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INTRODUCTION TO THORACIC TRAUMA 
 
The assessment and management of any trauma patient begins with the primary 
survey which is the initial assessment to look for life-threatening injuries. This starts 
with a systematic ABC (airway-breathing-circulation) approach. If a life-threatening 
problem is identified it is treated before moving on to the next step of the assessment 
(see Management of the Severely Injured patient), although in larger teams 
individual team members may be allocated to one system, for example an 
anaesthetist may take charge of the airway. 
 
In thoracic trauma the clinician must be alert to breathing problems due to injuries to 
the respiratory system and circulation problems due to haemorrhage into the thoracic 
cavity or direct injury to the heart or great vessels. Other structures can be injured 
and knowledge of the anatomy will allow the clinician to anticipate and diagnose 
injuries, describe them to other clinicians and treat them safely. 

 
CLINICAL SCENARIO: a young male in his twenties is brought in to the trauma 
room after a road traffic accident. The paramedics have applied C-spine 
immobilisation. Your registrar is busy and asks you to assess the patient. How 
would you begin your assessment? 
 

 
ANATOMY OF THE THORAX 
 
Important Surface Landmarks 
 
Midclavicular line: an imaginary line running vertically from the middle of the 
clavicle. For emergency needle decompression of a tension pneumothorax the 
needle is inserted where the midclavicular line meets the second intercostal space. 
 
Midaxillary line: an imaginary line running vertically between the anterior and 
posterior axillary folds. Chest drains are inserted anterior to this line. 



2 
 

 
Sternal angle (of Louis): the palpable junction where the manubrium meets the 
body of the sternum. This marks the location of the attachment of the 2nd rib to the 
sternum and is used reliably find the second intercostal space. An imaginary 
horizontal plane through the sternal angle passes through the T4/5 intervertebral 
disc, marking the inferior boundary of the superior mediastinum and the level of the 
bifurcation of the trachea as well as the commencement and termination of the arch 
of aorta. 
 
Ribs 
 
Ribs 1-7 (true ribs) are directly attached to the sternum via the costal cartilages of 
each rib forming sternocostal joints. 
 
Ribs 8-10 (false ribs) are indirectly attached. They articulate via costal cartilages with 
the costal cartilage of rib 7. 
 
Ribs 11-12 (floating ribs) are not attached to the sternum or costal cartilages. They 
protect abdominal organs such as the kidneys or spleen.  
 
The Intercostal Space 
 
There are 3 layers of muscles: external, internal and innermost. The main intercostal 
neurovascular bundles run between the internal and innermost intercostal muscles 
beneath their respective ribs in the costal grooves. From superior (most protected in 
the groove) to inferior (least protected) the vessels are ordered vein, artery, nerve 
(VAN). When inserting a chest drain in an intercostal space it is inserted just above 
the rib below to avoid damage to the intercostal nerve.  
 
The Pleura  
 
This is a fibro-elastic membrane lined by squamous epithelial cells. It consists of two 
portions which are continuous with each other: 
 
1. Parietal pleura. This is attached to the chest wall, deep to the innermost 
intercostal muscles. It can be divided into four parts according to the surface it lines 
(costal, diaphragmatic, mediastinal and cervical). The costophrenic angle is the 
acute angle formed as the costal pleura becomes diaphragmatic pleura. In the 
upright position, fluid can accumulate here and be seen on a chest x-ray as blunting 
of the costophrenic angles. 
 
2. Visceral pleura. This is intimately attached to the surface of the lung.  
 
Between the parietal and visceral pleurae is a potential space which can be filled to 
create an actual space, for example with air (pneumothorax) or blood (haemothorax). 
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The Thoracic Inlet and Outlet 
  
The major arterial blood supply and venous drainage of the head and neck, the 
trachea and oesophagus pass through the thoracic inlet (also called the superior 
thoracic aperture), which is a bony ring. 
 
Its boundaries are the 1st thoracic vertebra posteriorly, the upper border of the 
manubrium sterni anteriorly and the 1st ribs with their costal cartilages curving 
laterally. Many important structures can be injured here, including the apices of the 
lungs which extend just above the first ribs. 
 
The trachea passes through the thoracic inlet and descends to the carina at the 4th 
thoracic vertebral level, where it divides into the right and left main bronchi. The 
oesophagus passes to the posterior mediastinum behind the trachea and if 
perforated it can cause a severe mediastinitis.  
 
Anatomists refer to the the thoracic outlet (inferior thoracic aperture) as the large 
space between the thoracic and abdominal cavities. Its borders are: the 12th thoracic 
vertebrae posteriorly, the xiphisternum and costal margins anteriorly and the 11th and 
12th ribs laterally. The diaphragm (which is composed of two domes) covers the 
thoracic outlet and separates the thorax from the abdomen. It has three major 
openings for the vena cava (at the level of T8), the oesophagus (at T10) and the 
aorta (T12) 1. If the diaphragm is injured, abdominal contents can enter via the 
thoracic outlet into the chest.  
 
Clinicians commonly use the term ‘thoracic outlet’ more loosely to refer to the space 
beneath the clavicle where vessels and nerves exit the thorax to supply the upper 
limbs. This is because clinically, these can become compressed as they run under 
the clavicle (the so-called Thoracic Outlet Syndrome). 
 
CHEST INJURIES AND THEIR MANAGEMENT 
 
Injuries can be classified by mechanism as blunt or penetrating as these have 
different clinical implications or they can be classified by anatomical location. Some 
injuries may be detected in the primary survey for life-threatening problems. After the 
primary survey, a secondary survey of the whole body is conducted by a structured 
approach which aims to pick up all injuries, including those which are not life-
threatening.  
 
Chest Injuries by Anatomical Location (Superficial to Deep) 
 
1-Chest Wall Injuries 

 
1 The levels that these structures pass through the diaphragm can be remembered by the number of letters 
they contain (vena cava = T8, oesophagus = T10) 
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Superficial chest wall injury affecting the soft tissues of the chest wall without affecting the ribs 
or underlying pleura. Management is to arrest bleeding and debride the wound with primary 
closure if possible. 
 

 
Figure 1.1: Stab wound to the posterior chest wall 
 

 
Figure 1.2: Blade removed successfully under general anaesthesia 
 

LEARNING POINT: CAUTION REMOVING OBJECTS  
Do not try to remove any sharp object traversing the chest wall, unless you are in a 
theatre where everything is ready for thoracotomy (surgical opening of the thorax). 
The object may be tamponading a bleeding vessel which may re-bleed once the 
foreign body is removed and it may be necessary to open the chest to control this. 
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Figure 1.3: Bullet injury arrested within the chest wall without causing serious injury to 
underlying structures 
 

CLINICAL EXERCISE: READING A CHEST X-RAY 
For the x-ray images above, present them using a structured system as you would 
in an exam. Generally, when reading a chest x-ray, start with the patient/image 
details then comment concisely on the adequacy of the film. After this, if there is an 
obvious abnormality describe it first. Then use a structured system to assess the 
rest of the x-ray and ensure you do not miss less obvious injuries (an example of a 
system for assessing chest x-rays is given in appendix 1 at the end of this 
chapter). 

 
2-Rib, Sternum and Clavicle Injuries 
 
Single rib fracture: pain can be severe as the chest wall has to continuously move with 
respiration and coughing. It is important to treat this aggressively by analgesic medications, 
chest wall strapping and/or intercostal nerve block. This may require inpatient admission, 
especially in the elderly, as pain may lead to shallow breathing, reduced mobility and 
reduced coughing, encouraging atelectasis and pneumonia which can be life-threatening.  
 
Multiple ribs fractures: when two or more consecutive ribs are fractured anteriorly and 
posteriorly the free ‘flail’ segment may move in the opposite direction to the rest of the chest 
(i.e. it moves inwards on inspiration and out on expiration). This paradoxical respiratory 
movement may result in severe pain, hypoxia and dyspnoea that may require emergency 
intubation and assisted ventilation.  
 
Clavicle fracture: the clavicle is the most commonly fractured bone and is typically 
fractured in the middle third where the bone is weakest and least protected by ligaments. 
The distal fragment is pulled downwards by the weight of the arm and the proximal 
fragment pulled upwards by the clavicular head of sternocleidomastoid. Management is 
usually conservative with pain relief and a sling (collar and cuff) unless there is non-union 
when surgical fixation of the fracture may be warranted. 
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Sternal fracture: usually signifies severe anterior impact to the chest and can cause 
severe pain. There may be underlying cardiac contusion requiring inpatient cardiac 
monitoring or more severe cardiac injury requiring surgery. In severe cases surgical fixation 
of the bone may be warranted to stabilise the fracture and relieve pain.  
 

 
Figure 1.4: Fractured right clavicle. Fractured left first rib      

 
Figure 1.5: Multiple rib fractures causing flail chest    

3-Pleural injuries 
 
Haemothorax  
 
This is blood in the pleural space and may be mild and self-limiting or severe requiring a 
thoracotomy to control the bleeding. A chest drain (tube thoracostomy) may be inserted to 
evacuate the blood compressing the lung.  
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The decision whether thoracotomy is needed to control bleeding is complex but typically a 
threshold of >1500mls of blood drained on first insertion of the drain or >200mls ongoing 
blood loss through the drain for a few hours favours thoracotomy.  

 

 
Figure 1.6: Traumatic haemothorax 
 
Traumatic Pneumothorax  
 
Traumatic pneumothorax is classified differently to spontaneous pneumothorax. 
Traumatic pneumothoraces can be categorised as simple or tension, open (sucking) 
or closed and may co-exist with a haemothorax. 
 
Typically a space of >2cm from the edge of the lung to the chest wall signifies 
collapse of >50% and therefore a large pneumothorax.  
 
An open pneumothorax secondary to penetrating injury may cause air to be sucked 
in to the pleural space with each inspiration and not pass back out again, rapidly 
leading to tension pneumothorax. This “sucking chest wound” is treated by covering 
it with a dressing, taped to the chest wall on three sides only. The side that is not 
taped acts as a flutter valve, preventing air from entering but allowing air to exit.  
 

 
CLINICAL SCENARIO: during your ABC assessment the patient starts to panic 
and then loses consciousness. He has a respiratory rate of 40, the trachea is 
deviated to the right, the left side of the chest is not moving, has no breath sounds 
on auscultation and has a hyper-resonant percussion note. What has happened? 
What emergency procedure should you do to help the patient? 
 
The patient in the scenario above has developed a left-sided tension pneumothorax. 
Air has accumulated between the left lung and chest wall in the pleural space to 
such an extent that it has pushed the mediastinum to the right, obstructing the 
cardiac output.  
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You should insert a large bore 14-16G (grey or orange) cannula in the left second 
intercostal space, midclavicular line (emergency needle thoracostomy). If attached to 
a syringe this can show when air is aspirated to indicate correct placement in the 
pleural space. The needle is removed and the plastic cannula taped in place. This 
will buy time to insert a chest drain for ongoing drainage of the pneumothorax which 
may have been caused by a lung laceration allowing air to pass from the lung to the 
pleural space but not back again.  
 

 
Figure 1.7: Tension pneumothorax showing collapse of the left lung, rightward mediastinal 
shift and downward displacement of the left hemidiaphragm (Courtesy of Prof. Qassim Baker 
FRCS England). 
 
A simple closed pneumothorax may be treated in the first instance with high flow 
oxygen, which treats any hypoxia but also speeds up the reabsorption of the pleural 
air, aiding resolution of the pneumothorax which may take weeks. A small 
pneumothorax may resolve spontaneously without having to insert a chest drain. 
 
Needle aspiration of air from the pleural space via a cannula in the second 
intercostal space, midclavicular line or 5th intercostal space anterior axillary line may 
be attempted. Alternatively, the mainstay of treatment is tube thoracostomy (chest 
drain).  
 
 



9 
 

 
Pneumothorax. Collapsed lung 
Figure 1.8: Traumatic pneumothorax leading to collapse of the ipsilateral lung  
 

 
CLINICAL SCENARIO: you have successfully performed emergency needle 
thoracostomy in the 2nd intercostal space, midclavicular line. Your patient has 
improved clinically and you now have time for insertion of a chest drain. A nurse 
has brought your equipment to insert the drain. Where would you insert it safely? 
 
The safe triangle for insertion of a chest drain is the area of the chest wall bounded 
by: 
 
Anteriorly: the lateral border of pectoralis major  
Posteriorly: the anterior border of latissimus dorsi2 
Inferiorly: a horizontal line at the level of the nipple (5th intercostal space) 
 
Indications for Insertion of a Chest Drain 
  
Air (pneumothorax)  
Blood (haemothorax)  
Pus (empyema)  
Lymph (chylothorax)  
Fluid (pleural effusion)  
Post-thoracotomy 
 
Inserting a Chest Drain 
 
Preparation 
 
Patient’s consent, correct identification and marking of the correct side 

 
2 Some authors state the posterior border to be the mid-axillary line 
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Patient supine or at 45° with arm on affected side abducted and externally rotated 
Full aseptic technique, skin preparation, sterile gloves and gown 
Chest tube and underwater seal bottle  
Local anaesthetic (lignocaine solution), syringe, needle 
No.10 blade, haemostats for blunt dissection and to guide bendable tube into chest 
Silk 1/0 drain stitch to suture drain into place and dressing 
 
 

LEARNING POINT: DO NOT USE THE SUPPLIED TROCAR FOR INSERTION  
Some chest tubes come with a sharp trocar. This should not be used to gain entry 
to the pleural space as it risks catastrophic damage to internal structures. After 
incising the skin with the blade, entrance to the pleural cavity is gained by blunt 
dissection with a haemostat instrument and the clinician’s gloved finger. As the 
chest tube is not rigid, initial insertion into the pleural space is usually aided by 
clamping a long haemostat to the tip of the tube. 

 
Understanding the Underwater Seal 
 
With air/fluid accumulation the lung collapses. The lung expands only if the pleural 
pressure is sub-atmospheric. 
 
The underwater seal prevents air being pulled in to the pleural space via the tube but 
does not prevent it escaping to the atmosphere. 
 
When there is bubbling from the underwater tube air is travelling from the pleural 
space to the atmosphere which can be tested by asking the patient to cough. Drains 
inserted just for fluid, e.g. empyema or pleural effusion should not bubble.  
 
When the column of water is ‘swinging’ (i.e. moving up and down the tube) the 
decreased pressure in the pleural space during inspiration is being transmitted to the 
tube. If the column of water stops swinging the tube could be blocked.  
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Figure 1.9: The underwater seal 
 
Pitfalls 
 
During transfer of the patient (e.g. for chest x-ray) do not raise the water container 
above the level of the patient, which risks siphoning fluid back to the pleural cavity.  
 
Beware clamping a tube which is bubbling, the air may build up and cause a tension 
pneumothorax. 
 
Do not assume a patient with a chest tube cannot develop a tension pneumothorax, 
the tube could have become blocked (e.g. with clotted blood) or dislodged. 

 
Minor Complications 

 
-Pain – Treat pre-emptively with analgesia or parenteral sedation. 
-Subcutaneous haematoma or seroma  
-Anxiety  
-Shortness of breath (dyspnoea) or severe cough due to rapid drainage of air or fluid.  
-Injury to intercostal neurovascular bundle 
-Dislodgement or incorrect placement 
 
Major Complications 
  
-Haemorrhage – haemothorax or haemoptysis suggests pulmonary injury. 
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-Infection  
-Re-expansion pulmonary oedema due to rapid evacuation of air or blood leading to 
rapid lung re-expansion which may precipitate pulmonary oedema.  
-Serious injury to the liver, spleen, diaphragm 
-Injury to the thoracic aorta and the heart  
 
Removing a Chest Drain 

 
The drain remains in place until the lung is re-expanded or the fluid is drained.  

  
How would you assess whether the drain was ready to be removed? 

 
Clinical evidence: patient looks well with good air entry bilaterally.   
Mechanical evidence: tube is not draining air or fluid. 
Radiological evidence: The lung is fully expanded on chest x-ray. 

 
 

 
 Figure 1.10: Fully expanded lung, tube ready to be removed 
 
As with insertion, chest drain removal should be done under aseptic technique. The 
purse-string suture holding the drain in place is cut and the patient is advised to take 
a deep breath as the tube is quickly removed and a dressing applied. Many clinicians 
use an additional suture which is pulled tight and tied to close the hole immediately 
as the tube comes out, minimising re-entry of air through the defect in the chest wall.  
 
The patient should have a chest X-ray to ensure full lung expansion and, if used, the 
closing suture will need to be removed once the defect has healed. 
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Figure 1.11: The safe triangle                                   Figure 1.12: Sterilisation of the area 
 
 

    
 

Figure 1.13: Local anaesthetic applied     Figure 1.14: Small incision and blunt dissection to open the space. 
 

 
Figure 1.15: Chest tube size 28 FG with trocar (which should be removed)       Figure 1.16: Chest tube inserted 

easily into pleura  
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Fig 17. Underwater seal draining fluid                    Fig 18. Chest tube fixed in site by purse-string suture 
 

Thoracotomy - surgical opening of the chest 
 
Indications for Thoracotomy 
 
80-90% of chest injuries can be treated by chest tube but surgical management may 
be required. Thoracotomy (surgically opening the thorax) may be: 
   
-Immediate (resuscitative thoracotomy) 
-Emergency (Urgent) 
-Elective  
 
1-Emergency Department Thoracotomy (Resuscitative Thoracotomy) 
This may be used in an emergency to prevent catastrophic bleeding or gain access to the 
heart to prevent imminent death.  
Penetrating thoracic injury 
- Traumatic cardiac arrest with previously witnessed cardiac activity  
- Unresponsive hypotension (BP < 70mmHg)  
Blunt thoracic injury 
- Rapid exsanguination through chest tube (>1500ml) 
- Unresponsive hypotension (BP < 70mmHg) 
 
2-Immediate (Urgent) Thoracotomy  
This implies there is time to take the patient to theatre which is generally the preferred setting 
for thoracotomy. 
1-Massive haemoptysis  
2-Massive haemothorax (output >200ml/hr may favour thoracotomy) 
3-Massive air leak (vigorous continuous bubbling of underwater seal) suggesting ruptured 
bronchus 
May also be necessary to repair injuries to the heart or great vessels, diaphragm, 
oesophagus, and in some cases of flail chest. 
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3-Elective thoracotomy 
This implies the problem will require surgery but there is no immediate threat to life.  
1-Clotted haemothorax 
2-Large foreign body   
3-Persistent pneumothorax (unresolving air leak despite 72 hours with chest drain) 
 

 
CLINICAL SCENARIO: three days after you inserted the chest tube, your patient 
has an ongoing air leak, as seen by continuous and unchanged bubbling via the 
underwater seal. Chest x-ray shows no change in the size of the pneumothorax. 
What further management is the patient likely to need? 
 
The patient in the clinical scenario has a persistent air leak which suggests that he is likely to 
need an elective thoracotomy to look for and repair the source of the leak.  
 

      
Figure 1.19: Bullet removed electively from the lung.    Figure 1.20: Clotted haemothorax (needs 

thoracotomy)  
 
 

LEARNING POINT: WHEN TO DO A THORACOTOMY  
The decision to perform a thoracotomy to try to control excessive bleeding through 
the chest tube is complex but initial output of >1500mls or continuous bleeding 
through the chest tube of >200ml/hour for a few hours can be used as a 
threshold. 
 
Similarly an air leak (continued bubbling via chest tube) not resolving after 72 
hours suggests that definitive surgical management may be required to close the 
source of the leak 
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4-Lung Parenchymal Injuries 
 
Trauma can lead to pulmonary contusion with interstitial oedema which may lead to 
consolidation of the lung parenchyma. Management includes chest physiotherapy to clear 
secretions, antibiotics for superimposed infection and, if severe, intubation and ventilation to 
support breathing.  

 
Figure 1.21: Severe bilateral pulmonary contusions leading to respiratory failure requiring 
intubation and assisted ventilation. 
 

CLINICAL QUESTION:  
 
What complication of chest trauma can mimic pulmonary contusion and 
appear as diffuse interstitial oedema on chest x-ray? 
 
Acute Respiratory Distress Syndrome (ARDS): syndrome of acute respiratory 
failure and non–cardiogenic pulmonary oedema leading to reduced lung 
compliance and hypoxemia which is refractory to oxygen therapy. Characterised 
by bilateral diffuse pulmonary infiltrates on chest x-ray. The mechanism is 
increased permeability of the alveolar wall and can occur in response to trauma, 
sepsis or other insults. In less severe form the condition is referred to as acute 
lung injury (ALI). 
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Figure 1.22: ARDS (Acute Respiratory Distress Syndrome) 

 
Other Complications of Chest Trauma 
 
-Atelectasis 
-Infection 
-Pulmonary embolism 
-Air embolism 
-Cardiac arrhythmias 
 
 
5-Tracheo-bronchial Injuries 
 
There may be crushing or complete separation of the large airways which will need 
immediate advanced airway management and surgical repair. 

  
Figure 1.23: Traumatic separation of left main bronchus leading to complete collapse of the left lung.    
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Figure 1.24: Repaired through left thoracotomy and re-anastomosis of the left main bronchus. 
 
6-Great Vessel Injuries 
 
Injuries to the thoracic aorta and its branches are often due to rapid deceleration. Most 
patients with a ruptured aorta die immediately but in ~10% of patients the surrounding 
tissues and pleura are able to maintain the intravascular pressure producing false 
aneurysms which can be diagnosed by CT angiography and require specialist surgical 
repair.  
  

 
  Figure 1.25:  Widened mediastinum in chest x-ray in an upright position may reflect great vessel injury  
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Figure 1.26: Descending thoracic aortic injury. This may be repaired by endo-vascular stented graft 
 
7-Diaphragmatic injuries  
 
Rupture of the diaphragm, most commonly on the left side, may lead to herniation of the 
abdominal viscera into the thoracic cavity, sometimes occurring a long time (even years) 
after the traumatic event. The stomach is the most frequent organ to herniate followed by the 
transverse colon and spleen. This leads to collapse of the lung and mediastinal shift which 
can be seen on chest x-ray and barium studies. The treatment is surgical repair of the defect.   
 

 
Figure 1.27: Traumatic rupture of the left diaphragm. Figure 1.28:  Operative findings, omentum seen    
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             Figure 1.29. Diaphragm repaired                   Figure 1.30. Post-operative chest x-ray 
 

 
Figure 1.31. The reduction in the volume of the left lung is due to traumatic rupture of the left hemi-
diaphragm which occurred two-years previously 

  
Figure 1.32: Barium enema shows the colon in the left hemi-thorax 
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Figure 1.33: Operative findings – transverse colon in the chest cavity.  Figure 1.34. Ddiaphragm tear 
being repaired. This patient had an uneventful post-operative course and made a good recovery 
 
8-Oesophageal Injuries 
 
The thoracic oesophagus is rarely injured and oesophageal injuries often occur at the 
cervical oesophagus due to penetrating injury. Other important causes include iatrogenic 
injury from instrumentation (e.g. endoscopy) and swallowed foreign bodies.  
 
Digestive tract contents, heavy with bacteria, can cause severe illness if leaked to the 
mediastinum. The diagnosis may be difficult and requires a high index of suspicion. The 
patient may appear unwell, with pain and dysphagia, sometimes with fever and vomiting. 
Root of the neck surgical emphysema (air in the soft tissues which crackles under the fingers 
on palpation and may be seen on x-ray) may alert the clinician to the diagnosis. 
 
X-ray images may be useful and the diagnosis can usually be confirmed by contrast study 
which will visualise the site of perforation or by CT scan. Water-soluable contrast such as 
Gastrograffin should be used instead of barium because if barium passes through the 
perforation it can cause or worsen mediastinitis.  
 
Treatment may be conservative with intravenous fluid, nil by mouth for 5-7 days and 
intensive antibiotic cover which may be enough for the perforation to seal itself, otherwise 
surgery is indicated. 
 
 



22 
 

 
                 Figure 1.35: Oesophageal foreign body  

 
Figure 1.36: Oesophagoscopy under general anaesthesia for removal of foreign body  

 
 

LEARNING POINT: MEDIASTINITIS  
The diagnosis of oesophageal perforation causing mediastinitis needs a high index 
of clinical suspicion to minimise mortality.   

 
9-Cardiac Injuries  
 
May vary in severity from superficial contusion to transmural damage leading to septal 
defects or ventricular rupture. The patient may be dyspnoeic, hypotensive & tachycardic. 
 
Diagnosis can be accomplished by echocardiography. Management includes resuscitation 
and cardiac surgical intervention. 
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Blood may accumulate around the heart, which is enclosed by the fibrous 
pericardium leading to cardiac tamponade. This is more likely to result from 
penetrating than blunt chest trauma. Symptoms include dyspnoea and tachycardia 
and Beck’s triad (hypotension, engorged jugular veins and muffled heart sounds) 
may be evident.  
  
The ECG may show sinus tachycardia and low-voltage QRS complexes and chest x-
ray may show an enlarged globular-shaped heart. Echocardiography is the 
investigation of choice, especially if the diagnosis cannot be made on clinical 
grounds. 
 
In an emergency, percutaneous needle aspiration (pericardiocentesis) may be 
attempted by inserting a needle on a syringe under the xiphoid aiming superiorly and 
to the left, preferably under ultrasound guidance and with continuous ECG 
monitoring. If the pericardial blood has clotted this may not be successful and 
surgical management to remove the clot is the definitive treatment.   

 
CLINICAL SCENARIO: your patient had an elective thoracotomy and a large lung 
laceration was found and repaired surgically. He recovered well and was 
discharged. He asks you if he can go on holiday. What do you need to tell him 
regarding flying? 
 
The patient in the clinical scenario must not fly for at least 14 days following radiographic 
resolution of the pneumothorax.  
 
 
QUESTIONS 
 

1. Under which ribs does the spleen lie?  
2. What is the meant by VAN in the intercostal space? 
3. In surgical practice, what is meant by –ostomy (eg thoracostomy) and what is 

meant by –otomy (e.g. thoracotomy) 
4. What is a tension pneumothorax and what is its management? 
5. What are the indications for insertion of a chest drain (tube thoracostomy)? 
6. What are the borders of the safe triangle for chest tube insertion? 
7. Can you name three indications for taking a patient with chest trauma to 

theatre for an urgent/emergency thoracotomy? 
8. What might a globular, enlarged heart on chest x-ray signify? 
9. What is Beck’s triad and what might it signify? 

 
ANSWERS 
 
1. The spleen lies under the left 9th-11th ribs posteriorly. 



24 
 

2. VAN stands for vein, artery, nerve and is the order (from superior to inferior) that 
these structures are arranged in the costal groove underneath their respective ribs. 
Insert a chest drain just above the rib below to avoid hitting the intercostal nerve.  
3. –ostomy means creation of an ‘os’ which is an opening. –otomy means to cut. In 
the case of thoracotomy it means the surgical cutting (and therefore opening) of the 
thorax.  
4. Tension pneumothorax is when the pneumothorax pressure rises and pushes the 
mediastinum which can result in a loss of cardiac output. Emergency management is 
needle decompression with a large bore cannula in the 2nd intercostal space, 
midclavicular line followed by chest tube in the safe triangle region of the lateral 
chest wall. 
5. The indications for insertion of a chest tube are:  
 
Air (pneumothorax) 
Blood (haemothorax)  
Pus (empyema)  
Lymph (chylothorax)  
Fluid (pleural effusion)  
Post-thoracotomy  
 
6. The borders of the safe triangle are: 
Anterior: pectoralis major 
Posterior: latissimus dorsi (or mid-axillary line) 
Inferior: 5th intercostal space (usually equates to imaginary line at level of the nipple) 
7. Three indications for taking a chest trauma patient to theatre for urgent 
thoracotomy are: 

1. Massive haemoptysis 
2. Massive haemothorax 
3. Massive air-leak 

8. A globular, enlarged heart may signify blood or fluid in the pericardial sac. 
9. Beck’s triad is hypotension, engorged neck veins (or raised jugular venous 
pressure) and muffled heart sounds. It may signify cardiac tamponade. 
 
APPENDIX 1: SYSTEM FOR ASSESSING A CHEST X-RAY 
 
PIPER TO ABCDE 
 
‘PIPER’ assesses the quality of the image: 
Patient/image details (include a comment about the clinical presentation, whether 
there are previous images to compare with and whether the image was taken as a 
posterior to anterior (PA) film, an anterior to posterior (AP), what position the patient 
was in and whether it was taken with portable equipment, all of which will affect 
interpretation of the image).  
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Inspiration (ideally the 5th-7th anterior ribs should intersect the diaphragm in the 
midclavicular line or 10 posterior ribs should be seen to show the patient has taken a 
deep breath in. In portable trauma x-rays, often AP portable films, this may be not be 
possible. Inadequate inspiration can make the lung bases look more dense and be 
confused for pulmonary oedema). 
Penetration (bone is dense and blocks x-rays, leaving the x-ray plate white, air lets 
the most x-rays through, turning the plate black. Underexposed images (too few x-
rays) leave the image too white, over-exposed images turn the image too black. 
Assess whether exposure is just right by whether you can see the spinous processes 
through the vertebral bodies). 
Exposed area (are there any parts of the x-ray that have been cut off by the frame? If 
the costophrenic angles are not seen fluid may be missed, if the apices of the lung 
are not seen a pneumothorax could be missed). 
Rotation (was the patient at an angle when the image was taken? This can make the 
image unreliable, especially by obscuring pneumothoraces or mimicking mediastinal 
shift. It is assessed by measuring the distance between the two heads of the 
clavicles and the spinous process between them to check the distance is the same 
on both sides). 
 
‘TO’ assesses important findings first: 
Tube / artefact (comment on the presence of any tubes, lines or artefact such as 
jewellery) 
Obvious abnormality (it is good practice if you see something very obvious to 
describe this first) 
 
‘ABCDE’ systematically assesses the rest of the x-ray for findings: 
Airway (trace the outline and look at the lumen of the trachea, carina and left and 
right bronchi, assessing for shift away from the midline and foreign bodies).  
Breathing (Trace the outline of both lungs, look for pneumothorax, especially 
asymmetry with one apex darker the other, carefully scan the parenchyma of the 
lungs and comment on the hilar regions). 
Circulation (trace the outline of the heart and great vessels. A widened mediastinum 
may suggest injury to the great vessels. If possible, assess the size of the heart 
which should be less than half the width of the thoracic cavity in a PA film and the 
shape of the heart. A globular enlarged heart may suggest cardiac tamponade). 
Diaphragm (look for gross asymmetry, assess the costophrenic angles, in an upright 
chest x-ray air underneath the diaphragm may indicate perforation of an abdominal 
viscus).  
Everything else (trace the outlines and look at the parenchyma of each bone 
including every rib and the clavicles. Look at the soft tissues for surgical emphysema 
which may hint at an occult diagnosis such as oesophageal rupture). 
 
To finish, concisely summarise your findings and state any diagnoses these would 
be consistent with. 
 

FURTHER READING 
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• American College of Surgeons, Advanced Trauma Life Support (ATLS) 

Manual (currently at 9th Edition) 
• Baker QF, Aldoori M. (eds). Clinical Surgery: A Practical Guide. 2009. Edward 

Arnold Ltd: London 
 


