are indicative of respiratory compromise.

5.
Discuss the significance of jugular venous distension (JVD).

6. 
Identify the 12 life-threatening chest injuries (the “deadly dozen”).

7.
Discuss the benefit of PEEP therapy for a patient with a flail chest.

8. 
How can a tension pneumothorax compromise cardiac output?

9.
What causes commotio cordis, and which age group is affected the most?

10.
How will a patient with traumatic asphyxia present?
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