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                                        CHEST  IMAGING

1. PLAIN X-RAYS

THE CHEST FILM

A Chest X-ray (CXR) is normally taken erect and PA (posterior anterior) at a distance of 5 or 6 feet (150 or 200cm). The anterior chest wall is against the film cassette and the X-ray tube behind the patient aimed towards the film.  There are several reasons for this:

Erect:  the film is taken erect because:

· It reproduces the normal state of the lungs & mediastinum.  When the patient is lying down the upper lobe vessels are wider than in the erect position.  The mediastinum may look to be pathologically widened and is more difficult to assess.

· Air rises to the apical region, making it easy to recognise a pneumothorax.  In a supine film free air lies anteriorly and is difficult to detect

· Fluid runs downwards, producing a level at the base with a curved line (meniscus).  In a supine film, the fluid accumulates posteriorly, obscuring the lung.  It is difficult to detect & assess the amount 

· The diaphragms are lower showing more of the lung bases and the heart size can be accurately assessed.

Posterior-anterior

The film is taken PA because:

· It is easier to clear the scapulae from the lung fields by moving the shoulders forward

· There is less magnification of the heart because the heart is lying adjacent to the film

When the patient is too sick to stand unaided or unable to keep still the X-ray is taken supine. It is better to have a good AP semi erect or supine film than a poor quality or rotated PA. 

.
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IS IT A GOOD PA CHEST X-RAY?   

1. The patient should not be rotated.  Look at the anterior ends of the clavicles. They should be equidistant from the spinous processes.  If the patient is rotated one side of the chest will look paler than the other & the mediastinum will appear abnormal

2. The film should be taken on full inspiration. To check for this count the number of ribs showing above the diaphragm. The top of the R diaphragm should lie below the anterior end of the 6th right rib.  The left diaphragm is usually lower. 

3. The ribs should be sloping and not horizontal.  If they lie horizontally, it may be that the patient was leaning backwards and the diaphragms will obliterate the lung bases.  The anterior end of the first rib should lie just below the clavicle.
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    6th anterior rib should be seen above diaphragm
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4. The scapulae should not overlay the lung fields.

5. The spinous processes should be faintly visible through the heart shadow so that lesions behind or in front of the heart will not be missed.  The bony detail should not be visible because the lungs will then appear too dark. The blood vessels in the lower lobe should just be seen through the heart.

6. The whole of the lung fields should be fully included on the film.  Make sure that part of the costo-phrenic angles & apices have not been missed.

EXPIRATORY FILM:

This is taken when the patient has breathed out.

This may help to show bronchial obstruction with air trapping (e.g. inhaled foreign body in a child):

LATERAL FILM:

A lateral film should never be part of a standard chest examination especially for medical purposes or for follow up of a known lesion.   The PA film should be examined. If there is an abnormality, a lateral film may then be useful in the following: 

· If the film is too light & a lesion is suspected clinically

· Further assessment & localisation of abnormalities seen or suspected on the PA film.

· Earlier detection of small pleural effusions if ultrasound is not available

OBLIQUE VIEWS:

These are helpful in assessing rib lesions & some pneumothoraces.

DIAGNOSTIC ASSESSMENT OF THE CHEST X-RAY:

NORMAL STRUCTURES TO LOOK FOR:

1.     SOFT TISSUES AND BONES.  Look at the breast shadows, ribs, clavicles, spine and shoulders for signs of disease

       For example following mastectomy the lung on that side will appear darker.  Make sure the patient is straight & the film 

       taken in full inspiration.
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DIAPHRAGMS.  These have a smooth outline and are convex upwards.  The right dome lies 1-2cm higher than the left. Usually at or below the level of the 10th posterior rib or 6th anterior rib (The posterior ribs are differentiated from the anterior ribs by being more horizontal.).  There may be a fat pad (low density shadow) adjacent to the heart border in obese patients. A diaphragmatic hump (localised bulge) is a normal variant. The costophrenic angle should be acute & clear
3. FISSURES.  On the PA view usually only the horizontal fissure will be seen but not in every patient. This separates the anterior segment of the R upper lobe from the middle lobe.  It normally lies at the level of the 4th anterior rib and runs horizontally to the hilum. The oblique fissures will usually only be seen on a lateral CXR but are clearly seen on high quality films. They pass upwards and backwards from just behind the sternum to the 4th dorsal vertebra. The left fissure is steeper than the right because it begins a little further back from the sternum than the right. Occasionally an accessory fissure – the azygos fissure will be visible crossing the right upper lobe. It contains the azygos vein.
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4. LUNG HILAE.  The left hilum normally lies 0.5 – 1.5cm higher than the right.  They are of similar density and size with concave borders.  They are composed of the pulmonary arteries and veins. Normal lymph nodes are not seen. 
5. MEDIASTINUM –  
· the trachea should be central in position. 

· the subcarinal angle, (under the division of the trachea), is normally 60-70 degrees. 

· the heart size should not measure greater than 14.5/15 cms in diameter in women, or 15.5/16cm in men.  Some people use the cardio-thoracic ratio (CT ratio) which should not be greater than 50%. In other words, the transverse diameter of the heart should not exceed half the transverse diameter of the thorax at the level of the diaphragms

· the heart borders should be clearly visible, the right border should be seen to the right of the spine. 

· The aorta descends just to the left of the spine and is more or less parallel with it. 

6. PARASPINAL LINE .  This represents the mediastinal pleural reflection seen end on. It is often only seen clearly on the L side where it shows as a thin white line parallel to the spine. It should lie within 1cm of the lateral border of the spine unless there is aortic unfolding. In this case, it should not lie further laterally than midway between the spine and the descending aorta.

. 
7. REVIEW AREAS – lesions lying in some areas on chest X-ray are more likely to be overlooked than others. These are called the “review areas” and are: the apices, mediastinum, hilae, retrocardiac & retrodiaphragmatic areas & the bones
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8. LUNGS  – Normal lung markings (lines or shadows seen across the lungs) are due to: 
a. pulmonary vessels 
b. fissure
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Bronchi are normally only visible near the hilae where the wall is thick enough to see and the wall of a bronchus should only be 1mm or less in thickness. Bronchi seen end-on near the hilae should roughly be the same diameter as a vessel. Bronchi are hollow ring shadows & vessels are solid grey discs.  In the erect film lower zone vessels are larger than those in the upper lobe. In the supine chest X-ray, upper lobe vessels are the same size as the lower lobe vessels. The lungs should be of equal transradiancy.
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THE ABNORMAL CHEST X-RAY

ABNORMAL SHADOWING ON A CXR MAY BE DUE TO

· ABNORMALITY OF THE OVERLYING SOFT TISSUES OR RIB CAGE, CLOTHING OR BANDAGES

· LUNG DISEASE

· DISEASE OF THE PLEURA

OPACITY DUE TO OVERLYING SOFT TISSUES OR RIB ABNORMALITIES

Masses in the breast or other soft tissues of the thorax may produce shadowing on a chest X-ray, which can be mistaken for pulmonary disease. Markings superimposed on each other can also mimic lung disease such as the scapula overlying a posterior rib. Buttons or other fasteners on patients clothes may cast confusing shadows & buttons in particular may look like pulmonary deposits. Safety pins are easier to recognise as being extrinsic but in children in particular it is important not to assume that an opacity is on the clothing. This should be confirmed by repeat PA film without clothes. A lateral film is sometimes necessary. It is important to mention any soft tissue or chest wall abnormality on the request form to avoid misinterpretation.  Rib fractures or deposits in the ribs commonly show a peripheral opacity related to the rib.
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LUNG SHADOWING

The fine network of the lungs is made up of: a) the alveoli or air spaces b) the interstitium (i.e. the soft tissues between the alveoli in which the bronchi & blood vessels lie)

Disease processes may involve the alveoli, the interstitium, or both. It is important but difficult to differentiate alveolar from interstitial shadowing.

There are 2 important signs, which help to interpret lung shadowing.

1. The silhouette sign

2. The air bronchogram
It is only possible to see the outline of any tissue in the chest because there is air in the lung, either next to it or surrounding it. If the air space is filled by fluid or tumour borders become obliterated. Sometimes it is the first sign of an abnormality and shows which part of the lung is affected.  It is called the silhouette sign because the normal silhouette is lost.  For example the right heart border will disappear when there is collapse or consolidation of the right middle lobe and the right aortic border will be lost with opacity in the anterior segment of the right upper lobe and middle lobe.  The outline of the diaphragms will be lost when there is consolidation in the lower lobe or fluid adjacent to the diaphragm.

Normally, the air filled bronchi within the lung fields are invisible because they are surrounded by air filled alveoli and the bronchial walls too thin.  They will be seen if the surrounding air-filled alveoli are clear and the bronchi are filled, as with mucus or pus.  Equally, bronchi will be seen if the walls are thickened.  They are also seen when the surrounding alveoli are filled with fluid (oedema or pus) but the bronchi remain clear and filled with air.  The bronchi may then be seen as darker lines within the lung shadowing due to the air filled bronchi contrasting with the surrounding airless lung.  This is called an air bronchogram and is a feature of alveolar shadowing.
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INTRAPULMONARY SHADOWING (DENSITIES)

Shadowing in the lungs is due to: 

1. Alveolar disease

2. Interstitial disease 

This distinction is difficult and there is often overlap between the two but it does help in interpretation and deciding the possible cause of an abnormality.  There are often features of both.

A. ALVEOLAR SHADOWING (AIRSPACE  DENSITIES)
If the alveoli are involved in a disease process, they fill with fluid or solid tissue. In the very early stages it may be that the alveoli show as small separate rounded 6mm opacities but these rapidly become confluent shadowing with fluffy ill defined margins. The vessels are obscured and there may sometimes be an air bronchogram. There may also be a silhouette sign. When the alveoli fill with fluid or other substances, it is called consolidation. The main features of alveolar shadowing are:

· In the early stages it may present as a faint homogenous haze or “ground glass” appearance

· Shadowing may be homogenous, patchy or blotchy in appearance

· Fluffy, ill defined areas of opacification

· Areas of shadowing tend to coalesce and become consolidation

· 2 patterns of distribution occur: 1. Segmental or lobar   2. “batswing”. The latter shows as bilateral shadowing spreading from the hilar regions into the lungs with relative sparing of the peripheral lung fields.  This occurs typically in pulmonary oedema when patients are supine. It is non- segmental.

· Air bronchograms may be visible.  These are not seen in pleural, mediastinal, or some interstitial disease. Most commonly seen with alveolar shadowing secondary to pneumonia.

. CAUSES OF ALVEOLAR SHADOWING:
1. TRANSUDATE: 

·                          -      the alveoli become filled with a clear transudate of low protein content and this occurs in    

·                                 pulmonary  oedema, which may be of cardiogenic or non cardiogenic origin.

2. EXUDATE

· alveoli become filled with fluid of a high protein content and the commonest cause is infection. Other less common causes are Adult Respiratory Distress Syndrome (ARDS), pulmonary oesinophilia, and alveolar proteinosis.

3. HAEMORRHAGE:

· alveoli fill with blood and this may occur in trauma, lung contusion. Other causes are pulmonary infarction, anti-coagulant therapy, snakebite, and haemosiderosis.
4. INFILTRATION:

· the alveoli become filled with solid tissue such as lymphoma, alveolar cell carcinoma or carcinomatosis
5. MISCELLANEOUS:
· Aspiration of gastric contents is an important cause.  Other causes are inhaled foreign body, oesophageal leak, oesophageal stricture due to carcinoma or corrosive, radiation therapy and in babies hyaline membrane disease.

NB:  THESE ALL PRODUCE THE SAME APPEARANCE ON THE CHEST X-RAY AND CAN ONLY BE DIFFERENTIATED BY THE DISTRIBUTION AND THE CLINICAL FEATURES.
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PATTERNS OF ALVEOLAR SHADOWING

1. Lobar/segmental pattern: some common causes:

· infection

· pulmonary infarct

· alveolar cell carcinoma

· contusion
Alveolar shadowing, which is purely lobar will be bounded by the fissures and depending on the segments may produce a sharp outline of one border next to a fissure.
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In the above X-ray the whole of the middle lobe was involved = lobar consolidation
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In the case below, only one segment of the lobe is involved  = segmental consolidation
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2. “Bat’s wing” pattern:

a) acute:

· Pulmonary oedema
           b)  chronic:
· Lymphoma/leukaemia

· Sarcoidosis but the interstitial form is much commoner

· Pulmonary alveolar proteinosis

· Alveolar cell carcinoma but the localised form
       is much commoner
3. None of the above:

Alveolar shadowing may not fit into any of the above patterns e.g.

· Bronchopneumonia as in staphylococcal septicaemia or pulmonary tuberculosis.

· Fat embolism (occurs 1-2 days following major trauma, particularly fractures of the large bones of the lower limbs)

· Eosinophilic pneumonia
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B. INTERSTITIAL SHADOWING:

This is due to disease in the interstitium i.e. the tissue in which the blood vessels and bronchi lie within the lungs. This leads to a non homogenous pattern of shadowing which may take many forms. The alveoli are still aerated and therefore there is no air bronchogram or silhouette sign. The normally visualised blood vessels become ill defined or obscured.  The disease may be diffuse or localised. 
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There are many causes of interstitial disease. These diseases often look identical on X-ray but the distribution is important.  Some are characteristically more predominant in the lower zones and others in the upper zones. Interstitial disease is now often imaged by high resolution CT scanning to help in differentiation. Some cases can only be diagnosed on lung biopsy. It is important that as many clinical features as possible are available at the time of reporting.  Diseases may also be classified on the basis of whether acute or chronic as well as the distribution in the lungs.

Some of the common patterns are:

· Linear

· Miliary

· Reticulo-nodular

· Honeycomb

· Nodular
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1.  Linear  Pattern

Is defined as an abnormal network of fine lines running through the lines due to thickened connective tissue septae. The most common are:

1. Kerley A lines:  long thin lines in the upper lobes, seen in both PA & lateral views(under the sternum in the latter)

2. Kerley B lines:  short thin lines predominantly in the periphery of the lower zones extending 1-2cm horizontally inwards from the lung surface.

3. Kerley C lines: diffuse linear pattern through the entire lung: these can be difficult to recognise.  Causes are interstitial pulmonary oedema and lymphangitis carcinomatosis.
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Other linear lines may be caused by chronic disease such as tuberculosis, the early stages of silicosis & sarcoid.

Causes of linear shadowing
ACUTE:

· Pulmonary oedema – cardiac, non cardiac causes

· Infections – particularly viruses, pneumocystis, measles, malaria & tuberculosis (less often)

CHRONIC:
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Lymphangitis Carcinomatosis – may be unilateral. Often associated hilar adenopathy

· Sarcoidosis

· Early silicosis & asbestosis

· Allergic alveolitis & pulmonary oesinophilia

· Drugs e.g. amiodarone, cytotoxics, busulphan:  also inhaled irritants such as chlorine or tear gas

· Connective disorders:  Rheumatoid arthritis, scleroderma, systemic lupus,graulomatosis

· Miscellaneous:  histiocytosis, tuberous sclerosis

· Bronchiectasis:  usually a mixed alveolar/interstitial pattern
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2. Nodular Pattern:

· interstitial nodules are small (1-5mm), well defined, and not associated with air bronchograms. 

· often very numerous and distributed evenly through the lungs.

· if low in density may be difficult to appreciate in the early stages

Causes:

ACUTE:

· Infections such as tuberculosis, chickenpox

· Pulmonary oedema

· Acute extrinsic allergic alveolitis

· Fat emboli

LESS ACUTE

· Carcinomatosis – especially thyroid carcinoma, chorionepithelioma, breast. 

CHRONIC

· Sarcoidosis – predominantly mid zones.

· Coal miners pneumoconiosis, silicosis

· Fibrosing alveolitis
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Diseases which may cause military shadowing  i.e. multiple small opacities less than 5mm in diameter are:

1. Tuberculosis

2. Miliary metastases – any primary site but especially thyroid & chorion epithelioma
3. Chickenpox

4. Pneumocystis Carinii pneumonia, Cytomegalic infection

5. Sarcoidosis

6. Dust inhalation – pneumoconioses

7. Haemosiderosis 

8. Extrinsic allergic alveolitis, eosinophilia

9. Fibrosing alveolitis

Certain features may help in diagnosis.  For example in miliary tuberculosis the tiny opacities are usually of low density & evenly distributed throughout the lungs including the apices.  In pneumoconiosis there is sparing of the bases with greater predominance in the middle zones.  In the early stages, the changes are subtle & it may be difficult to decide whether there is abnormality or not. If the vessels are not seen clearly, this is a useful sign indicating that disease is most likely present.  If in doubt always re X-ray after a few days.  Infections usually become more obvious while pulmonary eosinophilia will alter its distribution

3.  Reticulo-nodular pattern:

· this due to very fine nodular opacities superimposed on a fine network of short lines.  This may be seen in silicosis, rheumatoid lung disease and fibrosing alveolitis as well as drug induced lung changes.  It is usually more obvious at the bases.
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4. Honeycomb pattern:

· represents the end stage of many interstitial processes and implies extensive destruction of pulmonary tissue.

· lung parenchyma replaced by cysts, which range in size from tiny up to 2 cm diameter. These are separated by coarse linear interstitial markings.

· cysts have very thin walls

· normal pulmonary vasculature cannot be seen

· may be complicated by pneumothorax.
Examples are: Chronic heart failure, Rheumatoid, Scleroderma, Fibrosing alveolitis, & Histiocytosis.

Early interstitial disease may present as a ground glass haze over the lungs.  If bilateral, it may be difficult to appreciate that an abnormality is present.

BRONCHIECTASIS

Usually occurs secondary to infection.  It is caused by postnasal drips in chronic sinusitis and follows pertussis. It also occurs following tuberculosis or pneumonia of any kind and any cause of segmental atelectasis. The bronchi become infected, dilate peripherally and develop thick walls visible on chest X-rays.  Commonly seen in the lower zones, the bronchi appear as thick lines with thickened walls enclosing the aerated lumen. If seen in cross section the bronchi look dilated surrounded by a white cuff, which represents the thickened wall.  There is often super-added inflammatory changes appearing as alveolar shadowing in addition.  Bronchiectasis may involve any lobe or segment, particularly if it has collapsed, but is commoner at the bases.  If secondary to aspergillus infection, it takes a slightly different appearance with dilatation of the proximal bronchi, which may look like the fingers of a glove. 
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SOME SPECIFIC PNEUMONIAS:

ACUTE PNEUMONIA:

1. BACTERIAL :  including tuberculosis and other mycobacteria – causes alveolar shadowing 

2. NON BACTERIAL – mycoplasma, protozoa, viral usually starts as interstitial shadowing but may become alveolar.  Viral is usually interstitial unless there is a secondary bacterial infection. Shadowing is often less dense than bacterial infections.

Acute pneumonia is usually localised. If bilateral or multifocal think of tuberculosis, opportunistic infection or staphylococcus.
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          Lobar pneumonia:

Causes fairly uniform alveolar shadowing of all or part of a lobe. It starts as a localised infection of the terminal air spaces, the inflammatory oedema spreading to the adjacent lung. Its features are:

1. Lobar or segmental in distribution but maybe not involving the whole of the lobe or segment.

2. Alveolar in type

3. Limited by the fissures

4. May be an air bronchogram in early stages. Becomes less obvious as the infection worsens

5. No loss of volume

6. Silhouette sign may be positive

7. It may be rounded in appearance, especially in children.
8. Diffuse haze in the early stages, changing within a few days
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From knowledge of the segmental & lobar distribution, it is often possible to deduce which part of the lung is involved from the PA film alone, although a lateral view would determine it more accurately.

For instance in the case illustrated, we can see from the distribution of the segments that the apical segment is not involved. 

Classic acute lobar pneumonia is usually caused by the pneumococcus.  Klebsiella may cause lobar pneumonia in those who have good resistance.  In the immunosuppressed, it has a different pattern with bilateral patchy alveolar spread progressing to abscess formation with a cavity and fluid level.  Staphylococcus may present as a lobar pneumonia if due to an airborne infection although in children multiple small abscesses are commoner.

In lobar pneumonia by any organism, there may be a small associated pleural effusion present & empyema may develop. 

[image: image90.jpg]



[image: image91.jpg]



[image: image92.png]



[image: image93.png]



In children, pneumonic consolidation may assume a rounded appearance mimicking a pulmonary mass.

 Bronchopneumonia:

This is a multifocal process involving the terminal bronchioles, which spreads segmentally causing patchy consolidation. 

It is often due to the staphylococcus or gram negative organisms such as pseudomonas. It is associated with klebsiella infections in the immunodepressed (AIDS) and tuberculosis is a common cause. It is often associated with pertussis and measles.

Staphylococcal pneumonia may complicate any of the following:
Influenza

Septicaemia

Osteomyelitis

Inhalation

IV drug abuse

Debilitation

Cavitation is common, also pleural effusions, atelectasis, empyema and pneumothorax may occur. Bronchopneumonia does not have the same appearance as lobar pneumonia and is seldom as confluent.  It may involve one lobe or both lungs.  The distribution is sometimes helpful, if mainly in one or both upper lobes think of tuberculosis.  If blood borne in septicaemia it is usually widespread with patchy shadowing involving most lobes which is not uncommon in children with pyogenic osteomyelitis.  Staphylococcal pneumonia is commoner in children, often leading to pneumatoceles (thin walled cavities or cysts), usually in the healing phase.  These pneumatoceles may rupture leading to pneumothorax.
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The appearance of lung infection in children is often different than adults. Chest X-rays of children are more difficult to interpret due to the following reasons:

The heart may normally occupy more than 50% of the transverse thoracic diameter

The superior mediastinum may appear widened due to a persistent thymus

The diaphragms usually lie higher

The ribs are broader & lie more horizontally

It is difficult to obtain a film on full inspiration in the younger child.

Perihilar shadowing is a common presentation of pneumonia in children and may be unilateral or bilateral.
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It is not possible to be sure of the organism responsible for pneumonia on chest X-ray appearances alone.

Pneumocystis carinii infection:
This often begins as interstitial shadowing becoming more confluent & alveolar in appearance when it may mimic pulmonary oedema.  The distribution is often peri-hilar or involving the mid and lower zones bilaterally or there may just be a ground glass haze.  It may spread to involve the entire lung and pneumothorax can occur.  There are no specific features to distinguish it except that a characteristic feature is that the patient is usually much sicker clinically than the chest X-ray would suggest.

PULMONARY TUBERCULOSIS:
Primary infection:

This usually occurs in children characteristically producing an area of inflammatory shadowing in the lung associated with hilar or mediastinal adenopathy (primary complex). The pneumonic consolidation can occur anywhere in the lung and be small (Ghon focus) or involve an entire lobe.  The enlarged lymph nodes may press on a bronchus causing collapse of a lobe, or even a whole lung.
Primary pulmonary tuberculosis may also present as:

· empyema

· massive pleural effusion

· miliary shadowing

· spontaneous bronchopleural fistula with hydropneumothorax

· pericardial effusion

Cavitation is rare in children.  On healing the lung focus and the lymph nodes may calcify.
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Post primary or adult pulmonary tuberculosis: 

May present as:

· Patchy bronchopneumonia, usually the consolidation is restricted in site, commonly occurring in the upper lobes or apical segments of the lower lobes. However, there may be bronchopneumonic spread and nodular shadowing occurring anywhere in the lungs.

·  Cavitation is common and a hallmark of the disease. 

·  Usually there is no adenopathy unless the patient has acquired immune deficiency syndrome (AIDS). 

·  There may be volume loss and fibrosis occurring along with cavitation. 

· May present as an effusion or empyema in young adults or a pyo-pneumothorax due to a ruptured focus.

· Miliary shadowing, discrete 1-2 mm nodules distributed evenly throughout the lungs  

· As healing progresses features which may be recognised are fibrosis and volume loss (shrinkage), calcified foci, tuberculoma (a localised granuloma often containing calcification), and pleural calcification

NB  Pulmonary tuberculosis in AIDS patients often presents in an atypical way with lower lobe pneumonia, mediastinal adenopathy & air fluid levels due to lung abscesses.  Miliary tuberculosis is commoner in these patients as are large effusions.



.







.

Aspiration pneumonia:  a chemical pneumonia due to aspiration of acid gastric contents, usually during anaesthesia.  There is an intense bronchospasm followed by a flood of oedema.  Inhalation of the water soluble but hypertonic iodine contrast agent called Gastrografin also causes a similar condition and should never be used in patients with dysphagia or swallowing difficulty.

Aspiration of vomit may occur in patients whose cough reflex is depressed by:

Stupor

Drugs

Alcohol

Aspiration causes irritation and oedema followed by superadded infection often with a degree of atelectasis.  The right lower lobe is a common site.

CAVITATION – RING SHADOW: ABSCESS FORMATION

A cavity is a circular transradiant air space usually surrounded by an area of shadowing.  Cavitation occurs when an area of necrosis communicates with a patent airway, the destroyed lung tissue being replaced by air. The cavity wall may not be visible if surrounded by consolidation in the adjacent lung.  Particular features may help to decide the cause:

· Location  :  if apical suspect tuberculosis

· Outline :  if irregular but clearly seen with a thick wall may be a tumour

· Wall thickness  - if thick walled most likely abscess or necrotic tumour

· Fluid level:  indicates the presence of pus in a lung abscess

· Content:  if it contains a ball of solid tissue most likely a mycetoma due to Aspergillus infection

· Satellite lesions - usually bronchopneumonia secondary to staphylococcus or tuberculosis

The commonest causes are:
Tuberculosis

Staphylococcal infection

Carcinoma

Klebsiella

Gram negative infection – E coli 

Amoebiasis

.


Tuberculous cavities usually have fairly thin walls. 

Aspiration is commoner in the lower lobes. 

Staphylococcal infections may have multiple cavities. Pneumatoceles have very thin walls.

Amoebic abscesses are nearly all in the lower lobes. If there is tender hepatomegaly think of amoebiasis.

Primary carcinoma is solitary.  If cavitation occurs the cavity is often irregular with thick walls. 

 Secondary carcinoma occasionally cavitates as do pulmonary infarcts.



LUNG ABSCESS:

A lung abscess is an infected cavity, often containing a fluid level. Responsible organisms may be:

· Staphylococcus

· Pseudomonas

· Klebsiella

       -      Tuberculosis –  seldom a fluid level unless complicating AIDS


Continued in part 2


The distance x should be equal on the 2  sides





6th rib anteriorly





�





Anterior ribs are shown dark. Posterior ribs lie more horizontal





�





�





Anterior end of first rib should lie just below the medial  end of clavicle





�





Costophrenic angle should be clear & acute





�





�
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Appearance of ribs when the film is taken with the patient leaning backwards (lordotic)





PA chest X-ray. The film is taken straight with clavicles equidistant. The costo-phrenic angles are acute and clear. The film is taken on good inspiration, the 6th anterior rib (arrow) is visible above the diaphragm. The heart size is less than 50% of the transverse diameter of the chest.  
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R apical tumour. There is opacity at the R apex (arrow) which is difficult to appreciate but there is associated rib destruction.  The apical region is a difficult area due to overlying ribs. It sometimes helps to cover the rest of the lungs making it easier to compare the two sides.





Close up of the apical regions. When the rest of the lungs are excluded, the opacity becomes more obvious.
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There is an opacity in the R lower lobe lying behind the diaphragm. This was missed. Don’t forget that the lung dips down behind the diaphragm & this is where a lateral view would help





Close up of the nodule in the R lower lobe.  A lateral view confined its’ presence.  It was a metastasis.
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Lesser fissure running horizontally to the hilum at the level of the 4th anterior rib





Azygos fissure present in a small percentage of patients.  Inferiorly it contains the azygos vein, which shows as a small opacity.  The lobe should not be mistaken for an abnormality.





Horizontal & oblique fissures in the R lung on lateral view.  The horizontal fissure passes anteriorly from the hilum.





Oblique fissure on the L side passing from behind the sternum to around the level of T4.
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There is opacity in the L lower zone. This was due to a mass in the soft tissues posteriorly. It could easily be misinterpreted as an abnormality in the lung itself. A lateral film showed the lungs to be clear





X-ray of a child showing a drawing pin projected over the lower thoracic spine.  This was not on the clothing, repeat films showed it to be within the oesophagus. The child had presented with recurrent cough of 2 weeks duration.  All opacities should be accounted for.
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A combination shadow produced by the scapula as it overlies a posterior rib. It may mimic pneumonia or a mass





Peripheral opacity on the R.  This is not within the lung but due to a deposit within a rib causing an opacity due to the associated soft tissue mass.  Myeloma commonly presents in this way.
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Normal lung.  Bronchi not seen





Bronchi filled with fluid/pus and are visible





Bronchi visible because they have thickened walls





Bronchi visible because the air in the surrounding alveoli has been replaced by fluid.
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Silhouette sign. The L diaphragm is not seen due to adjacent fluid.





Air bronchograms.  The bronchi in the upper lobes are visible as dark lines because the surrounding alveoli are filled with exudate due to pneumonia.
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Bilateral alveolar shadowing due to extensive pulmonary oedema.  The distribution is central with apical sparing because the patient is sitting up





There is extensive alveolar shadowing in the R lower zone with air bronchogram & loss of the diaphragmatic outline (silhouette sign). This was due to pneumonia. 
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Silhouette sign L upper heart border with adjacent alveolar shadowing. In this case the air in the alveoli has been replaced by tumour tissue, lymphoma





Alveolar shadowing in the R lung. In this case due to blood within the alveoli following trauma.
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R middle lobe consolidation. Note straight upper border due to the lesser fissure. Also silhouette sign R heart border.  Note that the R diaphragm remains clear.





Lateral view of same patient. There is a degree of collapse shown by downward displacement of the lesser fissure (arrow)
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Pattern seen on PA film with consolidation of the medial segment of the middle lobe only 





Pattern seen on PA film with consolidation of the lateral segment only. 
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Pattern seen on PA film in middle lobe consolidation





Pattern seen on lateral film in middle lobe consolidation
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Pattern in R upper lobe consolidation (PA)





Pattern in R upper lobe consolidation (Lateral)





Consolidation anterior segment only -PA





Consolidation apical segment only - PA
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Consolidation posterior segment only PA





There is alveolar shadowing in the R upper zone bounded by the fissure inferiorly.  The lesser fissure separates the anterior segment of the upper lobe from the middle lobe.  The apical region is spared indicating that the consolidation is not involving the whole lobe.  The anterior segment is the one mainly involved.
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Bilateral alveolar shadowing in a Batswing distribution due to pulmonary oedema





Bilateral alveolar shadowing due to tuberculosis.  It does not fit into the lobar or Batswing pattern.
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Basal interstitial changes. Not e loss of vascular markings & reticulo-nodular pattern. Quite different than alveolar shadowing which is more confluent.  In interstitial disease the alveoli remain aerated
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Normal interstitium. The outline of the blood vessel is distinct





Interstitial disease.  The outline of the blood vessel is indistinct & lost in the surrounding shadowing





Reticulo nodular pattern. A mixture of lines & small nodules





Honeycomb pattern.  Cystic spaces 





Linear  pattern





Nodular pattern.  Small  interstitial deposits
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Kerley C lines





Kerley A lines





Kerley B lines
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Multiple small nodular opacities throughout both lungs. The distribution is important. Miliary tuberculosis & sarcoid  are characteristically  evenly distributed throughout all lobes & the nodules are of low density.  Silicosis is usually first in the upper zones & later nodules occur in the mid & lower lung.  Metastases can occur anywhere 
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Linear interstitial shadowing due to pulmonary oedema with  Kerley B lines





Close up of Kerley B lines at the R base





Close up of fine nodular (miliary) pattern.  Not e the vessels are obscured.  This may be the only clue when the nodules are too small to see.
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Close up of interstitial shadowing in a patient with fibrosing alveolitis.  There is a nodular pattern super-imposed on a fine network of lines.  Loss of vessels.





Bilateral reticulonodular  shadowing most obvious at the bases. This patient had rheumatoid arthritis.





�





Alveolar shadowing in the L lower zone.  The shadowing is confluent & of fairly even density throughout. Note silhouette sign of the L diaphragm but the heart border is clear.  This indicates that the shadowing is within the lower lobe.  Not the whole of the lobe is involved – the apical segment is not affected.  This was a case of acute lobar pneumonia due to pneumococcus.
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Site of shadowing if  only the apical segment of the lower lobe is involved





Shadowing if all the lower lobe is involved





Appearance if the lateral  basal segment alone is involved
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Distribution with posterior basal segment involvement





Distribution of shadowing with anterior basal segment involvement
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An area of alveolar shadowing in the L lower lobe with a rounded well defined appearance.  This patient presented with typical features of  pneumonia & the shadowing was due to pneumonia in the lower lobe. In children & young patients this is a not uncommon appearance & can mimic a tumour  -  the so called “round pneumonia”.





Pneumonia is often associated with a small effusion & may be complicated by empyema as in this case which shows a peripheral opacity on the R side extending from the diaphragm to apex which was due to a collection of pus in the pleural cavity. There is alveolar shadowing in the R lower zone with loss of the R heart border indicating that it is lying in the middle lobe. 





Collection of pus laterally (dark arrows)  Pneumonic consolidation in the middle lobe (white arrow).The shadow in the L axillary region is due to the scapula superimposed on the lung field.
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Bilateral alveolar shadowing in the lower zones.  Non homogenous with a patchy appearance.  The shadowing is due to bronchopneumonia.





Widespread ill defined patchy shadowing in both lungs in a child with staphylococcal septicaemia.  The appearances are due to staphylococcal bronchopneumonia.
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Alveolar shadowing in the L  lower lobe with partial silhouette sign L diaphragm.  There is an abscess cavity in the mid zone (arrow). This is a child presenting acutely with fever & dyspnoea.  The lung changes are due to staphylococcal pneumonia with cavitation.





This is the X-ray of a child recovering from staphylococcal pneumonia involving the R lung. The cystic areas are due to the formation of pneumatoceles common in the healing phase.
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This child on treatment for Staphylococcal pneumonia developed increasing breathlessness.  A repeat chest X-ray showed the development of a L pneumothorax.  Note there are no vascular lung markings visible in the L lung. This is most clearly seen in the lower zone. There is lung shadowing in the perihilar region due to a mixture of consolidation & collapse. The L diaphragm is depressed & the mediastinum displaced to the R  due to increased tension on the L side.





Pneumothorax
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Alveolar shadowing on the R in  a child with fever & dyspnoea. It is perihilar in distribution & was due to pneumonia.





R hilar adenopathy





R  paratracheal adenopathy
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R hilar adenopathy





Primary pulmonary tuberculosis presenting as enlargement of the R hilum due to adenopathy & perihilar shadowing (primary complex)





Another case of primary pulmonary tuberculosis presenting as a primary complex. There is inflammatory shadowing adjacent to the R hilum (Ghon focus).  There is enlargement of the R tracheobronchial & hilar nodes.  See line diagram





Mediastinal adenopathy, tracheobronchial nodes





Ghon focus
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Cavitation








Consolidation











Hilar lymphadenopathy














Miliary shadowing





Fibrosis





Calcifications








Granuloma (tuberculoma)











Pericardial effusion











Pleural effusion





Manifestations of pulmonary tuberculosis





Alveolar shadowing R lower zone





Primary pulmonary tuberculosis.  There is hazy alveolar shadowing in the R lower zone with hilar & mediastinal adenopathy (see diagram)
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This 12 year old boy presented with cough & night sweats of several weeks duration.  There is alveolar shadowing in the R lung with a large cavity in the upper zone.  Although cavitation is not common in primary tuberculosis, it can occur in older children.
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There is complete opacity of the R hemithorax with absence of lung markings.  This was due to a large collection of pus in the pleural cavity (empyema) in a young person with tuberculosis.  The patient presented with dyspnoea, weight loss & night sweats.  The organism may be difficult to isolate from the pleural fluid and failure to find it does not exclude the diagnosis of tuberculosis.  This is one way in which tuberculosis may present in the younger patient
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 This patient presented with night sweats and cough with blood stained sputum of several weeks duration. The chest X-ray shows extensive bronchopneumonic shadowing in both upper lung fields.  There are also several cavities & a small L pleural reaction in the costo-phrenic angle.  These appearances are typical for postprimary or adult type tuberculosis.





Cavity
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Another patient with haemoptysis & weight loss with extensive bronchopneumonia and  apical cavities. A case of active postprimary tuberculosis 





A less florid case of postprimary tuberculosis with patchy shadowing in the mid & upper zones.  There is an ill defined cavity and some shrinkage as shown by elevation of the lesser fissure which is bowed upwards.





Ill defined cavity








Lesser fissure bowed upwards
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Tuberculosis presenting as widespread patchy bronchopneumonia  (coarse miliary pattern) This presentation is not uncommon in immuno-compromised patients





A patient presenting with cough, weight loss & haemoptysis due to pulmonary tuberculosis.  This was the chest X-ray. There is a long fluid level with absence of lung markings above it due to air +fluid  in the pleural cavity. This occurred spontaneously & hydro(pyo)pneumothorax is occasionally the presentation in pulmonary tuberculosis, primary or post-primary.





Free air (pneumothorax)














Adhesion between the parietal & visceral pleura 








Collapsed lung





Free fluid in the pleural cavity with air-fluid level
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Tuberculosis in a patient with AIDS.  This is an atypical appearance of post-primary infection with bilateral  lower lobe alveolar shadowing due to pneumonia.  There is also a large thin walled cavity  in the R hilar region, which is lying in the apical segment of the lower lobe





This patient presented with clinical features of pneumonia & a history of being unwell for several weeks with weight loss.  The patient was HIV positive. The X-ray shows R middle lobe pneumonia limited by the lesser fissure superiorly with a silhouette sign of the R heart border.
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Miliary tuberculosis in a patient with AIDS.  A not uncommon presentation in patients who are immuno-compromised.





There is pneumonia of the R middle lobe with mediastinal adenopathy.  Primary tuberculosis commonly presents in this way.  Patients who are immunocompromised commonly present with features of primary tuberculosis rather than post-primary features.





Mediastinal adenopathy











Lesser fissure
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Bilateral basal bronchiectasis with thickened bronchial walls showing as parallel lines.  Also a little patchy shadowing due to chronic inflammatory lung changes





Lateral film showing thickened bronchi, posterior & basal.  Barrel shaped chest due to chronic lung disease. The anterior border of the heart normally lies close to the posterior aspect of the sternum.  In this case the heart is displaced posteriorly due to the overinflated lung anteriorly





Thick walled bronchi  with dilated terminal bronchi
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Cavity on the R side with a visible wall several mm thick due to tuberculosis.  The lesser fissure crosses the cavity indicating that it is not lying in the upper lobe.  The cavity is in the apical segment of the lower lobe





Large cavity R hilar region.  There is alveolar shadowing  in the R upper lobe bounded by the lesser fissure inferiorly (arrow).  Also a little patchy inflammatory shadowing at the R base medially





Position of the cavity on the lateral view.  It is lying in the apical segment of the lower lobe.
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Large mass in the R lower lobe with a cavity.  This is a solitary lesion and most likely due to a primary neoplasm.  In this patient however it was due to a large solitary metastasis.





Bilateral thin walled cavities both upper lobes due to tuberculosis
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Alveolar inflammatory shadowing at the L base with a central lucency due to development of a lung abscess





Lesser fissure








Shadow due to overlying scapula

















