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PULMONARY OPACITIES

A rounded opacity in the lung may be single or there may be several opacities of different sizes. The causes are many and it is not always possible to make a diagnosis from the chest X-ray appearances alone. Some of the causes are rare.  The commonest cause of a solitary pulmonary opacity in the United Kingdom would be a lung carcinoma, primary or secondary.   In Africa, it is more likely to be a lung abscess or tuberculoma.
1. SOLITARY

· Bronchial carcinoma – suggested by evidence of rapid growth on serial chest X-rays, usually has irregular borders but occasionally may be smooth. May cavitate and there may be associated hilar or mediastinal adenopathy.

· Solitary metastasis – usually well defined, lower lobe commoner than upper lobe

· Tuberculoma  - calcification common, well -defined margins, usually 0.5-1cm in diameter, unchanged on serial X-rays. Usually upper or mid zones.

· Benign tumour – bronchial adenoma – rare, usually carcinoid, may calcify

· Hamartoma- well defined, lobulated, usually less than 4cm, calcification may occur in larger lesions. Uncommon.

· Arterio-venous malformation – feeding vessels may be seen leading into the mass. Not common.

· Loculated effusion in a fissure - common

· Hydatid cyst – smooth without surrounding lung reaction.  May contain a fluid level. Rare.

· Lung abscess
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2. MULTIPLE

· Metastases – usually well defined, nodules of varying size, more common in the lower lobes but can occur anywhere. Cavitation may be seen in squamous cell tumours, and sarcomas.  Metastases are the commonest cause of multiple lung nodules.  The X-ray appearances give no indication of the primary site.

· Abscesses – staphylococcal infection. Usually one or more will show evidence of cavitation.

· Hydatid cysts – often large.  

· Rheumatoid nodules – associated with rheumatoid arthritis

· Wegeners granulomatosis – cavitation common, associated paranasal sinus disease

· Multiple arterio-venous malformations (rare)

[image: image2.png]



Primary lung cancer can present as a hilar mass, a lung opacity, collapse of a lobe due to bronchial obstruction or as pneumonia distal to partial bronchial occlusion. The opacity may be quite well defined or irregular and spiculated.  It can also present as a cavitating mass or an apical opacity.  There may be involvement of the phrenic nerve with elevation of the diaphragm due to paralysis.  Paralysis of the diaphragm can be diagnosed by fluoroscopy. If fluoroscopy is not available, it may be helpful to take an exposure in inspiration and one on expiration, exposed on the same film.  It will be seen that the normal diaphragm changes position between the two exposures whereas the paralysed one does not.  Primary lung cancer is rare in Ghana, cigarette smoking is uncommon.
PNEUMOTHORAX

This occurs when air enters the pleural cavity through a tear in either the parietal or visceral pleura. The lung subsequently relaxes and retracts to a varying extent towards the hilum.  A pneumothorax is usually well seen on a PA film but if very small may be difficult to see as the lung edge may overlay a rib. 

Features to look for:

· The lung edge becomes visible as the lung retracts towards the hilum.  It is displaced from the chest wall. The visceral pleura shows as a thin white line. Air rises so a pneumothorax will usually be largest at the apex.
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Absent lung markings between the lung edge and the chest wall

· Increased translucency of the affected hemithorax.

· Mediastinal displacement with depression of the diaphragm if tension develops 

If the film has been taken with the patient supine the diagnosis is more difficult.
· Pleural air lies anteriorly and medially so the retraction of the lung edge is usually not seen.

· Mediastinal structures are sharply outlined by adjacent free pleural air, heart border, superior vena cava, and inferior vena cava.

· The upper abdomen appears lucent due to overlying air and  there is basal hyperlucency

· Deepening of the lateral costo-phrenic angle occurs and a “double” diaphragm seen.
CAUSES:

· spontaneous – due to rupture of a small congenital pleural bleb. Usually young males and often smokers

· iatrogenic – following pleural tap, lung biopsy etc

· trauma

· emphysema

· asthma

· malignancy – high incidence in osteogenic sarcoma metastases

· lung disease but especially pneumocystis carinii, tuberculosis and honeycomb lung.
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Complications of pneumothorax may occur:

·  Tension pneumothorax.  A tear in the visceral pleura may act as a ball valve allowing air to enter the pleural cavity during each inspiration & none to escape during expiration. Positive pressure builds up resulting in shift of the mediastinum to the opposite side.  This is a medical emergency as death may ensue from respiratory distress & diminished cardiac output.

· Hydropneumothorax -  fluid in the pleural cavity resulting in a fluid level.
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In children, pneumothorax is a common complication of staphylococcal  pneumonia.  If a pleural collection is present then a hydro or pyo-pneumothorax will be seen.  The mediastinum displaces readily in children with herniation of the pneumothorax across the midline
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Lung Transradiancy:

Unilateral transradiancy without pneumothorax may be caused by partial obstruction to the main bronchus.  It is sometimes difficult to decide which is the abnormal side.  It is also important to make sure the appearance is not caused by rotation of the patient.  Inhaled foreign body is common in children. It may cause partial or complete blockage.  If partial, the lung beyond the blockage will balloon. If there is doubt, a film on expiration may be helpful when the affected lung will not deflate.
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Bilateral lung transradiancy with over-expansion of the lungs may be seen in:

· Chronic obstructive emphysema

· Asthma

· Acute bronchiolitis (case above)

· Laryngeal or tracheal narrowing, for example due to mucus plug or foreign body

The diaphragms will be low and flat

The heart will appear small (long and narrow)

The lungs will appear darker than normal with paucity of peripheral pulmonary vessels.

In emphysema, cyst- like spaces or bullae may develop from rupture of distended alveoli.  Their walls are seen as thin curvilinear hair- line shadows.
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CHEST TRAUMA

Damage to intrathoracic structures may occur with both open and closed chest injuries. If possible an erect or semi-erect film should be obtained but this may be impossible.

With open injuries such as stab wounds, tension pneumothorax is important to exclude. This diagnosis can usually be made clinically although a chest X-ray is important to exclude smaller pneumothorax. Surgical emphysema is common. Internal bleeding may occur into the pleura, the pericardial sac or mediastinum. Blood in the pleural cavity looks like an effusion, bleeding into the pericardium will show by increasing size of the heart which may become globular in shape although these are late signs. Bleeding into the mediastinum will cause widening of the mediastinum. A normal mediastinum will appear wider if the film is taken supine, making it more difficult to assess. If a film cannot be taken erect or semi-erect look for progressive increase in width on repeat films. 

The commonest abnormality seen with closed chest injuries are rib fractures and their complications, although with more severe injuries there may be damage to major structures such as trachea, aorta, vena cava.  Spinal fractures may be associated with severe chest trauma.

Abnormalities to look for following chest trauma:

.

· rib fractures – these are not significant in themselves and associated injuries are  more important. They are often seen on the PA view but sometimes may only be visible on oblique films.  However oblique views are seldom indicated as the fracture itself is not important. They are difficult to see if not displaced and the whole length of each rib should be examined as they may be posterior, lateral or anterior.  A clue is often an associated small pleural reaction.

       Fractures of the upper 3 ribs are often associated with major intrathoracic injuries

              Fractures of the lower 3 ribs may be associated with upper abdominal injury, e.g. ruptured spleen

Complications of rib fractures include:  flail chest; pneumothorax; haemothorax; surgical emphysema; pulmonary contusion.  Air in the soft tissues may spread widely along the chest wall into the neck.  If surgical emphysema is very marked, it may obscure a pneumothorax, especially if small.

Haemothorax may be small or moderate in size.  The appearances are identical to a pleural effusion.

Pulmonary contusion looks like consolidation. It may also occur without obvious rib fracture.

· other fractures –

· Sternum.  Hidden by the spine on a PA view and will be visible only on lateral view. Usually there is 

associated soft tissue swelling.

       -      Dorsal spine – look for a paraspinal mass due to haematoma.

 -     Clavicle, scapula. Posterior dislocation of the sterno-clavicular joint is 

       associated with injury to the trachea, oesophagus, or great vessels.
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· Ruptured diaphragm – associated with herniation of abdominal structures into the chest.  There are commonly associated rib fractures and the diagnosis may be delayed, only becoming obvious on later chest X-rays.  It is diagnosed most commonly on the L when the stomach or bowel pass upwards into the thorax. The diaphragm often shows an abnormal contour on the lateral film where part of the diaphragm may be seen attached in the normal position, either anterior or posterior. It does not follow the curve formed by the outline of the herniated stomach.
[image: image15.png]



· Pneumothorax – occurs following rib fracture and following stab wounds. If there is surgical emphysema suspect also a pneumothorax.
· Haemopneumothorax – blood + air in the pleural cavity. Looks like a hydropneumothorax. Usually due to open trauma.

· Pulmonary contusion  – localised areas of alveolar shadowing which clear in a few days.

· Lung haematoma – usually appears following resolution of contusion.  Rounder and better -defined areas of shadowing than contusion. Clears after a few weeks.

· Pneumomediastinum  - air in the pneumomediastinum secondary to rupture of the oesophagus, trachea or bronchus. This is seen as vertical lucencies in the mediastinum, air may outline the mediastinal pleura, especially on the left side; it is often associated with subcutaneous air in the neck and there may be an associated pneumothorax.  It may be seen following rupture of the oesophagus due to other causes, for example oesophagoscopy or prolonged vomiting.
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· Ruptured major airway – severe pneumomediastinum; pneumothorax

· Aortic rupture -  The majority of patients die before chest X-ray can be taken. Plain film signs are due to mediastinal and pleural bleeding. These are:

1. Widened mediastinum 

2. Abnormal or obscured aortic contour

3. Tracheal displacement to the R 

4. Depression of the left main bronchus

                 5.    There may be an associated left haemothorax

Surgical and mediastinal emphysema may occur without a history of trauma.  There may be a lung tear due to a sudden rise in intra-alveolar pressure, often with airway narrowing. This causes air to dissect through the interstitium to the hilum and then to the mediastinum. Causes may be:

· Spontaneous – following coughing or strenuous exercise

· Asthma

· Childbirth

· Artificial ventilation

· Foreign body aspiration in a child.

[image: image17.png]



Diaphragms

The L diaphragm normally lies a little lower than the R but not invariably so. The diaphragm consists of a thin sheet of muscle with a smooth upward convexity. The inferior surface is not visualised normally as it blends with the surface of the liver & spleen.

Unilateral elevation of the diaphragm may occur in the following conditions:

· Phrenic nerve palsy – due to infiltration by tumour. No mediastinal displacement.

· Eventration – due to deficiency or atrophy of muscle. More common on the L. The heart is displaced to the opposite side.

· Lobar collapse

· Pulmonary embolus

· Distended bowel, especially on the L

· Idiopathic

· Disease below the diaphragm – liver abscess, subphrenic abscess, liver metastases
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Bilateral elevation may be secondary to:

· Obesity

· Ascites

· Abdominal mass

· Hepatosplenomegaly

A patient often presents with chest symptoms due to disease below the diaphragm and it is important that the subdiaphragmatic areas are examined in each patient.

ASSESSMENT OF THE HEART:      

Size & Shape

The transverse diameter of the heart  in the PA projection is less than half the width of the chest. The film must be taken on full inspiration and with the patient erect.

The cardio-thoracic ratio is only a rough guide & is not very reliable as a one-off assessment; of more significance is an increase in heart size on serial chest X-rays.

Direct transverse measurements may be used and are said to be more reliable than the cardiothoracic ratio (CTR)
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· Maximum transverse diameter of the heart on a normal PA film is not more than 15.5cm in adult males and 14.5cm in adult females.

· When the cardiothoracic ratio is used it should not exceed 50%.  In practice some normal hearts will exceed this and it is unreliable in small children when a film in full inspiration is difficult to obtain. Heart size assessment is unreliable in small children.
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The heart is measured at the maximum diameter. As the widest part  may not be at the same level on the two sides R and L measurements are added together.   A+B = the transverse diameter of the heart. 

C= the transverse diameter of the thorax which is measured at the level of the diaphragms from the inner ribs.  A+B divided by C = the cardiothoracic ratio (CTR)
When enlarged the heart may be of normal shape but more often than not there is a general alteration of shape or a local prominence of one border due to dilatation of a chamber.

The heart size may be normal in the presence of ventricular hypertrophy for example in aortic stenosis.  Hypertrophy may not cause increase in the transverse diameter of the heart but chamber dilatation invariably will.  Electrocardiograph (ECG) is a better test of ventricular hypertrophy.

The shape varies in normal patients and it may be narrow and vertical or more horizontal with a large prominent convex L heart border.  The shape depends to some extent on the level of the diaphragm and is more vertical the lower the diaphragm.

CARDIAC ENLARGEMENT:

The commonest causes of a large heart are:

· Hypertension

· Mitral valve disease or other rheumatic heart disease

· Pericardial effusion

· Cardiomyopathy

· Endomyocardial fibrosis (EMF)

· Congenital heart disease

Mitral stenosis may be present with a large L atrium but a normal sized heart.

If the heart is grossly enlarged think of:

· Multiple valvular disease especially regurgitation

· Pericardial effusion

· Cardiomyopathy

· Endomyocardial fibrosis

· Atrial septal defect in adult

SMALL HEART :

Occasionally the heart may appear to be pathologically small.  Usually this is secondary to lung disease such as emphysema but other causes should be considered.

· Normal variant

· Emphysema

· Addisons disease

· Dehydration/malnutrition

· .Constrictive pericarditis
Pericardial effusion
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A pericardial effusion is a collection of fluid in the pericardial sac. The fluid may be serous, pus or blood.  They all look identical on chest X-ray. 

The chest X-ray is often normal with small effusions.  As the amount of fluid increases in size the heart becomes generally bigger.  In the erect position it may appear flask shaped as the fluid falls to the most dependent part of the pericardial sac.  Sometimes it is more globular in shape with a rounded contour (convex R border and convex L border), when it resembles cardiomyopathy. The pulmonary vessels appear normal or small in size.

Sudden enlargement on serial X-rays suggests pericardial effusion.  This can be readily confirmed by ultrasound scan.

Cardiomyopathy

There are several causes of cardiomyopathy but they all produce the same appearance on chest X-ray. There is generalised cardiomegaly, the heart assuming a globular shape.  The heart may become very large in size and the pulmonary vessels are often prominent with signs of early cardiac failure.  It is not often possible on chest X-ray alone to differentiate between cardiomyopathy and pericardial effusion.
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SIGNS OF SPECIFIC CHAMBER ENLARGEMENT:

1. Right atrium:

· bulge of the right cardiac border
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Causes:-

Atrial septal defect and endomyocardial fibrosis are the 2 commonest causes.
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2. Left atrium:
The L atrium lies at the very back of the heart centrally and is hidden on the PA view unless enlarged.  It lies beneath the carina & as it enlarges it will cause

· straightening or a convexity on the upper left heart border (filling in)                   

· double outline of the right cardiac border

· splaying of the carina

· bulge of the posterior heart border on the lateral film
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3 Right ventricle:

Commonest causes of L atrial enlargement:

· mitral incompetence and mitral stenosis

· L ventricular failure

· Ventricular septal defect & patent ductus
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Rt.  Ventricle

It is often difficult to assess which ventricle is enlarged on chest X-ray.  On a lateral view the R ventricle lies anterior and enlargement will cause anterior bulging and filling in of the retrosternal air space. As the R ventricle enlarges the heart rotates, shown on a PA chest X-ray as lifting of the cardiac apex off the diaphragm.  The signs to look for therefore are:
· elevated cardiac apex on the PA film

· bulging of the upper anterior heart border on the lateral film

Causes:

· secondary to left heart failure and mitral valve disease

· pulmonary arterial hypertension

· pulmonary stenosis –  Fallots tetralogy
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atrial septal defect (ASD)

· ventricular septal defect (VSD)
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3. Left Ventricle:

The L ventricle lies posterior on the lateral view & when enlarged bulges backwards towards the spine. On the usual PA view enlargement of the L ventricle shows as:

· Bulging of the lower left heart border

· depressed cardiac apex     

In other words, the heart bulges outwards and downwards.
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Causes of L ventricular enlargement 

are many.

The commonest are:

· hypertension

· mitral incompetence

· ischaemic heart disease

· anaemia

· aortic stenosis

Left ventricular enlargement may or may not be associated with unfolding of the aorta.  Unfolding of the aorta is common in elderly patients and results in enlargement of the mediastinal shadow in its’ middle third with bulging of the aorta to the R and L of the spine.  It is commonly seen with L ventricular enlargement in the presence of hypertension.

Assessment of the heart is not complete without assessment of the pulmonary vessels. The pulmonary vascular pattern is often helpful in diagnosis.

 PULMONARY VASCULAR PATTERNS:

NORMAL:

· arteries branch vertically to upper and lower lobes

· veins run roughly horizontally towards the lower hila

· upper lobe vessels are smaller than lower lobe vessels on an erect film

· vessels are difficult to see in the peripheral thirds of the lungs. In some patients they are not seen in the outer 2cm of the lung fields whereas in others they are seen to within 0.5cm of the rib cage.

The size of the pulmonary vessels varies from person to person.  In general a person with large hilar vessels will have large pulmonary vessels and vice versa.  The size of the vessels in each zone is much the same on the two sides except in the R lower zone near the heart where there is a richer pattern due to the vessels on the L side being obscured and displaced by the heart.

Enlargement of the main pulmonary artery

Enlargement of the main pulmonary artery or pulmonary conus causes a convexity just below the aortic knuckle. It should 

not be confused with enlargement of the L atrium.  It lies between the L auricle and the aortic knuckle.  

Enlargement occurs when there is increased blood flow such as:

· Ventricular septal defect

· Atrial septal defect

Also in cases of reduced blood flow such as:

· Eisenmenger complex in long standing L to R shunt when there is increased peripheral resistance

· Pulmonary stenosis when a jet of blood with high velocity will cause dilatation of the artery just beyond the pulmonary valve
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Pulmonary venous hypertension:

In pulmonary venous hypertension there is increased pressure in the pulmonary veins, which results in a redistribution of the blood flow.  As the pressure increases fluid leaks out into the surrounding tissues.  This vascular pattern is characteristically seen in L ventricular failure and mitral valve disease.

· vessels in the upper hilar region and upper zone appear  larger than in the lower lobe on erect film.  This is known as upper lobe blood diversion

· Kerley B lines at the bases.  Short horizontal parallel lines just above the costophrenic angles due to fluid in the septal spaces.
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Pulmonary arterial hypertension:

Increased pressure in the central pulmonary arteries, which are enlarged.  Small peripheral vessels.  This shows as:

· bilateral hilar enlargement

· rapid decrease in size of peripheral vessels (“pruning”)

Causes:

· long standing pulmonary disease such as emphysema

· multiple recurrent pulmonary emboli

· schistosomiasis – peripheral vessels occluded by showers of eggs

· L to R shunt of long standing with development of the Eisenmenger complex (increased peripheral resistance)

· long standing mitral valve disease
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Pulmonary plethora – over perfusion:

Large vessels in all areas.

· increased size and number of pulmonary vessels  - large vessels in  all areas but lower lobe vessels still larger than upper lobe.

· vessels seen in lung periphery

· associated with left to right shunts, high output states and polycythaemia
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Pulmonary oligaemia – under perfusion:

· decrease in the size and number of pulmonary vessels

· small main pulmonary arteries

· generally darker lung fields

· associated with pulmonary stenosis/atresia, tricuspid atresia, 

· R sided endomyocardial fibrosis, severe emphysema, large pericardial effusion
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HEART CALCIFICATIONS

Calcification is occasionally seen in the heart or pericardium.  The commonest sites are:

· Pericardium. Due to pericarditis, tuberculous or pyogenic.  

· Valves – especially aortic valve in  elderly patients

· Wall of the L atrium in long standing mitral valve disease

· Wall of a ventricular aneurysm following a myocardial infarct – usually L ventricle

· Calcifying thrombus in a specific cardiac chamber, occasionally following a myocardial infarction in the L ventricle or following development of a thrombus in the L atrium 
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PULMONARY OEDEMA:

 Pulmonary oedema may be either cardiogenic or non- cardiogenic in origin. 

 It may present as interstitial or alveolar shadowing or both. The shadowing is seldom homogenous but more often blotchy or patchy in appearance. Usually it is bilateral but occasionally unilateral or confined to one part of a lobe when it may be mistaken for pneumonia. It can mimic bronchopneumonia and it may be difficult to tell the difference radiologically.

Cardiogenic pulmonary oedema:

When the left ventricle begins to fail and pressure increases in the left atrium, there is back- pressure on the pulmonary veins with distension of the upper lobe veins. When the pulmonary venous pressure exceeds 25mmHg (i.e. it exceeds the plasma osmotic pressure) interstitial oedema occurs due to leakage of fluid into the peri-vascular spaces. This is seen as blurring of the vessels and Kerley B lines at the bases (short fine horizontal lines seen in the costophrenic angles). As the pulmonary venous pressure further increases, frank pulmonary oedema occurs & the shadowing becomes confluent. It often has a perihilar batswing pattern with the shadowing being denser around the hilar regions, fading at the periphery. It is rarely localised to one lung unless the patient has been lying on one side for some time (due to gravity – fluid goes to the most dependant part of the lungs).

There is cardiomegaly. The shadowing may be of rapid onset and the distribution fluctuates, distinguishing it from pneumonia. There is no fever and the patient improves with Lasix. There is hilar blurring, fluid in the fissures, and often pleural effusions  seldom of equal size.

On a chest X-ray therefore the following may be seen:

· Cardiomegaly

· Large upper lobe vessels

· Pleural effusion

· Interstitial pulmonary oedema

· Alveolar pulmonary oedema
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NB  in the elderly patient there may be a combination of pneumonia and pulmonary oedema.  The extra strain placed on the heart in pneumonia may precipitate heart failure.

In Non- Cardiogenic pulmonary oedema the heart is usually of normal size. Alveolar pulmonary oedema occurs, similar in appearance to that seen in heart failure. There are fluffy bilateral opacities becoming confluent and effusions are common. 
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Causes are many and include:

1. Uraemia

2. Fluid overload

3. Shock lung (adult respiratory distress syndrome)

4. High altitude

5. Aspiration of gastric contents                                                                                         
6. Malaria                                                                                                     

7. Acute Nephritis

8. Drowning

9. Toxic gases

10. Drugs and poisons e.g. heroin, snake venom

11. Raised ICP

12. Hypoproteinaemia  e.g. liver disease

13. Blood transfusion reactions

Adult Respiratory Distress Syndrome : shock lung.

This may be due to a large number of causes & presents as acute respiratory failure in patients without previous lung disease, following some sort of major trauma or shock. There is haemorrhagic pulmonary oedema in the acute phase showing as patchy bilateral alveolar shadows becoming more extensive over the next few days. The heart is not enlarged. Pleural effusions are rare. Superimposed infection frequently develops & at this later stage cavitation & effusions may be seen.

2.  PLAIN FILM TOMOGRAPHY
Tomography may be performed:

1. To improve the visualisation of a lesion

2. To localise a lesion - ? intrapulmonary

3. To evaluate the hilae and airways

4. To search for a suspected lesion e.g. small metastasis

5. To evaluate the mediastinum and chest wall
Conventional tomography has now largely been replaced by computed tomography when available.
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3.  FLUOROSCOPY
Fluoroscopy may be used to assess the motion of the chest wall, and diaphragm. The presence of mediastinal shift is an important sign in cases of air-trapping, for example inhaled foreign body in a child.

4.  RADIONUCLIDE IMAGING
This is of most value in the diagnosis of pulmonary embolus. If the scan is perfectly normal this virtually excludes it. The major drawback is the lack of specificity and a report can only be made when a recent chest X-ray and a ventilation scan are available.  The main indications are:

1. Pulmonary embolus

2. Evaluation of emphysema

3. To determine the extent of parenchymal disease

4. Monitoring therapy
THE LUNG PERFUSION SCAN:
This is based on the fact that particles greater than the diameter of the lung capillaries will be trapped during their passage through the lungs.  99mTechnetium microspheres of uniform size are given by slow intravenous injection. This results normally in uniform radioactivity over the whole thorax except the mediastinum.  If the perfusion to an area is decreased this results in decreased uptake of the isotope.  Causes include:
· obstruction of an artery

· alveolar hypoxia due to air trapping

· bronchial obstruction

· pneumonia

· redistribution of blood flow in mitral stenosis with pulmonary hypertension

In severe pulmonary hypertension the capillary bed is decreased and the scan may be hazardous

THE LUNG VENTILATION SCAN:
An aerosol containing 99mTechnecium is the cheapest means of performing a ventilation scan.  The uptake of the isotope should match exactly that obtained by the perfusion scan.  This is called the ventilation/perfusion ratio.  This pattern is disturbed in pulmonary embolus.
Films taken are AP, PA, and both posterior obliques.  A ventilation & perfusion isotope lung scan is called a V/Q scan.
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5. COMPUTED TOMOGRAPHY  OF THE THORAX

Computed tomography is being increasingly used for examining the chest despite its high radiation dose.

The newer spiral CT machines allow coverage of the entire thorax with one breath hold.  

THE MAIN INDICATIONS FOR COMPUTED TOMOGRAPHY OF THE THORAX:

1. Staging of lung cancer and other malignant tumours

2. Diffuse lung disease – high resolution CT

3. Pleural disease e.g. fluid versus malignant tumour; empyema versus lung abscess

4. Mediastinal disease: masses, aortic dissection
Some people now use spiral CT in the diagnosis of pulmonary emboli in the difficult cases.

High resolution scanning is widely used for characterisation of disease patterns. Very thin sections of 1-3mm in width are obtained at pre-determined intervals. It shows clearly the extent and definition of parenchymal and interstitial disease.  It is used mainly in the differential diagnosis of interstitial diseases and to determine the extent of bronchiectasis.

CT is the most sensitive modality for identification of nodules 3mm and over in size.  The majority are subpleural.  It is good at differentiating pleural from pulmonary disease and in diagnosing pleural tumours.  It is the modality of choice for assessment of the mediastinum.
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 6. MAGNETIC RESONANCE IMAGING OF THE CHEST

The role of MRI is not yet clearly defined.  It is good for vessels and lesions in the mediastinal and hilar regions.

A major disadvantage is respiratory and cardiac motion.  It is unable to visualise the small pulmonary vessels and bronchi and lung parenchyma.

It is unable to provide the same anatomic detail as high resolution computed tomography and CT is the procedure of choice for most diseases of the thorax.

 7. ULTRASOUND IMAGING IN THE CHEST

The acoustic mismatch between the chest wall and the aerated lung results in almost total reflection of the ultrasound beam and inability to visualise the lung itself unless consolidated.  Therefore ultrasound is little used for lung pathology but is helpful in the diagnosis and localisation of effusions or other collections.  Pleural fluid appears as an echofree area outlining the pleural space.  Internal echoes may be due to blood or pus, with septa indicating loculation and a thick wall suggesting an empyema.  Pleural based masses are usually of low echogenicity and pleural thickening is easily identified.
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A solitary pulmonary nodule in the R mid zone.  Adjacent to it is a large mass in the R upper mediastinum.  The mediastinal mass is due to enlarged paratracheal lymph nodes.  The solitary pulmonary nodule could be due to a primary lung neoplasm with associated mediastinal adenopathy.  In this particular patient the pulmonary nodule was a metastasis from cancer of the cervix.  It is not possible to diagnose this from the chest X-ray appearances alone and clinical details are needed for interpretation.





Multiple nodules of varying sizes in both lungs, most numerous in the lower zones.  There is a small L basal pleural effusion (arrow).  The nodules in this particular patient were due to pulmonary metastases. It is not possible to tell the primary site. Metastases tend to be more numerous  & larger in the lower zones
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Large R sided pneumothorax with collapse of the lung towards the hilum where it appears as an opacity.  It may be mistaken for consolidation of the middle lobe but note the absence of vascular markings on the R side. The R hemithorax also appears darker than the L.
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Moderate sized pneumothorax on the R side.  The lung edge is visible (arrow) & there are no vessels visible between the lung edge & the chest wall.  The R diaphragm is depressed. There is only a little midline shift .
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A large L sided pneumothorax in a young child. There is displacement of the mediastinum to the R and the L pleural cavity has herniated across the midline to lie on the R side (arrows).  See also drawing.




















A R sided hydro(or pyo) pneumothorax. There is a long fluid level with absence of pulmonary vessels above.  The lung has collapsed towards the hilum with a strand of tissue connecting the lung to the parietal pleura due to adhesions (arrow).
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Pockets of free air within the pleural cavity








Absence of pulmonary vascular markings





Pneumothorax in a new-born baby. The lung edge is usually not visible in these cases.  Pockets of free air collect anteriorly and medially. There is usually also pleural air in the costophrenic areas with absence of pulmonary vascular markings peripherally above the diaphragms.
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In this X-ray of a child, the L hemithorax appears darker than the R.  The vascular lung markings are visible within the dark lung indicating that it is not due to pneumothorax.  The film has been taken with the patient straight so it is not due to technical factors.  The child gave a history of sudden onset of dyspnoea after eating peanuts. Nuts are a common cause of bronchial occlusion in children and in this patient a foreign body (nut) was lodged in the L main bronchus.


A film taken on expiration would make the abnormality more apparent & confirm the presence of air trapping.
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This chest X-ray in a young child shows bilateral air trapping.  The diaphragms are both pushed downwards with loss of the normal convexity, appearing flattened. The lungs are rather dark with sparcity of vascular markings. The opacity in the L upper lobe is an area of segmental consolidation.  This was a baby with bronchiolitis.
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Bilateral air trapping with low flat diaphragms. The heart is narrow and the lungs very dark. This occurs in emphysema and acute asthma. The lungs are so dark because a normal exposure was given.  When the lungs are hyperinflated the exposure should be reduced otherwise lung shadowing will not be seen.
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A patient involved in a road traffic accident.  There is trauma to the L shoulder & clavicle in addition to rib fractures, surgical emphysema and pulmonary bruising in the L axillary region.





Alveolar shadowing due to pulmonary haematoma secondary to rib fractures (small arrows)





Fractures of the L 6th & 7th ribs seen here posteriorly.  There is slight widening and displacement of the fragments making them visible.  There are possibly also other fractures, which are not clearly seen on this reproduction.





Extensive surgical  emphysema in the axillary region.  No pneumothorax visible on this film
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A patient admitted following a road traffic accident. There is a comminuted fracture of the R scapula with a large separated fragment.








There is lung contusion (haematoma) in the R perihilar region








There are rib fractures laterally (small arrows) associated with a low density peripheral lung shadow due to adjacent haematoma (white arrow)





There is marked soft tissue swelling associated with the scapular fracture





There is also a fracture of the L clavicle with displacement of the fragments.
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This X-ray shows apparent  elevation of the L diaphragm.  The patient had sustained chest trauma several weeks previously and there are obvious rib fractures still visible (black arrows).


The dark shadow in the L lower chest is  air lying within the stomach lumen which has herniated into the chest. What appears to be the diaphragm is in fact the wall of the stomach (open arrows). This can be readily confirmed by performing a barium meal.
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Pneumothoraces on a supine film. Notice the dark area beneath the R diaphragm.  There is an impression of a double diaphragmatic outline   The normal outline (dark arrow) and a lower flat outline(white arrow)
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This young man was recovering from appendicectomy when he developed a bout of severe vomiting. Following this he became dyspnoeic with chest pains.  Chest X-ray showed a pneumomediastinum with collections of air in the lower mediastinum bilaterally. Note there is also surgical emphysema in the axillary regions due to air tracking upwards into the soft tissues of the neck & then downwards below the clavicles.


This patient had suffered a full thickness tear of his lower oesophagus. It healed completely by 7 days.
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This child was admitted acutely ill with extensive surgical emphysema.  There was no history of trauma and no evidence of pneumothorax. There was a history of cough and fever of a weeks duration.  The surgical emphysema was so extensive that the eyelids were even involved.  It can be seen clearly tracking up the neck bilaterally & down both upper arms.  The cause was not  established but appeared to be spontaneous, possible secondary to severe coughing due to chest infection.
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Elevation of the L diaphragm. In this case due to a large pneumoperitoneum, larger on the L side. The patient presented with acute dyspnoea. The dark area below the L diaphragm is all due to free air within the peritoneal cavity. The patient had a typhoid perforation.  
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Normal heart PA view. 





Normal lateral view. 
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Measurement of the cardiothoracic ratio. 
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Gross cardiomegaly.  There is convexity of the R heart border and filling in of the angle between the aorta and the L ventricle (arrow).   The heart appears more flask shaped than globular. The pulmonary vessels are small due to decreased cardiac output.  This was a case of pericardial effusion.
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Marked cardiomegaly with convexity of both heart borders, a globular shaped heart.  This was a case of cardiomyopathy but could equally well be due to pericardial effusion





With a globular heart the pulmonary conus is hidden by the cardiomegaly
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Appearance of a flask shaped heart in some cases of pericardial effusion. There is filling in of the angle between the aorta and L ventricle
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A 17 yr old boy with a very large heart which is globular in shape. Pericardial effusion and cardiomyopathy should be considered but in a young patient in a tropical setting think of endomyocardial fibrosis. A cardiac echo showed endomyocardial fibrosis involving the tricuspid valve and a small pericardial effusion.  The two often occur together.
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R atrial enlargement.  The position of the normal R atrium is represented by the dotted line.
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This is the chest X-ray of a 12 yr old child whose picture is on the R. He complained of severe dyspnoea of several weeks duration. His abdomen is distended with ascites but he has little peripheral oedema.


The chest X-ray shows marked R sided cardiomegaly with bulging of the R atrium into the R hemithorax.  Cardiac echo showed endomyocardial fibrosis affecting the tricuspid valve.





Endomyocardial fibrosis (EMF) affecting the R side of the heart often presents in the earlier stages with ascites and little peripheral oedema (“orange on sticks” appearance).  EMF affecting the tricuspid valve results in R atrial enlargement, often massive, and usually affects young patients.    All these features are present in this case 
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Normal position of the L atrium. The main effects of L atrial enlargement are seen in the 3 directions arrowed.





L atrial enlargement.  There is widening of the carinal angle (arrow). There is a double outline to the R heart border (white arrow) and there is a small bulge on the L heart border (arrow head)
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A case of mitral disease showing a large L atrium.  There is a double density to the R heart border, a bulge on the L cardiac outline and widening of the carinal angle.
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Cardiomegaly with L atrial enlargement. The L heart border is straight and there is a small bulge due to enlargement of the L atrial appendage.





Cardiomegaly with a rather globular shaped heart. There is enlargement of the L atrium with a bulge on the upper L cardiac border.  The film is too pale to assess the carina and to see a double R heart border.  This was a young patient with mitral valve disease.
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R ventricular enlargement showing a boot shaped appearance to the heart as the apex is lifted off the diaphragm





The chest X-ray of a child  showing the features of R ventricular enlargement.  This was a case of Fallots tetralogy.
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L ventricular enlargement.  The cardiac apex is displaced downwards and laterally.





A patient with hypertension showing L ventricular enlargement. Enlargement of the L ventricle is often associated with unfolding of the aorta when due to hypertension.  The aorta is bowing outwards to the L of the spine in this patient indicating a degree of aortic unfolding (arrow).
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Enlargement of the pulmonary conus (main pulmonary artery), The bulge lies below the aorta & above the L ventricle, at the level of the upper hilum.





The chest X-ray shows a large main pulmonary artery (pulmonary conus). The pulmonary vascular pattern otherwise looks normal and there is no cardiomegaly..





 This patient had pulmonary stenosis, the enlargement being due to post stenotic dilatation. In pulmonary stenosis, especially in the milder cases, the pulmonary vessels in the lung fields & heart size can appear normal as in this case. It is only in cases of severe stenosis that there is noticeable reduction in size of the pulmonary vessels (pulmonary oligaemia).
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It is difficult to reproduce pulmonary venous hypertension clearly by digital camera but this chest X-ray shows cardiomegaly with larger upper lobe vessels than lower lobe vessels due to pulmonary venous hypertension.
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Kerley B lines at the R base in  a patient with pulmonary venous hypertension
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Cardiomegaly with large proximal pulmonary arteries and a large pulmonary conus. The peripheral vessels are small and barely visible. This is the appearance of pulmonary arterial hypertension.  This was a 65 year old patient who presented with dyspnoea. The appearances are due to a long standing atrial septal defect 





Pulmonary conus
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There are large pulmonary vessels in the lung fields, most obvious on the R side as much of the L lung is obscured by the large heart.


There is also enlargement of the pulmonary conus (arrow). The cause of the over perfusion in this patient was a L to R shunt. (ventricular septal defect).  
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In this patient, there is marked cardiomegaly with a globular shaped heart suggesting either pericardial effusion or cardiomyopathy.


The patient was 6 years old and had a 4 month history of increasing dyspnoea.


The pulmonary vessels are very small and almost invisible indicating considerable pulmonary oligaemia.


A cardiac echo confirmed the diagnosis of  R sided endomyocardial fibrosis with a substantial pericardial effusion.
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This is a lateral chest X-ray of a 22 yr old woman who presented with shortness of breath and peripheral oedema of 2 years duration. Her jugular venous pressure was high with the jugular vein distended to the angle of the jaw. She had a low pulse pressure.


The PA chest X-ray showed bilateral alveolar shadowing due to pulmonary oedema with basal pleural effusions (heart failure).





This lateral view shows extensive pericardial calcification anteriorly and inferiorly.  This was secondary to  tubercular constrictive pericarditis.
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Early stages of heart failure.  Prominent upper lobe vessels, Kerley B lines at the bases (arrow) and small basal effusions with filling in of the costophrenic angles. 





Advanced heart failure.  The R pleural effusion has increased in size and there is now generalised alveolar shadowing due to pulmonary oedema.
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Early signs of heart failure.  There is a large heart,  enlargement of upper lobe vessels and Kerley B lines at the R base.





A patient with more advanced heart failure.  There is cardiomegaly, bilateral pleural effusions, most clearly seen on the R (arrow) and alveolar shadowing in the R hilar region due to pulmonary oedema.
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Extensive bilateral alveolar shadowing due to pulmonary oedema.  This case was not due to cardiac failure.  The patient was admitted with acute nephritis.
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This is an apical tomogram. The spine and sternum are blurred away & the trachea can be seen centrally without being obscured by these structures(black arrow).  The tomogram was taken to show greater detail of an apical lesion on the R side. There is a cavity in, which lies a solid lesion surrounded by air (white arrow). This is the typical appearance seen in Mycetoma due to Aspergillus (fungus ball). Old tuberculous cavities may become secondarily infected.
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A lung perfusion scan.  There are multiple wedge-shaped defects in the lungs.  A ventilation scan should also be performed to see if the defects match or are seen only on the perfusion scan.  If so, they are due to pulmonary emboli





A ventilation lung scan performed on the same patient.  This shows no defects, the lungs showing even uptake of the isotope. This confirms the diagnosis of pulmonary emboli.
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High resolution CT scan of the lungs showing diffuse lung disease.  The image has been acquired on a lung setting. Note the mediastinum is white and lacking in detail.  The images have been acquired with the patient lying prone, the heart is lying inferiorly (arrow).





CT scan imaged on mediastinal window setting.  Note the lungs are black and are impossible to assess whereas the mediastinal structures are well seen. The vessels are well shown because intravenous contrast has been given in order to demonstrate the abnormality, which is lying within the descending aorta.  There is separation of an intimal flap due to a dissection (white arrow). 
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Ascending aorta





Main pulmonary artery





Descending aorta





Normal attachment anteriorly may be seen





Following road traffic accidents there are often several abnormalities present on the chest X-ray
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