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PREFACE

The First Edition of this Textbook was conceived in the 1960s
and published in 1969. 1, like many of my contemporaries began
my studies in Radiology at the end of the Second World War.
My first post as an ex military service registrar was in the
Radiology Department of the National Hospitals for Nervous
Disease at Queen Square. It was pure serendipity that | should
thus become associated with James Bull, the only British
radiologist trained in Scandinavian neuroradiological techniques,
including percutaneous angiography. and at that tine representing
the most advanced aspects of radiology.

My training in percutaneous cerebral angiography laid the
foundation for other percutaneous techniques which | was able to
apply when appointed to St. Mary's hospital in 1952. Here again
pioneer work had already begun exploiting the potential for new
methods in vascular surgery.

As a result of this background we were able to publish in 1962
the first personal monograph based on an experience of more than
ten thousand cases. (See Ch. I5).

X-Rays were discovered by Roentgen in 1895, and though the
importance of the discovery was immediately realised and widely
discussed the impact on medical practice was surprisingly slow.
The diagnosis and treatment of fractures and lesions of bones and
joints was the first area to be thoroughly studied and surveyed. At
the same tine, the dangers and potential hazards of the new rays
were becoming apparent for the first time, as was the therapeutic
use of X-Rays.

I'n the Post war period, paining and experience of a specialist
radiologist was still a matter of considerable debate and concern.
Broadly speaking, there were those who favoured a technical
approach and paining, usually pure scientists or physicists, and
others who preferred a largely clinical approach with a minimum

CONTENTS

syllabus for Specialist Radiologists, the change was highly
successful from a purely practical point of view. Sales rose by
300°% (from 1000 to 4000 copies per annum).

The first edition of this popular text-hook was published in
1969 and this seventh edition in still growing strongly at the
mature age of thirty three years. Review of the last five editions
cover a period of exponential growth in radiological facilities and
imaging. New fields were just beginning to open at the time of the
first edition and these included ultrasound and nuclear medicine.
Computer tomography began in the 1970s to he overtaken in the
1980s by magnetic resonance. It was generally felt that CT would
soon be out-moded, but the last few years have seen a remarkable
comeback from CT in the form of multi-slice spiral CT. As a
result the versatility, speed and scope of CT examinations has
been transformed.

In general, we hope this book reflects British Teaching Hospital
Practice in the field of Imaging. The ISE edition remains very
popular with non British readers and the 6th Edition has also been
translated into two further languages, Greek and Portuguese. We
believe that much of its success is due to the decision to
concentrate on Clinical rather than Technical aspects of our
rapidly expanding and evolving specialty.

Whilst each new edition has emphasised clinical rather then
technical progress, the student must also be aware of. and absorb.
the technical advances. The new edition therefore includes a chapter
devoted to explaining this area. Other features of this new edition
are the complete rewriting by mainly new authors of major sections
of the text. These include the Cardiac. GU. Paediatric, Small and
Large bowel, Major Abdominal Trauma and Intcrventional
Neuroradiology chapters. Other chapters have been revised by
deleting obsolete material or including new material. Recent clinical

of technical training. Thus advanced paining in medicine or trends are also reflected in the revision. Thus imaging and Staging

surgery was regarded by many as essential for high quality
radiology. The British Faculty of Radiologists was expanding
rapidly and soon became the Royal College of Radiologists. The
FRCR thus became the essential higher radiological qualification

of malignant tumors has been revised and updated in many areas.
and the opportunity has been taken to integrate the latest version of
the World Health Organisation (WHO) reclassification on a
histopatholigical basis of primary cerebral tumoii s. The expansion

on a par with the MRCP or FRCS, and the DMRD was of non invasive and minimally invasive angioaraphy is monitored,

downgraded to a qualifying diploma.

At the time of this controversy, | took the opportunity to broaden
my experience and expertise with the MD thesis, Membership of
the Royal College of Physicians, London and Fellowship of the
Faculty of Radiologists. This was undoubtedly the clinical, rather
than technical approach to radiological expertise.

In 1955 1 was appointed Editor to the Faculty .Journal, and took
the opportunity to persuade the Editorial Board to change its
name to Clinical Radiology. Apart from showing where my own
interest lay in the continual medico-political controversy between
pure scientists (mainly physicists) and clinicians which many felt
could adversely affect the future paining and examination

and discussed. However, this is to some extent balanced by the
increasing use of interventional techniques.

Radiology is a graphic subject. and images and illustrations are
its vital tool. This edition contains no less then 5600 illustrations.
some 2000 of which are new.

As in previous editions, we would remind the student that large
textbooks. like large animals, have a longer period of gestation. It
is therefore important to keep up with the current literature and
attend up to date seminars.

David Sutton
' 002
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THE NORMAL CHEST: METHODS OF
'NVESTIGATION AND DIFFERENTIAL

DIAGNOSIS

Janet Murfitt
with contributions from Philip J. A. Robinson, Richard W. Whitehouse, Andrew R. Wright
and Jeremy P. R. Jenkins

* Plain films:
a PA, latera
b AP, decubitus, supine, oblique
* Inspiratory-expiratory
d Lordotic, apical, penetrated
 Portable/mobile radiographs

* Tomography

« CT scanning

» Radionuclide studies

* Needle biopsy

 Ultrasound

* Fluoroscopy

« Bronchography

* Pulmonary angiography

« Bronchial arteriography

* MRI

« Digital radiography

« Lymphangiography.

The plain postero-anterior (PA) chest film i sthe most frequently
requested radiological examination. Visualisation of the lungsis
excellent because of the inherent contrast of the tissues of the
thorax. Lateral films should not be undertaken routinely.
Comparison of the current film with old filmsis valuable and
should always be undertaken if the old films are available. A
current film is mandatory before proceeding to more complex
investigations.

Simple linear tomography remains a useful investigation when
CT isunavailable. It is helpful for confirming that an abnormality
suspected on aplain film is genuine and that it is intrapulmonary,
although the high kilovoltage film has reduced the need for tomo-

graphy in these circumstances. In addition it is still used in some
centres to assess a peripheral lung mass, the lung apices and the
abnormal hilum.

However, conventional CT scanning i s far superior for staging
malignancy, detecting pulmonary metastases, and assessing chest
wall and pleural lesions, the lung mass, the hilum and mediastinum.
High-resolution CT scanning is of proven value in the diagnosis of
diffuse lung disease, particularly in the early stages when the chest
radiograph is normal, and for follow-up. In most centres high-
resolution scanning is used for the detection of bronchicctasis, and
surgery is undertaken without preoperative bronchography.

Radionuclide scanning is used as the first-line investigation of
suspected pulmonary embolus in the majority of cases, with a
normal scan excluding the presence of an embolus.

Pulmonary angiography remains the gold standard for the diag-
nosis of pulmonary embolism. It is usually undertaken in those
patients with massive embolism when embolectomy or thrombo-
lysisis contemplated. However, spiral CT angiography is showing
sensitivity and specificity rates approaching those of conventional
angiography in the diagnosis of pulmonary embolism, and can
reliably demonstrate vessels down to the subsegmental level.

Ultrasound is of use for investigating chest wall and pleural
lesions and lung lesions adjacent to the chest wall. It should be used
for the localization of pleural fluid prior to a diagnostic tap or
drainage to reduce the risk of a malpositioned catheter and pneumo-
thorax. However, the acoustic mismatch between the chest wall and
air-containing lung results in reflection of the ultrasound beam
at the lung-pleura interface, so that normal lung cannot be
demonstrated.

Biopsy of pulmonary lesions using a fine needle for aspiration
has a high diagnostic yield for malignancy, excluding lymphoma.
with alow incidence of complications. A cutting needle is associ-
ated with a higher complication rate but is more helpful in the
diagnosis of lymphoma and benign lung conditions.
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The value of MRI for diagnosing pulmonary disease is still in
the assessment stage. No distinct advantage over high-resolution
CT in the diagnosis of parenchymal disease has yet been shown
but it is proven to be helpful in the diagnosis of hilar masses,
lymphadenopathy and mediastinal lesions.

Diagnostic /nuecanol horax is an obsolete procedure which was
once used to differentiate a pleural-based from a pulmonary lesion.
The h(11111111/contrast soul/onr has been supplanted by CT for
assessing he non-oesophageal mediastinal mass but may he indi-
cated in the investigation of conditions associated with pulmonary
changes such as scleroderma, hiatus herniaand achalasia. It is used
for demonstrating broncho-oesophageal fistulas, tracheal aspiration
and vascular rings.

Chylous reflex with the formation of a chylothorax may he
demonstrated by conventional Irmphan,,iograp/it.

THE PLAIN FILM

The PA view
By definition the patient faces the film chin up with the shoulders
rotated forward to displace the scapulae from the Inngs. Exposure
is made on full inspiration for optimal visualisation of the lung
bases, centring at T5. The breasts should be compressed against
the film to prevent them obscuring the lung bases.

Thereisno _*eneral consensus regarding the kV used for chest

CONTENTS
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Using alow kVp (60-80 kV) produces a high-contrast film
(Fig. 1.1) with miliary shadowing and calcification being more
clearly seen than on a high kV film. For large patients a grid
reduces scatter. A FFD of 1.85 m (6 feet) reduces magnification and
produces a sharper image. With high kilovoltagcs of 120-170 kVp
the films are of lower contrast (Fig. 1.2A,B) with increased visual-
isation of the hidden areas of the lung due to better penetration of
overlying structures. The hones and pulmonary’ calcification are less
well seen. The exposure time is shorter so that movement blur due
to cardiac pulsation is minimised. A grid or air gap is necessary to
reduce scatter and improve contrast. An air gap of 15-25 cm
between patient and film necessitates an increased FFD of 2.44 m
(8 feet) to reduce magnification.

An automatic exposure system and dedicated automatic chest
unit are desirable in a busy department.

The lateral view

A high kVp or normal kVp technique may be used with or without
agrid. For sharpness the side of interest is nearest the film. With
shoulders parallel to the film the arms are elevated, or displaced
back if the anterior mediastinum is of interest.

Lesions obscured on the PA view are often clearly demonstrated
on the lateral view. Examples of this arc anterior mediastinal
masses, eneysted pleural fluid (Fig. 1.3) and posterior basal eon-
solidation. By contrast, clear-cut abnormalities seen on the PA
view may be difficult to identify on the lateral film because the

radiography although the high kVp technique is widely used as a two lungs are superimposed. An example of thisisaleft lung
collapse (Fig. 1.4). Thisis particularly so with alarge pleural
effusion.

standard departmental film. High kVp, low kVp or intermediate
kV p techniques arc used with various film-screen combinations,
grids or air-gap techniques.

| i

1 y
A tl.

Fig. 1.1

(A,B) Radiographs taken at 60 kVp



Previous Page CONTENTS Next Page

THE NORMAL CHEST: METHODS OF INVESTIGATION AND DIFFERENTIAL DIAGNOSIS 3

A B

Fig. 1.2 (A,B) Radiographs of patient in Fig. 1.1 taken at 1 70 kVp. Note the improved visualisation of the main airways, vascular structures and the area
behind the heart including the spine.

Other views retrocardiae area, the posterior costophrenic angles and the chest
Although not frequently requested, additional plain filmsmay assist ~ wall, with pleural plaques being clearly demonstrated. In the AP
with certain diagnostic problems before proceeding to the more  position (as for patients unable to stand or portable radiographs) the
complex and expensive techniques. Oblique views demonstrate the  ribs are projected over different areas of the lung from the PA view

-~

i sk

Fig. 1.3 Encysted pleural fluid. (A) PA film. A right pleural effusion with a large well-defined midzone mass. (B) Lateral film. Loculated fluid is
demonstrated high in the oblique fissure.
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Fig. 1.4 Collapse of theleft lung. (A) PA film. (B) Lateral film. Only the right hemidiaphragm is visible. The radiolucency of the lower vertebraeis

decreased.

and the posterior chest iswell shown. In contrast to the PA film the
scapul ae overlie the upper lungs and the clavicles are projected
more cranially over the apices. The disc spaces of the lower cer-
vital spine are more clearly seen, whereas in the PA film the neural
arches arc visualised. When a portable radiograph is undertaken,
the shorter FFD results in magnification of the heart and the longer
exposure time in increased movement blur.

Good visualisation of the apices requires projection of the
clavicles upward, asin the apical rice' with the tube angled up

A

50-60°, or downward. as in the lordotic' vidii - with the patient in a
lordotic PA position. In this view a middle lobe collapse shows
clearly as awell-defined triangu|ar shadow.

A suhpulmonary effusion is frequently difficult to distinguish
from an elevated diaphragm or consolidation. On the PA view the
apex of the effusion has a more lateral position than that of a
normal diaphragm. In the supine and decuhifus positions (Fig. 1.5)
free fluid becomes displaced. On the supine projection this results
in the hemithorax becoming opaque with loss of the diaphragm

Fig. 1.5 Subpulmonary pleura fluid. (A) Erect PA radiograph. Thereis apparent elevation of the left hemidiaphragm. Increased translucency of the left
lung is due to aleft mastectomy. Note the abnormal axillary fold (arrow). (B) Left lateral decubitus film (with horizontal beam). Pleural fluid has moved to

the most dependent part of the left hemithorax (arrows).
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outline, an apical cap, blunting of the costophrenic angle and
decreased visibility of the pulmonary markings.

The decubitus films shows fluid levels particularly well. Small
amounts of pleural fluid may be shown with the affected side
dependent.

Paired inspiratory and expiratorv films demonstrate air trapping
and diaphragm movement. Traditonally it has been taught that small
pneumothoraces and interstitial shadowing may be more apparent
on the expiratory film. However the inspiratory view is now consid-
ered to be as accurate as the expiratory view for diagnosing a pneu-
mothorax. Paired views are very important in children with a
possible diagnosis of an inhaled foreign body.

Viewing the PA film

Before a diagnosis can be made an abnormality, if present, must be
identified. Knowledge of the normal appearance of a chest radio-
graph is essential. In addition the radiol ogist must develop aroutine
which ensures that all areas of the radiograph are scrutinised. Some
prefer initially to view the film without studying the clinical infot
mation. Comparison of the current film with old films is important
and often extremely helpful. A suggested scheme that examines
each pointinturnisshowninBox L I.

Technical aspects

Centring If the film iswell centred the medial ends of the clavicles
are equidistant from the vertebral spinous processes at the T4/5
level. Small degrees of rotation distort the mediastinal borders, and
the lung nearest the film appears less translucent. Thoracic deform-
itics, especially a scoliosis, negate the value of conventional cen-
tring. The orientation of the aortic arch, gastric bubble and heart
should be determined to confirm normal situs and that the side
markers are correct.

Box 1.1 Suggested scheme for viewing the PA film

1. Request form Name, age, date, sex

Clinical information

2. Technical Adequate inspiration

Centring, patient position/rotation
Side markers

Exposure/adequate penetration

Collimation

3. Trachea Position, outline

4. Heart and mediastinum Size, shape, displacement

5. Diaphragms outline, shape

Relative position

Position of horizontal fissure
Costophrenic, cardiophrenic angles

6. Pleural spaces

7. Lungs Local, generalised abnormality
Comparison of the translucency and

vascular markings of the lungs

Apices, posterior sulcus
Mediastinum, hila, bones

8. Hidden areas

9. Hila Density, position, shape

10. Below diaphragms Gas shadows, calcification
11. Soft tissues Mastectomy, gas, densities, etc.

12. Bones Destructive lesions, etcc

Penetration With alow kV film the vertebral bodies and disc
spaces should be just visible down to the T8/9 level through the
cardiac shadow. Underpenetration increases the likelihood of
missing an abnormality overlain by another structure. Over-
penetration results in loss of visibility of low-density lesions such
as early consolidation, although a bright light may reveal the
abnormality.

Degree of inspiration On full inspiration the anterior ends of the

aphragm although the degree of inspiration achieved varies with
patient build. On expiration the heart shadow islarger and thereis
basal opacity due to crowding of the normal vascular markings.
Pulmonary diseases such as fibrosing alveolitis are associated
with reduced pulmonary compliance, which may result in reduced
inflation with elevation of the diaphragms.

The trachea

The trachea should be examined for narrowing, displacement and
intraluminal lesions. It ismidline in its upper 1part, then deviates
slightly to the right around_ the aortic knuckle. on €xpiration devia-
lion to the right becomes more marked. In addition there is short-
erring on expiration so that an endotracheal tube situated just
above the carina on inspiration may occlude the main bronchus on
expiration.

Its calibre should be even, with translucency of the tracheal air
column decreasing caudally. Normal maximum coronal diameter is
25 mm for males and 21 rim for females. The right tracheal margin,
where the trachea is in contact with the lung, can be traced from the
clavicles down to the right main bronchus. This border isthe right
paratracheai stripe and is seen in 60%0 of patients, normally meas-
urng less than 5 mm. Widening of the stripe occurs most corn-
monly with mediastinal lymphadenopathy but also with tracheal
malignancy, mediastinal tumours, mediastinitis and pleural effu-
signs. A left paratracheal line is not visualised because the left
border of the trachea lies adjacent to the great vessels and not the
lung.

The azygosrein liesin the angle between the right main
bronchus and trachea. On the erect film it should be less than
|0 turn in diameter. Its size decreases with the Valsalva manoeuvre
and on inspiration. Enlargement occurs in the supine position but
also with enlarged subcarinal nodes, pregnancy. portal hyper-
tension, 1VC and SV C obstruction, right heart failure and constric-
five pericarditis.

Widening of the carina occurs on inspiration. The normal angleis
60-75°. Pathological causes of widening include an enlarged left
atrium (Fig. 1.6) and enlarged carinal nodes.

The mediastinum and heart

The central dense shadow seen on the PA chest film comprisesthe
mediastinum, heart, spine and sternum. With good centring two-
thirds of the cardiac shadow lies to the left of midline and one-third
to the right, although thisis quite variable in normal subjects. The
transverse cardiac diameter (normal for femaleslessthan 14.5 cm
and for males less than 15.5 cm) and the cardiothoracic ratio are
assessed. The normal cardiothoracic ratio is less than 50% on a PA
film. Measurement in isolation is of less value than when previous
figures are available. An increase in excess of 1.5 cm in the trans-
verse diameter on comparable serial filmsis significant. However
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Fig. 1.6 Elevated left main bronchus (arrows) and widened carina.
Patient with mitral valve disease and an enlarged left atrium.

the heart shadow is enlarged with a short FFD, on expiration, in the
supine and AP projections and when the diaphragms are elevated.
The normal AP valueislessthan o .

All borders of the heart and mediastinum are clearly defined
except where the heart sits on the left hemidiaphragm. The right
superior mediastinal shadow isformed by the SV C and innominatc
vessels, adilated aorta may contribute to this border. On the left
side the superior mediastinal border isless sharp. It isformed by
the subclavian artery above the aortic knuckle.

Various junction lines may be visualised. These are formed by
the pleura being outlined by the adjacent air-filled lung. The
anterior junction line is formed by the lungs meeting anterior to the
ascending aorta. It isonly | mm thick and, overlying the tracheal
translucency, runs downward from below the suprasternal notch,
slightly curving from right to left. The posterior junction line,
where the lungs meet posteriorly behind the oesophagus, is a
straight or curved line convex to the left some 2 mm wide and
extending from the lung apices to the aortic knuckle or below.The
azygo-oesophageal interface is the shape of an inverted hockey
stick and runs from the diaphragm on the left of midline up and to
the right extending to the tracheobronchial angle where the azygos
vein drainsinto the IVC. The curved pleuro-oesophageal stripe,
formed by the lung and right wall of the oesophagus, extends from
the lung apex to the azygos but is only visualised if the oeso-
phagus contains air. The left wall of the oesophagusis not normally
seen.

In young women the pulmonary trunk is frequently very
prominent.

I'n babies and young children the normal rhymnsis atriangular
sail-shaped structure with well-defined borders projecting from
one or both sides of the mediastinum (Fig. 1.7). Both borders may be
wavy in outline, the "'wave sign of Mulvey', as a consequence of
indentation by the costal cartilages. The right border is straighter than
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the left, which may be rounded. Thymic size decreases on inspiration
and in response to stress and illness. The thymusis absent in
DiGeorge's syndrome. Enlargement may occur following recovery
from anillness. A large thymus is more commonly seen in boys.

Adjacent to the vertebral bodies run the paraspinal 1ines. On the
left thisis normally less than 10 mm wide; on the right less than
3 mm. The left paraspinal line is wider due to the descending
thoracic aorta. Enlargement occurs with osteophytes, a tortuous
aorta, vertebral and adjacent soft-tissue masses, a paravertebral
haematoma and a dilated azygos system.

A search should be made for abnormal densities, fluid levels.
mediastinal emphysema and calcification. Spinal abnormalities may
accompany mediastinal masses; for example, hemivertebrae are
associated with ncuroenteric cysts.

The diaphragm

In most patients the right hemidiaphragm is higher than the left.
Thisis due to the heart depressing the left side and not to the liver
pushing up the right hemidiaphragm; in dextrocardia with normal
abdominal situs the right hemidiaphragm is the lowest. The hemi-
diaphragms may lie at the same level, and in asmall percentage of
the population the left side is the higher; Felson (1973) reports an
incidence of 3%%. Thisis more likely to occur if the stomach or
splcnic flexure is distended with gas. A difference greater than
3 cmin height is considered significant.

On inspiration the domes of the diaphragms are at the level of the
sixth rib anteriorly and at or below the tenth rib posteriorly. In the
supine position the diaphragm is higher. Both domes have gentle
curves which steepen toward the posterior angles. The upper
borders are clearly seen except on the left side where the heart
i sin contact with the diaphragm. and in the cardiophrenic angles
when there are prominent fat pads. Otherwise loss of outline
indicates that the adjacent tissue does not contain air, for example
in consolidation or pleural disease.

Free intraperitoneal gas outlines the underswrface of the
diaphragm and shows it to be normally 2-3 mm thick (Fig. 1.8).

Fig. 1.7 Normal thymusin achild, projecting to the right of the

mediastinum (arrows).

(S AS)
u:i\ Jb.m\ At g4
Gl s



Previous Page CONTENTS Next Page

THE NORMAL CHEST: METHODSOF INVESTIGATION AND DIFFERENTIAL DIAGNOSIS 7
Congenital variations and other lesions of the diaphragm will be The superior accessory fissure separates the apical from the basal
considered later. segments of the lower lobes. It is commoner on the right side and

has an incidence of 5% at postmortem. On the PA film it resembles
the horizontal fissure but on the lateral film it can he differentiated
The main fissures asit runs posteriorly from the hilum.

These fissures separate the lobes of the lung but are usually The in%erior accessory fissure (Fig. 1.10) appears as an oblique
incomplete allowing collateral air drift to occur between adjacent  line running cranially from the cardiophrenic angle toward the
lobes. They are visualised when the X-ray beam istangential. The  hilum and separating the medial basal from the other basal
horizontal fissure is seen, often incompletely, on the PA film  segments. It is commoner on the right side and has an incidence of

The fissures

running from the hilum to the region of the sixth rib in the axil- ~ 5-8% on the chest film.
lary line, and may he straight or have a slight downward curve. The |eft-sided horizontal fissure (Fig. 1.1 1) separates the lingula
Occasionally it has a double appearance. from the other upper lobe segments. Thisis rare but in one study

All fissures are clearly seen on the lateral film. The horizontal ~ was found in 8% of postmortem specimens.
fissure runs anteriorly and often slightly downward. Both oblique
fissures commence posteriorly at the level of T4 or T5, passing
through the hilum. The left is steeper and finishes 5 cm behind the
anterior costophrcnic angle. whereas the right ends just behindthe  The normal costophrenic angles are acute and well defined but

The costophrenic angles

angle. become obliterated when the diaphragms are flat. Frequently the
cardiophrenic angles contain low-density ill-defined opacity caused
Accessory fissures by fat pads.

The avgos fissure is comma shaped with atriangular base periph-
erally and is nearly alwaysright-sided (Fig. 1.9). It formsin the
apex of the lung and consists of paired folds of parietal and vis-
ceral pleura plus the azygos vein which has failed to migrate nor- By comparing the lungs, areas of abnormal translucency or uneven
mally. Enlargement occursin the supine position. At postmortem  gigribution of lung markings are more easily detected. The size of
the incidence is 1%o0 but radiologically it is 0.4%0. When left-sided, the upper and lower zone vessels is assessed.

the fissure contains an accessory hemiazygos vein. An abnormal opacity should be closely studied to ensure that it is
not a composite opacity formed by superimposed normal structures
such as vessels, bones or costal cartilage. The extent and location of
the opacity is determined and specific features such as calcification

or cavitation noted. A general survey is made to look for further

| esions and displacement of the normal landmarks.

The lungs

Fig. 1.8 Pneumoperitoneum after laparotomy. The thin right cupola
(small arrow) is outlined by the adjacent aerated lung and the free
abdominal gas. Posterior consolidation (large arrow) obscuresthe outlineof  Fig. 1.9  Azygosfissure. The azygos vein is seen to lie at the lower end of
the diaphragm posteriorly. the fissure (arrow).
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Diaphragms The posterior and lateral basal segments of the
| ower lobes and the posterior sulcus are partially obscured by
the downward curve of the posterior diaphragm. Visualisation is
further diminished if the film is not taken on full inspiration.

Bones Costal cartilage or bone may obscure alung lesion. In
addition, determining whether a density is pulmonary or bony
when overlying arib may be difficult; AP, expiratory and oblique
films may he helpful and preclude the need to proceed to CT.

The hila

In 97% of subjects the left hilum is higher than the right and in 3Y

they are at the same level. The hila should be of equal density and
s milar size with clearly defined concave lateral borders where the
superior pulmonary vein meets the basal pulmonary artery.

However there is awide range of normal appearances. Any opacity

which is not obviously vascular must he regarded with a high index
of suspicion and investigated further. Old films for comparison arc
helpful in this situation.

Fig. 1.10  Right inferior accessory fissure. Of all the structures in the hilum only the pulmonary arteries and
upper lobe veins contribute significantly to the hilar shadows on the
The hidden areas plain radiograph. Normal lymph nodes are not seen. Air can be

) identified within the proximal bronchi but normal bronchial walls
The apices On the PA film the apices arc partially obscured by arc only seen end-on. The anterior segment bronchus of the upper
ribs, costal cartilage, clavicles and soft tissues. Visualisationisvery  |obeis seen as aring adjacent to the upper hilum (Fig. 1.12). and is
limited on the lateral view. seen on the right side in 45% of cases and the left side in 50%.

Mediastinum and hila Central lesions may be obscured by these ~ Normally thereisless than 5 mm of soft tissue lateral to this
structures or appear as a superimposed density. The abnormality bronchus. Thickening of the sit tissues suggests the presence of
is usually detectable on the lateral film. abnormal pathology such as malignancy.

The inferior pulmonary ligament
Thisisadouble layer of Pleura extending caudally from the lower
margin of the inferior pulmonary vein in the hilum as a sheet which
may or may not he attached to the diaphragm and which attaches
the lower lobe to the mediastinum. It israrely identified on asimple
radiograph but is frequently seen at CT.

The pulmonary vessels

The left pulmonary artery lies above the left main bronchus before
passing posteriorly, whereas on the right side the artery is anterior
to the bronchus resulting in the right hilum being the lower. Hilar
size is very variable. The maximum diameter of the descending
branch of the pulmonary artery measured lcm medial and Icni
| ateral to the hilar point is 16 mm for malesand |5 mm for females.

The upper lobe veinslieliteral to the arteries, which are separated
from the mediastinum by approximately 1 cm of lung tissue. At the
first intercostal space the normal vessels should not exceed
3 mm in diameter. The lower lobe vessels are larger than those of the
upper lobes in the erect position, perfusion and aeration of the upper
zones being reduced. In the supine position the vessels equalise. In
the right paracardiac region the vessels are invariably prominent.

The peripheral lung markings arc mainly vascular, veins and
arteries having no distinguishing characteristics. There should be
an even distribution throughout the lung fields.

Centrally the arteries and veins have different features. The arter-
ies accompany the bronchi, lying posterosuperior, whereas veins do
not follow the bronchi but drain viathe interlobular septa eventually
Fig. 1.11  Left-sided horizontal fissure. forming superior and basal veins which converge on the left atrium.
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Fig. 1.12  Ring shadow of the anterior segment bronchus of the left
upper lobe seen end-on.

This confluence of veins (Fig. 1.13) may be seen as a rounded struc-
ture to the right of midline superimposed on the heart, sometimes sim-
ulating an enlarged left atrium. It isvisible in 5% of PA films
according to Felson (1973). Pulmonary veins have fewer branches
than arteries and are straighter, larger and less well defined.

The bronchial vessels

These are normally not visualised on the plain chest film. They

arise from the ventral surface of the descending aorta at the T5/6
level. Their anatomy | Svariable. Usually there are two branches on
the left and one on the right which often shares a common origin

with an intercostal artery. On entering the hila the bronchial arteries
accompany the bronchi. The veins drain into the pulmonary veins
and to alesser extent the azygos system.

Enlarged bronchial arteries appear as multiple small nodules
around the hilutn and @S short linesin the proximal lung fields.
Enlargement may occur with cyanotic heart disease, and focal
enlargement with alocal pulmonary lesion. Occasionally enlarged
arteries indent the oesophagus.

Causes of enlarged bronchial arteries:

|. General-cyanotic congenital heart disease, e.g. pulmonary
atresia, severe Fallot's tetralogy.

2. Local-bronchiectasis, bronchial carcinoma.

The pulmonary segments and bronchi

The pulmonary segments (Figs 1. 14, 1.15) are served by segmental
bronchi and arteries but unlike the lobes are not separated by pleura.
Normal bronchi are not visualised in the peripheral lung fields.

Fig. 1.13 Pulmonary vein (open arrow) draining into pulmonary
confluence (closed arrow).

The right main bronchus is shorter, steeper and wider than the
left, bifurcating earlier. The upper lobe bronchus arises 2.5 cm
below the carina and is higher than the left upper lobe bronchus
which arises after 5 cm. The bronchi _divide between six and
20 times before becoming bronchioles with the terminal -
bron-chioles measuring 0.2 mm in diameter. Each receives two or
three respiratory bronchioles which connect with between two and
Il alveolar ducts. Each duct receives between two and six alveolar
sacs which are connected to alveoli. The acinus, generally consid-
ered to be the functioning lung unit, is that portion of the lung
arising from the terminal bronchiole (Fig. 1.16). When filled with
fluid it is seen on aradiograph as a 5-6 mm shadow, and this com-
prises the basic unit seen in acinar (alveolar/air space) shadowing.

The primary lobule arises from the last respiratory bronchiole.
The secondary lobuleisbetween 1.0 and 2.5 cminsizeand is
the smallest discrete unit of lung tissue surrounded by connective
tissue septa. When thickened these septa become Kerley B lines
(Fig. 1.17).

Other connections exist between the air spaces allowing collateral
air drift. These are the pores of Kohn, 3-13 pm in size, which
connect the alveoli, and the canals of Lambert (30 pm) which exist
between bronchioles and alveoli.

The lymphatic system

The lymphatics remove interstitial fluid and foreign particles. They
run in the interlobular septa, connecting with subpleural lymphatics
and draining via the deep lymphatics to the hilum, with valves con-
trolling the direction of flow. Normal lymphatics are not seen but
thickening of the lymphatics and surrounding connective tissue pro-

duces Kerley lines, which may he transient or persistent. Thickened
connective tissues are the main contributors to the substance of
these lines (Boxes 1.2, 1.3).
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Anterior

Fig. 1.14 The anatomy of the main bronchi and segmental divisions.

Nomenclature approved by the Thoracic Society (reproduced by permission
of the Editors of Thorax).

UPPER LOBE
1. Apical bronchus
2. Posterior bronchus
3. Anterior bronchus

Right Left
MIDDLE LOBE LINGULA
4. Lateral bronchus 4. Superior bronchus
5. Medial bronchus 5. Inferior bronchus
LOWER LOBE

6. Apical bronchus 6. Apical bronchus

7. Medial basal (cardiac) 8. Anterior basal bronchus

8. Anterior basal bronchus 9. Lateral basal bronchus

9. Lateral basal bronchus 10. Posterior basal bronchus
10. Posterior basal bronchus

The lymph nodes

The intrapulmonary lymphatics drain directly to the bronchopul-

monary nodes and this group is the first to he involved by spread

from a peripheral tumour. A small number of intrapulmonary nodes
are present and can occasionally be seen at CT but never on the
plain lilm. The node groups and their drainage are well described

(Fig. 1.18). Extensive intercommunications exist between the
groups but the pattern of nodal involvement can sometimes indicate
the site of the primary tumour. Mediastinal nodes may he involved

by tumours both above and below the diaphragm.

I. The anterior ntcdiustiual nodes i n the region of the aortic
arch drain the thymus and right heart.

2. The intrapttimonarv nodes |ie along the main bronchi.

3. The middle mediastinal nodes drain the lungs, bronchi, left
heart, the lower trachea and visceral pleura. There are four
groups:

a. Bronchopulmonary (hilar) nodes which drain into groups

b and c. When enlarged they appear as |obulated hilar
masses.
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Right side

Lateral

h. Carinal nodes.

c. 'lI'rachcohronchial nodes which lie adjacent to the a/lygos vein
on the right side and near the recurrent laryngeal nerve on
the left side.

d. Paratracheal nodes arc more numerous on the right side.
There is significant cross drainage from left to right.

4. The posterior ntediastinul nodes drain the posterior
diaphragm and lower oesophagus. They lie around the lower
descending aorta and oesophagus.

5. The parietal nodes consist of anterior and posterior groups
situated behind the sternum and posteriorly in the intercostal
reion, draining the soft tissues and parietal pletna.

Below the diaphragm

The lower lobes extend below the diaphragmatic outlines on the PA
film. An erect chest fil misprel'erred to an erect abdominal film for
the diagnosis of a pneumoperitonculll. A search should be made
for other abnormal gas shadows such as dilated bowel, abscesses, a
displaced gastric bubble and intramural gas as well as calcified
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Fig. 1.15 The approximate positions of the pulmonary segments as they can be seen on the pA and lateral radiographs.

Alveolar ducts
Z‘_\ ;'I Alveolar sac
III

Terminal bronchiole

— Pore of Kohn

Respiratory bronchioles

Fig. 1.16 Representation of the acinus.

lesions. Interposition of colon between liver and diaphragm,
Chilaiditi's syndrome (Fig. 1.19), isacommon and often transient
finding particularly in the aged, the obvious haustral pattern distin-
guishing it from free gas. Subdiaphragmatic fat in the obese may be
confused with free gas on asingle film.

Soft tissues

A general survey of the soft tissues includes the chest wall,
shoulders and lower neck.

It isimportant to confirm the presence or absence of breast
shadows. The breasts may partially obscure the lung bases. Nipple
shadows are variable in position, often asymmetrical, and fre-
quently only one shadow is seen. Care is necessary to avoid mis-
interpretation as a neoplasm or vice versa. Nipple shadows are
often well defined laterally and may have alucent halo. Repeat
films with nipple markers are necessary if thereis any doubt.

Skin folds are often seen running vertically, particularly in the
old and in babies. When overlying the lungs they can be confused
with a pneumothorax. However, a skin fold if followed usually
extends outside the lung field. The anterior axillary fold isa curvi-

11
Post Ant
Apical
Lower lobe
— Poslerior Upper lobe
Apical _ Anterior
— Lateral
Posterior basal Middle lobe
Lateral basal L I
Anterior basal — \
Ant Post
Apicoposterior Lower lobe
Upper lobe
Anterior
— Apical
Superior — b
Lingula Posterior basal
Inferior Lateral basal
Anterior basal

|

Fig. 1.17 Kerley B li nes. Thickened interlobular septain a patient with
mitral valve disease.
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Box 1.2 Kerley Lines
A lines

| -2 mm non-branching lines radiating from the hilum, 2-6 cm long
Thickened deep interlobular septa

B lines

Transverse non-branching 1-2 mm lines at the lung bases perpendicular to
the pleura 1-3 cm long

Thickened interlobular septa

Box 1.3 Causes of Kerley lines

Pneumoconiosis
Lymphangiectasia
Lymphangitis carcinomatosis
Lymphatic obstruction
Sarcoidosis
Lymphangiomyomatosis
Pulmonary haemorrhage
Idiopathic (in the elderly)

Pulmonary oedema

Infections (viral, mycoplasma)

Mitral valve disease

Interstitial pulmonary fibrosis
Congenital heart disease

Alveolar cell carcinoma

Pulmonary venous occlusive disease
Lymphoma

Paratracheal
nodes

Tracheobronchial
nodes E

Carinal nodes

Bronchopulmonary
nodes

Fig. 1.18 The middle mediastinal nodes.

linear shadow extending from the axilla onto the lung fields
and frequently causing ill-defined shadowing which must be
differentiated from consolidation.

At the apices the opacity of the sternocleidomastoid muscles
curving down and slightly outward may simulate a cavity or bulla.
The floor of the supraclavicular fossa often resembles afluid level.
A deep sternoclavicular fossa, commonly present in the elderly,
appears as a translucency overlying the trachea and simulating a
gas-filled diverticulum.

Subplcural thickening seen peripherally is often due to sub-
pleural fat or prominent intercostal muscles rather than to pleural
pathology.

Companion shadows are formed by the soft tissues adjacent to
bony structures, are 2-3 mm thick, and are frequently seen running
parallel to the upper borders of the clavicles and the inferior borders
of the lower ribs.

Apical pleural thickening, "the apical cap', has areported inci-
dence of 7% and occurs most commonly on the left side.

The bones

All the bones should be surveyed. On occasions identification of an
abnormality in association with pulmonary pathology may help to
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Fig. 1.19 Chilaiditi's syndrome. Interposition of colon between liver and
diaphragm. Note the colonic haustral pattern.

narrow the differential diagnosis. Sometimes a normal bony struc-
ture appearsto be alung lesion and further films such as oblique,
lateral, inspiratory and expiratory or CT may be necessary.

The sternum The ossification centres are very variablein
number, shape, position and growth rate. Usually there are single
centres in the manubrium and xiphoid, with three or four centres
in the body. Parasternal ossicles and, in infants, the ossification
centres may be confused with lung masses.

The clavicles The rhomboid fossais an irregular notch at the site
of attachment of the costoclavicular ligament. It liesup to 3 cm
from the medial end of the clavicle inferiorly and has awell-
corticated margin. It isunilateral in 6% of cases and should not be
mistaken for a destructive lesion. Superior companion shadows
are ausual finding. The medial epiphyses fuse at 25 years and on
occasions may appear as lung nodules.

The scapulae On thelateral film the inferior angle overlies the
lungs and can simulate a lung mass. The spine of the scapula on
the PA film casts a linear shadow which at first glance may seem to
be pleural.

The ribs Companion shadows are common on the upper ribs.
Pathological rib notching, as seen with aortic coarctation, should
not be confused with the normal notch on the inferior surface just
lateral to the tubercle. The contours of the ribs are evaluated for
destruction. However the inferior borders of the middle and lower
ribs are usually indistinct.

Thefirst costal cartilage calcifies early and is often very dense.
partly obscuring the upper zone. Costal cartilage calcification
is rare before the age of 20. Central homogeneous or spotty cal-
cification occurs in females whereas there is curvilinear marginal
calcification in males. On the lateral film the anterior end of the rib
with its cartilage lying behind the sternunn should not he confused
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The spine Routine evaluation is made for bone and disc destruc-
tion and spinal deformity. A scoliosis often results in apparent
mediastinal widening, and oblique films may be necessary to fully
visualise both lung fields. The ends of the transverse processes on
the PA film may look like alung nodule.

I'n the neonate the vertebral bodies have a sandwich appearance
due to large venous sinuses. Residual “grooves may persist in the
adult.

Viewing the lateral film

Routinely the |eft side is adjacent to the film because more of the
|eft lung than the right is obscured on the PA view, but if thereisa
specific lesion the side of interest is positioned adjacent to the film.

A routine similar to that used for the PA film should be
employed. Important observations to make are described below
(Fig. 1.20).

The clear spaces There are two clear spaces; these correspond to
the sites where the lungs meet behind the sternum and the heart.
L oss of translucency of these areas indicates local pathology.
Obliteration of the retrosternal space occurs with anterior medi-
astinal masses such as a thymoma (Fig. 121), aneurysms of
the ascending aorta and nodal masses. Normally this spaceis
less than 3 cm deep maximum; widening occurs with emphy-
sema.

Vertebral translucency The vertebral bodies become pro-
gressively more translucent caudally. Loss of this translucency
may he the only sign of posterior basal consolidation.

Fig. 1.20 Normal lateral film. Note the retrosternal and retrocardiac clear
spaces (open arrows) and the increased translucency of the lower
vertebrae. The axillary folds (straight black arrows) and scapulae (curved
black arrows) overlie the lungs. The tracheal translucency is well seen (small
black arrows)
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Fig. 1.21

Thymoma. Obliteration of the retrosternal space.

Diaphragm outline Both diaphragms are visible throughout
their length, except the left anteriorly where it merges with the
heart. A small segment of the right hcmidiaphragm is effaced
by the I'VC. The posterior costophrenic angles are acute and
small amounts of pleural fluid may be detected by blunting of
these angles (Fig. 1.22).

The fissures The left greater fissure is steeper than the right
and terminates 5 cm behind the anterior cardiophrenic angle.
Loculated interlobar effusions are well shown and displacement
or thickening of the fissures should be noted.

The trachea This passes down in aslightly posterior direction to
the T6/7 level of the spine. It is partly overlapped by the scapulae
and axillary folds. Anterior to the caring lies the right pulmonary
artery. Theleft pulmonary artery is posterior and superior, and the
veins are inferior. The venous confluence creates a bulge on the
posterior cardiac border.

The normal posterior tracheal wall isinvariably visible and
measures less than 5 mm. This measurement includes both
tracheal and oesophageal walls plus the pleura. Widening may
occur with disease of all these Structures. A branch of the aorta
seen end-on may appear as a nodule overlying the trachea and
above the aortic arch. The right upper lobe bronchus is seen
end-on as a circular structure overlying the lower trachea. Lying
inferiorly isthe left upper |obe bronchus seen end-on with its
artery superiorly and vein inf'eriorly.

Opacity seen in the region of the anterior cardiophrenic angleis
thought to be due to meaiastinai 2ecue @Nd the interface between the
two lungs.

The sternum This should be studied carefully in known cases of
malignancy or when there is ahistory of trauma.

Next Page
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INTERPRETATION OF THE ABNORMAL FILM
Helpful radiological signs
The silhouette sign

Described by I'elson & | elson (1950), the 'silhouette sign' is the
loss of an interface by adjacent disease and permits localisation of a
lesion on a film by .studying the diaphragm, cardiac and aortic out-
lines. These structures are normally seen because the adjacent lung
is aerated and the dillerence in radiodensity is demonstrated. When
air in the alveolar spaces is replaced by fluid or soft tissue. there is

B

Fig. 1.22 (A) PA film. A moderate sized left pleural effusion and a small
right effusion. (B) Lateral film. There is loss of translucency of the lower
vertebrae, thickening of the oblique fissure (open arrow) and absence of
the left hemidiaphragm, with loss of the right hemidiaphragm posteriorly
(small arrows).

CONTENTS

Next Page

no longer a difference in radioden.sity between that part of the 1.1 2
the adjacent struetures.'I'herefore the silhoutte is lost and the
silhoette sign' is present. Conversely if the border is retained and
the abnormality is superimposed, the lesion must he lying either
anterior or posterior. In 8-IUr4 of people a short segment of the
right heart border is obliterated by the bit pad or pulmonary vessels.

Obliteration of these borders may occur with pleural or medi-
astinal lesions as well as pulmonary pathology. The right middle
lobe and lingula lie adjacent to the right and left cardiac borders,
the apicoposterior ,segment of the Icfl upper lobe lies adjacent to
the aortic knuckle, the anterior segment of the right upper lobe and
the middle lobe lie against the right aortic border, and the basal seg-
ments of the lower lobes lie adjacent to the hemidiaphragills.
Pulntonarv disease in these lobes and segments cam obliterate the
borders (Figs 1.23- 1.25).

Using the same principle. a well-delned mass seen ahem the
clavicles is always posterior whereas an anterior mass, being in
contact ss ith soft tissues rather than aerated Iung. is ill defined. This
is the cerricolitnrat is sigtr.

The hi/um ot e riuv sign helps distinguish a large heart from a
media.stinal mass. With the latter the hilum is seen through the mass
whereas ssith the former the hilunr is displaced so that orals its
|ateral border is visible.

The air bronchogram

Originally described by I'leischner ( 1941 ), and named by Fclson
11973). the air hronchoggram is an important sign shoss ing that an
opacity is intrapulmonary. The bronchus, if air filled but not Iluid
lilled, becomes visible when air rs displaced from the surrounding
parenchyma. Frequently the air bronchogran is seen as scattered
linear transluceneies rather than continuous branching structures. It
is most commonly seen within pneumonic consolidation and pul-
monary oedema. An air hronchogram is not seen within pleural

Fig. 1.23  Right middle lobe consolidation, demonstrating the silhouette
sign with loss of outline of the right heart border.
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A B

Fig. 1.24 Right lower lobe consolidation. (A) Shadowing at the right base but the cardiac border remains visible. (B) Lateral film. Consolidation in the
posterior basal segment of the lower lobe with obliteration of the outline of the diaphragm posteriorly and loss of translucency of the ~lower vertebrae.

A B

Fig. 1.25 | eft upper lobe collapse. A carcinoma was present at the hilum. (A) Shadowing in the upper zone with loss of outline of the upper cardiac
border. The aortic knuckle is outlined by compensatory hyperinflation of the superior segment of the lower lobe. There is tracheal deviation. (B) Anterior
displacement of the collapsed lobe and greater fissure.

fluid and rarely within atumour, with the exception of alveolar cell ~ distal to amalignancy if the bronchus remains patent (Fig. 1.26).
carcinoma and rarely lymphoma. It may he seen in consolidation ~ An air bronchogram is usually a feature of air-spacefilling but is
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Fig. 1.26 Air bronchogram. An air bronchogram is clearly seen in the
consolidated right upper lobe. A proximal carcinoma was present, although
it is unusual for an air bronchogram to occur in the presence of a
neoplasm.

described accompanying severe interstitial fibrosis such as may
develop with sarcoidosis (Box 1.4).

Air-space (acinar/alveolar) pattern (Box 1.5)

Few disease processes truly only involve the jnterstitium or
acinus on histological examination, but air-space shadowing on
t he chest radiograph has distinctive features . When the distal
airways and alveoli are filled with fluid, whether it is trmsudate,
exudate or blood, the acinus forms a nodular 4-f; mm shadow.
These shadows coalesce into ITulTy ill-dclincd round or irregular
cotton-wool shadows, non-segmental, homogeneous or patchy.
but frequently well defined adjacent to the fissures (Fig. 1.28).
The acinar pattern is most evident on the edge of an area of
consolidation. Vascular markings are usually obscured locally.
The air bronchogram and silhouette sign are characteristic
features. A ground-glass appearance or a generalised homoge-
neous haze may he seen with a hat's wing or butterfly perihilar
distribution (Fig. 1 29), sparing the peripheral lung=s which

Box 1.4 Causes of an air bronchogram

Common Rare

Expiratory film Lymphoma
Consolidation Alveolar cell carcinoma
Pulmonary oedema Sarcoidosis

Hyaline membrane disease
(Fig 1.27)

Fibrosing alveolitis
Alveolar proteinosis
ARDS

Radiation fibrosis
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Box 1.5 Causes of air-space filling

Pulmonary oedema*
Cardiac
Non-cardiac
Fluid overload
Hypoalbumenaemia
Uraemia
Shock lung (ARDS)
Fat embolus
Amniotic fluid embolus
Drowning
Hanging
High altitude
Blast injury
Oxygen toxicity
Aspiration (Mendelson's syndrome)

Malaria

Inhalation of noxious gases
Heroin overdose

Drugs (e.g. nitrofurantoin)

Raised intracranial pressure/head injury
Infections

Localised
Generalised, e.g. Pneumocystis*, parasites, fungi

Neonatal

Hyaline membrane disease
Aspiration

Alveolar blood

Pulmonary haemorrhage, haematoma
Goodpasture's syndrome*

Pulmonary infarction
Tumours

Alveolar cell carcinoma*
Lymphoma, leukaemia

Metastatic adenocarcinoma
Miscellaneous

Alveolar proteinosis*
Alveolar microlithiasis
Radiation pneumonitis
Sarcoidosis

Eosinophilic lung

Polyarteritis nodosa

Mineral oil aspiration/ingestion
Drugs

Amyloidosis

Wegener's granulomatosis

Churg-Strauss syndrome
Allergic bronchopulmonary aspergillosis

* These are common causes of bats' wing shadowing

remain translucent. The distribution of opacity is frequently
asymmetrical and may he unilateral, particularly with pulmonary
oedema. When due to cardiac failure the opacity clears quickly
with treatment. Other causes include Pneumoevstis infection.
alveolar proteinosis and non-cardiac causes of pulmonary
oedema. Cavitation may occur.

Infective processes are usually localised. occasionally forming a
round peripheral opacity which must be distinguished from a malig-
nancy. If an infective process is bilateral and generalised it may
well he due to an opportunistic infection. During resolution a
mottled appearance can develop and this may give the impression
that cavitation has occurred.

Air-space shadowing which rapidly resolves but reappears at
t he sane site or elsewhere suggests pulmonary oedema, hroncho-
pulmonaty aspergillosis or cosinophilie pneumonia.
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Fig. 1.27 Hydine membrane disease. Extensive homogeneous  Fig. 1.29  Acuteintra-alveolar pulmonary oedemawith a bat's wing
consolidation with a prominent air bronchogram. distribution.

Pneumococcus or Friedlander's bacillus, or in the presence of a
central obstructing bronchial carcinoma.

Peripheral air-space shadows which are non-segmental are
characteristic of chronic cosinophilic pneumonia.

Diffuse lung disease

Correlation between the plain film radiographic changes and the
severity of the clinical respiratory symptomsis often poor. the plain
film sometimes being normal in the presence of extensive inter-
stitial disease. Earlier changes can he detected with high-resolution
CT. A history of industrial dust exposure, bird fancying and disease
processes such as rheumatoid arthritisis helpful.

Diffuse lung disease (Fig. 1.30) is non-homogeneous and
i ncludes various patterns such as linear, septa) lines, miliary
shadows, reticulonodular, nodular, honeycomb shadowing, cystic,
pcribronchial cuffing and the ground-glass pattern. Care is neces-
sary to avoid mistaking normal vascular markings for early inter-
stitial changes. Normal vessels arc not seen in the periphery of
the lung fields and unlike interstitial shadows vessels taper and
branch The presence of interstitial shadowing results in the nor-
mally visualised vessels becoming ill defined and then lost. The
zonal distribution of the shadowing is helpful in determining the
differential diagnosis, for example interstitial fibrosis following
asbestos exposure typically affects the lung bases whereas sar-
coidosis spares the lung bases; reticular upper zone opacity is
typical of histiocytosis X whereas a unilateral distribution is
characteristic of lymphangitis carcinomatosis. L oss of volume

may occur due to fibrosis but lobar collapse is not afeature.
Other helpful features include lymphadenopathy and pleural effu-
sions.

The miliary pattern (Box 1.6) has widespread small discrete
Fig. 1.28  Right upper lobe consolidation. Upper bowing of the  aities of similar size 2-4 mm in diameter. This pattern is most
horizontal fissure indicates some collapse. Thereis an acinar pattern with . . - . .
some confluence. often seen with tuberculosis (Fig. 1.31). Dense opacities occur with

calcification and metallic dust disease (Fig. 1.32).
Consolidation in association with lobar expansion and bulging Ground-glass shadowing is afine granular pattern which
pleural fissures may be seen with bacterial pneumonia, in particular  obscures the normal anatomical detail such as the vessels and
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.

Fig. 1.30 Fibrosing alveodlitis. Diffuse interstitial shadowing in the lower
Zones.

Box 1.6 causes of miliary shadowing
Fig. 1.31 Miliary tuberculosis. Widespread fine nodular shadowing

Infections: Bronchiolitis obliterans without confluence.
Tuberculosis Alveolar microlithiasis
Coccidioidomycosis Hyaline membrane disease
Blastomycosis Metastases
Histoplasmosis Histiocytosis X
Chickenpox Haemosiderosis
Dust inhalation: Sarcoidosis
Tin, barium Secondary hype rparathyroidism
Beryllium, silicosis Amyloidosis

Coal miner's pneumoconiosis

diaphragms, and which may be seen with an interstitial or with an
air-space pattern.

Reticulonodular shadowing is more common than reticular
or nodular shadowing alone. The nodules are less than lensin
diameter. ill defined and irregular in outline (Box 1.7).

Reticulariinear shadowing appears as afine irregular network
of lines surrounding air-filled lung.

Honeycomb shadowing is the result of parenchymal destruction
leading to end-stage pulmonary fibrosis with the formation of thin-
walled cysts, the wall being 2-3 mm thick and giving a coarse
reticulonodular pattern. When these cysts are 5-10 mm in size the
term honeycomb shadowing is used. This condition is associated with
an increased risk of pneumothorax. often of the tension type.

Linear and band shadows

Normal structures such as the blood vessels and fissures form linear
shadows within the lung fields. However, there are many disease  Fig. 1.32 Siderosis. Extensive dense miliary shadowing in an iron-foundry
processes which may result in linear shadows. Linear shadows are worker.
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t Box 1.7 Causesof diffuse bilateral reticulonodular
shadowing

Miscellaneous
Idiopathic interstitial fibrosis
Extrinsis allergic alveolitis

Infections (interstitial pneumonitis)

Fungi
Histoplasmosis Drugs
Viruses Chronic aspiration
Mycoplasma Sarcoidosis

o Amyloidosis
Pneumoconlosm Histiocytosis X
Coal miner's Bronchiolitis obliterans
Silicosis Lymphangiomyomatosis
Asbegogs Neurofibromatosis
Berylliosis Alveolar proteinosis

Collagen diseases Alveolar microlithiasis
SLE Gaucher's disease

Dermatomyositis Lymphangitis carcinomatosis

Scleroderma
| Rheumatoid lung

Cardiac

Pulmonary oedema

Haemosiderosis
less than 5 min wide, with hand shadows defined a, greater than
5 mm thick (Box 1.8).

Pulmonary infarcts These are variable in appearance. Occa-

sionally they form irregular thick wedge-shaped lines with the
base adjacent to the pleura, but more usually they are non-descript
areas of peripheral consolidation at the lung bases. Accompanying
features are splinting of the diaphragm and a pleural reaction.

Resol ution tends to be slow, in contrast to infections which often
resolve quickly except in the elderly.

Plate atelectasis, described by Flcischner 1941, is often seen post-

operatively and is thought to he due to underventilation with
obstruction of medium-sized bronchi. These lines are several

centimetres long, 1-3 mm thick, and run parallel to the diaphragms
extending to the pleural surface. Resolution is usually rapid.

Mucus-filled bronchi Also known as bronchocel es, these are
bronchi distended with mucus or pus beyond an obstructing lesion
but with aeration of the distal lung from collateral air flow. Causes
to consider include bronchopulmonary aspergillosis, malignancy,
benign tumours, foreign-body aspiration and bronchial atresia.
Typically the bronchus has a gloved finger branching pattern with
the fingers several millimetres wide (Fig. 1.33).

Sentinel lines Thesc are thought to be mucus-filled bronchi and
appear as coarse lines lying peripherally in contact with the pleura

Box 1.8 Causes of linear and band shadows

Pulmonary infarcts

Sentinel lines

Thickened fissures
Pulmonary/pleural scars
Bronchial wall thickening
Curvilinear shadows (bullae, pneumatocel es)
Anomalous vessels

Artefacts

Fleischner lines (plate atel ectasis)
Kerley lines

Resolving infection

Bronchoceles
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Fig. 1.33 Bronchocele with typical gloved-finger branching pattern.

and curving upward. They are often left-sided and associated with
| eft lower lobe collapse. They may develop due to kinking of
bronchi adjacent to the collapse.

Kerley B lines These have been described previously. Unilateral
Kerley lines usually indicate lymphangitis carcinomatosa but may
be seen with early cardiac failure.

Normal and accessory fissures. These have been described.

Thickening of the fissures Thisis often seen accompanying
cardiac failure. Bulging fissures indicate |obar expansion which
may occur with an acute abscess (Fig. 1.34), infections-most
commonly Klebsic/la but also Poewnococcus, Stuphvlococcus and
tuberculosis and in the presence of large tumours.

Old pleural and pulmonary scars Scars are unchanged in appear-
ance on serial films. Pulmonary scarring is a common end-result of
infarction, appearing as athin linear shadow often with associated
pleural thickening and tenting of the diaphragm. Pleural scars extend
to the pleural surface. Apical scarring is a common finding with
healed tuberculosis, sarcoidosis and fungal disease (Fig. 1.35).

Curvilinear shadows These indicate the presence of bulles,
pneumatocel es (Fig. 1.36) or cystic bronchiectasis.

Thickened bronchial walls These cast parallel tramline shadows
which, when seen end-on, appear as ring shadows. They are a
common finding in bronchiectasis, recurrent asthma, bronchopul -
monary aspergillosis (Fig. 1.37), pulmonary oedema and lymphangitis
carcinomatosis. If the peribronchial interstitial space becomes thick-
ened by fluid or tumour, the walls are less clearly defined.

The single pulmonary nodule

Some 40'le of solitary pulmonary nodules are malignant, with other
common lesions being granulomas and benign tumours (Box 1.9).
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A B

Fig. 1.34 (A) A large lung abscess witha fluid level distal to a hilar carcinoma. There is an old right upper lobe collapse with compensatory emphysema.
(B) Note bulging of the oblique fissure adjacent to the ahscess (arrows).

Fig. 1.36 Pneumatocele. Child with a staphylococcal pneumonia.
Consolidation in the right upper lobe and a pneumatocele adjacent to the

right heart border (arrows).
Fig. 1.35 Sarcoidosis. Fibrosis mainly affecting the upper zones

with elevation of the hila and tenting of the right hemidiaphragm.
A 55-year-old woman with a long history of sarcoidosis.

mass forms an acute angle with the lung edge whereas extrapleural
and mediastinal masses form obtuse angles (Fig. 1.38).

A lateral film is often necessary to confirm that a lesion is intrapul- A nodule is assessed for its size, shape and outline and for the
monary he fore investigating further. Typically an intrapulmonary presence of calcification or cavitation. A search is made for
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Fig. 1.37 Bronchiectasis due to bronchopulmonary aspergillosis.

i Box1.9 Causesof asolitary pulmonary nodule

Malignant Pulmonary infarct
Primary nodule Pulmonary haematoma
Secondary nodule Collagen diseases
Lymphoma Rheumatoid arthritis
Plasmacytoma Wegener's granulomatosis
Alveolar cell carcinoma Congenital

Benign Bronchogenic cyst
Hamartoma Sequestrated segment
Adenoma Congenital bronchial atresia
Connective tissue tumours AVM

Granuloma impacted mucus
Tuberculosis Amyloidosis
Histoplasmosis Intrapulmonary lymph node
Paraffinoma Pleural
Sarcoidosis Fibroma

Infection Tumour

¢ Round pneumonia Loculated fluid

Abscess Non-pulmonary
Hydatid Skin and chest wall lesions
Amoebic Artefacts
Fungi
Parasites

associated abnormalities such as bone destruction (Fig. 1.39),
effusions, lobar collapse, septa] lines and lymphadenopathy. If
previous films are avail abl e the doubling time can he assessed, that
is the time taken for the volume of the mass to double. Usually
malignant lesions have a doubling time of 1-6 months whereas
masses are considered benign when they have not changed in size
for 18 months. Malignant lesions may grow spasmodically
however. Masses larger than 4 cm arc predominantly primary
malignancies, metastases or pleural fibromas although solitary

Fig. 1.38 Reticulum cell sarcoma of right lower rib with an extrapleural

mass.

Fig. 1.39 Posteriorly positioned bronchial carcinoma with destruction of
the adjacent rib.

metastases are rare. Tumours smaller than 10 mm cannot he seen
clearly on aplain film and often appear as a'smudge’ shadow
rather than a mass.

On occasions infective processes have a round appearance which
i susually ill defined. Some change is seen at follow-up with simple
consolidation after treatment.

Carcinomas often have irregular, spiculated or notched margins.
Calcification favours a benign lesion although a carcinoma may
arise coincidentally at the site of an old calcified focus. Popcorn
calcification suggests a hamartoma (Fig. 1.40). Calcified metastases
are rare, the primary tumour being usually an osteogenic or chon-
drosarcoma (Fig. 1.41).
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Fig. 1.40 Hamartoma with popcorn calcification.

Fig. 1.41  Multiple calcified metastases from a chondrosarcoma of the
right tenth rib.

Granulomas frequently calcify and are usually well defined and
| obulated. Multiple lesions tend to be similar in size, whereas metas-
tases are frequently of variable size but are well defined. Arterio-
venous malformations (AVM) characteristically have dilated feeding
arteries and draining veins (Fig. 1.42); they are multiple in 30% of
cases. Most bronchogenic cysts are mediastinal but some 20-30% are
intrapulmonary and usually arise in the lower zones.

Multiple pulmonary nodules

Multiple small nodules 2-4 mm are called miliary shadows (see previ-
oudly). In the majority of cases multiple nodules are metastases or
tuberculous granulomas. Calcified nodules are generally benign
except for metastases from bone or cartilaginous tumours. The dou-
hling time of metastases is highly variable, with arange of afew days
to in excess of 2 years. It iswell documented that thyroid metastases
can persist unchanged for many years (Box 1.10).

Fig. 1.42 Arteriovenous malformation with dilated feeding and draining
vessels.

Box 1.10 Causes of multiple pulmonary nodules

Tumours
Benign-hamartoma, laryngeal papillomatosis
Malignant-metastases, lymphoma
Infection
Granulomartuberculosis, histoplasmosis, fungi
Round pneumonia
Abscesses
Hydatid cysts
Inflammatory
Caplan's syndrome
Wegener's granulomatosis
Sarcoidosis
Drugs
Vascular
Arteriovenous malformations
Haematomas
Infarcts
Miscellaneous
Mucus impaction
Amyloidosis

Cavitating lesions and cysts

A cavity isagas-filled space surrounded by a complete wall which
is3 mm or greater in thickness. Thinner walled cavities are called
cysts or ring shadows. Cavitation occurs when an area of necrosis
communicates with a patent airway. Particular features of import-
ance are the location of the cavity, its outline, wall thickness, the
presence of afluid level, contents of the cavity, satellite lesions, the
appearance of the surrounding lung and multiplicity of lesions. CT
often provides additional helpful information. Fluid within a cavity
can be demonstrated only when using a horizontal beam.

Common cavitating processes are tuberculosis, staphylococcal
i nfections (Fig. 1.43) and carcinoma. The tumour mass itself or the
distal lung may cavitate (Box 1.11).

The site Tuberculous cavities are usually upper zone.in the
posterior segments of the upper lobes or apical segments of the
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Fig. 1.43 Staphylococcal abscesses. Multiple cavitating abscesses in a
young male heroin addict. Bilateral effusions also present.

Fig. 1.44 Largeirregular thick-walled cavitating neoplasm with air-fluid

level.
| Box 1.11 Cavitating pulmonary lesions
—_
I nfections Pulmonary infarct i
Staphylococcus Pulmonary haematoma v
Klebsiella Pneumoconiosis Ys
Tuberculosis Pulmonary massive fibrosis
| Histoplasmosis Caplan's syndrome
Amoebic Collagen diseases
Hydatid Rheumatoid nodules
Paragonimiasis Wegener's granulomatosis
Fungal Developmental
Malignant Sequestrated segment
Primary Bronchogenic cyst
Secondary Congenital cystic adenomatoid malformation
Lymphoma Sarcoidosis |
Abscess Bulles, blebs |
Aspiration Traumatic lung cyst
,  Blood-borne Pneumatocele

Jower lobes. The site of lung abscesses following aspiration
depends on patient position at the time but they are most often
right-sided and lower zone. Traumatic lung cysts are often sub-
pleural. Amoebic abscesses are nearly always at the right ba''c,
the infection extending from the liver. Pulmonary infarcts are
usually lower zone and sequestrated segments are left-sided.

The wall of the cavity Thick-walled cavitating lesions

(Fig. 1.44) include acute abscesses, most neoplasms (usually squa-

mous cell), lymphoma, most metastases, Wegener's granulomas and

rheumatoid nodules. Thin-walled lesions or ring shadows are usually ~ Fig. 1.45  Bullous emphysemawith curvilinear shadows in the right lung

benign and may be bulles (Fig. 1.45), pneumatoceles, cystic bron-  &nd an associated paucity of vascular markings.

chiectasis, hydatid cysts, traumatic lung cysts, chronic inactive

tubercul ous cavities and neoplasms. Pneumatocel es often develop

in children after a staphylococcal pneumonia, and arapid changein Fluid levels are common in primary tumours, and irregular masses of

sizeisafeature. In adults they develop following eneumoov=a=  blood clot or necrotic tumour may be present. Fluid levels are uncom-

pneumonia. In addition they frequently form following pulmonary mon in cavitating metastases and tuberculous cavities (Box 1.12).

contusion and hydrocarbon ingestion. The air crescent dmeniscus =an | S S€EN When an intracavitory
Satellite lesions are a common feature of benign lesions, usually body is surrounded by a crescent of air. It is commonly described

tuberculous. Multiple ring shadows, 5-10 mm in diameter, are seen with fungus balls such as an aspergilloma (Fig. 1.46). Thereis

with honeycomb shadowing. movement of the ball with change in the patient's position.

Fluid levels

]
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Box 1.12  Fluid levels on a chest radiograph

Intrapulmonary
Hydropneumothorax
Trauma, Surgery
Bronchopleural fistula
Oesophageal
Pharyngeal pouch, diverticula
Obstruction--tumours, achalasia
Oesophagectomy-bowel interposition
Mediastinal
Infections
Oesophageal perforation
Pneumopericardium
Trauma, surgery, iatrogenic
Chest wall
Plombage with lucite balls (Fig. 1.47)
Intections
Diaphragm
Hernias, eventration, rupture

Fig. 1.46  Aspergillus myceloma. A large mycetoma within an old
tuberculous cavity in a fibrotic upper lobe. The mycetoma is surrounded by
an air crescent.

Ruptured hytlalid cysts may have daughter cysts floating within
the cavity, the ualcrlily stan-
inspissated pus. blood clot and eavernoliths. Blood clot may form

within eavitating neoplasms, tuberculosis and pulmonary infarcts.

Other intracavitory lesions include

Calcification tRrRo_r1.13)

Calcification is most easily recognised with loss kVp films. |n the
elderly calcification of the tracheal and bronchial cartilage is
common. Calcification of the bronchioles, oso'opo/hit /-(/( emosel, is
of no significance.

1111w culosis is the conunonest calcifying pulmonary process
with small scattered foci of various sizes, usually upper lone
[Fig. I.-18). Chickenpox foci are smaller (1-3 nim), regular in size
and widely distributed (Fig*. 1.49). Characteristically the foci of
his/oplcr,cntosi.c are surrounded by small halos.
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Fig. 1.47 Apical plombage. Hollow lucite spheres with fluid levels which
have formed because of leakage of the walls of the spheres.

Box 1.13 Calcification on the chest radiograph

Intrapulmonary
Granulorna, infection
Tuberculosis
Histoplasmosis
Chickenpox
Coccidioidomycosis
Actinomycosis
Hydatid cyst
Chronic abscess
T rmours
Metastases
Osteogenic sarcoma, chondrosarcoma
Cystadenocarcinoma
Benign
Arteriovenous malformation
Hamartoma, carcinoid
Primary
Miscellaneous
Haematoma
Infarction
Mitral valve disease
Broncholith (tuberculosis)
Alveolar microlithiasis
|diopathic
Rare
Metabolic-hypercalcaemia
Silicosis
Sarcoidosis
Rheumatoid arthritis
Amyloid
Osteopathia racemosa

Lymph nodes
Tuberculosis
Histoplasmosis
Sarcoidosis

Silicosis

Lymphoma post irradiation
Pleural

Tuberculosis

silicosis

Asbestosis

Old haemothorax, empyerna
Mediastinal

Cardiac

Valvular

Infarcted Muscle
Pericardial

Aneurysms

Tumours

Vascular

Tumours

Pulmonary artery
Pulmonary hypertension
Aneurysm

Thrombus

Chest wall

Costal cartilage

Breast tumours, fat necrosis
Bones tumours, callus
Soft-tissue parasites,
tumours, etc

Alveolar mirrolilhiosis appeals as tiny sand-like densities in the

mid and lower zones, due to calcium phosphate deposits in the
alveoli. Punetate calcification may develop within the pulmonary
nodules of silicosis. Popcorn calcification is often present in hamar-
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Lymph node calcification occursin a number of conditions. An
‘eggshell' pattern is characteristic of sarcoidosis and silicosis.

Calcification may be seen within metastases particularly with
osteogenic sarcoma. Calcification is not a feature of a primary lung
malignancy, although 6-7c/c of lung primaries contain calcifica-
tion on CT. However a carcinoma may develop coincidentally
adjacent to a calcified granuloma and therefore an area of ec-
centric calcification should not he presumed to exclude malignancy.

Apical shadowing (Box 1.14)

Apical pleural thickening, the “pleural cap', has areported inci-
dence of 7% and is more commonly left sided. It is crescent shaped,
frequently irregular, and if bilateral is usually asymmetrical. The
significance is uncertain but it may represent old pleural thickening.
If the thickening isirregular or markedly asymmetrical or unduly
prominent or convex, the underlying rib must be assessed for
destruction as the possibility of a Pancoast (superior sulcus) tumour
must be congdered; thissuall presentsasamass but ina quarter of casesit presentsasapleurd cap (Fg. L50)

The lung apex is a common site for tuberculosis and fungal dis-
cases including histoplasmosis, coccidioidomvcosis, blastomvcosis
and aspergillosis. Assessment of active disease is difficult in the
presence of fibrotic changes. Previous films for comparison are
i nvaluable.

Extrinsic shadows should he excluded (Fig. 1.51). Invariably in
these cases the edge of the lesion is seen to extend beyond the
Fig. 1.48 Pulmonary tuberculosis. Numerous calcified foci in both upper i mits of the lung and pleurainto the soft tissues.
zones with left upper lobe fibrosis.

Box 1.14 Common causes of apical shadows

Pleural caps
Pleural fluid
Bullae

Pancoast tumour

Pneumothorax

Infections-tuberculosis

Soft tissue, e.g. companion shadows, hair, sternocleidomastoid muscles

Fig. 1.49 Chickenpox. Widespread small calcified opacities following a
previous chickenpox pneumonia.

Fig. 1.50 Pancoast tumour. Thereis apical shadowing on the right side
tomas. Occasionally phleboliths are present in arteriovenous s mulating pleural thickening. Note destruction of the first rib.
malformations. Very rarely atine rim of calcification formsin the
wall of ahydatid cyst.

Pleural plaques may beirregularly calcified.
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opacity of the affected lobe(s); (ii) crowding of the vessels and
bronchi within the collapsed area, and (iii) displacement or bowing
of the fissures (Fig 1.52). Indirect signs are: (i) compensatory
hyperinflation of the normal lung or lobes resulting in an increase
i n transradiancy with separation of the vascular marking; (ii) displace-
ment of the mediastinal structures toward the affected side (Fi(". 1.53):
(iii) displacement of theipsilateral hilum which changes shape;

k

Fig. 1.51 A woman with her hair in a plait overlying the upper
mediastinum and simulating mediastinal widening.

Signs of loss of volume

In the majority of casesloss of volume, or collapse, is caused by
obstruction of a bronchus by tumour, mucus or foreign body, or
extrinsic compression by nodes. Morerarely it is due to broncho- Fig. 1.53 Pulmonary agenesis. The right lung is absent. The heart and
stenosis following trauma. The signs of lobar or pulmonary collapse  mediastinum are displaced to the right. Note herniation of the left lung
can he divided into direct and indirect. The direct signsare: (i)  acrossthe midline (arrows). The rib spaces are narrowed on the right.

A M

Fig. 1.52 Right middie lobe collapse. (A) Loss of definition of the right heart border with adjacent shadowing. (B) Lobar collapse with displacement of

the fissures clearly shown.
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Fig. 1.54 'Golden Ssign.' Collapsed right upper lobe with mass at right
hilum.

(iv) elevation of the ipsilateral hemidiaphragm: and (v) crowding of
the ribs on the affected side, particularly common in children.

With major collapse there is herniation of the contralateral lung,
with displacement of the anterior mediastinal line. Obliteration
of the bronchus at the site of the obstruction may he evident but
thisis more clearly seen at CT. The presence of a hilar mass with
collapse can be identified by the “"Golden S sign' (Fig. 1.54). The
central mass gives a convexity to the concave displaced fissure (as
described by Golden) forming the shape of an S.

Hilar enlargement

The normal pulmonary hilum has a very variable appearance. It is
difficult to detect minor degrees of pathological enlargement and to
distinguish a prominent pulmonary artery from a small mass lesion,
although branch vessels can often be traced back to an enlarged
artery. A hill-1111 should he assessed for its position, size and density,
with a comparison of the two hila. Any possible abnormality can
be assessed further with contrast-enhanced CT or flexible
bronchoscopy.

Bilateral hilar enlargement is commonly due to enlarged lymph
nodes, which appear as |lobulated masses, or to vascular enlarge-
ment. The adjacent bronchi may be slightly narrowed. Unilateral
enlargement is most commonly due to a neoplasm or vascular
dilatation but is also seen with infections such as tuberculosis and
whooping cough (Box 1.15). Nodes affected by lymphoma are
often asymmetrically involved (Fig. 1.55). Bilateral involvement
occurs with sarcoidosi5. silicosis and leukaemia. TuberCUIlous lym-
phadenopathy without an identifiable peripheral pulmonary lesion
is a common finding in the Asian Population.

Small hila are usually the result of congenital cyanotic heart disease
(Box 1.16).
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Box 1.15 Causes of hilar enlargement

Unilateral Bilateral

Apparent Expiratory film
Rotation Lymph nodes
Scoliosis Lymphoma
Small contralateral hilum Carcinoma

Lymph nodes Leukaemia
Tuberculosis Sarcoidosis
Fungi Pneumoconiosis
Histoplasmosis Glandular fever
Lymphoma Whooping cough
Leukaemia Tuberculosis
Carcinoma Histoplasmosis

Tumours Fungi
Benign/malignant Mycoplasma

Pulmonary artery
Aneurysm
Embolus
Poststenotic dilatation
Superimposed mass (anterior or posterior)
Pericardial defect
Normal
Especially left

Pulmonary artery
Pulmonary hypertension
Left heart failure
Congenital heart disease

Drugs

Fig. 1.55 A young man with Hodgkin's disease. An enlarged lobul ated
right hilum typical of bronchopulmonary glandular enlargement.

Unilateral hypertranslucency

Comparison of' the lungs should reveal any focal or generalized
abnormality of Iransradiancy. Increased transradiancy may he
accompanied by signs of obstructive or compensatory emphysema
such as splaying of the ribs, separation of the vascular markings.
mediastinal displacement and depression of the hem diaphragm.
Patient rotation and seoliosis are the commonest causes 01'
i ncreased transradiancv (Box 1.17). With rotation to the left, the left
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Box 1.16 Causes of a small hilum

Unilateral
Apparent: Rotation, scoliosis
Normal: especially the left side
Lobar collapse, lobectomy
Hypoplastic pulmonary artery
Macleod's syndrome
Unilateral pulmonary embolus
Bilateral
Cyanotic congenital heart disease
Central pulmonary embolus

Box 1.17 Causes of unilateral hypertransiucency

Normal
Increased density of contralateral lung, e.g. pleural effusion/thickening,
consolidation
Technical
Rotation, scoliosis
Soft tissue f
Mastectomy
Congenital absence of pectoralis muscle
Poliomyelitis
Emphysema
Compensatory: lobar collapse, |lobectomy
Obstructive: foreign body, tumour, Macleod's syndrome, congenital
|obar emphysema
Bullous 1
Vascular
Absent/hypoplastic pulmonary artery
Obstructed pulmonary artery, e.g. by tumour, embolus
Macleod's syndrome
Pneumothorax

side becomes more radiolucent. Mastectomy is another important
cause. An abnormal axillary fold is seen following a radical mastec-
tomy. However, the less extensive breast surgery favoured currently
i sdifficult to detect on the chest film.

With conditions such as Macleod'ss_vnclrome. congenital |obar
emphysema and an inhaled foreign body, an expiratory film will
demonstrate obstructive emphysema (Fig. 1.56). There is displace-
ment of the mediastinum away from the affected side with depres-
sion of the ipsilateral diaphragm. Congenital lobar emphysema

» Y

¥
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Box 1.18 Causes of an opaque hemithor ax

Technical

Rotation, scoliosis
Pleural

Hydrothorax, large effusion

Thickening, mesothelioma
Surgical

Pneumonectomy, thoracoplasty
Congenital

Pulmonary agenesis
Mediastinal

Gross cardiomegaly, tumours
Pulmonary

Collapse, consolidation, fibrosis
Diaphragmatic hernias

usually affects the right upper or middle lobes. A small pulmonary
artery is afeature of Macleod's syndrome and congenital hypo-
plasia or absence of the artery.

translucency

The commonest causes of' increased of both lungs

are asthma. emphysema and reduced pulmonary perfusion.
The opaque hemithorax ( Box 118)

All the causes described of unilateral hypertranslucency may he
responsible for an apparent contalateral increase in density.
Penetrated and lateral films are usually helpful. Signs of collapse.
fluid levels, mediastinal displacement and rib abnormalities are
important findings. Pulmonary agenesis is associated with
hypoplastic ribs and isinvariably left sided.

The chest film of the elderly person

With age the thorax changes shape and the AP diameter increases.
A kyphosis develops so that the chin overlies the lung apex.
Frequently only an AP film in the sitting position can be obtained,
usually with alimited degree of inspiration so that the lung bases
are poorly visualised.

Bone demineralisation increases, with vertebral body compression
and rib fractures being common. Bony margins become irregular.
Costal cartilage and vascular calcification is prominent. Often thereis
calcification oh the cartilaginous rings of the trachea and bronchi.

d':,.
t 4 *‘3

Fig. 1.56  Obstructive emphysema. This child inhaled a peanut. (A) Inspiratory film shows a hypertransradiant right lung. (B) Expiratory film. Thereis air

trapping on the right side with further shift of the mediastinum to the left.
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The major blood vessels become unfolded. On alateral film the
aortais visualised throughout its length. Unfolding of the innomi-
nate and suhclavian vessels results in widening of the upper medi-
astinum. Prominent hilar vessels accompany obstructive airways
disease and the peripheral vessels become more obvious.

There may he changes due to old pathology with linear scars,
pleural thickening, tenting of the diaphragm and calcified foci.
Blunted costophrenic angles and flattened diaphragms are common
findingsin the elderly.

Limitations of the plain chest film

First, the radiologist may fail to spot alesion. Felson reported that
20-30r/c of significant information on a chest film may be over-
looked by atrained radiologist.

Second, a disease process pray fail to appear as a visible abnor-
mality on aplain film. Examples include miliary shadowing, metas-
tases, infective processes such as tuberculosis, histoplasmosis and
Pneunuu_vslis. bronchiectasis and small pleural effusions. Such
lesions are demonstrated earlier using high-resolution CT. Inflamed
bronchi are not easily seen and obstructive airways disease may be
associated with anormal chest film. Small pulmonary emboli
without infarction cannot be diagnosed.

Finally, the shadow patterns themselves are rarely specific to a
single disease process. For example, consolidation due to infection
or following infarction may have identical appearances.

TOMOGRAPHY

Tomography is performed:

|. toimprove visualisation of alesion

2. to localise alesion and to confirm it is intrapulmonary
3. to evaluate the hilum and proximal airways

4. to search for a suspected lesion, e.g. metastases

5. to evaluate the mediastinuni and chest wall.

Technique

A recent chest film is mandatory. The examination should be
closely supervised by the radiologist with particular attention to the
radiographic technique, ensuring that the area of interest is included
on the films taken. Linear tom ography is usually adequate although
more complex movements may he used. Cuts are routinely made at
[-cmintervals.

AP tomography, supplemented with lateral tomography, is satis-
factory for peripheral lesions. The hilum is best visualised in the
55° posterior oblique position with the side of interest dependent
(Fig. 1.57). On this view the bronchi are projected in profile. A
penetrated view to show thecan  isroutinely obtained.

The peripheral mass

Features of diagnostic importance include calcification, cavitation,
the outline of the mass, bronchial narrowing and the presence of an
air bronchogram (Fig. 1.58). Spiculation is a strong indicator of
malignancy.
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Fig. 1.57 Right posterior oblique (55°) tomogram of right hilum.
PA = pulmonary artery; V = pulmonary vein; uL = upper lobe bronchus;
ib = intermediate bronchus; mL = middle lobe bronchus; LL = lower lobe
bronchus.

The hilum

Hilar tomograms are difficult to interpret. It is helpful to remember
that normal sized nodes are not usually seen, and that enlarged
nodes are well defined. The vessels, unlike a mass lesion, branch
and taper. If amassisidentified the adjacent bronchi should be
assessed for narrowing or occlusion.

FLUOROSCOPY

Fluoroscopy is of value for ng chest wall and diaphragm
motion, and for demonstrating mediastinal shift in cases of air trap-
ping. It is helpful in uncooperative children when the radiograph is
non-diagnostic due to movement and poor inspiration.

Screening may be used to differentiate pulmonary from pleural
lesions by rotating the patient and noting movement of the lesion with
respect to the sternum and spine. Pulsation is often a misleading sign:
it may be transmitted to a mass lying adjacent to a vascular structure.
Masses of vascular origin change size with the Valsalva manoeuvre
and with patienj position. Pulmonary lesions move with respiration
whereas mediastinal lesions do not.
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Fig. 1.58 Oat cell carcinoma. (A) Peripheral mass adjacent to the ribs. () Oblique tomogram shows an irregular mass with thin strands extending into

the surrounding lung.

CT SCANNING OF THE LUNGS

Richard W. Whitehouse and Andrew R. Wright

Technical considerations

Computed tomo araphy of the thorax is arelatively high radiation
dose examination, capable of giving an effective dose 50500 times
hi,,her than a conventional chest radiograph. The wide dose range is
| argely due to variations in technique between different operators.
Appropriate patient selection and choice of * scan parametersis
t herefore paramount in thoracic CT scanning.

The developnment of spiral CT scanning technology has been of
great benefit in the imagine of the thorax. Spiral scanning involves
continuous rotation of the X-ray tube and smooth passage of the
patient through the scanner aperture. This enables the whole thorax
to he covered rapidly within the time of a single breath-hold.
Breathing artefact and misregistration of adjacent slices, a common
problem with conventional single-section CT, are abolished. The
speed of scanning also means that intravenous contrast agents
can be deployed very accurately to maximise their effective-
ness.

A recent refinement of spiral scanning isto replace the single
bank of X-ray detectors with multiple rows of detectors, allowing
several interlaced data helices to be acquired simultaneously.
Multidetector or multislice CT allows larger volumes to be scanned
with thinner sections, and yet shorter scan times. The speed of scan-
ning makes multislice CT well suited to the demonstration of
thoracic vasculature, including pulmonary arteries, and permits a
shorter contrast medium injection, thus reducing contrast usage
(FiC. |.59). The datasets produced are well suited to image post-
processing, for example multiplanar reformats (MPR) in various

Fig. 1.59 Extensive pulmonary embolism within both lower lobe arteries
and right middle |obe artery.

planes, surface-rendered and maximum intensity projection (MIP)
reconstructions, volume-rendered images and “virtual endoscopy"
views (Figs 1.60, 1.61).
The thorax contains tissues with CT numhers ranging from
1000 for air through lung parenchyma, fat and soft tissue, to corti-
cal bone with a CT number of over 1500. Comprehensive evalua-
lion of these tissues therefore requires interogation of the grevscale
i mage at a variety of window levels and widths. Wide window
widths are necessary for bone and lung parenchyma, with a higher
window level for bone, whilst a narrow window is necessary to
demonstrate the smaller density differences that may he present

between soft-tissue structures.
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Fig. 1.62 Cutting needle biopsy of right mid-zone mass under CT control
(carcinoid). The low-attenuation artefact shows the precise position of the
Fig. 1.60 3D surface-rendered image from segmented dataset of a needle tip.

paediatric chest scan. The umbilical vein (visible due to an in situ catheter)

and abdominal aorta are both depicted in red below the diaphragm, a CT is a useful technique for guiding thoracic hiopsy , both pul-

right-sided chest drain is also present. monary fine needle aspiration and larger cutting needle biopsies
oh pulmonary. pleural and mediastinal masses (Fig. 1.02). (7
fluoroscopy a continuously updated near real-time CT image. can
he used to facilitate rapid and accurate CT-guided interventional
techniques but can expose both the patient and operator to

significant radiation doses.

Anatomical considerations

Both the pulmonarY  arteries and the bronchi branch out from the hila
to the lung periphery. Similarly the pulmonary vein radiate lion the
venous confluence andleft atrium. (F through the upper or louver
chest passes through these structures obliquely or in cross-section.
resulting in a ring appearance for bronchi and filled circles or ovals liar
vessels. CT through the midpart of the thorax "ill demonstrate greater
lengths of each individual structure as they arhorise within the scan

B

Fig. 1.61 ‘Virtual bronch

rface-rendered

hial walls (B) viewed Ir

he upper and lower lobe orifices
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Fig. 1.64  High-resolution sections through the thorax demonstrate the segmental bronchi. (A) Upper section; upper lobe segmental bronchi are seen
passing perpendicular to the plane of the slice. (B) At the level of origin of right upper lobe bronchus. The proximal upper lobe segmental bronchi are well
seen. (C) At the level of origin of left upper lobe bronchus. The oblique and horizontal fissures are shown. (D) On each side the apical segment lower lobe

bronchi are seen posteriorly, as well as the middle lobe bronchus and parts of the lingular bronchi anteriorly.

(E) The lower lobe bronchi are dividing on

each side into segmental bronchi. (F) The right lower lobe bronchus has divided into medial, anterior, lateral and posterior basal segmental bronchi. The
left lower lobe bronchus has divided into anterior, lateral and posterior basal segmental bronchi.

plane (Fig. 1.63). Careful reference to adjacent sections is therefore
necessary to trace vessels and bronchi out from the hila to the apices
and bases in order to demonstrate the continuity of' these structures
and to confirm whether small opacities in the pulmonary periphery
are normal vessels or pulmonary nodules.

The location of the pulmonary fissures on thick-section (7-mm)
CT scans can usually he inferred by a paucity of vessels in that
region, whilst the fissures can usually he directly identified on thin-
section high-resolution CT (compare Figs 1.63 and 1.64). The
azygos fissure. when present, is clearly seen as it is perpendicular to
the plane of section (Fig. 1.65). Careful interrogation of adjacent
sections in both directions from the hila will usually allow

A

Fig. 1.65 (A,B) The azyqos fissure is clearly seen on CT.

identification of the segmental bronchi and often the subscgmental
bronchi beyond this (Fig’. 1.64).

Toward the lung bases, the apex of the right hcmidiaphragm will
usually appear centrally first. resulting in increased density in the
middle of the lung image.

Physiological considerations

Respiratory phase The density of the pulmonary parenchyma is
strongly dependent upon the respiratory phase. In expiration there
is a striking increase in density, particularly in the dependent part
of the lung. This is likely to be due to reduced alveolar inflation

\
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with consequent crowding of the alveolar walls and pulmonary
vasculature but may also have a contribution from altered per-
fusion. Lung parenchyma is best assessed by scanning in sus-
pended full inspiration.

Posture The influence of gravity on pulmonary vessel calibreis
well demonstrated by CT. Dependent vessels are notably larger.
Slightly increased parenchymal density, probably due to hypo-
static parenchymal oedema, may also be seen in the dependent
part of the lungs on CT. This can he cleared by placing the patient
prone and repeating the scan after afew minutes (Fig. 1.66).
Scanning of the thorax with the patient in the decuhitus position
results in compression of the dependent lung, which is most
noticeable during expiration, whilst the uppermost lung isin a
state of relative inspiratory apnoea and oligaemia. Mediastinal
structures May also move considerably under the influence of
posture, particularly in patients with emphysema (Fig. 1.66).

ROLE OF CT IN DISEASES OF THE LUNG AND
PLEURA

The chest radiograph usually reveals the anatomical distribution oh
|obar or segmental disease and can demonstrate generalised or
diffuse pulmonary parenchymal abnormalities as an alteration in the
pattern of pulmonary markings. high-resolution CT can confirm the
|ocation and extent of disease and can further characterise the loca-
lion and pattern of disease (Fig. 1.67). Mediastinal or chest wall
involvement by pulmonary pathology may also be demonstrated by
CT (Fig. 1.68). Ascertaining the solitary nature of a pulmonary
nodule or detection of other unsuspected nodules, determination of
the probability of malignancy, contribution to staging prim to treat-
menl and monitoring of response to treatment are all important
rolesfor CT.
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Fig. 1.67 Largeareasof reduced pulmonary density (arrowheads) and
bulla (arrow) in emphysema.

High-resolution CT (HRCT)

The use of thin sections (I-3 mm) combined with a high spatial
resol ution reconstruction algorithm (c.(. the “hone' algorithm) and
targeting the scan to the lungs (i.e. using a held of view just large
enough to encompass the region of interest) resultsin clear depic-
tion of the distribution and higher definition of the appearance
of pulmonary parenchymal disease. In-plane spatial resolution of
around 300 pm can he achieved using this technique. this  has
proved valuable in the demonstration and differential diagnosis of
dive-Seinterstitial pulmonary diseases. The severity and extent ofbronchiectasis can he demondtrated (Figs .69, 1.70). Thetech-

nique can identify regions most suitable for biopsy at atine when

Fig. 1.66

flattened against the anterior chest wall

(A) Supine scan in chronic airways disease. The lungs are overinflated and postural increase in pulmonary density is
(B) Prone scan al the same level. The posterior increased density seen in (A) Fas cleared. Note the marked mobility of the mediastinum with the heart now

evidenl posteriorly
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Fig. 1.70 Saccular bronchiectasis (arrows).

Fig. 1.68 Carcinoma of the lung incorporating calcification (arrow) from
previous tuberculous granuloma. The tumour is extending into the
mediastinum to encase the left common carotid and subclavian arteries
(arrowheads).

Fig. 1.71  HRCT 3-mm section. Fibrosing alveolitis. Note the predominantly
peripheral involvement. (Courtesy of Dr P. M. Taylor.)

Fig. 1.69 Tubular bronchiectasis in a patient with cystic fibrosis.

the chest radiograph is normal. Scans taken in the expiratory phase
can be useful in the diagnosis of small airways disease, where they
may show evidence of air trapping.

Interstitial diseases

in fibrosing alveolitis and svstemic sclerosis, CT demonstrates a
typical peripheral distribution of disease involving the outer third of
the lungs. This starts as a posterior basal subpleural crescent of
increased attenuation, progressing to peripheral “honeycombing'.
The pleural and mediastinal interfaces may become irregular with a

saw-tooth' margin (Fig. 1.71). In asbestosis HRCT may demon-
strate subpleural curvilinear opacities, parenchymal bands, thick- Fig. 1.72 HRCT asbestosis. Early subpleural increase in density on a prane
ened inter- and intra-lobular lines, increased subpleural attenuation  scan. (Courtesy of Dr P. M. Taylor,)
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and honeycombing (Figs 1.72, 1.73). Pleural thickening and
calcification will also be demonstrated in cases of asbestos-related
pleural disease (Fig. 1.74). HRCT has a 100% positive-predictive
value in asbestosis with pleural thickening. Rounded atelectasis, a
fibrosing condition most commonly associated with asbestosis, is
also clearly demonstrated on CT, the “comet tail' of incurving
vessels being characteristic (Fig. 1.75); other features include adja-
cent pleural thickening and an air bronchogram within the lesion.
Recognition of these features may prevent unnecessary pulmonary
resection for a supposed carcinoma but biopsy may be necessary as
both pulmonary carcinoma and pleural mesotheliorna are com-
moner in this group of patients. Irregular thickening of the interlob-
ular septa, producing a reticular pattern, can be appreciated on
HRCT in lymphangitis carcinomatosa before it is apparent on the
chest radiograph (Fig. 1.76). In chronic sarcoidosis nodules at

Fig. 1.75 Rounded atelectasis with ‘comet tail' of vessels running into
the mass which is adherent to the pleura. Adjacent calcified pleural plaque
is evident (arrow). Thereis also oral contrast medium in the oesophagus
(arrowheads).

Fig. 1.73 HRCT asbestosis. Note the thickened septa and fibrous
parenchymal and subpleural bands. (Courtesy of Dr p. m. Taylor.)

Fig. 1.76 HRrRcT lymphangitis carcinomatosa from carcinoma of the
breast. Note the thickened interlobular septa. (Courtesy of Dr P. M. Taylor.)

branchpoints of pulmonary vessels and bronchi may be seen, and
heading of the bronchi istypical (Figs1.77, 1.78). Air-space
opacification and thickening of the interlobular septa produces a
characteristic 'crazy-paving' effect in alveolar proleinosis.
Lymphangioleiomyornatosis is a condition only occurring in women
of reproductive age; the CT appearance is of multiple cystic spaces
replacing the lung parenchyma. Acute alveolar disease is clearly
demonstrated from whatever cause (Figs 1.79, 1.80), asis miliarv
modularity (Fig. 1.8l ).

Pulmonary nodules and carcinoma

Fig.1.74 HRCT Soft-tissue window demonstrates asbestos-related pleural ~ CT is the most sensitive imaging modality available for the
disease with posteromedial calcified pleural plagues (arrows). identification of pulmonary nodules of 3 mm or greater in diame-
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Fig. 1.77 HRCT sarcoidosis with beading of the segmental bronchial

walls (arrow). (Courtesy of Dr P. M. Taylor.)

Fig. 1.79 HRCT diffuse alveolar disease in extrinsic allergic alveolitis.
(Courtesy of Dr P. M, Tavlor.)

Fig. 1.80 HRCT acute sarcoidosis with widespread alveolar shadowing,

ter, but isrelatively insensitive to smaller nodules. The specificity
for small nodulesis also poor, with up to 60% of small nodulesin
patients with malignant disease being unrelated granulomas indis-
tinguishable from metastases on CT. Most pulmonary metastases
are found in the outer third of the lungs, more commonly toward
the bases, and the majority of them are subpleural (Fig. 1.82).
Spiral scanning has improved the detection rate for pulmonary
nodules but has not improved specificity. Assessment of the
margins of pulmonary nodulesis unreliable in differentiating
benign from malignant disease. The presence of definite
calcification in a pulmonary nodule suggests a granuloma and
thus benign disease. However, scar carcinomas can arisein old
tuberculous lesions (Fig. 1.68) and up to 14 of carcinomas
demonstrate histological calcification. Thus, to suggest benignity,
the amount of calcification should represent over 10%  of the
nodule, the calcification should not be stippled and the lesion
should not he greater than 3 cm in diameter. Unequivocal demon-
Fig. 1.81 HRCT miliary tuberculosis stration of fat density within a pulmonary nodule is almost diag-
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Fig. 1.82  Occult metastasis in the posterior costophrenic sulcus (arrow).

nostic of an hamart®ma. Lack of growth of a nodule over a
2-year period is also indicative of benignity. Cavitation can be
demonstrated early by CT but does not necessarily indicate malig
nancy (Fig. 1.83). In pulmonary malignancy CT can demonstrate
spread to the hilum, mediastinum (Fig. 1.68), pleura or chest wall
and also allows assessment of mediastinal lymph nodes and
the adrenal glands (common sites for metastatic spread). CT
can guide biopsy of pulmonary lesions where required (Fig.
1 .63).

HRCT should not he used for the detection of pulmonary nodules
as non-contiguous sections arc commonly performed in this tech-
nique. The use of multislice spiral CT for screening patients at risk
of bronchial carcinoma is gaining popularity, particularly in Japan

—r——

Fig. 1.83 HRCT rheumatoid lung with cavitating nodules, broncbiectasis
and emphysema.
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Fig. 1.84 Pleural effusion and ascites-note the relationship of the fluid
to the right diaphragmatic crus with pleural fluid lying posterior to (and
therefore above) the crus (arrow). Ascitic fluid is evident around the spleen
and anterolateral to the liver.

and the USA. 'Ultra-low dose' techniques are being investigated
to reduce the relatively high radiation exposure associated with con-
ventional CT of the chest.

Pleural disease

Differentiation of pulmonary front pleural disease is possihle using
CT. The distinction of a pleural effusion from subdiaphragmatic fluid
is achieved by recognising the relationship oh the fluid to the
diaphragm or its crura (Fig. 1.84). Pleural plaques in asbestos-related

pleural disease arc commonly discrete lesions arising over the
diaphragmatic and posterolateral parietal pleura and may show char-
acteristic calcification (Fig. 1.74). Pleural tumours (mesothelioma,
metastatic adenocarcinoma, spread from thymic amours) characteris-
tically encase the lung. reducing its volume (Figs 1 .85, 1.86).

Pleural metastatic tumour from carcinoma of the breast,

encasing the lung with consequent volume loss, crowding of the ribs and a
malignant effusion. Note the contralateral mastectomy.

Fig. 1.85
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Fig. 1.86

f 1.85
MNote the contralateral posterior pleural plague indicating previous asbestos

leural mesothelioma. Similar

characteristics to Fig

exposure (arrow)

MRI INCHEST DISEASES

leremy P. R. Jenkins

Therole of MRI and its relation to other imaging techniquesin
chest diseases has yet to be defined and is still evolving. The main
advantages of MRI include amultiplanar facility and a high intrin-
sic soft-tissue contrast discrimination, allowing vascular structures
and lesions in the mediastinal and hilar regionsto he defined sepa-
rately from other tissues, in particular the aortopulmonary window
and suhcarinal space, without the need for contrast-medium admin-
i stration. Disadvantages of MRI include respiratory and cardiac
motion artefacts and an inability to visualise small branching pul-

monary vessels and bronchi, and lung parenchyma. These struc-
tures, however. are better depicted on CT. The introduction of faster

MR scan times, enahling images to be obtained within asingle
breath-hold, combined with a good signal-to-noise ratio (SNR),
may alleviate sonic of these problems, as can the use of ECG- and
respiratory-gated techniques. At present, MRI is unable to provide
the same anatomical detail and spatial resolution in the lung as
HRCT. The ease of performance and wider availability of CT
makes it the procedure of choice in the assessment of most lesions
in the thorax, including lung metastases and pulmonary emboli.

MRI can be useful in certain situations, for example in the separa-

tion of mediastinal masses from normal or abnormal vessels, the
illustration of the craniocaudal extent of large lesions and lesions at
the lung apex, lung base and chest wall, in the evaluation of
diaphragmatic hernia. in the assessment of pathology affecting
major vessels and the brachial plexus (see Ch. 2), and can he used

in patients with suspected pulmonary embolism who arc allergic to
iodinated contrast medium.

Anatomical detail of 1ung parenchry ma is limited on MRI due to
respiratory and cardiac motion artefacts, an intrinsically low SNR
from the lung air spaces, a poorer spatial resolution than conventional
radiography and CT, and difficulty in precise localisation of disease
due to lack of normal anatomical landmarks. Normal |obar fissures
and small peripheral pulmonary vessels and bronchi are not visu-
alised, and alveolar and interstitial changes within the lung cannot he
distinguished. Failure to visualise aerated lung is due to the magnetic
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susceptibility effects between air and soft tissue, creating magnetic
field gradients at each of the million alveolar wall interfaces. This
effect is quite marked leading to shortening of the T, relaxation lime
of aerated lung to approximately 7 ms, compared with a T, of 80 ms
f'or collapsed non-aerated lung. The use of minimum echo times (TE 7
ms) has been used with the T,-weighted spin echo sequence to cony
pensate for this T, effect, and provides a 3.5-fold increase in the SNR
from the lung compared with conventional TE values of 21) ins. MRI
i s unable to compete with thin-section high-resolution CT in the
assessment or detection of small peripheral lung carcinomas, meta-
stases or calcifications. CT is the imaging method of choicein the
detection and evaluation of lung nodules, including metastases. MRI
can he useful, however, in differentiating lung nodules from vessels,
particularly in the hilar region.

The ability to image in the sag ittal and coronal planes allows the

i ntegrity of the diaphragm to he assessed. On T,- and T,-weighted
i mages the diaphragm, although not usually visualised as a separate
structure, abuts onto the bright signal from the adjacent pleural fat,
with any encroachment and loss of thisfat plane indicating tumour
i nfiltration or penetration hy abdominal or pulmonary lesions (e.g.
diaphragmatic hernias) (see Fig. 4.49).
Cysic 1esions Of the lung (e.g. bronchogenic cysts and hronchial
atresia with mucoccle formation secondary tom icoid impaction)
can be clearly demonstrated as areas of high signal on T,-weighted
i mages. Vascular lesions (e.(. scimitar syndrome and pulmonary
A/V fistulas) may be missed on MRI clue to lack of contrast from
the low signal or signal void from flowing blood within the vessel
and the surrounding air space. This problem can be overcome by,
the use of phase-sensitive flow sequences, which provide increased
signal from coherently flowing blood.

There is considerable overlap in the MRI characteristics of paren-
chymal consolidation, which may be due to a variety of causes. In the
experimental situation it has been possihle to separate cardiogenic
from non-cardiogenic pulmonary oedema, although the clinical utility
isunclear. MRI may he of value in assessing activity of interstitial
lung disease by the demonstration of excess water in active patho-
|ogy. Granulation tissue and compressed lung enhance markedly fol-
|owing intravenous administration of gadolinium-c he late, with
chronic inactive disease and tumour enhancing also. but to a lesser
degree.

RADIONUCLIDE IMAGING
Philip J. A. Robinson

Technetium-lahelled agents or radioactive gases are used to investi-
gate regional ventilation (V) and perfusion (Q) in thelung (VQ
imaging). Positron emission tomography (PET) imaging (see helow
and Ch. 58) isincreasingly being used for staging of lung tumours
and the detection of residual or recurrent disease after treatment.
Radionuclide techniques for localising infection and single photon
tumour” imaging agents (e.g. labelled white cells, gallium and
octreotide) also have applications in the investigation of chest
disease.

VQ imaging-rationale

VQ imaging is used to investigate suspected acute pulmonary
embolism and also to assess regional lung function in patients with
other types of focal disease. Most lung pathol ogies cause reduced
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parenchymal perfusion hut it is primarily in acute pulmonary
embolism that there is adistinct discrepancy in the affected areas of
lung between perfusion-which is absent or severely impaired-
and ventilation which is normal or only alittle reduced. In infec-
tion, perfusion is also reduced but ventilation is more severely
impaired than perfusion, or may be absent if the lung is con-
solidated. Destructive lesions such as emphysema cause equal 10ss
of both perfusion and ventilation. Hilar tumours typically impair
both perfusion and ventilation, but occasionally may shut down per-
fusion completely to one side of the chest at an early stage when the
chest radiograph may be relatively normal.
Major indications for VQ imaging are:

I. Suspected pulmonary embolism.

2. Assessment of regional lung function in patients with focal
lung disease who may he candidates for surgery, for example lung
tumours, buttons emphysema. bronchiectasis, congenital heart
disease.

Perfusion scintigraphy

This method demonstrates the distribution of lung perfusion using a
technetium-lahelled albumin tracer in the form of small particles.
The particles are of such a size (about 15-70 pm) that they will be
trapped in the precapillary arterioles of' the lung in their first
passage after intravenous injection. To ensure uniform mixing, the
adult dose includes 40 000-200 000 particles which have about the
same density asred cells. After trapping in the lung, the particles
are removed by the reticuloendothelial system over several hours.

The healthy adult lung contains about 3 x 10" arterioles so the
injected particles occlude less than 0.1°% of the vascular bed.
However, in patients with advanced destructive disease of the lung,
typically manifest as severe pulmonary hypertension, thereisa
potential risk of' worsening heart failure, so the injection must be
giyen with caution. Similarly, in patients with aright to left cardiac
shunt there is a potential risk of systemic embolisation. In either of
these circumstances, the number of' particles should be reduced
towards the lower end of the diagnostic range.

Ventilation scintigraphy

The aim is to demonstrate the distribution of lung ventilation
using an inhaled tracer. Numerous methods have been described,
of which three are still in routine use. krypton-8 1 m (""'Kr) isa
radioactive gas with gamma emissions suitable for gamma camera
imaging and a half-life of about 14 seconds, which can be contin-
uously generated from a source of rubidium-8l. Because of the
short half-life, re-breathing apparatus is not required and the radi-
ation dose is extremely small. Distribution of ""'Kr in the lung is
proportional to the regional ventilation, because the short half-life
does not allow time for equilibration, and only a small proportion
of theinhaled tracer is expired.81m*r isalso insolublein blood so
there is no vascular contamination of the ventilation images.
Because its gamma emission energy is distinct from that of tech-
netium-99m (99mTic), perfusion and ventilation can be measured
sequentialy, or simultaneously if adual energy acquisition
systemisused. Rubidium-81 itself has a half-life of
4.7 hours, and this limits the availability of the "'Kr technique.
Tc-labelled ventilation agents include aerosols (e.g.
~%mTcDTPA in solution) and “smoke'-"99™T¢_|abelled carbon par-
ticles produced by combustion of a carbon crucible containing
pertechnetate solution. With both methods, the labelled particles
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produced need to be small enough to reach the terminal bron-
chioles, and a rebreathing apparatus or expiratory filter is needed.
In patients with severe airways disease there is atendency for par-
ticles to be deposited in the more proximal bronchi. Because "
isthelabel also used for perfusion imaging, ventilation imaging
should he performed first so that at least some of the activity will
clear from the lungs by the time perfusion imaging is done.

Some centres still employ the older technique using xenon-133
(*33Xe). Becauseits half-lifeis 5.3 days, rebreathing of xenon for a
few minutes resultsin a stable distribution of gas throughout the lung,
so that the regional count rate is proportional to lung volume rather
than to ventilation. An indication of ventilation can be obtained by
obtaining awash-out phase in which the inflow of xenon is replaced
by room air, whilst the exhaled gas is collected in the rebreathing
system. The rate of replacement of xenon in each area of the lung is
then proportional to the local ventilation. Single-breath inhalation of
133xe may also be used as an indicator of regional ventilation, but the
count rate obtained with this approach is much smaller than that avail-
able with the 81mKr or 99m'® techniques. The main advantage of 133
isitslonger half-life which allows ready availability for urgent usage.
One major disadvantage is that because most of the ventilation datais
obtained during the wash-out phase, it is technically cumbersome.
ti me consuming and costly to obtain multiple projections, so basic
technique includes only a single view.

Perfusion imaging and ventilation using """ Kr or99m Tc requires
anterior, posterior and posterior oblique images, which are pre-
ferred to lateral views in order to avoid small defectsin one lung
being obscured by counts shining through from the opposite lung.

Interpretation

Normal lung shows convex chest wall margins, flat or concave
margins at the diaphragmatic surface, and a cardiac impression of
varying size (Fig. 1.87A). Ventilation images will also show the
trachea and main bronchi (Fig. 1.87B). Interpretation requires the
availability of a concurrent chest radiograph, not only to con-
firm suspicions of anatomical abnormalities (e.g. cardiomegaly,
kyphoscoliosis, elevated hemidiaphragm, etc.). but also to
i mprove the specificity of diagnosis. Almost all lung pathologies
cause reduction in perfusion whilst ventilation is affected by
obstructive airways disease and also by any condition in which
alveolar air is replaced by fluid or tumour. Characteristically,
pulmonary embolism results in severe reduction or total |oss of
perfusion to the areas of lung supplied by the affected arteries,
whilst ventilation remains unchanged or shows only a minor
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Fig. 1.87 Normal lung perfusion (A) and ventilation (B) images.
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Fig. 1.88 Pulmonary embolism. Perfusion images (A) show multiple
segmental perfusion defects while ventilation images (B) are normal.

reduction (Fig. 1.88). Destruction of lung tissue (e.g. emphysema)
results in patchy loss of both perfusion and ventilation, but the
abnormalities are usually well matched. In infective consolida-
tion, ventilation is usually severely affected whereas perfusion is
reduced to a lesser degree (reverse mismatch). In the normal lung,
perfusion is gravity dependent, with the lower |obes receiving
about three-quarters of the cardiac output. With left heart failure,
this gradient islost or reversed owing to vasoconstriction in basal
pulmonary arterioles.

Scintigraphy in the diagnosis of pulmonary
embolism

Pulmonary embolism is common, but difficult to diagnose accu-
rately. In some cases, pulmonary embolism (PE) produces no
clinical signs or symptoms. and in most other cases the clinical
features are non-specific, i.e. the same signs and symptoms may
be produced by other conditions. Although the chest radiographic
appearances may be suggestive, they cannot be relied on either to
diagnose or exclude embolism. Characteristic ECG changes occur
only when there is obstruction of a substantial proportion of the
pulmonary circulation, i.e. enough to cause right ventricular
strain. Scintigraphy shows only the distribution of perfusion and
ventilation not the responsible pathology. However, in large
numbers of cases, pulmonary arteriography has been compared
with lung scintigraphy in patients both with and without PE, so the
predictive value of the scintigraphic findings has been validated.
The usual approach isto use a system of high medium and low
probabilities using criteria for diagnosis, which are based on these
comparative studies of VQ scintigraphy and arteriography. Al-
though the probability system appears not to give a clear-cut diag-
nostic result, its objective is to reduce the degree of uncertainty
about each individual patient. The scan result can then be com-
pounded with clinical datato give alikelihood of PE. Box 1.19
illustrates such a probability system. A number of additional points
need to be noted when interpreting lung scintigraphy:

1. Image artefacts may result from clumping of inhaled parti-
cles in sonic patients with severe airways disease, or in cases
where errors occurred in the preparation or administration of the
particles, for example by allowing blood to mix in the syringe at
the time of injection (Fig. 1.89).

2. The rate of recovery of the lung circulation following PE is
approximately exponential-most of the improvement takes place
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Box 1.19 A scbeme for the interpretation of VQ
scintigraphy

1. Normal-no perfusion defects; perfusion outlines the shape of the
lung as shown on chest X-ray (CXR). Normal lung perfusion excludes
pulmonary embolism, i.e. arteriograms never show emboli of
segmental or larger size in patients with good quality normal perfusion
scintigraphy, unless there has been a new inicident

2. High probability-2 or more large (>75% of a segment) mismatched
perfusion defects with no corresponding CXR abnormalities
or 1 large and >2 moderate sized (25-75% of a segment) mismatched

perfusion defects with no corresponding CXR abnormalities
or 4 or more moderate-sized mismatches with no corresponding CXR

NB: the CXR doesn't have to be normal

3. Low probability-multiple matched VQ defects, regardless of size, with
norma CXR
or triple matched (i.e. matched VQ defect plus CXR lesion in same
area) in upper or mid zone
or perfusion defects surrounded by normally perfused lung (stripe
sign)
or matched VQ defect with large effusion
or any perfusion defect with a substantially larger CXR abnormality
or non-segmental defects-e.g. cardiomegaly, aortic impression,
enlarged hila
4. Intermediate probability-a mixture of matched and unmatched
defects
or single moderate-sized mismatch with normal CXR
or triple match in lower zone
or matched VQ defect with small effusion
or 1 moderate to <2 large mismatches with no corresponding CXR
abnormalities
or doesn't fit into normal, low or high probability categories

Fig. 1.89 Artefacts on perfusion images produced by clumping of
albumin particlesin the syringe at the time of injection.

within days or even hours of the emholic event so it is helpful
to obtain investigations as soon as possible after the onset of
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symptoms or of clinical suspicion.
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3. Errorswill ariseif diagnosis is made from the scintigraphy
without reference to a concurrent chest radiograph. Careful
review of hoth together will minimise the proportion of
indeterminate results.

4. Theleft and right posterior oblique views display each lung
with the segments approximately orientated as radiating
wedge-shaped areas with the hilum at the centre. Segmental per-
fusion defects may appear as wedge shaped, but may also present
aslocal concavities in the outer contour of the lung, particularly
with emboli which partly occlude a segmental artery.

5. Matched defects of ventilation and perfusion occur in areas
of parenchymal lung disease and may also result from airways'
obstruction (Fig. 1.90). Because the resolution of the ventilation
i mage is less good than that of the perfusion image, ventilation
defects may appear smaller and less well defined that the
corresponding perfusion defect. Very small subsegmental lesions
causing peripheral perfusion defects may not be visible at all on
the ventilation image.

6. Pulmonary emboli usually produce segmental or |obar
defects in the acute phase, but if the patient survives the initial
episode the emboli usually break up and become more peripheral in
distribution. At this stage the segmental origin of the perfusion
defects hecomes much less obvious and the defects themselves
are smaller. Loss of perfusion to an entire lung can result from
carcinoma at the hilum of the lung, congenital hypoplasia of the
lung, hypoplasia or aplasia of the pulmonary artery, ventricular
septal defect and some other congenital heart anomalies.
Unilateral PE is recognised but not common-the majority of
patients with PE have multiple lesions.

7. Reversed mismatches (loss of ventilation with perfusion
preserved or less severely reduced) are typical of infective
consolidation or atelectasis (Fig. 1.9 1).

S, Visiblerenal uptake indicates aright to left shunt or faulty
radiopharmaceutical preparation (Fig. 1.92). Thyroid activity
usually indicates the presence of unbound pcrtechnetate in the
injected dose.

In assessing the likelihood of PE, the scintigraphic result must
be considered together with the level of clinical suspicion
before the test, based on history, examination and in particular
the presence of established risk factors (immobility, recent
surgery, concurrent or previous deep vein thrombosis (DVT),
and previous PE). A suggested diagnostic strategy might then
he asfollows:

POST
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Fig. 1.90 Obstructive airways disease. Both perfusion (A) and ventilation
(B) images show multiple peripheral defects which are matched.
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Fig. 1.91 Infective consolidation. Perfusion (A) is reduced at the left base,

but ventilation (B) is totally lost (arrows), producing a ‘reverse mismatch’,
PERFUS ION

Fig. 1.92 Systemic shunting. In the presence of a right to left shunt,

some of the tracer escapes into the systemic circulation; uptake in right

kidney is arrowed.

* Lung VQ first-if normal, seek other explanations for the
symptoms.

* If V/Q high probability, with strong clinical suspicion-treat for
PE.

* If V/Q low probability with low clinical suspicion-seek other
pathologies.

* If V/Q low probability with high clinical suspicion or high
probability with low clinical suspicion, or indeterminate V/Q
result further tests will be required, either aDVT study
(usually sonovenography of the legs) or pulmonary CT
angiography.

OTHER RADIONUCLIDE TECHNIQUES FOR
THE LUNG

Regional lung function in emphysema

When surgery is being considered for diffuse lung disease, assess-
ment of regional lung function becomes critical. Perfusion imag-
ing with single photon emission tomography (SPECT) allows a
three-dimensional demonstration of regional lung function which
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Fig. 1.93 Bullous emphysema. SPECT images showing multiple areas
of reduced perfusion particularly affecting lung apices, as sbown on coronal
(A) and axial (B) dices, and truncated apices shown on
3D volume-rendered image (C). (Courtesy of Dr R. Robertson).

can he correlated with CT appearances to optimise the planning
of volume reduction surgery, which may be helpful in cases of
severe bullous emphysema (Fig. 1.93).

Lung tumours

In addition to the use of PET for detecting mediastinal lymph
node metastases in lung cancer (see below), metabolically active
metastases are also shown using specifically targeted radio-
nuclides. Whole-body imaging with iodine-123 is used to find
metastases from functioning thyroid tumours after removal of
the primary from the neck. M etastases from malignant adrenal

tumours (phaeochromocytoma and neuroblastoma) can be detected
in the chest and el sewhere using whole-body imaging with
metaiodobenzylguanidine (mIBG), whilst somatostatin receptor
scintigraphy (SRS) using indium-1 | |-labelled octreotide is used
to stage carcinoids, pancreatic islet cell tumours, and other meta-
bolically active malignancies of gastrointestinal origin (Fig. 1.94).

A new somatostatin analogue, 99mTc-labelled depreotide, has
recently become available for the differential diagnosis of benign
(low uptake) from malignant (high uptake) lesions in the lung.

Multicentre clinical studies have indicated both high sensitivity
and high specificity in the characterisation of solitary lung
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Fig. 1.94 Unsuspected lung metastases shown by somatostatin receptor
scintigraphy. (A) Primary pancreatic islet cell tumour (large arrow) with
small lung lesions (small white arrows). (B) An occult lung metastasisin a
patient with abdominal carcinoid.

nodules. Further studies should clarify whether depreotide has a
broader role in the management of lung cancer.

Gallium imaging

Gallium isatrivalent heavy metal which is bound to lactoferrin
and transferrin in the blood and which has an affinity for chronic
i nflammatory tissue and some tumours (Fig. 1.95). Gallium has
little or no role in detecting intrathoracic disease but may he used
like PET to discriminate between areas of metabolically active
disease, and areas of inactive fibrosis. The change in uptake of
Gallium can also be used as an indicator of response to treatment.
but clearly in such applicationsit is necessary to obtain a pretreat-
ment study to act as a baseline against which future imaging can
be compared.

This technique may be used in patients with chronic lung disease
associated with cystic fibrosis, sarcoidosis, and other fibrotic condi-
tions of the lung and mediastinum. Detection of residual disease in
treated lymphoma is also useful in cases where fibrous tissue
remains and anatomical imaging isinconclusive.

Fig. 1.95 CGallium imaging in lymphoma. Delayed images of chest and
abdomen show multiple foci of active disease in mediastinal, para-aortic

and right axillary nodes.
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Function of the 'mucociliary escalator’

This can be investigated by measuring the rate of removal of
|abelled solid particles which are inhaled as an aerosol but not
absorbed through the mucosal surface. This technique may be
useful in assessing the severity of the functional deficit in cystic
i brosis. bronchiectasis and chronic bronchitis, and can he used to
monitor the results of treatment of these conditions.

Permeability of lung capillaries

Lung capillary permeability can he assessed by measuring the rate
of clearance of inhaled 99mTc-DTPA in aerosol form. This method
may he used as an indicator of the severity of lung injury in adult
respiratory distress syndrome (ARDS) and in other disorders
involying oedema or inflammatory reaction at capillary level in
the lung.

These fast two techniques are mainly applied in patho-
physiological research and in the assessment of new types of
treatment, so they do not have amajor role in diagnosis.

POSITRON EMISSION TOMOGRAPHY

The physical principles and general applications of positron emis-

sion tomography (PET) are described in Chapter 58. 'The current
applications of PET in lung disease arise from the ability of this
technique to demonstrate the level of metabolic activity in abnor-

mal tissues. Intravenously administered deoxyglucose labelled
with fluorine-18 (FDG) accumulates in metabolically active cells
& MG-6-phosphate, but does not enter the citric acid cycle, so
the distribution remains relatively stable for long enough to
acquire whole-body images. FDG uptake correlates with the level
of glycolylic activity in the cell, and thisisitself an indicator of
the rate of cell growth and the degree of malignancy of tumours.
Although there is no absolute cut-off point, the majority of malig-

nant tumours show adistinctly greater uptake of FDG than benign
or inactiye lesions.

Lung cancer

PET is now the most accurate imaging technique for the staging
of primary lung tumours. All metastases start out as small
deposits, and the major difficulty in staging primary lung cancer
by CT or MRI arises from the inability of anatomical techniques
{o detect the presence of metastasis in nodes of normal size. In
addition, patients with lung cancer frequently have uninvolved
nodes which are enlarged through reactive change. The hyper-

Fig. 1.96 Resectabte carcinomaof thelung. FDG-PET (A) and CT
(B) images show primary tumour but no mediastinal lesions; correct staging
was confirmed at surgery and histology. (Courtesy of the Clinical PET
Centre, Guy's and St Thomas's Hospitals, London.)
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Fig. 1.97 Unresectable carcinoma of the lung. FDG-PET images show
large primary tumour but also multiple metastases it

nical PET Centre, Guy”

bone and right adrenal, (Courtesy of the (
St Thomas's Hospitals, London.)

Fig. 1.98 Recurrent tumour after lung resection. FDG-PET images show
active depositsin right lung, mediastinum, liver and bone. (Courtesy of the
Clinical PET Centre, Guy's and St Thomas's Hospitals, London.)

active metabolism of malignant depositsis shown by PET irres-
pective of the size of the involved nodes, allowing a significant
i mprovement in the accuracy of preoperative staging compared
with CT alone (Figs1.96, 1.97). Areas of residual scarring often
develop after radiotherapy or chemotherapy and mediastinal
anatomy may be difficult to interpret after surgery. The detection
of residual or recurrent disease in these circumstancesis par-
ticularly difficult, and again, the intensity of FDG uptake as
shown by PET will often distinguish recurrent malignancy from
fibrosis (Fig. 1.98).

Solitary lung nodules

Although some solitary lung nodules have CT features pointing
strongly towards a specific pathology, many remain indetermi-
nate. PET is used to identify those which are distinctly benign

Next Page
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C

Fig. 1.99 Benign solitary lung nodule. The lesion shown on CT (A) and
on the PET transmission image (B) is inactive on the FDG-PET image
(C). (Reproduced with permission from Maisey et al.)

(low uptake of FM Fig. 1.99) and those which have a high
probability of being malignant (high uptake of FDG). Using PET
i n thisway, the number of thoracotomies for benign disease is
reduced. and biopsy can he avoided in a substantial proportion of
cases.

LUNG BIOPSY

The following techniques are employed:

|, Open biopsy is obtained at surgery and entails the risks of a
thoracotomy and general anaesthetic, although an adequate speci-
men is obtained. With the increased use of percutancous and
endoscopic techniques, open biopsy is undertaken less often.

2.During flerible  bronchoscope biopsy can be made of central
lesions. Brushings, washings and bacterial samples may he
obtained. The success rate is high and the complication rate low.

3. Catheter biopsy is made with a French 7 or 8 catheter
i nserted via the cricothyroid membrane and screened into the rele-
vant bronchus. Central masses can be biopsied.

4. Percutaneous biopsy has become a routine procedure
in many centres. It may be performed with afine needle
(22-23 gauge) for aspiration or with a cutting needle using

fiuoroscopy, CT and, when appropriate, ultrasound.

The procedure is contraindicated in patients on anticoagul ants or
with ableeding diathesis, or if the mass is thought to be vascular. It
isinadvisable in patients with multiple buttes, in those with pul-
monary hypertension, and in patients who have had a pneumo-
nectomy. Patient cooperation is essential and uncontrolled coughing
a contraindication. Biopsy of a suspected hydatid cyst isinadvis-
able because of the theoretical risk of anaphylaxis.

Using aspiration fine needle cytology the diagnostic yield is high
for non-lymphomatous malignancy, in the region of 95% for a
lesion exceeding 5 min, but lower for benign lesions, around 75%.
Fine needle aspiration (FNA) has the disadvantage that the tumour
cell type cannot he determined and it isimportant to he able to dis-
tinguish between small cell and non-small cell tumours as the treat-
ment isdifferent. FNA has ayield of 70°/n in the diagnosis of
pulmonary infective processes. |n addition thereis alow com-
plication rate. In some centres FNA isthe preferred initial tech-
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nique for a suspected malignancy reverting to core biopsy if the
result is non-diagnostic.

Large-bore cutting needles (I 8-20 gauze) are used for pleural -
based and intrapulmonary masses. Up to six passes are macde. The
specificity isreported as 100°/n and the sensitivity 90%. Thereisa
higher associated incidence of pncumothorax.

The site of the lesion must he determined. Biopsy is performed
using biplanar screening or CT. Ultrasound can he used for pleural
and chest wall lesions as well as peripheral lung masses. The short-
est route is determined for passage of the needle avoiding vascular
structures. the lissures and hullos. The puncture site is marked and
anaesthetised before inserting the needle on suspended respiration.
| deally the biopsy is taken from the periphery of a massto avoid
central necrotic tissue and to increase the likelihood of a positive
biopsy. Some resistance is often experienced on entering the mass.
Once its position is confirmed the biopsy is taken. With afine needle
suction is applied with a syringe and several passes are made with the
needle. Ideally a cytologist should be at hand to prepare the slides.

Following the biopsy, a CT image or a chest film are taken to
exclude a pneumothorax (Fig. 1.100). This has a reported incidence of
sonic 20%, although only one-fifth of these will require tube drainage.
| nitially the pneumothorax can he aspirated and drainage is only nec-
essary if the pneumothorax recurs. The incidence is higher with
smaller lesions and those further away from the chest wall. The
patient should lie biopsy side down for 4 hours to reduce the risk
of a pncumothorax, with afilm taken after thistine prior to dis-
charge.

B

Fig. 1.100
(B) Small right pneumaothorax.

(A) CT percutaneous biopsy right lung mass (carcinoma).
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reported include:

|. pneumothorax

2. haemoptysis incidence 10%, usually transient
3. intraparenchymal bleeding (5%;)

4. haemothorax

5. empyema

6. subcutaneous emphysema, pneumomediastinum
7. seeding of malignant cells along the needle track
8. air emholism (very rare)

9. death (reported rate of 1 : 5-10 000).

BRONCHOGRAPHY

Until recently bronchography was the definitive investigation for
the diagnosis ofbronchicctasis (Fig. 1.101) and for assessing the
extent of the disease. High-resolution CT is now widely preferred
(Fig. 1.102). Occasionally bronchography is used to investigate
recurrent haemoptysis when all other investigations are negative
and to demonstrate bronchopleural fistulas and congenital lesions
such as sequestration and agencsis. Rarely it is used to elucidate
the nature of alesion by assessing bronchial distortion and dis-
placement

Severe or partial impairment of pulmonary function, massive
haemoptysis, recent pneumonia, active tuberculosis and a history of
allergy are recognised contraindications. A limited examination is
performed if pulmonary function is reduced.

Fig. 1.101
of the bronchi outlined with contrast medium are dilated.

Bronchogram. Patient with cystic bronchiectasis. The majority
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Fig. 1.102 High-resolution CT. Left lower lobe bronchiectasis.

The technique is well described elsewhere. Approaches include
cricothyroid puncture, nasal or transoral drip, and tracheal intuba
Lion under local or general anaesthesia. Bronchography by contrast
inhalation is not widely performed. Physiotherapy before and after
the procedure, and atropine to reduce the secretions arc essential.
Films taken include AP, lateral, obliques and, if necessary, t01110-
grams. Delayed films demonstrate distal filling. Cinebronchography
has its exponents.

All the bronchi should be surveyed for evidence of narrowing,
occlusion, intraluminal filling defects and dilated mucosal glands,
as seen with bronchitis and bronchiectasis.

ULTRASOUND

The acoustic mismatch between the chest wall and the adjacent
aerated lung results in almost total reflection of the ultrasonic beam.
Therefore ultrasound is useful only for assessing superficial pul-
monary, pleural-based and chest wall lesions. It is helpful in the
diagnosis and localisation of pleural effusions and collections and
their drainage pcrcutancously, for subphrenic collections, in differ-
entiating fluid from a mass lesion, and for studying diaphragm

movement. Biopsy of the pleura and chest wall lesions may be per-

formed with ultrasound guidance using a cutting needle or fine
needle.

A 3.5 or 5.0 mHz transducer is preferred. Scanning can be per-
formed with the patient sitting upright or supine. On supine scan-
ning the right diaphragm and surrounding areas are clearly seen
through the liver (Fig. 1.103). However, on the left side visual-
isation is hampered by intervening bowel. Filling the stomach with
water to use as an acoustic window and scanning obliquely
improves visualisation.

Pleural fluid appears as an echofree area outlining the pleural
space (Fig. 1.104). Internal echoes may he due to blood or pus,
with septa indicating loculation and a thick wall suggesting an
cmpycma, within which gas may he occasionally identified.

Pleural-based masses are usually of low echogenicity and pleural
thickening is easily identified. If consolidation is visualised fluid-
filled or air-filled bronchi may be seen within it.

Percutaneous drainage of fluid collections
Persistent large parapneumonic and malignant effusions and
empyema can be drained percutaneously with ultrasound or CT
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fissures, or to kinking of the catheter. Frequent flushing of the
catheter with normal saline may prevent occlusion.

| f the collection is multiloculated or scptated, multiple drainage
catheters may he necessary and intrapleural fibrinolytics such as
streptokinase increase drainage success by reducing intrapleural
adhesions. With malignant pleural effusions , over 9(P// will re-
accumulate within | month or sooner. The recurrencerateis
reduced to below 50°/r by the use of intrapleural agents such as
tetracycline, talc and bleomycin to produce a chemical plcurodesis.

PULMONARY ANGIOGRAPHY

The main indications tie:

|. diagnosis of pulmonary cmbolism

2. evaluation of pulmonary hypertension

3. diagnosis of vascular lesions, e.g. pulmonary hypoplasia,
arteriovenous malformations, pulmonary artery aneurysms

4. emholisation of pulmonary arteriovenous malformations.

I'n the majority of cases embolism is excluded by a normal
radionuclide perfusion scan. However for a definitive diagnosis,
particularly if surgery is anticipated, angiography or contrast-
enhanced spiral CT i s performed. In cases of' pulmonary hyperten-
sion lower (loses of contrast are used because of the increased risk
Fig. 1.103  Ultrasound scan ol subphrenic abscess. There is a transonic of'cardiogcnicshock.
area .[a:rr\'mtr'\] ])(—'i[\f\.'é‘t".‘l the liver f.L} and diaphragm (open arrow), Strands The right heart may be approached from the bust lie vein after
Fresing Iz stha InMcate Tonuiution, cutdown or viathe femoral vein, provided femoral_iliac and IVC
thrombus has keen excluded by ascending phfebography’ or Doppler
ultrasound examination in order to prevent dislodging alarge clot.

All procedures require ECG monitoring and pressure studies
i ncluding right heart and pulmonary wedge pressures. A fairly rapid
i njection of alarge holes of contrast (50-60 ml at 20-25 ml/s) is
necessary with arapid film sequence (Fig. f.105).

|

Fig. 1.104 Ultrasound scan of a pleural effusion. A patient in renal failure
with acute glomerulonephritis. There is a moderate sized effusion (apen
arrow) seen as a lransonic area Iin the posterior sulcus above the
diaphragm. Note the highly echogenic kidney (small arrows)

Fig. 1.105 Pulmonary angiogram. A S55-year-old man 4 days after a
thoracetomy developed a DVT and pulmonary embolism. There are large
thrombi (arrows) in the main arteries and peripheral periusion is poor.
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Improved arterial visualisation is achieved with selective right
and left artery injections, particularly if the peripheral vessels are of
interest, but the main pulmonary artery only isinjected if searching
for a saddle embolus.

Magnification views help in the diagnosis of small peripheral
emboli, as do occlusive balloons. DSA allows the use of smaller
contrast volumes but disadvantages are the relatively poor resolu-
tion and artefacts due to chest motion affecting the quality of
subtraction.

Embolisation of pulmonary arteriovenous malformations is now
considered the first-line treatment for these patients who are at risk
front paradoxical embolism and chronic hypoxaemia. Most of these
patients have hereditary haemorrhagic telangiectasia. Without

treatment there is a reported mortality rate of 40% due to
catastrophic  haemorrhage and cerebral incidents including
cerebral abscess. Embolisation is performed with metal coils or
balloons.

BRONCHIAL ARTERIOGRAPHY

Angiography followed by embolisation of bronchial and intercostal
branchesis arecognised treatment for life-threatening or recurrent
severe haemoptysis, usually due to bronchiectasis or a mycetoma,
when surgery is contraindicated. Its value is limited in the investi-
gation of pulmonary abnormalities, malignant and benign lesions
open having similar vascular patterns.

The anatomy of thebronchial arteriesisvery variable, the spinal
branches often arising from the intercostal arteries or intercostal-
bronchial trunks, in which case embolisation should not be per-
formed because of 'he risk of spinal cord infarction.

ak
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Success rates of up to 90% have been reported for control of
bleeding in the short term, but rebleeding occurs within 6 months
in around one quarter of patients, and in up to 50 in the long
term.

The bones
The clavicles

Old healed fractures are frequent findings. Erosion of the outer ends
of the claviclesis associated with rheumatoid arthritis and hyper-
parathyroidism. Hypoplastic clavicles may be seen with the
Holt-Oram syndrome and cleidocranial dysostosis.

Ster num

Developmental abnormalities such as perforation, fissures and
agenesis are rare. Several sternal abnormalities are associated
with congenital heart disease: examples include sternal agenesis,
premature obliteration of the ossification centres and pigeon
chest which are found with ventricular septal defects, and
depressed sternum, associated with atrial septal defects and
Marfan's syndrome. Delayed epiphyseal fusion is afeature of
cretinism, and double ossification centres in the manubrium com-
monly occur in Down's syndrome.

A depressed sternum (pectus excavatum) results in the anterior
ribs being more vertical and the posterior ribs more horizontal
than normal (Fig. 1.106). The heart is displaced to the left and
posteriorly and appears enlarged with a straight left border
and indistinct right border, with prominent lung markings and

B
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Fig. 1.106 Pectus excavatum (depressed sternum). (A) Prominent shadowing adjacent to the right heart border. The heart is displaced to the left and

has a straight left border. (B) Note the posteriorly displaced sternum (arrows).
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ill-defined shadowing in the right cardiophrenic angle. Thisshould = T
not be confused with middle lobe consolidation. The lower thoracic
spineis clearly seen through the heart. -
Erosion of the sternum may occur with adjacent anterior mcdi-
astinal lymphadenopathy or tumours, aortic aneurysms and infec-
tive processes.
primary tumoars arerare and usually cartilaginous. The sternum
may he the site of metastases, |lymphoma and mycloma.
Sternal,frctures are often due to a steering wheel injury, with
i njury of the thoracic spine being commonly associated.

The ribs

Rip "etenng may affect the superior or inferior surface of therib
and be unilateral or bilateral .

Superior notching (Fig. 1.107) may be anormal finding in the
elderly but has been reported in patients with rheumatoid arthritis,
SLE,hyperparathyroidism, Marfan's syndrome, neurofibronwtosis
and in paraplegics and polio victims.

Inferior notching (Fig. 1.108) develops as aresult of hypertrophy
of the intercostal vessels or with neurogenic tumours (Box |.20).
Obstruction of the aortaresultsin reversed blood flow through the
intercostal and internal mammary arteries. With coarctation the first

Fig. 1.108 Inferior rib notching. An elderly man who presented with
hypertension. Coarclation of the aorta with rib nolching most prominent in
the fourth to eighth ribs.

Box 1.20 Causesof inferior rib notching

Unitterel a
Blalock-Taussig operation
Subclavian artery occlusion
Aortic coarctation involving left subclavian artery or anomalous right
subclavian artery
Bitaterat #
Aorta-coarcation, occlusion, aortitis
Subclavian-Takayasu's disease, atheroma
Pulmonary oligaemia-Fallot's tetralogy; pulmonary atresia, stenosis;
truncus type IV
Venous-SVC, IVC obstruction
Shunts-intercostal-pulmonary fistula; pulmonary-intercostal
arteriovenous fistula
Others-hyperparathyroidism; neurogenic; idiopathic

and second intercostal arteries and ribs are not affected because
they arise proximally from the costoccrvical trunk. The lower ribs
arc not affected unless the lower abdominal aortais also involved.
A preductal coarctation does not produce rib notching.

Congenital rib anomalies such as hypoplasia, bridging and
bifid ribs are common. Hypoplastic first ribs, arising from Tl, are
distinguished from cervical ribs (Fig. 1.109) which arise from C7
by the transverse processes of C | pointing caudally whereas the
transverse processes of D | are cranially inclined. Cervical ribs have
anincidence of 1-2%  and areusually bilateral but frequently
asymmetrical.

Fig. 1.107 Superior rib notching in a patient with a long history of With down,ssyodrome there are often only | | pairs of ribs.
paralysis following poliomyelitis. An intrathoracic rib is uncommon. It appears as aribbon-like

shadow near to the spine attached by one or both ends.
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Fig. 1.109 Cervical ribs. Note the downward direction of the transverse
process of C7 (arrow).

In Tietz €'s Syndrome the anterior ends of the ribs are usually normal
but are occasionally enlarged or have a spotty appearance.

At.surgery arib may he removed (Fig. I.I 10) or partially ampu-
tated. Periosteal stripping resultsin irregularity.

Soft-tissue masses such as a lipoma or neurofibroma may displace
adjacent ribs and create a defect from pressure erosion.

Crowding of the ribs occurs with a scoliosis and major pulmonary
collapse, particularly in children. It is an early sign of a mesothelioma .
Hyperinflation results in the ribs having a horizontal lie.

Fractures are often difficult to spot on the high kV  film. There
may he an accompanying extrapleural haematoma, a pneumothorax or
surgical emphysema. Callus may simulate alung mass. The sixth to
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ninth ribs in the axillary line are the common sites for cough frac-
tures. Stress fractures usually affect the first ribs. Pathological frac-
tures may be due to afocal rib lesion or to a generalised reduction in
hone mass as occurs with senile osteoporosis, myeloma, Cushing's
disease and other endocrine disorders, steroid therapy and diffuse
metastases. Cushing's disease is associated with abundant callus for-
mation.

The Looser's zones, or pseudofraetures, of osteomalacia represent
areas of uncalci lied ostcoid and the resulting rib deformity creates a
bell-shaped thorax.

Rib sclerosis occurs with Generalised disorders such as osteo-
petrosis, myelofibrosis, fluorosis and metastases, or with localised
lesions such as Paget's disease (Fig. 1.111), in which bony enlarge-
ment is characteristic. Posiirradiation necrosis resultsin un-united
rib fractures, bony sclerosis or an abnormal trahecular pattern and
soft-tissue calcification, and is often associated with a mastectomy.

Localized rib esparrsion occurs with fibrous dysplasia, myeloma,
Gaucher's disease and benign tumours such as eosinophilic granu-
loma, haesmangioma, chondroma, the brown tumours of hyper-
parathyroidism and aneurysmal bone cyst. In Hurler's syndrome
there is generalised expansion of the ribs, sparing the proximal
ends, whereas in thal assaemia expansion is most marked proxi-
mally and the trahecular pattern abnormal. Widening of theribsis
seen with rickets (Fig. 1.1 12) and scurvy. Rib destruction dueto an
infection or tumour of the soft tissues, lung or pleurais usually
accompanied by an extrapleural mass. Characteristically actinomy-
cosis infection is associated with awavy periostitis of the ribs.
Many malignant processes including metastases, lymphoma and
myeloma commonly destroy the ribs.

Thoracic spine

A survey is made to check for abnormal curvature or aligmuent. bone
and disc destruction, sclerosis, parrvertebral soft-tissue masses and

Fig. 1.110  Right thoracoplasty for tuberculosis. Removal of the upper
fibs with collapse of the upper lobe,

Fig. 1.111

pattern and ol increased density.

Paget's disease. An enlarged sixth rib with a coarse trabecular

1))

SH A S
(M A g0
Gl s



Previous Page

CONTENTS

50

A TEXTBOOK OF RADIOLOGY AND IMAGING

Fig. 1.112 Rickets. Enlargement and cupping of the anterior ends of the
ribs (large arrow). Note the metaphyseal changes in the humeri (small
arrow).

congenital lesions such as butterfly vertebrae. Scoliosis and
Klippel-Feil syndrome are associated with an increased incidence
of congenital heart disease. With a severe scoliosis, when the
curve exceeds 60°, cardiorespiratory complications arc common in
adults.

With the straight back syndrome the normal kyphosisis reduced so
that the sternum and spine are virtually parallel, resulting in compres-
sion of the mediastinum. Characteristically on the PA film the heart
appears enlarged, is displaced to the left of midline and has a
prominent left atrial appendage and aorta. On auscultation thereis an
gection systolic murmur with accentuation on expiration.

Anterior erosion of the vertebral bodies sparing the disc spaces
may occur with aneurysms of the descending aorta, vascular tumours,
gross left atrial enlargement and neurofibromatosis, which may also
cause posterior scalloping of the vertebral bodies and enlarged
intervertebral foramina

Destruction of apedicleistypical of metastatic disease. A single
dense vertebra, the ivory vertebra, is the classical appearance of
|ymphoma but is also seen with other conditions such as Paget's
disease and metastases. Destruction of the disc with adjacent bony
involvement is characteristic of an infective process.

Disc calcification may be idiopathic or post-traumatic and occurs
i n ochronosis and ankylosing spondylitis.

Soft tissues
Artefacts

Hair plaits and fasteners, buttons, clothing and jewellery, etc., over-
lying the lungs may simulate alung lesion. Tracing the edges of a
lesion will show whether it extends beyond the lung margins, in
which case the lesion is non-pulmonary. The suprasternal fossa,
particularly in the elderly, may appear as alarge translucency over-

Next Page

|ying the supraclavicular spine and should not be mistaken for a
pharyngeal pouch.

Skin lesions

Skin lesions including naevi and lipomas may simulate lung tumours.
Multiple nodules occur with neurofibromatosis (Fig. 1.113).
Peduncul ated lesions have well-defined edges, being surrounded by
air, and lung markings should be visible through the lesion. It is
most helpful to examine the patient.

The breast

Mastectomy is one of the commonest causes of a translucent
hemithorax. With a simple mastectomy the axillary fold is normal.
but following a radical mastectomy the normal downward curve of

the axillary fold is replaced by a dense ascending line due to
absence of pectoralis mgjor (Fig. 1.1 14). In addition there may be a
congenital absence of pectoralis major and minor, sometimes
associated with syndactyly and rib abnormalities (Poland's
syndrom €).

Surgical emphysema

This often accompanies a pneumothorax (Fig. 1.1 15) and pneumo-
mediastinum. After surgery an increase in the amount of emphy-

Fig. 1.113 Neurofibromatosis. Multiple soft-tissue lesions, those

overlying the lung fields simulating intrapulmonary nodules.

SH A S
(M A g0
Gl s




Previous Page CONTENTS

THE NORMAL CHEST: METHODS OF INVESTIGATION AND DIFFERENTIAL DIAGNOSIS 51

Fig. 1.114  Left mastectomy. Note the abnormal left axillary fold passing
cranially (arrows). The left lung is hypertransradiant at its base. Note
radiation necrosis of the upper ribs and soft-tissue calcification.

S ]
ol

Fig. 1.115 Surgical emphysema following a small left pneumothaorax
{arrows} in a man with chronic obstructive airways’ disease.

sema on serial films suggests the development of a bronchopleural
fistula,
Miscellaneous

Caleified nodes and parasites such as cysticercosis may overlie the
lung fields. After lymphography contrast may be seen in the tho-

racic duct in the left upper zone where the duct drains into
the innominate vein and there may be transient miliary shadowing in
the lung fields due to oil emboli. Occasionally in patients who have
undergone myel ography with Myodil (Pantopaque) there is track-
ing of the residual Myodil along the intercostal nervesto give a
bizarre appearance. This contrast medium is no longer in use.

The diaphragm

The normal appearances of the diaphragm have already been
described.

Normal variants

Scalloping (Fig. 1.116) Short curves of diaphragm convex
upward arc seen and this occurs predominantly on the right side.

Muscle dlips (Fig. 1.116) These arc most commonly seen in tall, thin
patients and in those with emphysema. They appear as small curved
lines, concave upward, and are more common on the right side.

Diaphragm humps and dromedary diaphragm (Fig. 1.116)
These variants are probably mild forms of eventration with
incompl ete muscularisation of the hemidiaphragm but no muscle
defect. They arise anteriorly and are usually right-sided, contain-
ing liver. Thereis no diaphragm defect. On the PA film the hump
appears as a shadow in the right cardiophrenic angle and must

A. Scalloping

C. Diaphragmatic hump

Fig. 1.116 (A-C) Normal variants of the diaphragm.
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be distinguished from afat pad, lipoma, pericardial cyst and
Morgagni hernia. On the lateralfilm the hump overlies the cardiac
shadow and should not be confused with middle lobe con-
solidation. The dromedary diaphragm is a more severe form
of diaphragm hump appearing as a double contour on the PA
view.

Eventration (Fig_ 1_117) Thisis nearly always left sided, the
|

tically marked mediastinal displacement to the right, a feature
rarely seen with paralysis pifaghe diaphragm. The muscleis thin
and weak with movement reduced, paradoxical or absent
on fluoroscopy. There may be an associated gastric volvulus
with rotation along its long axis resulting in the greater
curve being uppermost. Eventration must be distinguished
from absence and rupture of the diaphragm as well as para-
lysis.

Accessory diaphragm This rare condition is asymptomatic and
usually right sided. The hemithorax is partitioned by the access

ory diaphragm running parallel to the oblique fissure and resem-
bling a thickened fissure. Its blood supply is often anomal ous.

Reported associations are other congenital lesions of the lungs
such as anomal ous venous drai nage and lobar hypoplasia.

Diaphragm movement

Respiratory excursion is easily assessed at fluoroscopy - Normally
the left side moves slightly more than the right with an excursion of
between 3 cm and 6 cm. Paradoxical movement occurs when the
pressure exerted by the abdomen exceeds that of the weak diaph-
ragm so that on inspiration or sniffing movement is upward. This
occurs with diaphragm paralysis, eventration and sUbdiaphragmatic
i nfection. However paradoxical movement is also seen in a small

number of normal subjects. Reduced excursion of the diaphragm

——
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frequently occurs with inflammatory processes either above or
below the diaphragm; examples are subphrcnic abscess and basal
pneumonia.

The elevated diaphragm (Box 1.2))

_quently no cause can be found to explain an elevated hemi-
:diaphragm. The clinical history isimportant. It is essential to
exclude an active lesion, particularly malignancy, by carefully
assessing the lung fields , hila and mediastinum. Eventration is
associated with marked cardiac displacement. Pleural thickening

Box 1.21 Causes oOf elevation of the diaphragm

Pulmonary
Pulmonary and lobar collapse
Pulmonary hypoplasia
Pneumonectomy

Bilateral

Reduced pulmonary compliance
e.g., fibrosing alveolitis,
lymphangitis, carcinomatosis

Technical Pulmonary embolism
Supine film, expiratory film Basal pneumonia
Postoperative pain Pleural

Subdiaphragmatic Thickening
Ascites, obesity Pleurisy
Abdominal mass, pregnancy Subpulmonary effusion
Bowel distension Bony

Unilateral Scoliosis

Paralysis Rib fractures
Surgery and trauma Subdiaphragmatic
| diopathic Gas-distended viscus
Radiotherapy Subphrenic abscess
Neoplastic Pancreatitis
Diabetes mellitis Abdominal mass
Infections, TB glands, herpes zoster Hepatomegaly

Congenital Splenomegaly

Eventration and humps

P

Fig. 1.117 Eventration. (A) Theleft cupolais elevated and the heart displaced to theright. (B) The lateral film shows the elevated left cupolawith a

distended stomach and a normal right cupola.

]

(S AS)
u:i\ JL&:\J\ At g4
Gl s



Previous Page

THE NORMAL CHEST: METHODS OF INVESTIGATION AND DIFFERENTIAL DIAGNOSIS

is often accompanied by tenting of the diaphragm, with loss of
definition and obliteration or blunting of the costophrenic angles and
thickened fissures. Subpulmonary fluid may be difficult to
distinguish from an elevated diaphragm. Typically it has a straighter
upper border and will change shape with patient position if it
isnot loculated. Loculated subpulmonary effusions are very difficult
to distinguish from a high diaphragm on plain films. Ultrasound is
the definitive diagnostic investigation.

Splinting of the diaphragm occurs with upper abdominal
inflammatory processes, basal pneumonia and embolism.

Determining whether diaphragm elevation is due to paralysis or
an abdominal in ass elevating the diaphragm may be difficult
on the plain film. The position of the liver edge should be noted.
I theliver edgeis ow then there s probably amass within orbetween the liver and diphragm, whereas anormally posi-

tioned or high liver edge favours paralysis as a cause. On
the left side the gastric bubble is assessed using the same prin-
ciples.

A depressed diaphragm is seen with pulmonary hyperinflation
and large pleura effusions.

Subphrenic abscess

These are often associated with recent surgery or sepsis. A
suhphrenic abscess is more common on the right than the left
dde. Ultrasound and CT are the investigations of choice with
percutaneous drainage if appropriate.

Plain film signs of a subphre nic abs( e ss i nclude:

|. I psilateral basal atelectasis and pleural effusion.

2. Elevated hemidiaphragm with paradoxical or decreased
moyement.

3. Abnormal gas shadow beneath the diaphragm due to
infection with gas-forming organisms (Fig. 1.118); hori-

fig. 1.118  Right subphrenic abscess following cholecystectomy. A large
gas shadow with an airfluid level is seen below the right hemidiaphragm

{arow). There are bilateral effusions with patchy shadowing at the right
base,
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zontal peam films improve visualisation of the abscess
cavity.
4. Depression of the liver edge or gastric fundus.

The thickness of the diaphragm

The normal diaphragm is 2-3 mm thick. On the left side where the
gastric bubble lies beneath the diaphragm, the stomach wall and
diaphragm form alinear density 5-8 mm thick. However on the
right side thickness cannot be assessed unless the inferior surface
is outlined by free int roperational gas. Thickening may be a
normal variant but occurs with tumours of the diaphragm, stomach
and pleura, subpulmonary fluid, diaphragm humps, and abdo-
minal lesions including subphrenic abscess, hepatomegaly and
splenomcgaly.

Tumours of the diaphragm

Tumours of the diaphragm are rare. Benign lesions include lipomas,
neurofibromas, fibromas and cysts. Sarcomas commonly present
with a pleural effusion. Diaphragm tumours may appear as smooth
or lobulated masses and need to be differentiated from lung and
liver masses, hernias and diaphragm humps. CT is the most helpful
i nvestigation.

Hernias of the diaphragm

The classic appearance of a hiatus hernia, with afluid level super-
i mposed on the cardiac shadow on the PA film, iswell known
(Fig. 1. 119). A Bochdale k hernia arises posterolaterally through the
pleuroperitoneal canal and is usually congenital, presenting at birth
as respiratory distress. Ninety per cent are left sided. The hernia
may contain omentum, fat, spleen, kidney and bowel, in which
case a gas shadow is seen within the mass. Theipsilater | lung
isinvariably hypoplastic with deviation of the mediastinum
away from the side of the hernia. In the neonate this condition
needs to be distinguished from cystic adenomatoid malformation of
the lung

Fig. 1.119 Hiatus hernia. An elderly symptomatic patient. A large fluid
level superimposed on the cardiac shadow: a typical appearance of
hernia.

a niatus
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The Morgagni hernia  is usually asymptomatic, presenting in
adults as an incidental finding on a chest film. It isright sided and
anterior, appearing as an homogeneous shadow in the cardiophrenic
angle. The hernia contains fat or occasionally bowel (Fig. 1.120).

Rupture of the diaphragm

This usually results from trauma but may he idiopathic or related to
previous surgery. Presentation is commonly acute but may he
delayed, in which case bowel strangulation may occur. Some 80%
of cases are left sided. Herniation of the stomach with gastric
obstruction is common and must be distinguished from a pneumo-
thorax and eventration. The gastric wall rarely abuts all the borders
of the thoracic cage but if there is a diagnostic problem passage of a
nasogastric tube or oral contrast should he helpful. Herniation of
colon, spleen and kidney is less common. Appearances on the
PA film may be normal if there is rupture without herniation, or

B
Fig. 1.120 Morgagni hernia. (A) Soft-tissue mass in the right cardiophrenic
angle with an associated gas shadow (arrowed). (B) Hernia containing loop of
bowel lying anteriorly in lateral view

Next Page

the diaphragm may be elevated with an abnormal outline. CT and
ultrasound may be helpful.
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THE MEDIASTINUM

Roger H. S. Gregson
with contributions from Richard W. Whitehouse, Andrew R. Wright and Jeremy P. R. Jenkins

Mediastinal disease is usually initially demonstrated on a chest
radiograph and appears as a mediastinal soft-tissue mass, widening
of the mediastinum or a pneumomediastinum. However the chest
radiograph may appear normal in the presence of mediastinal
disease, which is subsequently clearly demonstrated by CT or MRI.

The commonest mcdiastinal abnormalities seen on a chest radio-
graph in adults are undoubtedly lymph node enlargement, vascular
abnormalities and a hiatus hernia, but in infants and children the
commonest abnormality isthe normal thymus gland. Mediastinal
tumours, cysts and lymph node masses tend to predominate in sur-
gically treated patients with about 20%6 thymic tumours, 20%
neurogenic tumours, 20% benign foregut cysts, 15% lymphoma,
10%% germ cell tumours, 5% thyroid masses and 5% mesenchymal
and other tumours occurring in most series.

The typical sites of the common and rare mediastinal masses are
shown in Figure 2.1 and Table 2.1, and although it isinitially
helpful to localise a mediastinal mass into one of the anatomical
compartments of the mediastinum it is important to remember that
they can involve adjacent compartments.

The mediastinum is situated between the lungs in the centre of the
thorax. It extends from the thoracic inlet above to the central tendon
of the diaphragm below with the sternum anteriorly, the thoracic
spine posteriorly and the parietal pleuralaterally.

It is useful to divide up the mediastinum into three parts from a
radiological point of view, because the differential diagnosis of a
mediastind mass is dependent upon its anatomical location. The
anterior division lies in front of the anterior pericardium and

trachea, the middle division within the pericardial cavity but includ-
ing the trachea, and the posterior division lies behind the posterior
pericardiurn and trachea. Some structures such as the thoracic aorta Fig. 2.1 Typical sites of the common and rare mediastinal masses listed in
and the mediastinal lymph nodes are present in all three divisions. Table 2.1.

The anatomical structures that produce the outline of the medi-
astinum on a chest radiograph are discussed in Chapter |, but by
using a high kV technique (120-150 kV p) the various mediastinal

lines such as the anterior and posterior junctional lines, the right 57
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Table2.1 Theanatomical location of mediastinal masses

Position in

mediastinum

Anterior division

Middle division

Posterior division

Common lesions

1. Tortuousinnominate

artery
Lymph node
enlargement
Retrosternal goitre
Fat deposition

. Lymph node gerngl

enlargement
Aneurysm of
ascending aorta
Thymoma
Germ cell tumour

3 Iﬂ&%r@m&ic hump

Pleuropericardial cyst

. Lymph node

enlargement
Aneurysm of aortic
arch
Enlarged pulmonary
artery
Dilatation of superior
venacava
Bronchogenic cyst

. Neurogenic tumour

Pharyngo-oesophageal
pouch

Rare lesions

Aneurysm of
innominate artery

Parathyroid adenoma

Lymphangioma

mass
Lipoma
Haemangioma

Morgagni's hernia

Tracheal lesion
Cardiac tumour

. Hiatus hernia Neurenteric cyst
Aneurysm of Pancreatic
descending aorta pseudocyst
Oesophageal dilatation  Sequestrated lung
Dilatation of azygos segment
vein
. Neurogenic tumour Bochdalek's hernia
Paravertebral mass Extramedullary
haemopoiesis

paratracheal stripe, the azygo-oesophageal line, the descending tho-
racic aortic line and the right and left paraspinal lines are often
demonstrated. CT shows how the lines are formed by the X-ray
beam passing tangential to the pleural-covered surfaces of these
mediastinal structures adjacent to the lungs'

All the anatomical structures within the mediastinum are sur__
rounded by fatty connective tissue and are well demonstrated
by CT, including the phrenic nerves. The anatomy isillustrated
diagrammatically at various levels through the mediastinum in
Figure 2.2 and is discussed below.

RADIOIOGICAL INVESTIGATION

Patients with mediastinal disease may be completely asymptomatic
or present with symptoms and signs suggesting intrathoracic
pathology. Symptoms such as a cough, chest pain and weight loss
are quite non-specific, but dysphagia, stridor and superior vena
caval obstruction are helpful in localising the mediastinal disease
process to an anatomical site. Patients with myasthenia gravis may

Next Page

have an occult thymoma aditisimportant to assess the anteriormediastinum with CT in these cases.

A mediastinal abnormality is detected by observing a change
the normal mediastinal radiographic anatomy on a chest radio-rap
The mediastinal mass usually has a sharp well-defined outline. lilt
displace or compress mediastinal structures and produces an obtuse
angle with the adjacent lung.

A variety of imaging modalities are available for investigating
the mediastinum, but CT and MRI are undoubtedly the most verse
tile radiological investigations for evaluating an abnormality
demonstrated on the high kV chest radiograph. The indications fu
then use include:

I. theinvestigation of an obvious mediastinal mass

2. the investigation of the wide mediastinum

3. the investigation of the abnormal hilum

4. the staging of malignant disease

5. the investigation Of a suspected vascular abnormality
6. the detection of occult mediastinal disease.

The chest radiograph may be the only radiological investigation
required to confirm the cause of a mediastinal abnormality such as
hiatus hernia, but CT and MRI are used to demonstrate the size an
position of a mediastinal mass and to assess its relationship to the
surrounding structures as well as its attenuation value or signs
i ntensity. Even with CT a histological diagnosis cannot necessarily
be made as many of the mediastinal lesions have similar appear
ances.

Calcificatjigpigwell demonstrated by CT (hut not MRI) am
occursina of mediastinal lesions, as shown in Box _.I
The presence of fat in amediastinal mass is amore helpful diaenos
tic feature as it only occursin germ cell tumours, a mediastinal
hernia, athymolipoma. and alipoma or aliposarcoma. The demon
stralion of fluid, which has an attenuation value of' 0 to +20 HU
indicates a mediastinal cyst, but if this contains either mucoid or
hacmorrhagic material the attenuation value may reach +50 HU ant
the mass can then he mistaken for a solid tumour. Necrosis an(
cystic degeneration within a solid tumour produce an attenuation
valve lower than soft tissue.

CT can distinguish between lymphadenopathy, fat deposition and
haemorrhage when there is mediastinal widening on a chest radi-
ograph and can differentiate between a solid mass and a pulmonary
vessel when there is an abnormal hilum. CT isused in the staging
of malignant disease to demonstrate mediastinal lymph node
enlargement, pulmonary and bone metastases in the chest. and
hepatic and adrenal metastases in the abdomen. CT is also used to
detect occult disease in the mediastinum, such as athymoma or
enlarged lymph nodes, when the chest radiograph appears normal.
A mediastinal lymph node isregarded as normal if it has a short
axis diameter of less than 10 nun. and as enlarged if it has a short
axis diameter of more than 15 mm. CT (or MRI) cannot however
distinguish between reactive hyperplasia, and inflammatory or neo-
plastic causes of lymph node enlargement. The superior pericardial,
recesses and vascular anomalies also mimic enlarged nodes.

CT and MRI can both confirm the diagnosis of an aortic)
aneurysm, aortic dissection and pulmonary emboli, but MRI does
not necessarily require contrast medium and can also produce direct
coronal, sagittal and oblique images, whereas CT needs arecon'
struction to produce these other planar projections. MRI should
therefore be used in patients with a contraindication to intravenous
non-ionic contrast medium but can also be used in patients with a
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Fig.2.2 Normal mediastinal anatomy at various levels through the thorax and features which can be identified by CT. (A) Above the aortic arch through
the sternoclavicular joints. (B) Arch of aorta. (C) Below the aortic arch through the aortopulmonary window. (D) Left pulmonary artery. (E) Main and

right pulmonary arteries. (F) Left and right atria. (G) Left and right ventricles. Arch = arch of aorta; AA = ascending aorta; DA = descending aorta;

|A =innominate artery; CA = left common carotid artery; LSA = left subclavian artery; MPA = main pulmonary artery; RPA = right pulmonary artery;

LPA= left pulmonary artery; BUPA = right upper lobe pulmonary artery; LLPA = left lower lobe pulmonary artery; SPV = superior pulmonary vein;

IPV=inferior pulmonary vein; SVC = superior vena cava; IVC = inferior vena cave; a. = azygos vein; RBCV and LBCV = right and left brachiocephalic or

innominate veins; TR = trachea; RMB = right main bronchus; LMB = left main bronchus; IB = intermediate bronchus; RULB = right upper lobe bronchus; LV
=left ventricle; RV = right ventricle; LA = left atrium; RA = right atrium; Oes = oesophagus; St = sternum; Cl = clavicle; Thy = thymus gland; - = azygo-
oesophageal recess.

posterior mediastinal mass because it demonstrates involvement of ~ They produce a histological diagnosis in about 80r% of patients but in

the spinal canal so well. the remainder a specific diagnosis cannot be made because the small
Fine needle hiopsy of mediastinal mass lesions is heir, increas- samples of tissue obtained in comparison to a surgical biopsy. limit

ingly used to produce a pathological diagnosis instead of medi - the pathological interpretation. especially in the diagnosis of lym-

astinoscopy or a surgical exploration. Aspiration of mediastinal cysts phones and thymoma. The complications of these procedures include

can also he performed. These procedures arc carried out under local a minor pneunutthorax in 15°/- of patients, a major pneumotborax

anaesthetic using an 18 -22 gauge needle with CT guidance (see  requiring treatment in 3°/- of patients.haemoptysis

Fis. 2.15), although fluoroseopy and ultrasound can also he used. haematoma and haemorrhage into the pleura or pericardium.
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Box 2.1 The causes of calcification in a mediastinal mass

Anterior mediastinum
Aneurysm of ascending aorta
Retrosternal goitre

Aneurysm of aortic arch
Bronchogenic cyst

Posterior mediastinum

Thy moma i
Germ cell tumour ﬁzue-rlg)éznT} (C:)ft S;Sct):fpdlng aorta
Lymphoma after radiotherapy

Haemangioma Neurobtastoma

Neurofibrosarcoma
Ganglioneuroma
Neurenteric cyst

Middle mediastinum
Lymph node enlargement

Tubercutosis Abscess

Histoplasmosis Haematoma

Lymphoma after radiotherapy L eiomyoma of oesophagus
Sarcoidosis

Siticosis

Amyloidosis

Mucin-secreting adenocarcinoma

Barium studies, radionuclide imaging, ultrasound and angio-
graphy are still occasionally used to confirm a particular diagnosis
in mediastinal disease.

Richard W. Whitehouse and Andrew R. Wright
Technical considerations

The greater proportion of the mediastinal volume is occupied by
the heart and blood vessels and their contents. Adequate evaluation
of the mcdiastinu n therefore requires understanding and demonstra-
tion of the vascular anatomy. Spiral CT scanning with the use of
i ntravenous contrast enhancement isideal for CT demonstration of
the mediastinum. Multislicc CT allows more rapid data acquisition
with thinner slices (typically 2.5-5 mm). giving improved in-plane
resolution and better multiplanar and 31) reconstructions.

Normal appearances

If adequate mediastinal fat is present, the major vascular structures
of the mediastinum, the trachea and the oesophagus can he accu-
rately identified (Fig. 2.2) and abnormal masses distinguished. At the
level of the sternoclavicular joints, an axial CT section will demon-
strate the trachea as an air-tilled round or horseshoe-shaped struc-
ture lying centrally. Surrounding it in a clockwise direction from
the right anterolateral position round to a posterior position lie the
brachiocephalic trunk (Cinnominate artery"), the left common
carotid artery, the left subclavian artery and the oesophagus.
Anterior to thisring of structures lie the right and left brachio-
cephalic veins. Theright vein isrounded in cross-section, reflecting
its vertical orientation, whilst the left vein is oval or tadpole shaped
as it courses obliquely from left to right across the anterior medi-
astinum (Fig. 2.3A). On lower sections these veinsjoin to form
the superior vena cava, lying to the right of the ascending aorta
(Fig. 2.3B,C). Dense intravenous contrast medium may cause
significant artefacts from these veins; lower density contrast may be
appropriate (200mg I/ml) if dynamic contrast-enhanced scanning
of the upper mecdiastinum or neck is performed.

A CT section at the level of the mail ubrio-sternal junction will

demonstrate the arch of the aorta curving round to the left of the
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trachea with the superior vena cava and oesophagus to the right of
the anterior and posterior parts respectively (Fig. 2.3B). Sections
below thiswill demonstrate the ascending and descending aortic
limbs The thymus lies anterior to the ascending aorta and may be
seen as an arrowhead-shaped structure in the anterior mediastinal
fat. The azygos vein appears posterolaterally to the right of the
oesophagus and passes forward to join the superior vena cava over
the top of the junction between the right main bronchus and right
upper lobe bronchus (Fig. 2.3C). seen on the adjacent section (Fig.
2.3D). The division of the trachea into right and left main bronchi
occurs at around the level of the fifth thoracic vertebra. The left

pulmonary artery appears on this section as it passes over the top of
the left main bronchus whilst the main pulmonary trunk and right
pulmonary artery appear on lower sections (Fig. 2.3E), coursing
from the left, adjacent to the ascending aorta, to the right, anterior

to the bronchus intermedius, through the middle of the medi-
astinum. On sections below the caring, the left atrium appears ante-
rior to the oesophagus and descending aorta (Fig. 2.3F). The superior
vena cava blends into the right atrium, becoming larger and less
rounded in shape. The pulmonary trunk passes anterior to the aortic
root to arise from the right ventricle (Fig. 2.3G). Posterior to the
ascending aorta, the superior pericardial recess may cause a water
density mass which should not be mistaken for alymph node. At
the level of the ventricles, the interventricular septum may be
identified on contrast-enhanced scans as a soft-tissue density

H

Fig. 2.3 (A-H) Contrast-enhanced sections illustrating the vascular
anatomy of the mediastinum.
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hand between the denser contrast-laden blood in the ventricles
(Fig. 2.311). The diaphragmatic crura are clearly seen on lower sec-
tions, .Surrounding the aortic hiatus as curvilinear soft-tissue bands.
The right crus is commonly longer and thicker than the left and
can mimic a pare-aortic mass on upper abdominal sections. The
retrocrural space contains fat, the aorta, the azygos vein, thoracic
duct and lymph nodes; the latter should riot be greater than 6 nun
in diameter.

The tissue planes contributing to the lines, edges and stripes
identified on conventional chest radiographs can be directly
identified and evaluated, thus the right paratrachcal stripe is formed
by the interface between the right upper lobe and the right lateral
wall of the trachea. The uzygo-oesophageal recess is part of the
right lower lobe, bounded by the posterior wall of the right main

bronchus, the oesophagus and the azygos vein. Carinal node

enlargement expands into this space at an early stage. The; Fig. 2.4 Cavitating subcarinal mass (*), due to tuberculous adenopathy

with oesophageal erasion

by the descending aorta and the left pulmonary artery: nodal
enlargement can main expand into this space, being detectabl e oil
both conventional chest radiography and on CT.

CLINICAL APPLICATIONS

Mediastinal masses

CT demonstrates the size, site, extent and contour of mediastinal
masses. It will differentiate vascular from neoplastic masses and is
particularly useful for evaluating regions poorly demonstrated on con-

ventional radiographs, for example the retrocrural, retrostcrnal or sub-carinal areas (Fig. 2.d). Characteristic tat or calcium densities may be

demonstrated in dermoids or lipomas. Homogeneous water density
and alteration in shape with posture may indicate a fluid-tilled lesion
and may also demonstrate a consistent relationship with a normal
structure such as the pericardium iii the ease of a pericardial cyst
(Fi"g.2.5). Thymic masses (Fig. 2.6) and diffuse thymic enlargement Fig. 2.5
can hedenumstrated . Diffuse mediastinal involvement by infiltrating
malignant disease or fibrosis can also be demonstrated. CT is suitable

Pericardial springwater cyst (*)

for guidance of biopsy procedures (Fig. 2.7).

Hilar masses

Hilar adenopathy can be distinguished from prominent vessels, par-
ticularly if dynamic contrast enhancement is used. Subtle masses
in the azygo-oesophageal recess or tort opulmonary window can be
demonstrated.

Paraspinal masses

Paraspindl musses are clearly demonstrated on CT (Fig. 2.H).
Appropriate section thickness and imaging on lung, bone and soft-
tissue windows is imperative to assess the relationship of alesion
to the vertebrae, exit foramina. pleura, lung and associated
tissues.

Vascular abnormalities

Dynamic contrast-enhanced spiral CT is an excellent method of Fig. 2.6 Calcification (arrow) in a thymoma (open arrows)
demonstrating vascular pathology in the mediastinum. The entire

length of the thoracic aorta can be imaged durin’c peak contrast
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Fig. 2.7 CT-guided biopsy of subcarinal nodes (lymphoma). Saline injec-
tion has been used to widen the extrapleural space, thus avoiding trans-
gression of the pleura.

enhancement for the demonstration of aortic dissection or
aneurysm (Figs 2.9-2.11). The central pulmonary artery and first
to fourth order pulmonary artery branch thrombus can also be
demonstrated by this technique in pulmonary thromboembolic
disease. The sensitivity and specificity of multislice CT pulmonary
angiography for pulmonary embolus approaches that of conven-
tional pulmonary angiography. CT is being increasingly used as a
first-line modality in suspected pulmonary embolism, particularly
when the chest radiograph is abnormal, and a VV/Q scan is therefore
more likely to he indeterminate. Major vessel anomalies may he
evident with or without intravenous contrast enhancement
(Figs2.12, 2.13).

Ty

Extensive bilateral tuberculous paravertebral abscesses with spine

Fig. 2.8

Involvement. Coronal reconstruction from multi antrast-enhanced CT

aal

»55 1IN addition to
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Tracheobronchial pathology

CT allows the cross-sectional area and shape of the trachea and
larger bronchi to be assessed. The use of spiral CT and subsequent
image manipulation on a workstation can he used to produce 3D
surface-rendered, reformatted or minimun-intensity projection
images of the airways. Thisis valuable for the assessment of
bronchial strictures or obstruction from tumours. after surgery.
endotracheal tube removal or stenting procedures, and also in
diseases such as relapsing polychondritis, tracheohronchomalacia
(Fig. 2. 14) and the sleep apnoea syndrome.

THYROID MASSES

Thyroid disease is common and enlargement of the thyroid gland
can be due to a number of causes including a non-toxic multinodular
enlargement of the *land. thyrotoxicosis. thyroid adenoma. thyroid

carcinoma, lymphoma and Hashimoto's thyroiditis. L ess than 5r% of
enlarged thyroid glands in the neck extend into the mediastinum to
produce aret"osternal goitre. but thisis usually due to a non-toxic

multinodular enlargement of the gland. A mass developing within a
heterotopic thyroid gland in the mediastinum israre.

A retrostcrnal goitre is usually seen as an incidental mediastinal
mass on a chest radiograph in an adult female patient. The goitre

Chronic aortic

Fig. 2.9

reconstruction

dissecthion in
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Fig. 2.13 Left-sided superior vena cava (*)

False aneurysm of the aorta (*), secondary to

fig. 2.10

thronic osteomyelitis of the sternum from previous aortic valve replacement

ascending

wrgery. Note the bronchus entering the posterior aspect of the mass of
fombus (arrow)—the patient presented with haemoptysis

Fig. 2.14 Abnormal shape to the trachea due to distortion of

cheal cartilage in tracheobronchomalaci:

Fig. 211 Acute aortic dissection; note the haematoma over the left lung

apex

Fig. 212 Right-sided aortic arch (*) Fig. 2.15 A CT-guided biopsy from a right icl lymph node mass
n the middle mediastinum using a 206G ] i |
fowing a left ¢ phrectomy for renal ce ars sly

HI\H.‘|-‘|.‘|\.‘ showed metastatic disease from the original primary tumaodir
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Fig. 2.16 Carcinoma of the thyroid. 53-year-old woman presenting with
a paintul goitre and dysphagia. PA film shows an oval mass in the supenol
part of the anterior mediastinum with displacement of the trachea (arrows,
to the left and multiple pulmonary metastases.

is often asymptomatie but can produce dysphagia, dyspnoea
and stridor. The development of pain in the goitre. vocal cord
paralysis or superior vcna caval obstruction suggests the presence
of malignancy.

A retrosternal goitre appears as awell-delined round or oval soft-
tissue mass in the .superior part of the anterior or middle medi-
astinum, which fades off into the neck. The soft-tissue mass often
contains central nodular, linear or ereseentie patterns of calcifica-
tion and produces lateral displacement and compression of the
tracheain the thoracic inlet (Fig 2.16). About 2570 of goitres are
retrotacheal and displace the oesophagus posteriorly and the
trachea anteriorly (Fig. 2.17). Rapid increase in the sire of the mass
indicates internal haemorrhage into a cyst.

The diagnosisis confirmed by CT (or MRI), which shows a mass - g : |
of mixed soft-tissue attenuation which enhances after intravenous »
contrast medium and extends into the mediastinum from the Tower
pole of one of the lobes of the thyroid gland in the neck down
towards the aortic arch. The mass may have a higher attenuation i
than muscle due to its iodine content and contain foci of
calcification or lesions of |ow attenuation due to cystic degeneration
[Fig. 2.17). MRI shows a mass of intermediate signal intensity on
T,-weighted images.

The diagnosis can also he confirmed by aradionuelide scan using

"I-sodium iodide or % Te-sodium perteehnetate. which shows an . s > B « ‘
area of increased activity extending below the Sternal notch into the o o 2o 2Rk
medi astinum. . G- 3 ‘\
“‘ﬁ -

g |

THYMIC TUMOU RS Fig. 2.17 Thyroid adenoma. 67-year-old woman presenting with a
. o goitre. PA (A) and lateral (B) films show an oval mass in the superior part of
A normal thymus gland is the commonest cause of amediastinal  the middle mediastinum with displacement of the trachea forward and to

ahnormalit i ninfants and is usually seen as atriangular soft-tissue  the right. Diagnosis confirmed by surgery.
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mass which projects to one side of the mediastinum, often the right
on a chest radiograph. The thymus gland disappears during severe
neonatal infection or after major surgery or corticosteroid treat-
ment, but may re-appear following recovery from illness. The
thymus gland is also completely absent in DiGeorge's syndrome. an
immune deficiency disease involving the T lymphocytes. The
normal thymus gland is seen as atriangular arrowhead or bilobed
structure in children and young adult patients on CT, but undergoes
fatty involution in elderly adult patients.

Enlargement of the thymus gland can be due to a number of
causes including thymoma, hyperplasia of the gland, thymic carci-
noma, lymphoma, carcinoid and germ cell tumours, thymic cysts
and thymolipoma. Thymomas are the commonest of the thymic
tumours in adults and 30% are invasive or malignant. The staging
of athymomais done by CT or MRI and at surgery:

Stage | no capsular invasion
Stage 2 capsular invasion
Stage 3 invasion of the mediastinal structures or lung
Stage 4A disseminated tumour within the thorax
Stage 4B distant metastases.
Thymoma

A thymomais usually seen as an anterior mediastinal mass on a
chest radiograph in an adult patient. The thymomais often asymp-

tomatic but can also present with myasthenia gravis, red cell aplasia
or hypogammaglobulinaemia, as well as many other conditions.

About 10-25% of patients with myasthenia have a thymoma and

about 25-50% of patients with a thymoma have myasthenia. In
patients with athymoma, about 25-50% have red cell aplasia and

| 0% have hypogammagl obulinaemia and more than 50% of

patients with myasthenia have thymic hyperplasia.

Thymic hyperplasia also occurs in association with thyro-
toxicosis, Addison's disease, acromegaly, systemic lupus cry-
thematosus, rheumatoid arthritis and after stress atrophy, where the
thymus gland initially atrophiesin patients on chemothcrapy or cor-
ticosteroid treatment and then enlarges once the treatment is
stopped. Thisis called rebound thymic hyperplasia and should not
be confused with recurrent malignant disease in patients with
lymphoma. Thymic carcinoid tumours can present with Cushing's
syndrome, hyperparathyroidism and inappropriate antidiuretic
hormone secretion.

A thymoma appears as a well-defined round or oval soft-tissue
mass which projects to one side of the anterior mediastinum when
| arge, but may be undetectable on the chest radiograph when small,
indicating the need for CT (Fig. 2.18). The soft-tissue mass may
also contain curvilinear or nodular calcification. The presence of
vascular encasement or pleural metastases indicates an invasive
thymoma (Fig. 2.19) and a very large soft-tissue mass with less
radiographic density than expected for its size, which altersin
shape on respiration, indicates a thymolipoma.

The diagnosis of athymomais confirmed by CT (or MRI), which
shows a mass of soft-tissue attenuation which may contain areas of
low attenuation due to cystic degeneration (Fig. 2.19). MRI shows a
Fig.218 Thymoma. 55-year-old man presenting with hypertensiondue ~ mass of intermediate signal intensity on T, -weighted images and
toa phaeochromocytoma. PA (A) and lateral (e) films show around massin  high signal intensity on T,-weighted images. CT also demonstrates

the anterior mediastinum overlying the right hilum. CT scan with contrast _ : . .
enhancement ( +50, w 500) (C) at the level of the tracheal bifurcation 2 Sniarged but normal-shaped gland in thymic hyperplasia, a

shows an oval mass of soft-tissue density (arrow), 7 cmin size, intheante- ~ CYStiC mass containing fluid in a thymic cyst or afat-containing
ior mediastinum. Diagnosis confirmed by surgery. mass in a thymolipoma
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Fig. 2.19
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Invasive thymoma. 43-year-old woman presenting with chest pain and dyspnoea. PA film (A) shows widening of the mediastinum on the right

with bilateral pleural effusions. CT scan with contrast soft-tissue enhancement (L +50, W 500) (B) at the tevet of the tracheal bifurcation shows an oval mass
of mixed density (arrow), 9 cmin size, in the anterior mediastinum with a small pleural mass anteriorly on the right. Diagnosis confirmed by needle biopsy

and surgery.

GERM CELL OR TERATODERMOID TUMOURS

The germ cell tumours of the mediastinum arise from primitive
germ cell rests that have been left in the anterior mediastinum
during their embryological migration to the urogenital ridge. The
majority of germ cell tumours are benign and include the dermoid
cyst and benign teratoma, hut 30 ( are malignant tumours such
as seminoma, embryonal  cell carcinoma, ehorioeareinoma and
endodermal sinus or yolk sae tumour. The dermoid cyst con-
sists mainly of eetodermal tissues, whereas the solid teratoma
usually contains tissues of eetodermal, mesodermal and endodermal
origin.

Germ cell tumours are usually seen as an incidental anterior
mediastinal mass on a chest radiograph in a young adult male
patient. The tumour is often asymptomatie but can produce
cough, chest pain and dyspnoea. Rarely these cystic tumours can
become infected and rupture into the mediastinum or bronchial
tree and haemorrhage into the tumour can also occur. The striking
diagnostic symptom of triehoptysisisrare.

A dermoid cyst or benign teratoma appears as a well-defined
round or oval soft-tissue mass, which usually projects to only
one side of the anterior mediastinum (Fig. 2.20). The soft-tissue
mass may also contain a peripheral rim or central nodul es of
calcification, afat-fluid level or even arudimentary tooth, which is
of course a diagnostic radiological sign. Rapid increase in the size
of the mass indicates internal haemorrhage or the development of
malignancy. An air-fluid level is present after rupture of an infected
cyst into the bronchial tree with ateleetasis or consolidation in the
adjacent lung. A malignant germ cell tumour' appears as a lohulated
soft-tissue mass, which projects on both sides of the anterior medi-
astinum.

The diagnosisis confirmed by CT (or MRI), which shows a cystic
mass containing fluid, soft tissue, fat, calcification or hone
(Fig. 2.20). MRI shows amass of variable high signal intensity
on T,-weighted images if it contains fat, protein or blood. The
malignant germ cell tumours also produce tumour markers such
as human ehorionie gonadotrophin ( HCG) and a phafetoprotein (AFV).

FAT DEPOSITION/MEDIASTINAL LIPOMATOSIS

The excessive deposition of ' fat in the mediastinum is usually seen as
an incidental finding on a chest radiograph in an asymptomatic obese
adult patient. hut it can also occur in patients with Cushing's syn-
drome and in patients receiving long-term high-dose corticosteroid
treatment. Steroids cause mohilisation of body fat with its subsequent
redistribution in the anterior mediastinum, cardiophrenic angles and
paravcrtcbraf regions. This produces smooth widening of the superior
mediastinum without tracheal displacement. large epicardial fat pads
and lateral displacement of the paraspinal lines on the chest radi-
ograph. The widening of the mediastinum can be difficult to differen-
tiate from mediastinal haemorrhage or generalised lymphadenopathy,
but the diagnosisis easily confirmed by CT (or MRI). which shows
the excess mediastinal fat with itstypical low CT number of -70 to
-130 HU (Fig. 2.21). MRI shows the mediastinal fat as high signal
intensity on T,-weighted images and low signal intensity on afat-
suppression STIR sequence.

PLEUROPERICARDIAL CYST

A pleuropericardia cyst isathin-walled cyst lined by mesothelial

cells, which contains clear fluid and is attached to the parietal peri-
cardium. A pleuropericardial cyst is usually seen as an incidental

anterior mediastinal mass on a chest radiograph in an adult patient.
The cyst is usually asymptomatic but can produce chest pain, cough
and dyspnoea.

The majority of pleuropericardial cysts occur in the right anterior
cardiophrenie angle (Fig. 2.22), but they can occur in the left
anterior cardiophrenic angle or in the middle mediastinum. They
appear as awell-defined round, oval or triangular soft-tissue mass,
which can alter in shape on respiration. This can be difficult to dif-
ferentiate from other causes of a soft-tissue massin the right
anterior cardiophrenie angle and the differential diagnosisincludes
alarge epicardial hat pad, a Morgagni's hernia, epicardial lym-
phadenopathy due to lymphoma or metastatie  disease, apleural
tumour” or aright middle lobe mass.
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Fig.220 (A) Benign teratoma. 65-year-old man presenting with chest pain. PA fil m shows a large round mass in the anterior mediastinum overlying the
fight hilum. Germ cell tumour. 2-year-old child presenting with a cough. AP (B) and lateral (C) films show an oval massin the anterior mediastinum over-
lying the left hilum. CT scan with contrast enhancement (L +50, W 350) (D) above the aortic arch shows an oval mass of soft-tissue density, 7 cmin size,
containing fat and calcification in the anterior mediastrinum. Diagnosis confirmed by surgery.

The diagnosis is confirmed by ultrasound, which shows a tran-
sonic cystic mass adjacent to the pericardium, or by CT (or MRI),
which shows a thin-walled cyst containing fluid of low attenuation
(0-20 HU) (Fig. 2.22). MRI shows a water-containing mass with a
low signal intensity on T,-weighted images and a high signal
intensity on T -weighted images. Direct needle puncture of a
pleuropericardial cyst with aspiration of its fluid contents can be
performed under CT or ultrasound guidance.

MORGAGNI S HERNIA

The foramen of Morgagni is a persistent developmental defect in
the diaphragm anteriorly, between the septum transversum and the
right and left costal origins of the diaphragm. A hernia through the

foramen of Morgagni is usually seen as an anterior mediastinal
mass on a chest radiograph in an adult patient. The herniais usually
asymptomatic, but can produce retrosternal chest pain, epigastric
pain and dyspnoea. Strangulation of the contents of the hernial sac
israre.

More than 90% of Morgagni's hernias are situated in the right
anterior cardiophrenic angle (Fig. 2.23), due to the protective effect
of the pericardium on the left. The smaller hernias contain
omentum, which appears as a well-defined round or oval soft-tissue
mass and has alower radiographic density than would be expected
for its size. This can be difficult to differentiate from an epicardial
fat pad or a pleuropericardial cyst. although occasionally the
properitoneal fat line can be seen continuing upwards from the
anterior abdominal wall around the hernial sac on alateral chest
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Fig. 2.21 Fat deposition. 40-year-old man presenting with chest pain
after aroad traffic accident and a widened mediastinum on achest film. CT
scan with contrast enhancement (L +50, w 750) above the tracheal bifurca-
tion shows excess deposition of fat throughout the mediastinum, particu-
|arly anteriorly (arrow).

fil m. The larger hernias usually contain transverse colon, which
appears as a g=as-filled loop of bowel within the soft-tissue mass,
but can also contain liver, stomach and small intestine.

The diagnosisis confirmed by CT, which shows the omental fat
(-70 to -130 tiU) and gas-containing colon above the diaphragm
(Fig. 2.23). The diagnosis can also he confirmed by a barium
follow-through examination or a barium enema, which show either
upward tenting of the transverse colon towards the hernia or aloop
of transverse colon above the diaphragm.

PARATHYROID ADENOMA

An adenoma in an ectopic parathyroid gland is occasionally demon-
strated in the chest in an adult patient with hypeparathyroidism.
An ectopic parathyroid adenoma is not usually seen in the medi-
astinum on a chest radiograph, because of its small size at presenta-
tion. It is arare tumour, which occurs in the superior, anterior or
posterior mediastinum. It appears as a small mass which enhances
after intravenous contrast medium within the mediastinal fat on CT,
but can be difficult to differentiate from mediastinal lymph nodes.
The diagnosis is confirmed by MRI, which shows the ectopic
adenoma as a lesion with avery high signal intensity on afat-
suppression STIR sequence. The diagnosis can also be con-
firmed by a radionuclide scan using- 2°Tl-thallium chloride or
99mTc-technetium sestamibi (Fig. 2.24) and by selective arteriography.

LYMPHANGIOMA/CYSTIC HYGROMA

A lymphangioma is a congenital malformation of the lymphatic
system that produces a soft-tissue swelling in the neck that also
extends down into the mediastinum. A lymphangiomais usually seen
as an incidental mediastinal mass on a chest radiograph in achild. It is
arare mesenchymal tumour, which occurs in the superior, anterior or
posterior mediastinum. It appears as around or oval soft-tissue mass
on the chest radiograph, can alter in shape on respiration and extends
up into the neck. A chylothorax may also occur.

The diagnosisis confirmed by ultrasound, which shows a multi-
locular transonic cystic mass in the neck and mediastinum, or by
CT (or MRI), which shows a thin-walled cyst containing septae and
fluid of low attenuation (0-20 HU).
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Fig. 2.22 Pleuropericardial cyst. 72-year-old woman presenting with dys:
pnoea. PA film (A) showsalarge oval massin the right cardiophrenic angle
and CT scan (L +40, w 512) (B) below the tracheal bifurcation shows an
ovad mass (arrow), 10 cm in size, separate from the heart in the anterior
and middle mediastinum. The density of the mass (average +9 HU) is
typical of cyst fluid.

LIPOMA/LIPOSARCOMA

A lipomaor liposarcoma  is usually seen as an incidental medi-
astinal mass on a chest radiograph in an asymptomatic adult patient.
It is arare mesenchymal tumour, which occursin the anterior or
posterior mediastinum. It appears as a well-defined round or oval
soft-tissue mass on the chest radiograph, has a lower radiographic
density than would be expected for its size and can alter in shape on
respiration (Fig. 2.25).

The diagnosisis confirmed by CT, which shows a solid mass of
fat attenuation (-70 to-130 HU) containing strands of soft tissue.
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HAEMANGIOMA/HAEMANGIOENDOTHELIOMA

A haemangioma or hacmangioendotheliomais a vascular mal-
formation of the capillaries or veins, which is usually seen as an
i ncidental mediastinal mass on a chest radiograph in an asympto-
matic adult patient. It is a rare mesenchymal tumour, which occurs

i n the anterior or posterior mediastinum. It appears as a round or
oval soft-tissue mass on the chest radiograph, which may also show
phleboliths  in the mediastinum.

The diagnosis is confirmed by CT, which shows a mass of soft-
tissue attenuation containing calcification and phleboliths, which
enhances after intravenous contrast medium.

OTHER RARE MEDIASTINAL LESIONS

Other tumours of mesenehymal origin, such as fibroma,fhiro-sareoma. soft-tissue osteosareoma and haemangjoperieytoma, can
also occur in the anterior or posterior mediastinum.

The small tumours are usually asymptomatie, whereas the larger
tumours tend to produce symptoms depending upon their anatomical
|ocation such as retrosternal chest pain, hack pain or dysphasia. They
appear as around or oval soft-tissue mass on the chest radiograph.

Tumours involving hone, such as a plasrnacytoma of the sternum.
a chondrosareoma of arib or a ehordoma of the thoracic spine may
also produce a mass that involves the anterior or posterior medi-
astinum. A desmoid tumour of the chest wall may involve the medi-
astinum and acyst ©Of the thoracic duct may produce a posterior
mediastinal mass.

MEDIASTINAL LYMPHADENOPATHY

Lymph nodes occur throughout the mediastinum hut are found
predominantly in its middle division where the paratracheal ,

B

Fig. 2.24 Parathyroid adenoma. 64-year-old woman presenting with
Fig 223 Morgagni's hernia. Asymptomatic 49-year-old man. PA (A) and  hypercalcaemia. Radionuclide scanswith ®mre (A) and *'TI (B) show activ-
laterd (8) fl s show alarge round mass in the right cardiophrenic angle. ity in the salivary glands and thyroid gland (-s) (larger arrows) and in the
CT scan (L +50, W 500) (C) below the tracheal bifurcation shows an oval parathyroid adenoma in the mediastinum (e-) (smaller arrow). The latter is
mass of fat density (arrow), 18 cm in size, which contains transverse colon shown only on the thallium scan, even without computerised subtraction of
in the anterior mediastinum. scan A from scan B.
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tracheobronchial, suhcarinal and bronchopulmonary or hilar
groups are situated (Fig. 2.15).

Mediastinal lymphadenopathy is common and can be due to
many causes including metastatic disease, lymphoma, leukaemia,
sarcoidosis, tuberculosis, histoplasmosis, other infections and
inflammatory conditions.

Mediastinal lymphadenopathy is usually seen as either amiddle

mediastinal mass or multiple mediastinal masses on a chest radio-
graph in achild or adult patient. The enlarged lymph nodes are
often asymptomatie, but can produce cough, dyspnoea and weight
loss and may he associated with generalised lymphadenopathy.

Mediastinal lymphadenopathy appears as widening of the right
paratracheal stripe, abulge in the aorto-pulmonary window, lateral
displacement of the azygo-oesophageal line, lobulated widening of
the mediastinum and unilateral or bilateral lobulated hilar soft-
tissue masses depending on which lymph node groups are enlarged
(Figs 2.26, 2.27). Calcification in the mediastinal lymph nodes can
be due to many causes including tuberculosis, sarcoidosis, silicosis,
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Fig. 2.25 Lipoma. Asymptomatic 42-year-old woman. PA film

(A) and barium swallow (B) show an oval mass with less density
than expected for its size, particularly in the lateral view, behind

the heart. (C) CT scan (L -150, W 800) below the tracheal bifurcar
tion shows an oval mass of fat density (e-), 8 cm in size, in the

posterior mediastinum, with displacement of the oesophagus (-s)
to the right. (A and B courtesy of Dr P. Ho; C courtesy of Dr T.J.

Bloomberg.)

histoplasmosis, Hodgkin's disease following irradiation, metastases
from mucin-secreting adenocarcinoma, amyloidosis, Castleman's
disease and Pneuenocystis carinii pneumoniain AIDS.

The diagnosisis confirmed by CT, which shows multiple masses
of soft-tissue attenuation in the mediastinum (Fig. 2.28). or MRI,
which shows multiple masses of intermediate signal intensity on
T,-weighted images which stand out against the signal void from
the flowing blood in the vessels and the air in the trachea and main
bronchi. CT is more sensitive than plain filmsin the detection of
mediastinal lymph node calcification (Fig. 2.29), which is not seen
on MRI at all. CT may also show enlarged lymph nodes with low
attenuation centres due to necrosis in tuberculosis, histoplasmosis,
Mycohacterium avium intracellulare, Hodgkin's disease and metas-
tases from testicular tumours (Fig. 2.30). Enhancement of the
enlarged lymph nodes after intravenous contrast medium occursin
both inflammatory and neoplastic conditions, particularly in vas-
cular metastases from renal cell carcinoma, thyroid carcinoma,
carcinoid tumours, melanoma and |eiomyosarcoma.
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Fig. 2.26 Hodgkin's disease. 18-year-old man presenting with cervical
lymphadenopathy. PA film shows asymmetrical lobulated widening of the
mediastinum, due to involvement of the middle and anterior mediastinal
lymph nodes, particularly on the right.

Metastatic disease can produce enlargement of any of the lymph
node groups within the mediastinum. A bronchial carcinoma is the
commonest tumour to metastasise to the mediastinal lymph nodes,
but other primary intrathoracic tumours, such as oesophageal carci-
noma as well as extrathoracic tumours such as breast carcinoma,
renal, adrenal and testicular tumours, thyroid carcinoma, melanoma
and head and neck tumours can also produce mediastinal lymph
node metastases. Associated pulmonary metastases, lymphangitis
and pleural effusions are also frequently present.

l ’ |

Fig. 2.27 Tuberculosis. Asymptomatic 29-year-old woman with chronic
renal disease treated with immunosuppressive drugs. PA film shows a right
paratracheal mass of enlarged lymph nodes in the middle mediastinum.
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Fig. 2.28 (A) Carcinoma of the bronchus. 67-year-old woman presenting
with haemoptysis and a left hilar mass on a chest film. CT scan with contrast
enhancement (L +35, W 325) below the tracheal bifurcation shows a left
hilar mass and subcarinal lymphadenopathy. Diagnosis confirmed at
bronchoscopy. (B) Non-Hodgkin's lymphoma. 18-year-old man presenting
with superior vena caval compression, a widened mediastinum and a right
pleural effusion on a chest film. CT scan with contrast enhancement (L +35,
W 325) above the aortic arch shows a round mass of mixed soft-tissue
density, 10 cm in size, in the anterior and middle mediastinum with com-
pression of the left brachiocephalic vein and contrast medium filling col-
lateral veins in the left chest wall. Diagnosis confirmed by CT-guided needle
biopsy.

Fig. 2.29 Sarcoidosis. 67-year-old woman presenting with a cough and
bilateral hilar and paratracheal lymphadenopathy on a chest film. CT scan
with contrast enhancement (L +35, W 325) above the tracheal bifurcation
shows enlarged mediastinal lymph nodes containing calcification. Diagnosis
confirmed by high-resolution CT scan.

Hodgkin's disease, the non-Hodgkin's lymphomas and the lym-
phatic Ieukaemias produce middle mediastinal lymphadenopathy
which is often unilateral, but the lymphomas, particularly Hodgkin's
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Fig. 2.30 Tuberculosis. 22-year-old man presenting with weight loss and
a right paratracheal mass on a chest film. CT scan with contrast enhance-
ment (. +35, w 325) at the tracheal bifurcation shows a round mass of low
soft-tissue density, 6 cm in size, in the middle mediastinum. Diagnosis
confirmed by CT-guided needle biopsy.

disease, also frequently involve the anterior mediastinum, to
produce a lobulated soft-tissue mass due to indentation by the
anterior ribs (Fig. 2.26). Parenchymal involvement of the lungs also
occurs and calcification occasionally develops in Hodgkin's disease
after i rradiation.
Mediastinal radiotherapy may produce a chronic mediastinitis
with fibrosis extending into the lungs. This is quite characteristic
and appears as a straight line, widening the mediastinum on both
sides and corresponding to the treatment field (Fig. 2.31). This
fi brosis is more likely to develop in patients who are also receiving
cytotoxie chemotherapy, particularly eyelophosphamide.
Castleman's disease is an unusual form of benign lymph node
hyperplasia. This disease produces large mediastinal lymph node
masses, which enhance after intravenous contrast medium, and may
contain calcification.

Fig. 2.31 Radiotherapy to the mediastinum. Asymptomatic 40-year-old
woman with Hodgkin's disease in remission treated with mediastinal radio-
therapy several years previously. PA film shows widening of the superior
part of the mediastinum due to radiation fibrosis extending into the lungs
(arrows).
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Fig. 2.32
woman presenting with dyspnoea and hypertension. PA film shows a large
round mass, which has some calcification in its wall, in the middle medi

astinum, with displacement of the trachea to the right, and another large
round mass containing an air-fluid level behind the heart in the posterior
mediastinum.

Aneurysm of arch of aorta and hiatus hernia. 83-year-old

Sareoidosis produces enlargement oh the bronehopulmonary and
paratraeheal lymph nodes, which is usually bilateral. Parenehymal
i nvolvement of the lungs also occurs and peripheral egg shell
calcification may develop in the lymph nodes.

Primary tuberculosis produces an area of consolidation in one
lobe with unilateral enlargement of the bronehopulmonary , parar
traeheal and subearinal lymph nodes. A pleural effusion also occurs
and complete calcification of the lymph nodes may develop as
healing oeeurs.tubereulosis can also produce unilateral mediastinal
f iiiphade  110pat by without pulmonary involvement in immuno-

Fungal infections such as histoplasmosis, coeeidioidomyeosis

and blastomyeasis produce hilar or paratraeheal mediastinal lymphadenopathy with or without pulmonary involvement. Calcification

of the lymph nodes may also develop as healing occurs, especially
in histoplasmosis. Aetinomyeosis also produces enlarged mediasti-
nal lymph nodes.

There are many other in feetive and inflammatory causes of
enlarged mediastinal lymph nodes including infectious mononueler
osis, measles, whooping cough, myeoplasma . adenoviruses and
lung abscess. Peripheral egg shell calcification occur, in the
enlarged lymph  nodes in silicosis and amyloidosis
Patients with AIDS may have enlarged mudiastinal | ymph nodes
due to tubereuiosis, myeobacterium avium intracellulare , fungal
infections, Pneumo _ystis carinii infection, Kaposi's sarcoma and
lymphoma. Patients with cystic fibrosis may have enlarged hilar

shadows due to enlarged lymph nodes or eor pulmonale.

THORACIC AORTIC ANEURYSM

Vascular disease is common and aneurysmal dilatation of the

thoracic aorta can be clue to a number of causes including athero-
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Fig. 2.33 Aneurysm of descending aorta. 59-year-old woman presenting with haematemesis from a benign gastric ulcer. PA (A) and lateral (B) films

show alarge round mass, which has some peripheral calcification in itswall (arrows) in the posterior mediastinum behind the heart. Diagnosis confirmed

by ultrasound, using the liver as a window into the mediastinum.

sclerosis, hypertension, blunt chest trauma, mycotic dissection,
cystic medial necrosisin Marfan's syndrome and Ehlers-Danlos
syndrome, aortitisin tertiary syphilis and Takayasu's disease and
congenital anomalies such as an aneurysm of the sinus of Valsalva
or coaretation of the aorta.

A thoracic aortic aneurysm is usually seen as an incidental medi-
astinal abnormality on a chest radiograph in an elderly adult patient.
The aneurysm is often asymptomatic but can produce chest pain,
back pain and aortic incompetence, as well as a hoarse voice, dys-
phagia and left lower |obe infections, due to compression of the left
recurrent laryngeal nerve, the oesophagus or the left lower lobe
bronchus respectively.

A thoracic aortic aneurysm appears as either widening of the
mediastinum or as awell-defined round or oval soft-tissue massin
any part of the mediastinum, often with curvilinear calcification in
its wall (Figs 2.32, 2.33). Calcification in an ascending thoracic
aortic aneurysm can be due to either syphilitic aortitis or athero-
sclerosis, but is now commoner in the atheromatous aneurysms.
Displacement of the peripheral rim of calcification away from the
wall of the thoracic aorta indicates an aortic dissection, which may
also produce aleft pleural effusion. A thoracic aortic aneurysm can
also produce pressure erosion defects in the sternum or vertebral
bodies of the thoracic spine. Thoracic aortic aneurysms appear as
pulsatile masses on fluoroscopy, but this sign does not differentiate
them from other mediastinal masses adjacent to the aorta, which
show atransmitted pulsation.

The diagnosisis confirmed by CT (or MRI), which shows the
dilated aorta measuring more than 4 cm in diameter and containing

Fig. 2.34 Aneurysm of descending aorta. 45-year-old woman presenting
with back pain. CT scan with contrast enhancement (L +50, W 500) below
the tracheal bifurcation shows an aneurysm of the descending aorta (.1-),
8 cm in size, which contains thrombus, has calcification in itswall, and is
eroding the adjacent lower thoracic vertebral body (T).

contrast-enhanced blood in its lumen with surrounding mural
thrombus of lower attenuation and calcification in its wall

(Fig. 2.34). MRI shows the aneurysm in an oblique projection
with no signal from the flowing blood on T,-weighted images. Arch
aortography will also confirm the diagnosis.

The diagnosis of aortic dissection is confirmed by demonstrating
an intimal flap between the true and false aortic lumen by CT, MR,
transoesophageal echocardiography or angiography. The extent of
the dissection is used to classify dissecting aneurysmsinto Type A,
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which involve the ascending aorta (and may involve the arch and

descending aorta), and Type B, which may involve the descending

aorta (see Ch. 15). Type A dissections (previously classified as Dc

Bakey type | and 2) are treated surgically and Type B dissections
(previoudly classified as De Bakey type 3) are treated medically by

controlling the hypertension. An intramural haematoma is classed

as atype of aortic dissection without an intimal flap in the aortic
lumen and is demonstrated on umenhanced CT as a high attenuation
lesion in the thickened aortic wall. A penetrating aortic ulcer is also
classed as a type of aortic dissection in the descending thoracic
aorta and is demonstrated on contrast-enhanced CT as a projection
through tile aortic wall.

A tortuous innominate artery produces widening of the superior
mediastinum oil the right and an aneurysm of the innominate or

subelavian arteries produces a superior mediastinal mass. The very
common tortuous descending thoracic aorta produces widening of
the mediastinum on the left, often at the level of the left hilum sim-
ulating a hilar mass.

Dilatation of the main pulmonary artery clue to pulmonary
arterial hypertension, pulmonary valve stenosis with a poststenotie
dilatation or a pulmonary artery aneurysm also produces an apparent
| eft hilar mass.

Coaretation of the aorta and kinking of the aorta (pseudo-
eoaretation) produce an abnormal mediastinal configuration on
the left and aright-sided aortic arch produces an abnormal medi-
astinal configuration on the right. The diagnosis of these arterial
abnormalitiesis confirmed by CT, MRI or angiography.

MEDIASTINAL VENOUS ABNORMALITIES

A dilated superior vena eava produces slight widening of the medi-
astinum on the right on a chest radiograph. Thisis usually caused
by araised central venous pressure, which occursin patients with
congestive cardiac failure, tricuspid valve disease, constrictive peri-

earditis and partial anomal ous pulmonary venous drainage to a
right-sided superior vena eava.

A

Asymptomatic 21-year-old woman

Bronchogenic cyst

Fig. 2.35

carina on the right. Diagnosis confirmed by surgery.
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A (A) and lateral (B) films show an owval
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A persistent left-sided superior vena eava produces slight widen-

i ng of the mediastinum on the left and the supraeardiae form of
total anomal ous pulmonary venous drainage produces widening
of the mediastinum on both sides. Compl ete transposition of the
great vessels produces a narrow mecliastinal configuration and a
|eft superior intereostal vein is occasionally seen as anipple-like
projection from the aortic knuckle.

I n patients with superior vena eaval obstruction due to carcinoma
of the bronchus. mediastinal lymph node metastases, lymphoma or
a mediastinal tumour, the mediastinal abnormality is produced by
the mass of tumour (Fig. 2.28). Mediastinal fibrosis and central
venous catheter-induced thrombosis of the superior vena eava also
produce superior vena cavil obstruction.

A dilated azygos vein produces an oval soft-tissue massin the
right traeheobronehial angle on a chest radiograph. Thisis usually
caused by araised central venous pressure, superior or inferior yena
cavil[ obstruction, portal hypertension and the congenital azygos
continuation of the inferior vena eava. A dilated azygos vein can he
difficult to differentiate from enlarged azygos lymph nodes, but the
azygos vein decreases in size in the erect position. on deep inspirar
tion and during a Valsal 'a manoeuvre. Oesophageal variees may
also produce a mass in the posterior niediastinum behind the heart.

The diagnosis of these venous abnormalitiesis confirmed by CT,
MRI, angiography or phlcbography.

BRONCHOGENIC CYST

A hronehogenie cyst is athin-walled foregut cyst lined by ciliated
columnar epithelial cells of respiratory origin, which contains
viscid mueoid material. A broneho genie cyst is usually seen as an
incidental middle mediastinal mass on a chest radiograph in a
young adult patient. The cyst is usually asymptomatic. but may
produce cough, chest pain and dyspnoea in adult patients and
stridor in infants. Rarely the cyst can become infected in children
and rupture into the bronchial tree and haemorrhage into the cyst
can also occur.
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The majority of bronchogenie cysts occur around the cannain
the suhearinal region of the middle mediastinum (Fig. .35), but
they can occur in the right paratracheal region or in the posterior
mediastinum. They appear as awell-defined round or oval soft-
tissue mass, which can alter in shape on respiration. Rapid increase
in the size of the mass indicates haemorrhage into the cyst and an
air-fluid level i s present after rupture of an infected thick-wal |ed
cyst into the bronchial tree.

The diagnosisis confirmed by CT (or MRI), which shows a thin-
walled cyst containing fluid of either low attenuation (0-20 Hu ) or
soft-tissue attenuation (20-50 M) (Fig. 2.36). if it contains

mucinous material. Calcification can occasionally occur ill the
wall of the cyst. MRI shows a water-containing mass with alow
signal intensity on T,-weighted images and high signal intensity
on T,-weighted images or a high signal intensity on T - and

T2-weighted images if it contains protein or blood.

Direct needle puncture of a bronchogenic cyst with aspiration of
its fluid contents can also be performed under CT guidance, unless
thecyst is orated surgically.

TRACHEAL LESIONS

Lesionsin the trachea usually present with either cough or dys-
pnoea due to recurrent chest infections or stridor in children and
adult patients. Tracheal |esions can produce narrowing or widening
of the trachea or a mass within its lumen on the chest radiograph.

Malignant tracheal tumours such as squamous  cell carcinoma
and adenoid cystic carcinoma or cylindroma, benign  tracheal
tumours such as hamartoma and chondroma and other lesions such
astraeheobronchial papillonatosis and amyloidosis can produce a
soft-tissue mass m the trachea.

Widening of thetracheais seenin tracheobror\wlspi'?negaly or the
Moonier-Kahn syndrome, which is associated t
trachea of chronic obstructive pulmonary disease. relapsing poly-

ehondritis. WWegener's granuloma, sareoidosis, t uberculosis, trauma,
tracheopathia osteoehondroplastiea and trachcomalaeia. The diagnosis
of all tracheal lesions s confirmed b\ ("1' which shows the narrowed
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or widened trachea, intraluminal soft-tissue masses, a thick-walled
trachea or extrinsic mediastinal disease. Tracheal lesions are discussed

in more detail in Chapter 16 (see also Figure 1.6 1).

NEUROGENIC TUMOURS

The neurogenie tumours of the mcdiastinum develop from either
the peripheral nerves, the thoracic Sympathetic chain ganglia or the
paraganglionie nerve tissue and are therefore divided into three
groups. Thefirst group are known as nerve sheath tumours and

include the neurofibroma, the sehwannoma or neurilemmoma; the
neurofibroSareoma and the malignant Scbwannoma and are the
commonest of the neurogenic tumoursill the mediastinum in adults.

The second group are known as ganglion cell tumours and include

the ganglioneuroma; the ganglioneuroblastoma and the neuro-

blastoma and are the commonest of the neurogenic tumoursin the
mediastinum in ehilch'en. The third group include chemodectomas
and phacoehromocytomas and are the rarest of the metrogenie

t umours in the mediastinum. The majority of the neurogenie
tumours are benign. but 30°/ are malignant.

Ncurogenic tumours are usually Seen as an incidental posterior
mediastinal mass on a chest radiograph in a child or young adult
patient. The tumour is often asymptomatie. but can produce back
pain or spinal cord compression it it extends through an inter-
vertebral foramen into the spinal canal producing a 'dumb-bell’
tumour. which is usually a neurofibroma. These tumours call be
multiple in patients with neurofibromatosis and can also arise in the
vagus and phrenie nerves, but a mediastinal mass in a patient with
this neuroeutaneous syndrome can also be clue to alateral thoracic
meningocoele.

A neurogenie tumour appears as a well-defined round or oval
soft-tissue mass in the paravertebral gutter, which usually projects
to only one side of the posterior mediastinum (Fig. 237). The nerve
sheath tumours are usually circular in shape. whereas the ganglion
cell tumours are more elongated.

The ganglion cell tumours, particularly the ncuroblastoma, may
contain central spieules or nodules of calcification, which israrein
the nerve sheath tumours. Neurogenie tumours may also involve
adjacent bones to produce splaying of several thin posterior ribs, a
localised pressure erosion defect of avertebral body, enlargement
of an intervertcbral foramen, rib notching and seoliosis. Rapid
increase in the sire of the mass in association with pony destruction
and a pleural effusion indicates the development of malignancy.

The diagnosisis confirmed by MRI (or ("F), which shows a mass
of intermediate signal intensity on T,-weighted images and high
signal intensity on T,-weighted images with enhancement after
gadolinium. MRI also demonstrates any intraspinal extension or
cystic degeneration, but not tile presence of calcification. CT shows
amass of soft-tissue attenuation which enhances after intravenous
contrast medium and may contain calcification. Computer-assisted
myelography also demonstrates intraspinal extension.

HIATUS HERNIA

A fixed or irreducible hiatus herniais one of the commonest causes
of amediastinal abnormality and Is usually Seen as an incidental
posterior mediastinal mass on a chest radiograph in an elderly
patient. The herniais often asymptomatie, but can produce dys-
pnoea, retrosternal chest pain. epigastrie discomfort and iron
deficiency anaemia. Incarceration of the stomach is uncommon.
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Fig. 2.37  Neurofibroma. Asymptomatic 57-year-old woman. PA (A) and lateral (B) films show around mass in the posterior mediastinum behind the
heart on the right. Lateral tomogram showed enlargement of the intervertebral foramen.

A hiatus hernia appears as a round soft-tissue mass often con-
taining either gas or an air-fluid level behind the heart, and usually
lies to the left of the midline in the posterior mediastinum
(Fig. 2.32). The larger hernias can also contain small intestine,
colon and liver.

The diagnosisisreadily confirmed by alateral film, or a barium
meal, which shows the stomach above the diaphragm (see
Fig. 18.60). The diagnosisis also often confirmed by CT which
shows the contrast medium-filled stomach above the diaphragm
with surrounding fatty tissue.

OESOPHAGEAL LESIONS

Lesions in the oesophagus usually present with dysphagiain an
adult patient, but can also produce a cough and dyspnoea due to
aspiration pneumonitis, from spillover of the oesophageal contents
i nto the trachea and main bronchi. Oesophageal lesions can cause a
number of different abnormalitiesin the posterior mediastinum on
the chest radiograph.

A pharyngo-oesophageal pouch or Zenker's diverticulum is pro-
duced by herniation of the pharyngo-oesophageal mucosa through
Killihan's dehiscence, usually on the left, between the muscle
fibres of the inferior constrictor muscle. The mediastinum appears
normal on a chest radiograph if the pouch is small, but alarge
pouch appears as a round mass containing an air fluid level in the
superior part of the posterior mediastinum. The pouch liesin the
midline and displaces the trachea forwards.

A leiomyoma or aleiomyosarcoma and occasionally even a
carcinoma of the oesophagus may become large enough to pro-
duce a soft-tissue mass in the posterior mediastinum and alarge
diverticulum of the lower oesophagus occasionally produces a

round mass containing an air-fluid level behind the heart. Achalasia
of the cardia, a benign oesophageal stricture, a carcinoma of the
oesophagus, systemic sclerosis and South American trypano-
somiasis or Chagas disease can all cause adilated or mega-
oesophagus. The oesophagus dilates proximal to the longstanding
obstruction or clue to the degeneration of Auerbach's plexusin its
wall. A mega-oesophagus produces widening of the posterior medi-

T

Fig. 2.38 Achaasiaof the cardia. 31-year-otd man presenting with dys
phagia. PA film shows a dilated oesophagus containing food behind the
heart on the right, with absence of air in the gastric fundus. Diagnosis
confirmed by barium swallow.
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astinum on the right from the thoracic inlet to the diaphragm by The differential diagnosis oh a paravertebral mass includes a
displacing the azygo-oesophageal line laterally (Fig. 2.38). The traumatic wedge compression fracture of a vertebral body with
dilated oesophagus displaces the trachea forwards and containsan  paraspinal haematoma formation, apyogenie  or tuberculons para-
air-fluid level  with the non-homogeneous mottled appearance g dess metatatic cacinoma lymphomaand mtiple mye-lomaaswell asneurolibromatosis which has keen discussed above
of food mixed with air heneath it. There may also he patchy pneu-
monic consolidation, brouchicctasis or occasionally even pul-  and extramednilary haemopoicsis which will be discussed below.

monary fibrosisin both |ower lobes on the chest radiograph due to
the recurrent aspiration pneumonitis.

The diagnosis of all oesophageal lesions is confirmed by a
barium swallow or CT which shows the dilated oesophagus, large
pouches or diverticula, soft-tissue masses or a thick-walled oeso-
phagus. Oesophageal lesions are discussed in more detail in
Chapter 18.

PARAVERTEBRAL LESIONS

Paravertebral lesions oh the dorsal spine usually present with back
pain in an adult patient and produce a bilateral abnormality in the
posterior mediastinum on the chest radiograph.

B

Fig.239 Metastatic Ewing's sarca paravertebral mass. 22-year-old B
man preseoting with spastic paraparesis. (A) PA film shows an asymmetrical
paravertebral mass in the posterior mediastinum. (B) CT scan after myelog- Fig. 2.40 Bochdalek's hernia. Asymptomatic 65-year-old man. (A) The
raphy (L +175, w 1400) shows an osteoblastic bone metastasis of the lateral film shows an oval mass, which contains aloop of bowel, in the left
upper thoracic vertebral body of T2 with an associated paravertebral soft- posterior costophrenic angle. (B) Barium meat and follow-through showed
tisie mass (arrow) which is compressing the trachea and the spinal canal. the splenic flexure of the colon within the hernia.
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A paravertehral mass appears as a smooth fusiform bilateral soft-
tissue mass in association with abnormalities of the intervertebral
disc space or vertebral body (Fig. 2.39). Narrowing of the disc
space with involvement of the vertebral end-plate is a feature of an
infeetive lesion and bone destruction with a pathological fracture
of the vertebral body is afeature of a neoplastie lesion.

Thediagnosisis confirmed by CT or MRI (Fig. 2.39) and needle
aspiration or biopsy under fluoroscopic or CT guidance can be
very useful in establishing the exact cause of an inflammatory or
neoplastie mass.

BOCHDALEK'S HERNIA

The foramen of Boehdalek is a persistent developmental defect in
the diaphragm posteriorly, produced by afailure of the pleuro-
peritoneal canal membrane to fuse with the dorsal oesophageal
mesentery medially and the body wall laterally. A herniathrough
the foramen of Bochdalek is usually seen as a posterior mediastinal
mass in an elderly adult patient, but can present with acute res-
piratory distress in the neonatal period. The herniais usually
asymptomatie in an adult patients, but can produce abdominal
discomfort. Strangulation of the herniating bowel israrein
neonates.

The majority of Boehdalek's hernias occur in the left hemi-
diaphragm (Fig. 2.40), due to the protective effect of the liver on
the right, but they can occur in the right hemidiaphragm or bilater-
aly. The smaller hernias usually contain retroperitoneal fat, kidney
or spleen, which appears as a smooth round bulge on the posterior
aspect of the diaphragm. The smaller hernias can also contain the
splcnie flexure of the colon, which appears as a gas-filled loop of
bowel in the posterior eostophrenie angle (Fig. 2.40).

The large congenital hernias contain stomach, small intestine and
colon, which appears as multiple gas-filled ring shadows in the left
hemithorax. The air-filled loops of bowel in the chest produce dis-
placement of the heart and mediastinum into the eontral ateral
hemithorax and a compressed hypoplastie lung in the ipsilateral
hcmithorax. The larger hernias can also contain liver.

The diagnosis is confirmed by CT, which shows the retro-
peritoneal fat (-70 to -130 HU) and kidney above a defect in the
diaphragm. The diagnosis can also be confirmed by a barium
follow-through examination or abarium enema, which show aloop
of colon above the diaphragm (Fig. 2.40). Thirteen pairs of ribs
may occur in association with a Boehdalek's hernia.

NEURENTERIC CYSTS

The developmental anomalies produced by partial or complete per-

sistence of the neurenterie canal or its incomplete resorption

i nclude gastrointestinal reduplications, enteric cysts, neurenterie
cysts, anterior meningoeoel es and cysts of the cord. These rare
developmental cysts are closely related not only to the oesophagus,

to which there may be fibrous attachments, but also to the thoracic

spine, in which there may be congenital bony abnormalities such as
block vertebra, hemivertebra, butterfly vertebra and spina bifida
(hence the split notochord syndrome).

A neurenterie cyst is athin-walled foregut cyst lined by stratified
ququamous or ciliated columnar epithelial cells of both gastro-
intestinal and notoehordal or neural origin, which contains fluid
material. A neurenterie cyst usually presents with either respiratory
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distress or feeding difficultiesin infants. An anterior meningocoele

is usually asymptomatie, but an oesophageal duplication cyst can
produce dysphagia or chest pain in achild or young adult patient
Rarely haemorrhage into the cyst can occur or the cyst can become
infected and rupture into the oesophagus. These cysts appear as a
well-defined round or oval soft-tissue mass in the posterior
medi astinum.

The diagnosis of an anterior meningocoele |

oy o et
entering the meningocoele in the prone position.

The diagnosis of an oesophageal duplication cyst is occasionally
confirmed by a barium swallow, if the contrast medium actually
enters the cyst, but is more likely to show extrinsic compression of
the oesophagus. The diagnosis of a neurenterie cyst is confirmed by
ultrasound which shows a transonic cystic mass, or CT which shows
amass of either low or soft-tissue attenuation, or MRi  which shoes
amass with variable signal intensity on T,- and T ,-weighted images,

PANCREATIC PSEUDOCYST

A pseudoeyst of the pancreas extending through the oesophageal or
aortic hiatus into the chest is arare complication of acute panr
ereatitis. A mediastinal pseudoeyst can produce dysphagia, dysr
pnoea and chest pain and is seen in the posterior mediastinum on a
chest radiograph in an adult patient.

The pseudoeyst appears as a round or oval soft-tissue mass
behind the heart often in association with aleft pleural effusion and
ateleetasis in the lower lobes on the chest radiograph.

The diagnosisis confirmed by CT, which shows a thin-walled
cystic mass containing fluid in the posterior mediastinum behind
the heart in continuity with asimilar thin-walled cystic massill the
| esser sae, adjacent to the pancreas (Fig. 2.41).

EXTRAMEDULLARY HAEMOPOIESIS

Extramedullary haemopoiesis in the chest is a rare manifestation of
the chronic haemolytic anaemias, such as thalassaemia major and
sickle cell disease, but can also occur in myelofibrosis. Extrar
medullary haemopoiesisisusually seen as an incidental posterior

Fig. 241  Pancreatic pseudocyst. 65-year-old man presenting with acute
pancreatitis and aleft pleural effusion on achest film. CT scan with contrast
enhancement (L +35, W 325) above the diaphragm shows around cystic
mass, 8 cm in size, behind the heart in the posterior mediastinum.
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|

B
fiy 242 Pneumomediastinum. 12-year-old boy with asthma PA (A) and lateral (8) films show air in the mediastinum with displacement of the pleura
[yand demonstration of the thymus gland (--s).

mediastind Mass on a chest radiograph in children or young adult  ( Fig. 2.43). The diagnosis of a pneurmnomediastinum. acute medi-
patients With a chronic haemolytic anaemia. It appears as bilateral  astinitis or a mediastinal abscessis confirmed by CT, which readily
lobulated paravertebral soft-tissue masses behind the heart. The  demonstrates the presence of gasin the mediastinal tissues.
diagnosisis confirmed by CT (or MRI) which shows the haemo-

poietic tissue as high signal intensity on T,- and T-weightedimagus.

PNEUMOMEDIASTINUM

Air in the mediastinum is usually seen as an incidental finding on a
chest radiograph in an asymptomatic child or adult patient Clue to
spontaneous rupture of the alveoli in the lungs. A spontaneous
pncumomediastinum is caused by asthma, prolonged coughmg as
in whooping cough, exercise, prolonged vomiting as in diabetic
ketoacidosis, childbirth and intermittent positive-pressure ven-
tilation especially in neonates. A pncumomediastinum can also
occur following perforation of the oesophagus due to endoscopy or
treatment of an oesophageal stricture, rupture of the oesophagus
due to repeated vomiting in Boerhaave's syndrome, after median
mernotomy or mediastinoscopy, rupture of the trachea or main
bronchi in chest trauma and pneumope noncom from any cause.

Air in the mediastinum appears as translucent streaks of vas out-
lining the blood vessels and other structures with lateral displace-
ment of the parietal layer of the pleura on the chest radiograph. A
large volume of air tracks throughout the mediastinum and up into
the neck to produce surgical emphysema on the PA film, but a small
volume of air is only seen behind the sternum or heart on alateral
film (Fig. 2.42).

The presence of chest pain and fever in a patient with air in the
mediastinum indicates acute mediastinitis, which is usually clue to
perforation of the pharynx or !esophagus. Acute mediastinitis pro-

Fig. 2.43 Abscess. 15-year-old girl with a short history of pyrexia several
days after a pharyngo-oesophageal tear produced by an explosion of a
duces widening of the mediastinum which contains translucent well-known soda pop into her mouth as she opened the bottle with her

streaks of gas with around or oval soft-tissue mass containing  teeth. PA film shows a right paratracheal mass in the middle mediastinum
bubbles of gas or an air-fluid level if an abscess develops ~ #d races of the resolving mediastinal gas tarrow),
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Fig. 2.44 Haemorrhage. 75-year-old man with chest pain following the insertion of a central venous catheter in theatre. AP film (A) shows widening of
the mediastinum and the catheter (arrows) whose tip was in the innominate artery. CT scan with contrast enhancement (L +50, W 350) (B) above the
tracheal bifurcation shows haemorrhage throughout the mediastinum with aleft pleural effusion and consolidation .

MEDIASTINAL FIBROSIS

Mediastinal fibrosisis usually seen as a mediastinal abnormality on
a chest radiograph in an adult patient who has had radiotherapy or a
chronic inflammatory mediastinitis due to tuberculosis, histo-
plasmosis or coccidioidomycosis. It can also occur in patients with
i diopathic retoperitoneal fibrosis or Riedel's thyroiditisand in
patients on treatment with methysergide.

Mediastinaf fibrosisis often asymptomatic but can produce
superior vena caval obstruction or compression of other mediastinal
structures. The mediastinal fibrosis produces widening of the medi-
astinum. which may contain calcified lymph nodes (Fig. 2.31). The
diagnosisis confirmed by CT (or MRI), which shows thefibrous
tissue as streaky soft-tissue attenuation and calcification within the
mediastinal fat. MRI shows the mediastinal fibrosis as low signal
I ntensity on T,- and T,-weighted images. The diagnosis can also be
confirmed by phlebography. which shows smooth narrowing or
complete occlusion of the brachiocephalic veins and superior vena
cava (see Fig. 15.92).

MEDIASTINAL HAEMORRHAGE

Mediastinal haemorrhage is usually seen as a mediastinal abnor-
mality on a chest radiograph in an adult patient who has sustained
either blunt or penetrating chest trauma, but it can also occur in
patients with an aortic dissection, aleaking thoracic aneurysm or a
bleeding disorder and in patients receiving anticoagulant or
thrombolytic treatment. The blood may be initially localised within
the mediastinum but gradually tracks throughout it. This produces
widening of the mediastinum with tracheal displacement, a medi-
astinal soft-tissue mass or lateral displacement of the paraspinal
lines on the chest radiograph. The widening of the mediatinum  Call
be difficult to differentiate from mediastinal lipomatosis, but in a
patient with a history of traumathe diagnosis i s easily confirmed by
CT (or MRI), which shows the blood as patchy or diffuse soft-

tissue attenuation within the mediastinal fat with its typical higher
CT number than soft tissue (Fig. 2.44). MRI shows the mediastinal
haemorrhage as low signal intensity on T,-weighted images and
high signal intensity on T,-weighted images in the presence of fresh
thrombus, but its appearance changes as the thrombus matures. CT
may show the cause of the mediastinal haemorrhage as a spinal
fracture or aortic rupture with false aneurysm formation in patients
following aroad traffic accident, but if there has been a high-speed
deceleration injury then arch aortography is essential to confirm the
diagnosis of aortic rupture in the haemodynamically stable patient
(see Fig. 15.32).

leremy P. R. Jenkins

MRI can stage certain mediastinal lesions more accurately than CT.

The advantages of MRI include the differentiation of solid lesions
from vessels, the direct visualisation of the spinal canal and its
neural contents, and the differentiation between chronic fibrosis
(low signal) and recurrent lymphoma or tumour (intermediate
signal). In children MRI may be the preferred technique, obviating
the need for intravenous contrast enhancement, but in adults CT is
more often used in conjunction with MRI. MRI is particularly indi-

cated when the administration of intravenous contrast medium is
contraindicated or when vascular opacification is suboptimal.

Surgical clips can produce significant streak artefacts on CT,

whereas on MRI only alocalised signal void is produced. In the
postoperative patient, where residual or recurrent tumour is sus-
pected, distortion oh the hilar and mediastinal anatomy can be
more easily assessed on MRi because of its multiplanar capa-

bility and greater intrinsic soft-tissue and vascular contrast
discrimination.
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ANTERIOR MEDIASTINUM
Mediastinal thyroid

Thisisthe commonest mass lesion in the thoracic inlet. Sagittal

and transverse T - weighted scans demonstrate its extent and rela-
tionship to adjacent major vessels. The thyroid gland gives a
signal intensity slightly greater than muscle on T,-weighted
images and a much more intense signal on T,-weighted scans.
Thyroid masses have longer relaxation times than normal thyroid
and thus are of lower and higher signal on T,- and T,-weighted
images respectively. Measurement of relaxation times is unhelpful
in separating this lesion from other tumours. Haemorrhage within
cysts can he shown but calcification is better demonstrated by CT.

The internal architecture of this tumour, including cystic and
necrotic changes, can be shown on T2-weighted scans but better

assessed using intravenous gadolinium-chelate.

Thymus

The normal thymus has a non-specific long T, and T, and appears
of low signal, contrasting well with the high signal from sur-
rounding fat on T,-weighted scans but remaining isointense with
fat on T,-weighted images. The superior soft-tissue contrast reso-
jution of MRI allowed the correct diagnosis to be made in a
patient with an ectopic thymus in the posterior mediastinum
because of its similarity in signal intensity characteristics to the
normally positioned thymus. With increasing age, fat deposition
within the normal thymus shortensits T, value, thereby reducing
its contrast with adjacent fat.

The majority (90%) of thymomas are located in the anterior
mediastinum and cannot be differentiated from other solid medi-
astinal tumours. Inhomogeneities in the tumour can occur due to
cyst formation, necrosis or haemorrhage, and may be better delin-
eated by the administration of gadolinium-chelate. A disadvantage
of gadolinium-chelate enhancement in T,-weighted images is the
loss of contrast between fat and enhancing tumour, although this
can he obviated by the use of frequency-offset fat-suppression tech-
nique. Malignant thymomas cannot be differentiated from benign
tumours on signal intensity appearances or on relaxation time
measurements, but can be recognised by evidence of invasion of
adjacent structures.

Cystic mediastinal masses

MRI can demonstrate the cystic nature of lesions in the mediastinum

when thisis difficult to ascertain by other imaging techniques,
including CT. Simple cysts typically haveavery long T, and T.,
with a signa intensity smilar to that of cerebrospinal

fluid or urine. The actual signal intensity within the cyst does,
however, depend upon its contents (Fig. 2.45). It isimportant, there-

fore, to appreciate that the MR appearance may be ambiguous and.
in the presence of haemorrhage or an increase in the proteinaceous
material within the cyst, may suggest a solid mass. The use of intra-

venous gadolinium-chelate is helpful in confirming a solid mass
lesion which demonstrates enhancement compared with a non-
enhancing central cyst. A uniformly high signal intensity on T,-
weighted images, due to the presence of altered haemorrhage, isa
typical feature of abenign cyst. In the assessment of teratodennoids,
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Extrathoracic cystic hygroma (lymphangioma) in a 3-day-old
neonate showing high signal due to dilated lymphatic spaces on a
T,-weighted spin-echo image.

Fig. 2.45

CT issuperior to MRI because of its ability to detect calcification.
Lipid iswell shown by both techniques.

MIDDLE MEDIASTINUM

Nodal disease

There is debate as to the relative merits of ECG-gated or rapid-
acquisition non-gated T,-weighted images in the demonstration
of mediastinal and hilar nodes. Both techniques provide equi-
valent morphological detail and reduce cardiac and respiratory
motion artefacts, but the rapid-acquisition non-gated scans are
more heavily T,-weighted, providing greater soft-tissue contrast
between lymph nodes and fat. It is generally agreed that MRl is
slightly superior to CT in the detection of lymph node enlarge-
ment of the hilum but equivalent in the general assessment of
enlarged nodes in the mediastinum. As hilar nodes are closely
related to vessels, the superior contrast and multiplanar capability
of MRI more than compensates for its slightly inferior spatial
resolution. MRI can he of value in evaluating the aortopulmonary
window and .subcarinal spaces (Fig. 2.46) areas that are difficult
to delineate using the transverse plane of CT. MRI, however, has
poorer spatial resolution and may not resolve small adjacent but
separate nodes. Calcification within nodes, which may he useful
as an estimate of benignity, isnot easily detected. In patients with
little mediastinal fat, small nodes can be difficult to define.

The diagnosis of nodal disease depends on the same size criteria
asfor CT. Thereis current debate as to the precise size criteriato be
applied in different nodal areas, and also which dimension of the
node (short or long axis) should be used for measurement.
Generally, nodes greater than 10 mm are considered to he enlarged
and involved by tumour. It should be recognised, however, that not
all enlarged nodes are tumorous and that metastases can occur in
normal-sized nodes. It is not possible from measured relaxation
time values or other MRI criteria to distinguish between tumour-
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Fig. 2.46

i nvolved nodes and reactive hyperplastic nodes. An in vitro study of
freshly removed lymph nodes from patients with lung cancer has
shown significant (P < 0.05) differencesin the mean T, values of
tumorous (640 as) and non-tumorous (566 ms) nodes. There was,
however, too much overlap between the two groups for this to he of
clinical relevance.

Although relaxation time values in themsel ves have limited value
i n the differentiation of pathology, the use of more sophisticated
i mage analysis techniques, including texture analysis, may have
great potential in detecting changes between tumour and non-tumour
tissue which may not he demonstrable on visual inspection alone.

A new MR[ lymphographic contrast agent, using an ultrasmall
(<10 nm diameter) superparamagnetic iron oxide preparation, is
available for imaging the lymphatic system (see Ch. 59). Following
intravenous administration the ultrasmall iron oxide compound is
able to bypass the mononuclear phagocytie system of the liver and
spleen, cross capillary walls and achieve widespread tissue dis-
tribution, including lymph nodes and hone marrow. The particles
accumulate in normal lymph nodes markedly reducing their signal
i ntensity, producing a single void, by a superparamagnetie effect.
Malignant tissue is spared, and metastatic nodes, therefore, appear
more intense than normal nodes. The use of such an agent could
enable visualisation of normal nodal anatomy and thus enhance the
detection of nodal disease irrespective of size or anatomical
distribution.

Lymphoma

MRI is not able to characterise tissue reliably. Most malignancies
have a non-specific long T, and T,, and their enhancement charac-
teristics using gadolinium-ehelate are similar. Lymphoma usually
has a homogeneous intermediate signal intensity on T,-weighted
i mages and appears isointense with fat on T,-weighted scans.

CONTENTS

(A, B) Tumour in the subcarinal space infiltrating the left atrium on transverse and sagittal ECG-gated T,-weighted spin echo images.

Nodular sclerosing Hodgkin's disease can appear heterogeneous,
with low signal areas which are presumed to be due to a high
fibrous content in this tumour type.

In the early post-treatment phase (8-12 weeks), responding lym-
phomas demonstrate heterogeneity in signal intensity, with a
decrease in the T-weighted signal, associated with reduction in
tumour sire. Inactive residual masses assume a homogeneous |low
signal intensity pattern. Recurrent disease may he detected as an
i ncrease in signal intensity on the T,-weighted images prior to evi-
dence of aclinical relapse. Problems in interpretation. however.
may result from intermixing of surrounding fat with an inactive
mass. Postradiation or reactive inflammatory changes may also
simulate active disease. A low signal from fibrosis isamore reliable
indicator of tissue type than a high signal intensity which is not
specific for tumour. MRI, nevertheless, has arole in the assess-
ment of response to treatment and in the detection of recurrent
mediastinal disease.

Great vessels

Mediastinal disease can involve the mediastinal great vessels.

Vascular abnormalities can he assessed with MRI without the
need for the administration of intravenous contrast medium. The
high intrinsic soft-tissue contrast. due to the low signal from

flowing blood compared with the intermediate signal from the
vessel wall and high signal from adjacent fat, gives MRI sig-

nificant advantages over CT. Flow artefacts with signal within
vessels during different phases of the cardiac cycle using con-
ventional pulse sequences need to be recognised and correctly
i nterpreted. MRI has been shown to be useful in the evaluation of
central pulmonary embolism and pulmonary arterial hypertension.
Peripheral emboli are poorly shown due to the intrinsic low signal

from inflated lung.
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Aneurysm at the site of a previous coarctation repair on a saqit-

Fig. 2.47

tal-oblique T,-weighted ECG-gated spin echo image.

Aorta

Both acquired and congenital lesions of the thoracic aorta can he
shown to advantage with MRI, which has significant advantages
over CT and angiography, particularly in the evaluation of :
aneurysms and coaretation (Fig. 2.47) (see Ch. 15). The dimen-
sions and extent of an aneurysm, the differentiation of a patent
lumen from thrombus formation and the delineation of vessel wall
from surrounding mediastinal fat can all be assessed. The use of
multiplanar i maging allows the aortic valve and proximal origin
of the great vessels to he demonstrated.

The origin and extent of aortic dissee ltion, | nvolvement of the
arch and the dissecting flap can be well shown on MRi (Fig. 2.48).
The distinction between slow-flowing blood and thrombus may be
difficult on conventional pulse sequences and does require a more
flow-sensitive sequence (phase-sensitive or gradient-echo even-
echo rephasing). The ability to measure blood flow velocity in vivo

. e

Fig. 2.48 Dissection flap (arrow) in the aortic arch on an ECG-gated
T,-weighted spin echo (700/20) image.
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using flow-sensitive sequences enables a clear separation between
the true and false lumens to he made, together with an assess-
ment of the re-entry site in aortic dissection (see Ch. 15). Three-
dimensional gadolinium-enhanced MR angiography can provide a
comprehensive mapping of the entire thoracic aorta and its major
branches within a breath-hold. In this technique an intravenous
infusion of gadolinium-chclate is used to shorten the T, relaxation
ti me of blood, making it possible to outline the aorta on a heavily
T,-weighted sequence without depending oil the time-of-flight
effect. This method uses a standard three-dimensional gradient-
echo pulse sequence and the conventional body, or preferably a
phased-array coil. A particular advantage of this technique is that
the images are acquired without the need for ECG-eating useful in
patients with arrhythmias. Also, the data set can be reformatted in
any imaging plane by postprocessing. The main disadvantage is the
requirement of a contrast injection, as most thoracic aorta patholo-
gics can be diagnosed on conventional sequences without the use of
gadolinium-ehelate

Mediastinal veins

Superior vena caval infiltration or obstruction secondary to
thoracic tumour can- he well shown on transverse and coronal
T,-weighted images (Fig. 2.49). The same flow void phenomenon
isobserved in veins asin arteries. but signals within veins due to
slow flow can he difficult to interpret. The distinction between
slow flow and thrombus may require the use of phase-sensitive or
gradient-rephasing sequences. Gadolinium-chclate can be useful
in showing intraluminal tumour infiltration, which enhances com-
pared with intraluminal thrombus (which shows no change in
signal intensity). Gadolinium-chclate can also enhance slow-
flowing venous blood, producing an increase in intraluminal
signal, but thisis usually more pronounced than that from tumour
enhancement.

Fig. 2.49 Recurrent malignant fibrous histocytoma of the right lung
(arrow) following previous lobectomy on coronal spin echo (1100/26)
image. The tumour is attached to and involves the lateral wall of the supe-
rior vena cava(s). a = aortic arch. (Reproduced with permission from
lenkins, J. P. R., Isherwood, 1. (1987) Magnetic resonance of the heart: a

review. In: Rowlands, D. J. (ed.) Recent Advancesin Cardiology 10.

Edinburgh: Churchill Livingstone.)
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POSTERIOR MEDIASTINUM

Neurogenic tumours

MRI is superior to CT in the detection and evaluation of neuror
genie tumours within the posterior mediastinum (Figs 2.51 and

Fig. 2.50 Postcricoid carcinomainfiltrating the posterior wall of the
trachea on a T,-weighted spin echo image. A nasogastric tubeisin situ.

Tracheal tumours

The reduced spatial resolution of MRI compared with CT
accounts for the lower accuracy in the detection of 319 normal
and 79 diseased bronchi confirmed hronchoscopically-40%o
normal and 70'%n diseased bronchi were visualised on MRI and
98Y for both groups on CT. MRI and CT are considered equi-
valent in the visualization of larger airways (Fig. 2.50). but MRI
has the possible advantage of imaging the whol e trachea and
major bronchi in asingle oblique plane or b, using avolume Fig. 251 Multiple paraspinal, intercostal and intra abdominal neuro
scanning technique. CT is superior, however, to MRI inthe  {pomasin a patient with neurofibromatosis, on a coronal T,-weighted
detection oFe nclotracheal and endohronchial lesions. (spin echo 700/40) i mage through the thorax.

E ooar ot

Fig. 2-52_ Dumb-bell neurofibroma within a thoracic intervertebral foramen with intra- and extraspinal extensions on coronal (A) and transverse
(B) Ti-weighted gradient-echo (300/14/90°) postgadolinium-chelate injection. Note the displacement of the adjacent thoracic cord (arrowed).
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2.52). Thisis due to the higher soft-tissue contrast discrimination,
allowing direct visualisation of the spine, spinal canal and cord
(including nerve roots) without the need for intrathecal contrast
medium, together with the multiplanar imaging facility.
Calcification, which is common in neuroblastoma, is better shown
by CT.

Oesophageal lesions

Smooth muscle has similar values of relaxation time to skeletal

muscle. There is therefore greater soft-tissue contrast between
oesophageal tumour (high signal) and muscle (low signal) on
T,-weighted images. Conventional T -weighted images of the medi-
astinum are, however, prone to significant motion artefacts and have
a much lower signal-to-noise ratio than T,-weighted images. The
advent of faster scanning techniques (by use of digital RF) has over-
come some of these problems, improving image appearance. On T,-
weighted images there is reduced tumour-to-muscle contrast. The
use of MRI affords no advantages over CT in the assessment of
oesophageal tumour, as MRI is unable to demonstrate small intra-

luminal and intramural tumours. Infiltration of the oesophageal wall

cannot he detected, and difficulty does occur in separating tumour
from intraluminal contents in stenotic lesions. Tumour enhancement
may be achieved by the use of gadolinium-chelate. Equivalent
assessment of mediastinal infiltration can be demonstrated on both
CT and MRI.

Extramedullary haematopoiesis

Extramedullary haematopoiesis has similar signal intensity char-
acteristics to the spleen (long T1/long Tom). The appearances are
non-specific and indistinguishable from other mediastinal
tumours. Similar morphological criteriato those applied to CT
can be used with MRI.

Diaphragmatic hernias

Corona) and sagittal plane imaging are particularly useful in
delineating the diaphragm, which has alow signal. The relation-
ship of intrathoracic masses to the diaphragm can he well visu-
alised, as can the contents of the hernial sac, which determine the
signal intensity.

Fibrosing mediastinitis

CT is superior to MRI in the detection of calcification invisible on
chest radiographs, afeature which isimportant in suggesting the
diagnosis of fibrosing mediastinitis. A low signal on both T,- and
T-weighted images, due to the presence of fibrosis, is very often
sufficiently different from that from tumour to suggest the correct
diagnosis.

REFERENCES AND SUGGESTIONS FOR FURTHER READING

Adler, O. B., Rosenberger, A.. Peleg, H,,(1983) Fine needle aspiration biopsy
of mediastinal masses. American of'Roentgenologv , 140, 893-896.

Baron, R. t.., Levitt. R. G., Sagel, S. S,, Stantey, R. J. (1981) Computed
tomography in the evaluation of mediastinal widening. Radiology, 138,
107-113.

Next Page

THE MEDIASTINUM 85

Baron,R. L., Lee, J. K. T.. Sagel, S. S,, Peterson, R. R. (1982) Computed
tomography of the normal thymus. American Journal of Roentgenology,
142,121-125.

Cohen. A. M., Creviston, S., Li Puma, J. P, Lieberman , J.. Haaga, J. R.,
Alfidi, R. J. ( 1983) Nuelear magnetic resonance imaging of the
mediastinum and hili- Ants rican .lonrnol of Roentgenologs, 141. 1163-1169.

Crows, .1. K., Brown. L. K.. Muhm, J. R. (1978) Computed tomography of the
mediastinum. Radiology , 128, 75-87.

Day, D. t.., Gedgaudas. E. (1984) The thymus. Radiologic Clinics of North
America, 22, 519-538.

Egan, T. J, Neiman, H. L., Herman, R. J.,, Malave. S. R., Sanders, J. H.
(1980) Computed tomography in the diagnosis of aortic aneurysm
dissection or traumatic injury. Radiology , 136, |41-146.

Fon, G. T., Bein, M. E., Maneuso. A. A., Keesey, J. C,, Lupetin, A. R.,
Wong, W. S. (1982) Computed tomography of the anterior mediastinum in
myasthenia gravis. Radiologi . 142, 135-141.

Gamsu, G.. Webb, W. R.. Sheldon, P, Kaufman, L. Crooks. t.. F.. Birnberg,
F. A.. Goodman, P., Hineliffe, W. A., Hedgeeoek. M. (1983) Nuelear
magnetic resonance imaging of the thorax. Radiology, 147.473-480.
Clzer, H. S. (1989) Differential diagnosis of mediastinal pathology. CT
Review, L 41-51.

Heitzman, E. R., Gotdwin. R. L., Proto, A. V. (1977) Radiological analysis of
the mediastinum utilizing computed tomography. Radiologic Clinics Of
North America, 15, 309-329.

Husband. J. E. S. (1989) Thymic masses and hyperplasia. CT Review. |, 53-63.

Kirks, D. R.. Korobkin, M. (1981) Computed tomograpby of the chest in
infants and children: techniques and mediastinat evauation. Radiologic
Clinics of North America. 19. 409419.

Lyons, H. A.. Calvey. G. L., Sammons, B. P. (1959) The diagnosis and
elassifieation of mediastinal masses: a study of 782 cases. Annals of
Internal Medicine, 51. 897-932.

MeLoud, T. C., Meyer, J. E. (1982) Mediastinal metastases. Radiologic
Clinics of North Americo, 20, 453-468.

Morrison, t. M. (1958) Tumors and cysts of the mediastinum. Thorax, 13,
294-307.

Oudkerk, M., Overboseh, E.. Dee, P. ( 1983) CT recognition of acute
aortic dissection. American Animal 0% Roentgenology, 141, 671-676.

Pugateb, R. D.. Faling, L. J.. Robbins, A. t 1., Spira, R. ( 1980) CT diagnosis
of benign mediastinal abnormalities. Anne rican Journal of'Roentgenologr,
134.685-694.

Siegal,

M.J, Sagel, S. S. Reed, K. (1982) The value ofcomputectomagraphy inthe diagnosis and management of pediatric mediadtind
abnormat i ties. Radiology, 142, 149-t55.

Von Sehulthess, G. K.. MeMurdo, K., Tsebolakoff, D., De Geer, G.,
Gamsu, G., Hi-gins, C. B. (1986) Mediastinal masses: MR imaging.
Radiology, 158.289-296

Westeott, J. L. (1981) Pereutaneous needte aspiration of hilar and mediastinal
masses. Radiology, 141, 323-329.

Wyehttis, A. R., Payne, W. S,, Clagett, O. T., Woolner, L. B. (1971) Surgieat
treatment of mediastinal tumours: a 40-year experience. Journal of
Thoracic and Cardiovascular Surgery, 62, 379-392.

MRI of the mediastinum

Armstrong, P. (2000) Mediastinal and bitar disorders. In: Armstrong, P.,
Wilson, A. G., Dee,P., Hansell, D. M. (e(s) Imaging of Diseases Of the
Chest, 3rd edn, eh. 15, pp. 789-892. C. V. Mosby.

Herold, C. J., Zerbouni, E. A. (1992) The mediastinum and lungs. In:
tliggins, C. B.. Hrieak, H., Helms, C. A. (eds) Magnetic Resonance Imaging
of the Body 2nd edn. eh. 22, pp. 461-523. New Y ork: Raven Press.

Husband, .I. E. S., Resnek, R. (eds) (1998) hugging in Oncology. Oxford:

iSiS Medical Media.

Lesko, N. M., Link, K. M. (1999) Mcdiastinum and lung. In: Stark, 1). D.,
Bradley, W.G. (eds) Magnetic Resonance Imaging, 3rd edn, eh. 18,
pp. 355-371. St Louis: C.V. Mossby.

Link, K. M. (1992) Great vessels. tn: Stark, D. D., Bradley. W. G. (eds)
Magnetic Resonance Imaging, 2nd edit, eh. 46, pp. 1490-1530. St Louis;
C. V. Mosby.

Matsumoto. A. H., Tegtmeyer, C. J. (1995) Contemporary diagnostic
approaches to acute pulmonary emboli. Radiologic Clinics of North
America, 33, 167-183.

Naidich, D. P., Webb. R., Mueller, N. L., Krinsky, G. A., zerhouni , E. A..
Siegelman, S. S. (eds) (2000) CorpmutedTomography-and Magnetic
Resonance of the Thorax, 3rd edn. New Y ork: Lippineott Williams & Wilkins

]

S A &l
o L A ga
ol s




Previous Page

86 A TEXTBOOK OF RADIOLOGY AND IMAGING

Prince, M. R., Narasimham, D. L. Jacoby, W. T., Williams. D. M., Cho, K. J,,
Marx, M. V., Deeh, G. M. (1996) Three-dimensionat gadolinium-enhanced
MR angiography of the thoracic aorta. American Journal of
Roentgernol ogy,166,1387-1397.

Scott, S. (1995) Basic concepts of magnetic resonance angiography.
Radiologic Clinics of North America, 33, 91-113.

Weisseder, R., Elirondo, G.. Wittenherg, L., Lee, A. S,, Josephson, L.,
Brady, T. (1990) Ultrasmalt superparamagnetic iron oxide: an
intravenous contrast agent for assessing tymph nodes with MR imaging.
Radiology, 175, 494-498.

White, C. S. (ed.) (2000) MR imaging of the thorax. MRI Clinics of North
America 8, 1-224.

Zerhouni. E. A., Herotd, C. J., Hahn, D. (1992) Mediastinum and lung.

In: Stark, D. D., Bradley, W. G. (eds) Magnetic Resonance Imaging,
2nd edn, ch. 45. pp. 1429-1489. St Louis: C. V. Mosby.

CONTENTS

Next Page

CT of the mediastinum

Costelto, P. (1995) Thoracic imaging with spiral CT. In: Fishman. E. K.,
Jeffrey, R. B. (eds) Spiral CT: Principles, Techniques and Clinical
Applications, pp. 109-130. New York: Raven Press.

Prokop, M. (2000) Multislice CT angiography. European Journal of
Radiology. 36, 86-96.

Rydberg, J., Buckwalter. K. A., Caldemeyer, K. S., Phillips, M. D., Conces,
D. J, Aisen, A. M., Persohn, S. A., Kopecky, K. K. (2000) Multisection
Ct : scanning techniques and elinical apptications. Radiographics, 20.
| 787-1806.

Wegener. 0. H. (1992) The mediastinum. In: Whole Body Computed

Topography pp. ! 37-170. Massachusetts: Blackwell Selentific.

]

S A &l
o L A ga
ol s



Previous Page

THE PLEURA

CONTENTS

Next Page

Michael B. Rubens and Simon P. G. Padley

Basic anatomy

The pleurais a serous membrane which covers the surface of the
lung and lines the inner surface of the chest wall. The visceral
pleura, over the lung, and the parietal pleura, over the chest wall,
are continuous at the hilum, where afold of pleura extends inferi-
orly to form the inferior pulmonary ligament. The two layers of
pleura are closely applied to each other, being separated by a thin
layer of lubricating pleural fluid. The parietal pleura, and the vis-
ceral pleuraover the periphery of the lung are not normally visible
radiographically. However, where the visceral pleuralinesthe inter-
|obar fissures of the lung it is often visible, there being two layers
of pleura outlined by aerated lung. The horizontal fissure of the
right lung is often seen on afrontal chest film, and the oblique
fissures will usually be seen on the lateral views. Some patients
have one or more accessory fissures, the most common being the
azygos fissure and the inferior accessory fissure of the right lower
|obe. Occasionally anterior or posterior junction lines are seen in
the frontal chestfilm where the left and right lungs come into
contact in the mediastinum.

Some physiological considerations

The normal anatomy of the lungs is maintained by a balance
between different elastic forces of the chest wall and lungs. The
lung has a natural tendency to collapse toward its hilum, and thisis
opposed by forces of similar magnitude in the chest wall tending to
expand outward. The visceral and parietal layers of pleura are thus
kept in close apposition. If increased fluid or air collectsin the
pleural space, the effect of the outward forces on the underlying
lung is diminished, and the lung tends to retract toward its hilum.
Therefore, in an erect patient a small pleural effusion which has
gravitated to the base of the lung causes retraction of the lower part
of the lung, but has comparatively little effect at the apex.
Conversely, a small pneumothorax will collect at the apex and have
little effect at the lung base. Obviously, large intrapleural collec-
tions will affect the entire lung. These basic patterns may be altered
by the state of the underlying lung and the presence of pleural adhe-
sions. Fibrotic, emphysematous or consolidated lung may not be
able to retract and adhesions may prevent the usual distribution of
air or fluid.

PLEURAL FLUID

Fluid will accumulate in the pleural space if the rate of its produc-
tion exceeds its rate of resorption. This may he due to: (i) increased
microvascular pressure in the lungs (e.g. in heart failure):
(ii) reduced plasma oncotic pressure (e.g. in hypoproteinaemia);
(iii) increased microvascular permeability (e.g. in pleurisy);
(iv) reduced lymphatic drainage from the pleural space (e.g. in lym-
phangitis); or (v) passage of peritoneal fluid across defectsin the
diaphragm.

Fluid which accumulates in the pleural space may be transudate,
exudate, pus, blood or chyle. Radiographically these produce
similar shadows and are therefore indistinguishable. However, there
may be clinical datato point to the aetiology. or the chest film may
show other abnormalities, such as evidence of heart failure or
trauma, which indicate the cause. Sometimes the definitive diagnosis
is only made after thoracentesis or pleural biopsy; not infrequently
it remains obscure.

Transudates Transudates contain less than 3 g/dl of protein, and
arc usually clear or faintly yellow, watery fluids. A pleural transu-
date may be called a hydrothorax. They are often bilateral. The
commonest cause is cardiac failure, when the effusion usually
accumulates first on the right, before becoming bilateral. Other
causes are hvpoproteinaemia (especially the nephrotic syndrome,
hepatic cirrhosis and anaemia), constrictive pericarditis, Meigs
syndrome and mY xoedema.

Exudates Exudates contain in excess of 3 g/dl of protein, and
vary from amber, slightly cloudy fluid, which often clots on stand-
ing, to frank pus. A purulent pleural effusion is termed an
empyema. The commonest causes of pleural exudate are bacterial
pneumonia, pulmonary tuberculosis, carcinoma of the lung,
Metastatie malignancy and pulmonary infarction. Lesscommon
causes are subphrenic infection, connective tissue disorders (espe-
cially systemic lupus erythematosus and rheumatoid disease) and
non-bacterial pneumonias. Unusual causes include postmY ocardial
infarction syndrome, acute pancrealitis and primary neoplasia of the
pleura.
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Haemothorax Bleeding into the pleural space is amost always
secondary to open or closed traumato the chest. Rarely, it isdue to
haemophilia or excessive anticoagolation. The effusions associated
with pulmonary infarction and carcinoma of the lung are frequently
blood stained but rarely pure blood.

A TEXTBOOK OF RADIOLOGY AND IMAGING

Chylothorax Chyleisamilky fluid high in neutral fat and fatty
acids. Chylothorax may develop secondary to damage or obstruc-
tion of the thoracic lymphatic vessels. The commonest cause is
chest tranma, usually surgical. Other causesinclude carcinoma of
the long, lymphoma and filariasis. Lvmphanginntyunudosis is arare
cause.

Radiological appearances of pleural fluid

Freefluid Pleural fluid casts a shadow of the density of water or
soft tissue on the chest radiograph. In the absence of pleural adhe-

sions, the position and morphology of this shadow will depend
upon the amount of fluid, the state of the underlying lung and the
position of the patient. The most dependent recess of the pleurais
the posterior costophrenic angle. A small effusion will, therefore,
tend to collect posteriorly and in most patients 100-200 ml of fluid

are required to fill this recess before fluid will be seen above the

dome of the diaphragm on the frontal view (Fig. 3.1). Small effu-

sions may thus be seen earlier on alateral film than on afrontal

film, but it is possible to identify effusions of only afew millilitres
using decubitus views with a horizontal beam (Fig. 3.2), ultrasound
or CT (Fig. 3.3). As more fluid accumul ates, the costophrenic angle
on the frontal view fills, and with increasing fluid a homogeneous
opacity spreads upward, obscuring the lung base. Typically this
opacity has afairly well defined, concave upper edge, is higher
laterally than medially and obscures the diaphragmatic shadow

(Fig. 3.4). Frequently fluid will track into the pleural fissures. If
the film is sufficiently penetrated, pulmonary vesselsin the lung
masked by the effusion will be seen. A massive effusion may cause

CONTENTS

Fig. 3.1  Small bilateral pleural effusions. Man aged 58 with ischaemic
heart disease. The |eft costophrenic angle is blunted by a small effusion.

Theright pleural effusion islarger, and fluid is beginning to extend up the
chest wall.

complete radiopacity of a hernithorax. The underlying lung will
have retracted toward its hilum, and the space-occupying effect of
the effusion will push the mediastinum toward the opposite side
(Fig. 3.5). In the presence of alarge effusion, lack of displacement
of the mediastinum suggests that the underlying lung is completely
collapsed and when the effusion is of moderate size mediastinal
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Fig. 3.2 gmall bilateral pleural effusions. Man aged 34, renal transplant patient with cytomegal ovirus pneumonia. The effusions probably relate to renal
failure rather than the pneumonia. (A) PA film shows subtle filling in of both costophrenic angles. (B, C) Horizontal-beam right and left lateral decubitus
fil ms show obvious free pleural effusions collecting along the dependent lateral costal margins (arrowheads).
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Fig. 3.3 CT scan through the dome of the right diaphragm. There are
small pleural effusionsin the posterior costophrenic recesses bilaterally.

Thereis also asmall volume of abdominal ascites (arrows) between the
anterior surface of the liver and the undersurface of the diaphragm (arrow-

heads).

Fig. 3.5 Largepleural effusion. Man of 28 with well-differentiated lym-
phocytic lymphoma. PA film shows alarge | eft pleural effusion extending
over apex of lung and pushing the mediastinum to the right. A small right
pleural effusion is also present, and right paratracheal shadowing represents
lymphadenopathy.

The contour of the “diaphragm' is altered, its apex being more
|ateral than usual, and there may be some blunting of the costo-
phrenic angle or tracking of fluid into fissures (Fig. 3.7). On the left
side increased distance between the gastric air bubble and lung base
may be apparent. A subpulmonary effusion in afree pleural space
will move with changes of posture, as can be demonstrated by hori-
zontal-beam lateral decubitus or supine films. A large right pleural

effusion may collect in the azygo-oesophageal recess and mimic a

Fig. 3.4 Moderate-size pleural effusion in awoman of 56. Effusions of
unknown aetiology. PA fil m demonstrates typical pleural opacity with
concave upper border, slightly higher laterally, and obscuring the
diaphragm and underlying lung. Fluid is extending into the fissure (arrows)
and also into the azygo-oesophageal recess, producing aretrocardiac
opacity (arrowheads).

shift toward the side of collapse may occur. Thisislikely to be due
to carcinoma of the bronchus. In the presence of pleural disease the
ipsilateral hemidiaphragm is usually elevated. However, the wei {
of alarge effusion may cause inversion of the diaphragm, and this
sign is probably best demonstrated by ultrasound.

Atypical distribution of pleural fluid is quite common.;
effursions are shallow collections between the lung surface and the
visceral pleura (Fig. 3.6), sometimes sparing the costophrenie

angle. Strictly, lamellar effusions represent interstitial pulmonary

fluid. Occasionally quite large effusions accumulate between the Fig. 3.6 Lamellar pleural effusions, postcardiac surgery. Erect AP film
diaphragm and undersurface of alung, mimicking elevation of that shows fluid filling both costophrenic angles and extending up the lateral
hemidiaphragm. Thisisthe so-called subpulrnomary plard efuson chest wall (arrowheads).
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Fig. 3.7  Fifteen-year-old male with adriamycin-induced cardiomyopathy and recently increasing shortness of breath. (A) Erect PA film shows a large heart

and apparent elevation of the right hemidiaphragm due to a large subpulmonic effusion. (B) Lateral film shows fluid tracking up the posterior chest wall
and blunting the posterior costophrenic recess. (C) Supine chest radiograph obtained shortly afterwards showing redistribution of pleural fluid. The
appearances are now typical of a large supine pleural effusion with increased density of the right hemithorax. (D) Ultrasound of the right lung base reveals

a large anechoic space consistent with an uncomplicated pleural effusion.
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retrocardiac mass (Figs 3.4, 3.8). The reasons for atypical distribu-
tion of pleural fluid arc often unclear, but it may be associated with
abnormality of the underlying lung.

Loculated riuia The pleural space may be partially obliterated by
pleural disease, causing fusion of the parietal and visceral layers.
Encapsulated and free pleural fluid can he distinguished by gravita-
tiond methods. Encapsulated fluid, however, may he difficult to dif-
ferentiate from an extrapleural opacity, parenchymal lung disease or
mediastinal mass, but there are some useful diagnostic points.

An encysted effusion is often associated with free pleural fluid or
other pleural shadowing, and may extend into afissure (Fig. 3.9).
L oculated effusions tend to have comparatively little depth, but
considerable width, rather like a biconvex lens. Their appearance,
therefore, depends on whether they are viewed en face, in profile or
obliquely. Fluoroscopy is often helpful in determining the best pro-
jection for radiographic demonstration. Extrapleural opacities tend
to have a much sharper outline, with tapered, sometimes concave
edges where they meet the chest wall. Peripheral pleurally based
lung lesions may show an air bronchogram that will distinguish
them from true pleural disease (Fig. 3.10). The differentiation
between pleural thickening or mass and loculated pleural fluid may
he difficult on plain films, and CT and ultrasound are particularly
useful in this context (Fig. 3.1 .).

Fluid may become loculated in one or more of the interlobar
fissures. Thisis an uncommon occurrence and is most often seen in
heart failure. The appearances depend upon which fissure is affected
and the quantity of fluid. Fluid collecting in the horizontal fissure pro-
duces alenticular, oval or round shadow, with well-demarcated edges.
Fluid extending into the adjacent parts of the fissure may make it
appear thickened. In both frontal and lateral projections the shadow
appears rounded. Loculated fluid in an oblique fissure may be poorly
defined on afrontal radiograph, but alateral film is usually diagnostic
since the fissure is seen tangentially, and the typical lenticular
configuration of the effusion is demonstrated (Fig. 3.12).

Fig. 3.8 Fifty-five-year-old male with adenocarcinoma of the pleura from an unknown primary site.
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Fig. 3.9 Loculated pleural effusion in aman of 19 years with non-
Hodgkin's lymphoma. Erect PA fil m shows well-circumscribed convex
opacity adjacent to right upper costal margin and extending around apex
of lung. Right paratracheal shadowing is partly due to lymph-node enlarge-
ment, and partly due to loculated pleural fluid. Pleural fluid is also present
at the right base extending into the horizontal fissure.

Loculated interlobar effusions can appear rounded on two views.
Following treatment they may disappear rapidly, and are hence
known as “pseudo-' or “vanishing' tumours. They may recur in sub-

sequent episodes of heart failure.

Empyema This may be suspected on a plain film by the sponta-
neous appearance of afluid level in apleural effusion, but is best
diagnosed by CT or ultrasound (Figs 3.13, 3.14). On CT an
empyema usually has alenticular shape and may compress the
underlying lung. Fluid, with or without gas, may be present in the

B

(A) PA chest radiograph reveals extensive

opacification of the right hemithorax with alobulated upper margin. There is shift of the azygo-oesophageal line to the opposite side (arrows).
(B) Enhanced CT scan at the level of the main pulmonary artery showing mediastinal displacement due to the large loculated pleural fluid collection.
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Fig. 3.10 Peripheral consolidation demonstrating the presence of an air
bronchogram (arrow) in a patient with organising pneumonia.

pleura and both layers of the pleura may he thickened. Because the
likelihood of successful small bore catheter drainage decreases with
ti me and the development of a pleural rind, rapid diagnosis and treat-
ment should be the aim. It' a complicated effusion becomes chronic,
thickening of the visceral or parietal pleuramay occur. The former
may prevent re-expansion of the lung, and surgical decortication may
be necessary if respiratory function is significantly impaired.
Multiple septations within an infected or reactive pleural collection
may he broken down by the instillation of fibrinolYtic agents such as
urokiuase (Fig. 3.15). Typically 100 000 U of urokinase are instilled
in 50 ml of normal saline. The drain is then clamped for | hour, after
which free drainage or low-pressure suction is reinstituted. This treat-
ment, which may be repeated daily for up to 5 days, significantly
increases the success rate of radiologically guided closed drainage and
reduces the need for large bore drain insertion or surgical intervention.
Regular t$-hourly) flushing of narrow bore catheters with 10 ml of

-

A

Fig. 3.11
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normal saline will help to prevent the lumen becoming occluded with
fihrinous debris.

Ultrasound appearance of pleural fluid (Fig. 3.14) Ultrasoundis
an excellent method for locating loculated pleural fluid prior to diag-
nostic or therapeutic aspiration. The fluid may be anechoie or contain
particulate material. It is possible to visualise septations in loeulated
collections and also to identify pleural thickening and masses.
Transudates are almost always aneehoie but exudates may or may not
contain reflective material. The presence of pleural masses in asso-
ciation with an effusion is highly suggestive of malignant disease (Fig.
3.11B).

CT and pleural fluid CT may be complimentary to the chest
X-ray and ultrasound scan in investigating some eases of pleural
disease. CT is more sensitive than the plain chest X-ray in detecting
small pleural effusions, and is better than ultrasound in defining the
total extent of a pleural abnormality. CT can also identify and char-
acterise associated abnormalities in the underlying lung. On CT,
pleural fluid usually shows lower attenuation than pleural thicken-
ing or consolidated or fibrotic lung, although haemothorax may
show increased attenuation. When both pleural fluid and pleural
thickening arc present the effusion islikely to he an exudate.

Differentiation between pleural and aseitie fluid on CT scansis
sometimes a problem, and may be resolved by a number of signs,
which are describe below.

Displaced crussign pleural fluid may collect posterior to the
diaphragmatic crux and therefore displace the erus anteriorfy,
whereas aseites collects anterior to the erus and may cause poste-
rior displacement (Fig. 3.16A).

Diaphragm sign As an extension of the displaced erus sign,
any fluid that is on the exterior of the dome of the diaphragm
i sin the pleura. whereas any that is within the dome is aseites
(Fig. 3.16A).

R

(A) PA radiograph of a 55-year-old male patient with disseminated adenocarcinoma. The right hemidiaphragm is obscured by what appears to

be asimple pleura effusion. (Thereisalarge bullaat the left lung base.) (B) Ultrasound of the right lung base reveals a tumour nodule on the dome of the

diaphragm (arrows) surrounded by pleural fluid.
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Fig. 3.12 Loculated interlobar pleural effusions in a woman of 60 after replacement of the aortic root. (A) Nineteen days postoperatively a right
mid-zone opacity appears (arrows), with a sharp lower margin and an indistinct upper margin. The right costophrenic angle has also filled in. (B) Lateral
projection demonstrates typical lenticular configuration of fluid loculated in the oblique fissure (arrows). (C) Seven days later a second round opacity has
appeared below the first. This opacity is well circumscribed. (D) Lateral projection confirms that this is fluid loculated in the horizontal fissure (arrows).

Interface sign The interface between the liver or spleen and
pleural fluid is said to be less sharp than that between the liver or
spleen and ascites (Fig. 3.16B).

Bareareasign The peritoneal coronary ligament prevents
ascitic fluid from extending over the entire posterior surface of
the liver, whereas in afree pleural space, pleural fluid may extend
over the entire posterior costophrenic recess behind the liver
(Fig. 3.16B).

PNEUMOTHORAX

Pneumothorax is the presence oh air in the pleural cavity. Air enters
this cavity through a defect in either the parietal or the visceral pleura.
Such defects are the result of lung pathology, trauma or deliberate
i ntroduction of air, respectively, giving rise to spontaneous, traumatic
or artificial pneumothoraces. If pleural adhesions are present the pneu-
mothorax may be localised, otherwise it is generalised. If air can
move freely in and out of the pleural space during respiration it isan

1))

(S AS)
u:i\ L) Ass 50
Gl s



Previous Page

94 A TEXTBOOK OF RADIOLOGY AND IMAGING

s

A

CONTENTS

Fig. 3.13 Two patients with empyema. (A) PA chest radiograph showing multiple fluid levelsin a patient with a heavily loculated empyema complicating
attempted pleurodesis. (B) CT scan through the lower thorax in a patient with aright basal empyema collection. There is associated pleural thickening and

compression of the adjacent lung parenchyma.

.. nho movement of air occursit is closed, and if
open pneunmothorax , alJ R

r enters the pleural space on inspiration. but does not leave on
expiration, it isvalvular. Asintrapleural pressureincreasesin a
valvular pneumothorax atension pneumothorax devel ops.
Aetiology
Spontaneous pneumothorax is the commonest type, and typically
occurs in young men, due to rupture of a congenital pleural bleb.
Such blebs are usually in the lung apex and may be bilateral.

In older patients chronic bronchitis and emphysema arc common
factors. Rarer causes include bronchial asthma, rupture Of atension
cyst in staphylococcal pneumonia, rupture of a subpleural tuber-
culous focus, rupture of a subpleural tension cyst in carcinoma of
the bronchus and rupture of a cavitating Sub plcural metastasis.
Other associations include many of the causes of interstitial pal-
monary fibrosis (cystic fibrosis, histiocytosis | tuberous sclerosis,
sarcoidosis and some of the pneummoc manses),

Traumatic pneumothorax may he the result of a penetrating chest
wound, closed chest trauma (particularly rupture of abronchusin a
road accident), rib fracture, pleural aspiration or biopsy, lung
biopsy, hronchoscopy, oesophagoseopy and positive-pressure venti-
lation. The pleuramay also heviolated during mediastinal surgery’
and ne omy.

Arti P pneumothorax as treatment for pulmonary tuber-

thorax.

Radiological appearances

A small pneumothorax in a |ycc pletual space in an erect patient
collccts at the apex. The lung apex retracts towards the hilum and
on afrontal chest film the sharp white line of the visceral pleura

will be visible, separated from the chest wall by the radiolucent

pleural Space, which is devoid of lung markings (Fig 3.17). 'This
Ishould not be confused with the appearances of askin [0ld. in
which there is no discrete pleural line (Fig. 3.18 ). The affected lung
usually remains aerated: however perfusion is reduced in proportion
to ventilation and therefore the radiodensity of the partially col-

|apsed lung remains normal. A small pneumothorax may easily go
unseen and it may be necessary to examine the film with a Prignt
light. An expiratory film will make a closed pneumothorax easier to
see, as on full expiration the lung volumeis at its smallest- while
the volume of pleural air is unchanged. Generally, expiratory radi-

ographs are not routinely required. A lateral decubitus film with the
affected side uppermost is occasionally helpful asthe pleural air
can be seen along the lateral chest wall. Thisview is particularly

useful in infants, because small pneumothoraces arc difficult to see
insupine AP fil ms. as the air tends to collect anteriorly and medi-
aly (fig . 3.19). Alternatively, a horizontal beam 'shoot-through

| ateral film may identity anterior pneumothoraces in the supine
patient.

A large pncumothorax may lead to complete relaxation and
retraction of the hang, with some mediastinal shift toward the
normal side, which increases on expiration.

Tension pneumothorax (Figs 3. 19. 3.20A, 3.21 ) may lead to

Mmessvecislzoement ofthemedesinum, inking o the retclosisnow of istorc neves ony, sisdiegrostic - veinsnd aute caria: a ey embrassmen. Rad-
| ogically theipsilateral lung may he squashed against the medi-

astinum, or herniate across the midline, and the ipsilateral

hemidiaphragm may he depressed. On fluoroscopy the mediastinal
shift to the contralateral sideisgreatest in inspiration, in observa-
tion that distinguishes a tension pneumothorax from alarge
pneumothorax not under stain.
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Complications of pneumothor ax

Pleural adhesions may limit the distribution of a pneumatharax and
resultin a locnlated or cu( ystedpneumothorax The usual appear-
anceis an ovoid air collection adjacent to the chest wall, and it may
he radiographically indistinguishable from athin-walled subpleural
pulmonary cayity, cyst or hulla. Pleural adhesions arc occasionally
seen as line shadows stretching between the two pleural layers. pre-
venting relaxation of the underlying lung (Fig. 3.20). Rupture of an
adhesion may produce a |haemopneumothorax . or discharge of an
undo lying infected subpleural lesion, leadingto a pyopneuwnothorax
Collapse or consolidation of alobe or lung in association with
apneumatharax are important complications which may delay
re-expansion of the lung.

Because the normal pleural space contains a small volume of
fluid, blunting of the costaphrenic angle by a short fluid level is
commonly seen in a pneumatharax (Fig. 3.22). In asmall pneuma-
thorax thisfluid level may be the mast obvious radiological sign. A

‘ager fluid collection usually signifies a complication and repre-sents exudate, pus or blood, depending an the agtialogy of the

pneunwtborax.

Fig. 3.14 (A) Large left pleural effusion due to carcinoma of bronchus.
Thereis alarge echo-free effusion above the left hemidiaphragm (arrow-
heads) and spleen(s). (B) Empyema following right lower lobectomy.
A poorly echogenic collection is seen above the diaphragm (arrowheads).
(C) Loculated pleural effusion due to tuberculosis. Ultrasound demonstrates
thickening of the parietal pleura (p) and multiseptated fluid collection
above the diaphragm (arrowheads).

The usual radiological appearance of ahy dr-op”eumothorax s
that of a pneumothorax containing a horizontal fluid level which
separates opague fluid below from | ucent air above. This demon-
stration requires a horizontal beam film (Fig. 3.23), so that if the
patient is not lit enough far an upright film alateral decuhitus film
or 'shoot-through' lateral film may be indicated.

Occasionally, rapid re-expansion o1 alung following drainage
of alarge pneumothorax may he associated with so-called re-
expansion pnimnray oedema . Thismay also complicate rapid
drainage of alarge pleural effusion | and is characterised by the
development of extensive consolidation throughout the ipsilateral
lung, which usually resolves within aday or two,

BRONCHOPLEURAL FISTULA

Bronchoplcural fistulais a communication between the airway and
the pleural space. It is most frequently a complication of complete
or partial pneumoneetomy and is discussed under postoperative
complicationsin Chapter 8. Other causes include carcinoma of due
bronchus and ruptured Iung abscess. The radiological appearance is

that of a hydra- or pya-pneumathorax.
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Fig. 3.15 Series of chest radiographsin a patient with aloculated parapneumonic pleural effusion successfully treated with intrapleural urokinase.
(A) Theinitial chest radiograph demonstrates a large right pleural effusion which an ultrasound scan (B) shows to be heavily loculated. (C) PA radiograph
24 hours after fine-bore catheter insertion and instillation of streptokinase. (D) PA chest radiograph 5 months later.

PLEURAL THICKENING

Blunting of a eostophrenie angleis afrequent incidental finding on
achest X-ray. It isdue to localised pleural thickening and usually
results from a previous episode of pleuritis, although a previous
history of chest disease is often lacking. In the asymptomatie patient

and in the absence of other radiological abnormality it is of no other
significance. It may mimic asmall pleural effusion, and if' a previous
film is not available for comparison alateral deeuhitus film or ultra-
sound scan will exclude free pleural fluid. Localised pleural thieken-
ing extending into the inferior end of an oblique fissure may produce
so-called tenting of the diaphragm, and is of similar significance. This
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Fig. 3.16 CT signs which may differentiate pleural effusion and ascites.
Scans through lower thorax/upper abdomen in patient with bilateral
pleural effusions and ascites. (A) Displaced crus sign: The right pleural effu-
sion collects posterior to the right crus of the diaphragm (arrows) and dis-
places it anteriorly. Diaphragm sign: The pleural fluid (p) is over the outer
surface of the dome of the diaphragm, whereas the ascitic fluid (a) is within
the dome. (B)interface sign: The interface (arrows) between the fiver and
ascites is usually sharper than between liver and pleural fluid. Bore area sign:
Peritoneal reflections prevent ascitic fluid from extending over the entire
posterior surface of the fiver (arrowhead), in contrast to pleural fluid in the
posterior costophrenic recess.

|atter appearance may also result from basal intrapulmonary scarring,
due to previous pulmonary infection or infarction.

Bilateral apical pleural thickening is also a fairly common
finding. It is more frequent in elderly patients, and is not due to
tuberculosis. Its aetiology is uncertain, but ischacmia is probably afactor. Such apical shadowing is usually symmetrical (Fig. 3.24).

Asymmetrical or unilateral apical pleural thickening,’, however,
may he of pathological significance . especially if associated with
pain. If asymmetrical, apical pleural shadowing may represent a
pancoast tumour, and it is important to visualise the adjacent ribs
and spine (Fig. 3.25). Penetrated films and tomography may he
indicated, because evidence of hone involvement will almost
certainly indicate a carcinoma.

More extensive unilateral pleural IN( kening is usually the result
of a previous thoracotomy or pleural effusion. Empyema and C
haemothorax are especially likely to resolve with pleural fibrosis.

Chromic pneumothorax is a rarer cause. These causes of pleural Fig. 3.17 (A) Woman aged 22 with a spontaneous pneumothorax.
PA fil m showing apical pneumothorax. The visceral pleural (arrowheads)
separates aerated lung from the radiolucent pleural space. AP chest radi-
ograph (B) and CT scan (C) in a patient with Pneumocystis corinii pneumo-

fi brosis all involve the visceral layer and the thickened pleura may
calcify. If the entire lung is surrounded by fibrotic pleura, this is

termted afibrothorax . The pleural peel may he a few centimetres  nia complicated by bilateral pneumothoraces and extensive mediastir - ---
thick, and may cause reduced ventilation of the surrounded lung surgical emphysema. ]
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. i . and subsequent decrease in volume of that hemithorax. If the chest
X-ray shows that the vascularity of the affected lung is decreased
relative to the other lung, then significant ventilatory restriction is
likely and surgical decortication may be necessary.

Bilateral pleural plaques are a common manifestation of asbestos
exposure, and occasionally more diffuse pleural thickening is seen.

PLEURAL CALCIFICATION

Pleural calcification has the same causes as pleural thickening.
Unilateral pleural calcification is, therefore, likely to be the result
of previous empyema, haemothorax or pleurisy, and bilateral
calcification occurs after asbestos exposure and in some other
pneumoconioses, or occasionally after bilateral effusions. As with
the incidental finding of pleural thickening, pleural calcification
may be discovered in a patient who is not aware of previous or
current chest disease.

The calcification associated with previous pleurisy, empyema or
haemothorax occurs in the visceral pleura; associated pleural thick-
ening is almost always present, and separates the calcium from the
ribs. The calcium may be in a continuous sheet or in discrete
plaques, usually producing dense, coarse, irregular shadows, often
sharply demarcated laterally (Fig. 3.26). If aplaque is viewed en
face it may cast aless well defined shadow and mimic a pulmonary
infiltrate. However, alateral view will often demonstrate the

Fig. 3.18 Supine chest radiograph of an intubated patient. Thereis a skin
fold projected over the right lung apex simulating a pneumothorax

(arrows). Close inspection reveals lung markings extending beyond the skin
fold, and no fine pleural line that should be visible with a genuine pneumo- projection for demonstration of the plaque.

thorax (cf. Fig. 3.1 7a). The calcification associated with asbestos exposure is usually
more delicate and bilateral (Fig. 3.27). It is frequently visible over
the diaphragm and adjacent to the axillae. Tangential views show it
to be situated immediately deep to theribs, and it isin fact located
in the parietal pleura (Fig. 3.28). The most sensitive method

calcified plague over the anterior or posterior pleura but it may be
necessary to fluoroscope the patient to obtain the best tangential

A

Fig. 3.19 Medial tension pneumothorax in a 1-year-old-child on a ventilator following closure of patent ductus arteriosus and resection of coarctation of

aorta. (A) Supine AP film demonstrates aright pneumothorax, the intrapleural air collecting anteriorly and medially, and the lung collapsing posteriorly and
laterally. The pleural tube is situated laterally and is therefore not decompressing the pneumothorax. The right hemidiaphragm is depressed, and the medi-
astinum is displaced to the | eft, indicating a tension pneumothorax. (B) Following insertion of another pleural tube more medially, the pneumothorax is
smaller and the right hemidiaphragm and mediastinum have returned to their normal positions.
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Fig. 3.20 (A) Tension pneumothorax with a pleural adhesion. Elderly
man with spontaneous pneumothorax secondary to extensive cavitating
pulmonary tuberculosis. The left lung is prevented from collapsing com-
pletely by the extensive consolidation, and by tethering of an adhesion.
The mediastinum is displaced to the right. (B) Non-tension pneumo-
thoraces in a 26-year-old female patient demonstrating multiple pleural
adhesions causing loculation of air.

A

3
B

Fig. 3.21 (A) Tension pneumothorax following a transbronchial lung biopsy. There is inversion of the right hemidiaphragm, and deviation of the medi-
astinum to the opposite side. (B) Following insertion of a right-sided chest drain the diaphragm and mediastinum have returned to a normal position. The

diffuse bilateral infiltrate is due to pre-existing pulmonary haemorrhage.
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Fig. 3.22  Shallow hydropneumothorax in a man of 18 years. Sponta-
neous pneumothorax, probably due to rupture of subpleural cavitating
metastatic osteogenic sarcoma. The primary tumour was in the right
scapula, which has been removed, and pulmonary metastases are seen in
the right lower zone. The visceral pleura is faintly seen (white arrowheads)
and a short fluid level (black arrowhead) is present just above the right
costophrenic angle.

B

Fig. 3.23 Loculated pyo-pneumothorax in a woman of 45 following
gunshot wound to chest. (A) Erect PA film shows a fluid level in the left
upper zone, and pleural thickening over the apex. (B) Lateral film shows
that the fluid level is situated posteriorly. The differential diagnosis lies
between a pyopneumothorax and a lung abscess.

for demonstrating a pleural plaque is high-resolution CT (HRCT)
(Fig. 3.29), and ultrasound can be helpful in differentiating a plague
from loculated fluid.

PLEURAL TUMOURS

Fi ) ) ) ) . o Primary neoplasnis of the pleura are rare. Benign tumours of the
ig. 3.24 Bilateral apical pleural thickening. An incidental finding in a : i . . |

67-year-old man with ischaemic heart disease. The apical pleural shadow- pleurainclude localised fibrous tumours (or fibroma) and lipoma.
ing (arrowheads) is symmetrical, although the edge is better seen onthe ~ The commonest malignant disease of the pleurais metastatic
left. (Fig. 3.30), the most frequent primary tumours being of the

]
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A

Fig. 3.25 Unilateral apical pleural thickening. Man aged 46 with pain in

the right side of the neck and right arm. (A) Dense pleural shadowing is
present at the right apex. The left apex is clear. (B) An AP view of the cervi-
cal spine demonstrates absence of the right pedicle of T3 (arrow).
Histology: anaplastic carcinoma. (C) CT demonstrates a right apical mass
infiltrating the third thoracic vertebra.

Fig. 3.26 Pleural calcification in a middle-aged woman with a history of
recurrent episodes of pleurisy, presumed to be tuberculous. Extensive Fig. 3.27 Bilateral calcified pleural plaques seen en face over both lungs
plaques of pleural calcification surround both lungs. due to exposure to asbestos.
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B

Fig. 3.28 Pleural calcification resulting from exposure to asbestos in a 51-year-old man with chronic obstructive airways disease. (A) The lungs are
hyperinflated. Calcified pleural plagues are present in both mid zones (arrowheads). (8) An oblique film, aided by fluoroscopy, shows the left-sided plague
tangentially (arrowheads); it is situated in the parietal pleura, immediately deep to theribs.

Fig. 3.29 CT demonstration of pleural abnormalities due to asbestos
exposure in amiddle-aged man. There are small calcified pleural plaquesin
the paraspinal gutters (arrows) and calcified pleural plagues over the right
hemidiaphragm.

bronchus and breast. primary malignancy of the pleura (malignant
mesothelioma) is usually associated with asbestos exposure.
Localised fibrous tumours of the pleura are often asyniptomatie
presenting as an incidental finding on a chest X-ray. However, they
may present with linger clubbing and joint pains due to hyper-

trophie osteoarthropathy, or with hypoglycaemia. They tend to
grow slowly and are usually henign, but some show malignant fea-
tures. The radiographic appearance is of awell-defined |obulated
mass adjacent to the chest wall. mediastinum, diaphragm or a
pleural fissure (Pig. 3.31). The mass may he small or occupy most
of the hemithorax (Pig. 3.32). On CT large tumours may show areas
of differential enhancement, and also areas of low attenuation due
to necrosis. In the presence of osteoarthropathy, the diagnosis
is almost certain. but if necessary, pereutaneous needle biopsy is
probably the investigation of choice.

Subpleural lipomias appear as well-defined rounded masses. They
may change shape with respiration. heing soft tumours, and if large
enough may erode adjacent ribs. Because they comprise fat the CT
appearance is diagnostic @i 3.33). The eharaeterstie features on
MRI are high signal on T,-weighted images and intermediate signal
on T-weighted images.

Malignant mesothelioma is usually due to prolonged exposure to
asbestos dust, particularly erocidolite. The latent period between lust
exposure to asbestos and development of mesotheliomais typically
20--10 years. The usual appearance is nodular pleural thickening
around all or part Of alung (Pig. 3.34). A haemorrhagie

T
The effusion may obscure the pleural masses. Otter the mediastinum
is central, despite the presence of alame effusion, and this is thought
to result from volume loss of the underlying lung secondary to either
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Fig. 3.30

(A) Nodular pleural thickening due to metastatic carcinoma of the breast. Note the left mastectomy and surgical clipsin the axilla

(B) Same patient as (A). CT demonstration of pleural deposits. The whole lung is encased by pleural tumour. (C) Metastatic pleural tumour nodule
in a patient with carcinoma of the ovary demonstrated by ultrasound. (D) Pleural tumour deposits from adenocarcinoma of the oesophagus.
The largest nodule has crossed the pleural fat stripe, which is still visible elsewhere (arrows), and is invading the chest wall musculature (curved arrow).

ventilatory restriction by the surrounding tumour, or bronchial steno-
sis by tumour compression at the hilum. Rib involvement may occur
with malignant mesothelioma, but the presence of a pleural mass and
adjacent rib destruction is more likely to be due to metastatic bone
tumour, or possibly a primary hone tumour.

The extent of malignant mesotheliomais best assessed by CT or
MRI. Features which suggest that pleural thickening is malignant
rather than benign are: thickening that is nodular rather than
smooth, pleural thickening that extends into fissures or over the

mediastinal surface, encasement of the lung and loss of volume of
theipsilateral lung. MRI is probably superior to CT in assessing
i nvolvement of the mediastinum and chest wall. Typically with
MRI, signal intensity from a mesotheliomais slightly greater than
muscle on both T,- and T,-weighted images. A tissue diagnosis
may be obtained by percutaneous needle biopsy)'. Occasionally
malignant mesothelioma is complicated by tumour seeding along

biopsy or chest drain tracts (Fig. 3.35).
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Fig. 3.31  Pleural fibroma or benign mesotheliomaincidental finding in a
48-year-old woman with a past history of left apical tuberculosis. A sharply
demarcated peripheral upper zone opacity is present, making an obtuse
angle with the adjacent chest wall, and without other pleural abnormality.it was removed. Histology: benign fibrous mesothelioma.

C

Fig. 3.32 (A) Giant pleural fibroma in a patient with a distant history of a
right mastectomy for carcinoma. (B) CT scan in the same patient shows a
large heterogeneous mass occupying most of the left hemithorax and asso-
ciated with a small pleural effusion. There is no radiological evidence of chest

wall invasion. (C) Appearances immediately following surgery. The tumour
was completely resected and there was no invasion of adjacent structures.
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1 Min/Max: -131 /
1 Mean/SD: -93.1
1 637 pixels

1 Area: 3.08 sq.c

Fig. 3.33 Pleural lipoma. (A) Chest radiograph of an asymptomatic patient shows a
well-circumscribed, round capacity (arrowheads) projected over the heart. (B) CT
scan shows it to be a pleural mass of entirely fat density. (C) Parasagittal reconstruc-
tion of the multislice CT scan shows the mass lying above the diaphragm within the
posterior costophrenic recess.

A_ B B

Fig. 3.34 Malignant mesothelioma. Abnormal chest radiograph (A) shows lobulated left pleural opacities. (B) CT scan through the mid thorax demon-
strates encasement of the right lung by nodular pleural tumour. Calcified pleural plaques were evident on other sections.
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Fig. 3.35 CT scan through the lower thorax of a patient with malignant

mesothelioma. There is metastatic tumour seeding along the biopsy tract
(arrows). Note the fleck of pleural calcification (curved arrow).
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TUMOURS OF THE LUNG

Michael B. Rubens and Simon P. G. Padley

with a contribution from Jeremy P. R. Jenkins

A wide variety of neoplasms may arise in the lungs. While many
lung tumours are overtly malignant and others are definitely benign,
some fall both histologically and in their clinical behaviour between
these two extremes. Pulmonary tumours may he classified histo-
logically or according to their presumed tissue of origin. However,
it should be borne in mind that histopathol ogists do not always
agree on the classification of an individual tumour. Carcinoma of
the bronchus is by far the commonest and most important primary
tumour of the lung.

Carcinoma of the bronchus is the commonest fatal malignancy in
adult males in the western world. It is commoner in men than in
women, but the incidence in women isrising. Most cases occur
between 40 and 70 years, and it is unusual below 30 years of age. The
most important single aetiological factor is cigarette smoking. Thisis
dose related, the risk being proportional to the number of cigarettes
smoked. Other factors include atmospheric pollution and certain occu-

pations. Smokers who are exposed to asbestos have an increased risk
of lung cancer when compared to smokers without such exposure.

Exposure to radioactivity and some industrial chemicals has caused
increased mortality from lung cancer in some occupations. These
include the ruining of uranium, haematite and pitchblende, as well as
working with gas retorts, chromates, nickel and arsenic.

PATHOLOGY

Most carcinomas of the lung fall into one of' four types:

I. Squamous cell (or epidermoid ) carcinoma, which account for
30-35% of cases of primary lung cancer

2. Adenocarcinoma (including alveolar cell carcinoma), account-
ing for 30-35%; of cases

3. Large cell undifferentiated , accounting for 15-20% of cases

4. small (oat) cell carcinoma, accounting for 20-25% of cases.

Some lung cancers do not fall neatly into one of these categories,
and may have components that resemble more than one type, for

example aderosquainous carcinomas. Other rarer tumours are
classified separately, for example clear cell carcinoma, basal cell
carcinoma and carcinosarcorma.

Approximately 50% of lung cancers arise centrally, i.e. in or
proximal to segmental bronchi (Fig. 4. 1 ). The tumour arisesin the
bronchial mucosa and invades the bronchial wall. Tumour may
grow around the bronchus and also into the bronchial lumen.
Obstruction of the lumen leads to collapse, and often infection, in
the lung distal to the tumour. Tumours that arise peripherally appear
as soft-tissue nodules or irregular masses (Fig. 4.2), and invade the
adjacent tissues. Signs of collapse or consolidation may occur, but
are less obvious than with central tumours. Both central and periph-
eral tumours may be associated with hilar or mediastinal lymph
_nodq,\ed-argemmt_-, and this is also a potential-cause of central

Fig. 41 Carcinomaof bronchus. The primary tumour is at the left hilum.
Soft-tissue nodules in both lungs are metastases, and there is alytic metas-
tasisin theright eighth rib.
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Fig. 4.2 Carcinoma of bronchus. A large, round soft-tissue massis
present at the right apex. Blunting of the right costophrenic angle is due to
asmall pleural effusion.

airway obstruction (Fig. 4.3). The tumour may also undergo central
necrosis leading to east tat ion. Peripheral tumours sometimes arise
in pulmonary sears, and there is eyidenee t hat pulmonary fibrosis
predisposes to neoplastie  change. Although lung cancer usually
presents as a single primary tumour, synchronous tumours are not
rare (Fig. 4.4). Metastases from lung cancer may occur anywherein
the body, but hilar, mediastinal and supraelavieular lymph nodes
are the ermmonest sites. followed by the liver. bones, brain. adrenal
glandsapd.skin. Lung cancer is a common cause of |

The different cell typesof lung cancer tend to show differenees
inbehaviour. sguamous  Cell eancers  tend to arise centrally, grow
relatively slowly and eavitate more often than other cell types.

Adenocare’ nomasusually arise peripherally. sometimesin fibrotie
lung, and eavitate less often. small cell tumours  have the fastest
rate ofgrowth and are usually disseminated at the time of ~ presenta-
tion. They are usually central and are typically associated with
mediastinal and hilar adenopathy. but rarely eavitate.

CLINICAL PRESENTATION

Respiratory symptoms such as cough, wheeze, sputum production,
breathlessness, chest discomfort and haemoptysis are the Commonest
presenting symptoms in patients with |ung cancer, although approxi-
mately 20Y oh patients are asymptomatie at prose station. Other pre-
sentations include liege™ clubbing. superior urns eaval obstruction.
1lorner's syndrome, Chest sell pain. dysphagia and signs of peri-
cardial tamponade. An abnormal chest X-ray is a Common presenta-
tion in patients who are symptoms free or who have non-specific
symptoms. Patients stay also present with symptoms of metastatie
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disease such as bone pain or signs of an intraeranial tumour or
general debility. Pneumonia, particularly if it does not respond to
treatment, pray be due to an underlying neoplasm. A small numberof

patients present with paraneoplastie syndromes such as hypertrophic
osteoarthropathy. endocrine disturbance (e.g. inappropriate ADH
Secretion, Cushing's  syndrome, hyperealeaemia). peripheral neuro-
pathy and recurrent peripheral venous thrombosis.

RADIOLOGICAL FEATURES

The radiological features oh lung cancer are areflection of the
pathology, and depend upon the size and site of the tumour and its

Hilar enlargement

This is a common radiographic manifestation of lung cancer. If

the primary tumour is central this represents the tumour itself
(Fig. 4.11. 1f the tumour is peripheral, it represents metastasis to
bronehopulmonary lymph nodes (Fig. 4.5). and the primary tumour
may or mad not be visible. Oeeasionally hilar involvement i ssubtle
and presents as increased density of * the hilum rather than as
enlargement ‘79 4.6). The true extent of nodal disease is best
demonstrated by CT (Fig. 4.7C,D) or MRI. |:.vtensise hilar and
mediastinal lymphadenopathy is frequently seen with small cell

fumours.

Airway obstruction

Bronchial narrowing due to tumour growth eventually causes collapse

of the lung distal to the tumour. Depending on the location of the
tumour, segmental or lobar collapse (Fig. 4.3) or, less often, collapse
of an entire lung (Fig. 4.8) may be seen. Prior to collapse of alobe or
segment. infection may deyelop distal to the bronchial obstruction.

Consequently. segmental or lobar consolidation may be a manifesta-
tion of lung cancer, and as thisis secondary to bronchial occlusion an
air bronehogcum is usually absent Asthe P {umour may he

otur by surounding ool e possbt o an g eonvoneia Teon o ey e consred n e el or o oz ichdonot el i

{reatment. Occasionally atumour arising in asegmental or subsegmental bronchus willlead to mueold impaetion and the deyelopment
of abronehoeele or mueoeele 4.9).

Peripheral mass

oil

A peripheral pulmonary mass t he chest X-ray isa common pre-
sentation of lung cancer (Fi'gs 4.2. 4.3). If other features are present,
such as hilar enlargement or bony metastases. Then the malignant
nature of the massis easily appreciated (Fig. 4.1). |Frequentls.

however, amassis the only apparent abnormality and then the dif-ferential diagnosisis more difficult. There are no rediological fea:

luresthat can reliable differentiate between abenign anda
malignant pulmonary nodule or mass. however , malignant tumours
are usually larger than benign lesions at the time o[ presentation.
Furthermore, peripheral lung cancers tend to have poorly defined.
lobulated or umbilieated margins. or may appear spieul ated
[ Fig. 4- 10). Satellite opaeities around the main lesion are more
frequently seen with benign masses, but may be associatedwith
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carcinomas (Fig. 4.10). Diffuse or central ealeification in a peripheral
pulmonary mass is very suggestive of abenign lesion, but occasion-
ally acalcified granuloma will have been engulfed by a malignant
tumour. Bronchial carcinomas usually have a doubling time
of between | and 18 months. Therefore. comparison with previous
X-rays can he very helpful, and any mass or nodule that has not
changed in appearance over a 2-year period isamost certainly benign.

Carilation isvisible in about 10-15(k of peripheral lung cancer's
on plain X-rays (Fig€ 4.3, 4.11) and is better demonstrated by CT
(Fig. 4.12). It is due to either central necrosis of the tumour or
abscess formation secondary to bronchial obstruction, and a fluid
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Squamous cell carcinoma of bronchus-natural history over

Fig. 4.3
3yearsin apatient who declined treatment. (A) A small soft-tissue nodule s
present in the left midzone. (B) Eighteen months later the tumour has
enlarged and cavitated, and there is bulging of the aortopulmonary

window, indicating lymph node enlargement. (C) A further 6 monthslater,
the tumour has further enlarged, and afluid level is present in the cavity.
Patchy consolidation is present in the left upper lobe.

| evel may he present within the cavity. Typically. malignant cavities
are thick walled with an irregular, nodular inner margin, but some
may appear thin walled. Because lung, cancers tend to he associated
with bronchial occlusion they virtually never show an air broncho-
gram on the plain X-ray. However. it is not unusual to see an air
bronchogram on the CT of an adenocarcinoma: and it isacommon
finding in alveolar cell carcinoma

Bronchial carcinomas arising at the lung apex were formerly
regarded as an entity distinct from other lung cancers and were
known as Pam oust or superior.suleus tumours. Histologically they
are similar to other primary carcinomas of the lung. However.
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Fig. 4.3 (contd.)
phrenic nerve involvement.

Fig. 4.4 Synchronous bronchial carcinomas. The soft-tissue mass over-
lying the left hilum was an adenocarcinomain the apical segment of left
lower lobe, and the mass in the left upper zone was an upper |obe squa-
mous cell carcinoma.

because of their location they have atendency to invade ribs, the

spine, the brachial plexus and the inferior cervical sympathetic
ganglia. The plain film may show an obvious mass with associated
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E

(D, E) A further 3 months later there is now complete collapse of the left upper lobe, and the left hemidiaphragm is elevated due to

Fig. 4.5 Carcinoma of bronchus. The left hilum is enlarged by lym-
phadenopathy due to adenocarcinoma. The primary tumour is not visible.

bone destruction (Fig. 4.13), but frequently only asymmetrical
apical pleural thickening is visible, and the full extent of the tumour
is best demonstrated by CT or MRI (Fig. 4.14). Bone involvement
is often best shown by CT, but MRI can produce images in the
coronal and sagittal planes which arc ideal for demonstrating the
relationship of the tumour to the brachial plexus and subelavian

vessels, and for showing involvement of the extrapleural fat over
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the lung apex (Fig. 4.15). However, for the purpose of percutaneous
biopsy. these tumours are often most conveniently visualised by
ultrasound scanning from the supraclavicular fossa (Fig. 4.14C).

Mediastinal involvement

Enlargement of mediastinal lymph nodes is a typical feature of
small cell tumours, but occurs with other bronchial carcinomas. The
mediastinum appears widened and may have a lobulated outline
(Fig. 4.16). In non-small cell tunours lymph node involvement is
less florid, and since its full extent may not be appreciated on
the chest X-ray it is best assessed non-invasively by CT or MRI
(Fig. 4.17).

Enlarged mediastinal lymph nodes or central tumours may distort
the oesophagus Barium swallow may, therefore, be used to assess
the mediastinum- and is essential in patients with dysphagia
(Fig. 4.18). In these patients oesophageal compression or invasion
may be demonstrated. Mediastinal invasion may involve thei
nerve. and in patients with lung cancer elevation of a hemidi-
aphragm suggests this complieation or iii ay be due to pulmonary
collapse or subphrenic disease. Fluoroscopy or ultrasound scan of
the diaphragm may be used to determine if an elevated dome moves
paradoxically and is paralysed.

Fig. 4.6 Carcinoma of bronchus. Chest X-ray shows a dense left hilum,
but no definite mass. Bronchoscopy showed a squamous carcinoma in the Mediastinal spread of tumour may also cause superior rend

left main bronchus. rural obstruetion , and this may be confirmed by superior vena

I T

Fig. 4.7 Carcinoma of bronchus. (A) Chest X-ray shows a soft-tissue nodule in the left
midzone and prominence of the left hilum. (B) Contrast-enhanced CT on lung window
confirms left lower lobe mass, which proved to be an adenocarcinoma. (C; D) CT on medi-
astinal windows shows left hilar lymphadenopathy, but more importantly there is very

extensive mediastinal adenopathy surrounding the pulmonary arteries and extending into

the subcarinal region and down into the azygo-oesophageal recess.
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A

Fig. 4.8 Carcinoma of bronchus. (A) Chest X-ray shows collapse of left
lung. (B) Contrast-enhanced CT on lung window confirms collapsed left
lung, shows small pleural effusion and demonstrates tumour extending into
the left main bronchus. (C) CT on mediastinal window demonstrates
tumour invading posterior wall of left atrium (confirmed at surgery).

q N

Fig. 4.9 Bronchocele due to carcinoma of bronchus. CT shows dilated,
fluid-filled bronchi in lingula, secondary to carcinoma at left hilum.

cavography, dynamically enhanced CT or MRI. Invasion of the
pericardium by metastatic lymph nodes or the primary tumour itself
may result in pericarditis and pericardial effusion (Fig. 4.16).

Fig. 4.10 Adenocarcinoma of bronchus. CT shows spiculated, soft-tissue
. mass with strands of tissue extending into the adjacent lung parenchyma.
Pleural involvement

Pleural effusion may be due to direct spread of the tumour but may
also be the result of lymphatic obstruction or he secondary to an

obstructive pneumonitis. Pleural effusion also occurs as a sympa-
thetic response to the tumour, in which case there is noeyto - a cavitating subpleural tumour will cause a spontaneous pneumo-

| ogical or histological evidence of pleural malignancy. Rarely, thorax.
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Fig. 411 Squamous cell carcinoma of bronchus. Chest X-ray shows a
cavitating mass with afluid level in the left mid zone.

4

Fig. 412 Squamous cell carcinoma of bronchus. CT shows a thick-walled
cavitating mass with a spiculated outer surface and nodular inner surface.

Bone involvement

Peripheral carcinomas may invade the ribs or spine directly
(Figs 4.13-4.15). Haematogenous metastases from lung to bone are
usually osteolytic (Fig. 4.1). They arc often painful, and are
identified earliest by isotope bone scan. Bone pain, particularly in
the wrists, hands, ankles and feet, may also be due to hypertrophic
ostcoarthropathy. On plain films the affected bones show well-
defined periosteal new bone formation. | sotope bone scan may he
positive before radiographic changes are visible.

CONTENTS
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Fig. 4.13 Pancoast tumour. Chest X-ray shows a left apical mass with
destruction of the second and third ribs posteriorly.

DIAGNOSTIC IMAGING AND THE
MANAGEMENT OF CARCINOMA OF THE
BRONCHUS

| maging makes an important contribution to three aspects of the
management of lung cancer. These are:

1. Making the diagnosis
2. Staging the tumour
3. Assessing treatment.

Making the diagnosis

The prognosis and treatment of lung cancer depends upon the
general condition of the patient and on the histology of the tumour
and its extent at the time of presentation. Currently there are trials
under way in both the USA and Europe assessing the efficacy of
| ow-dose spiral CT in screening for lung cancer. Small cell tumours
metastasise early and are usually disseminated at the time of pre-
sentation. Non-small cell tumours metastasise later, the natural
history of squamous cell carcinoma being longer than that of ade-
nocarcinoma and undifferentiated large cell carcinoma. Moreover,
small cell tumours are more sensitive to chemotherapy than non-
small cell tumours. Therefore, when planning treatment it isimpor-
tant to know the histology of the tumour. Sputum cytology and
bronchoscopic biopsies or washings usually provide the cell type of
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A

Fig. 4.14  pancoast tumour. (A) Chest X-ray shows asymmetrical right apical pleural thickening. (B) CT shows large right apical soft-tissue mass extending
through chest wall into apex of right axilla. (C) Ultrasound scan from right supraclavicular fossa shows apical pulmonary mass of relatively low echo
genicity, and demonstrates the easiest route of access for percutaneous biopsy.

A

Fig. 4.15  pancoast tumour. T,-weighted coronal (A) and sagittal (B) MRI shows precise extent of right apical mass with obliteration of the extrapleural
fat where the mass invades the chest wall and enters the root of the neck.

central tumours, but peripheral tumours may require percutaneous either case it is important to have available a pathologist skilled in
biopsy. This may be done with fluoroscopic, CT or ultrasound examining small specimens.

guidance (Fig. 4.19). Depending on the needle used the specimens Management of a solitary pulmonary nodule in an asymptomatic
may be suitable for cytological or histological evaluation. but in  patient in the cancer age group is not a rare problem. Obviously the
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differential diagnosiswill be influenced by other clinical data such
as a background of cancer or rheumatoid disease. Comparison with
previousimaging is invaluable, as a nodule that has not changed on
the chest radiograph over 2 yearsis likely to be benign. There may
he features that confidently allow a diagnosis of benign disease on
the chest radiograph or CT, for example a classical appearance of
infolded lung, or diffuse calcification within the nodule. Recently
developed strategics to differentiate benign from malignant tumours
include CT densitometry and positron emission tomography (PET)

using18F-fluorodeoxyglucose (FDG ). Compared to benign nodules,
malignant nodules show a greater degree of enhancement following
intravenous injection of iodinated contrast medium, such that
an increase in attenuation on CT scanning of greater than
20 Hounsfield unitsis very suggestive of malignancy. For nodules
2 cmin diameter or greater. PET with FDG appears to be highly

sedfic and sensitive in identifying malignant lesions. However, if
the possibility of lung cancer remains the nodule should be closely
monitored, biopsied or excised.

Staging the tumour

Without treatment only about . 4o of patients with lung cancer will
survive 3 years from the time of diagnosis. Currently the main
hopes for curative treatment lie with surgery for non-small cell
cancer, and chemotherapy for small cell tumours. The main
purposes of accurate staging of lung cancer arc:

|. Toidentify those patients with non-small cell tumours who will
benefit from surgery

2. Toavoid surgery in those who will not benefit, and

3. Toprovide accurate data for assessing and comparing different
methods of treatment.

The TNM system (Box 4.1), where T describes the primary
tumour, N the regional lymph nodes and M distant metastases, is

14 4 93

A
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widely used. The International Staging System (Table 4.1) based on
the TNM system is designed to be used by thoracic surgeons con-
sidering tumour resection and by radiotherapists and oncologists
treating more extensive disease.

Stage | indicatesa Tl or T2 tumour without associated lym-
phadenopathy or distant metastases: such atumour islikely to he
amenable to surgical resection. Stage 11 tumours arc similar primary
tumours. but have associated ipsilateral hilar adenopathy: they are
also potentially surgically curable, but the prognosisis less
favourable. Stage I11A tumours have extensive local intrathoracic
disease which may be amenable to surgical resection: Stage |11B
tumours have local intrathoracic disease that is too extensive for
resection, but may be treatable with radical radiotherapy. Stage IV
tumours have distant metastases.

Thus, atumour islikely to he inoperable if it extends directly into
parietal pleura, chest wall, diaphragm or mediastinum, or iswithin 2.0
cm of the main canna. In addition, metastasis to contralateral hilar
nodes, mediastinal nodes or more distantly precludes surgical cure.
The plain chest film should be carefully scrutinised for evidence of
spread of tumour. If the tumour appears localised and appears opera-
ble on bronchoscopy, isotope bone soon and liver ultrasound may he
performed and, if the tumour still appears operable, the mediastinum
should he assessed by CT or MRI (Fig. 4.20). Any node over 2cmiin
diameter islikely to he involved, and nodes of 1 cm or less are usually
regarded as normal. Nodes between | and 2 cm present a diagnostic
problem, and the ability of CT to predict involvement by tumour is
limited. However if the enlarged nodes are those that most directly
drain the lung tumour-' and other mediastinal lymph nodes are normal
i n size, the likelihood of malignant involvement is increased. In equiv-
ocal cases mediustinose opt is indicated prior to subjecting the patient
to thoracotomy. PET using 18 F-FDG is proving to he amore sensitive
and specific method than either CT or MRI for identifying intra-
thoracic lymph node involvement, and also more distant disease
(Fig. 4.21).

17 11 93

Fig. .16 Small cell carcinoma of bronchus. (A) Chest X-ray shows right upper lobe masses and extensive right paratracheaf and right hilar lymph-
adenopathy. Five months |ater, following chemotherapy the disease was in remission and the X-ray was normal. (8) A further 2 months ater the tumour
has recurred with enlargement of the heart shadow due to pericardial effusion (confirmed by echocardiography).
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Fig. 4.17 Carcinoma of bronchus. Contrast-enhanced CT scan (A) and
Ti-weighted MRI scan (B). Axial scans at level of carina show similar
anatomical detail, with retrocaval lymphadenopathy. In general, CT provides
better spatial resolution, but MRI has better natural contrast.

Fig. 4.18 Carcinoma of bronchus. (A) Chest X-ray shows collapse and
consolidation of right lower lobe. (B) Barium swallow performed to investi-
gate dysphagia shows extrinsic compression of mid oesophagus by
enlarged subcarinal lymph nodes.

' § _
s
.. e
Fig. 4.19  Carcinoma of bronchus. CT of prone patient during percuta-
neous biopsy. The end of the biopsy needle is in the tumour.

]
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Assessing treatment

Following chemotherapy for small cell cancer, bulky mediastinal

and hilar nodes and peripheral lesions may show complete regres-
sion (Fig. 4.16). Follow-up chest X-rays are required to detect local

recurrence, although recurrent disease is often extrathoracic. These
patients are also prone to opportunistic infections. Following
radiotherapy radiation pneumonitis and pulmonary fibrosis may
occur, and radiation oesophagitis may be a consequence of medi-

aslinal irradiation. Postoperative appearances are discussed in
Chapter 8.

ALVEOLAR CELL CARCINOMA

Alveolar cell carcinomais also known as bronchiolar or bronchiol o-
alveolar carcinoma, and is a subtype of adenocarcinoma with
certain special features. It arises more peripherally than typical lung
cancer, probably from type Il pneumocytes. |t accounts for 2-5%
of all lung cancers, usually occurring between the ages of 50 and
70 years with an equal sex incidence. It is not associated with
smoking but may be associated with diffuse pulmonary fibrosis and
pulmonary scars.

Box 4.1 TNM descriptions of non-small cell bronchial

carcinoma. (From Mountain 1997.)

primary tumour (T)

TX Primary tumour cannot be assessed, or tumour proven by the
presence of malignant cells in sputum or bronchial washings but not
visualised by imaging or bronchoscopy

TO No evidencen, situ

US carcinoma

Tl Tumour <3 cm in greatest dimension surrounded by lung or visceral
pleura, without bronchoscopic evidence of invasion more proximal
than the lobar bronchus (i.e. not in the main bronchus)

T2 Tumour with any of the following features of size or extent: >3 cm in
greatest dimension; involves main bronchus >2 cm distal to the
carina; invades the visceral pleura; associated with atelectasis or
obstructive pneumonitis that extends to the hilar region but does not
involve the entire lung

T3 Tumour of any size that directly invades any of the following: chest
wall (including superior sulcus tumours), diaphragm, mediastinal
pleura, parietal pericardium; or tumour in the main bronchus <2 cm

distal to the carina, but without involvement of the carina; or testicular tumours

associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumour of any size that invades any of the following: mediastinum,
heart, great vessels, trachea, oesophagus, vertebral body, carina; or
tumour with a malignant pleural or pericardial effusion, or with
satellite tumour nodule(s) within the ipsilateral primary tumour lobe
of the lung

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph haremorrhage

nodes and intrapulmonary nodes involved by direct extension of the
primary tumour
N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or
contralateral scalene, or supraclavicular lymph node(s)

Distant metastasis (M)

MX Distant metastasis cannot be assessed
MO No distant metastasis

M1 Distant metastasis present

CONTENTS
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Table 4.1  Stages for International Staging System for lung
Cancer. (From Mountain 1986.)
Stage Definition*
I T1, NO, MO
T2, NO, MO
il T1, N1, MO
T2, N1, MO
JUP T3, NO, MO
T3, N1, MO
TI-3, N2, MO
13 Any T, N3, MO
T4; any N, MO
v An, T; any N, M1

*See Box 4.1.

These tumours arise within alveoli and produce areas of con-
solidation. It is uncertain whether they originate multicentrically or
focally; clinically two patterns are seen. The focal form arises as a
solitary peripheral mass (Fig. 4.22) in which, unlike other forms of
lung cancer, an air bronchogram is often visible. The diffuse form
manifests itself as multiple acinar shadows throughout the lungs.
often with areas of confluence, and the appearance may resemble
pulmonary oedema or bronchopneumonia. These features are ele-
gantly demonstrated by CT which may show any combination
of ground-glass opacifcation, small nodular opacities, frank con-
solidation and thickened interlobular septa (Fig. 4.23). The focal
form may spread via the airways and progress to the diffuse pattern
(Fig. 4.22).

METASTATIC LUNG DISEASE

M etastases most commonly reach the lung haemato’eenoUSly viathe
systemic veins and pulmonary arteries. They may originate at any
site, but primary tumours of the breast, skeleton and urogenital
system account for approximately 80% of pulmonary metastases.
Lymphatic spread is less common and endobronchial spread israre,
usually being a manifestation of alveolar cell carcinoma.

Approximately 3%,; of asymptomatic pulmonary nodules are
metastases. The commonest primary tumours producing solitary
pulmonary metastases are carcinomas of the colon, kidney and breast,
, bone Sarcomas and Malignant e anoma. In about
75% oh eases metastatic lung disease presents as multiple pulmonary
nodules. Metastases to the lung are usually bilateral, affecting both
lungs equally, with a basal predominance (Fig. 4.24). They are often
peripheral and may be subpleural (Fig. 4.25).

Pulmonary metastases vary in size from afew millimetresin
diameter (Fig. 4.26) to several centimetres. They tend to be spheri-
cal with awell-defined margin. An ill-defined margin may signify
. Cavitation may occur in metastases from any primary
site, but is more common in squamous carcinomas (Fig. 4.27) and
sarcomas. Cavitation of a subpleural metastasis is a recognised
cause of spontaneous pneumothorax. Calcification is unusual in
pulmonary metastases, being seen most often in osteogenie sarcoma
(Fig. 4.28), and rarely in chondrosareoma and muei nous adeno-
carcinoma.

Endobronehial metastases are rare, the commonest primary
tumours being carcinoma of kidney, breast and large bowel. They

may occlude the airway and cause segmental or lobar collapse.
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Fig. 4.20
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Carcinoma of bronchus. Contrast-enhanced CT demonstration of mediastinal lymphadenopathy in three different patients. (A) An enlarged

right paratracheal node. (B) Retrocaval and right hilar adenopathy. Ring enhancement of the glands indicates central necrosis. (C) Retrocaval, subcarinal

and right hilar adenopathy.

Fig. 4.21 PET scan showing abnormal uptake of FDG in primary lung
cancer in right upper lobe (arrow) and in two superior mediastinal lymph
nodes (arrowheads). A contemporary CT scan (not shown) demonstrated
the primary tumour, but did not show any lymphadenopathy.

Lymphangitis eareinomatosa results from haematogenous metas-
tases invading and occluding peripheral pulmonary lymphaties. The
commonest primary sites are carcinoma of the lung, breast.
stomach. pancreas, cervix and prostate.L ymphangitis eareinomatosa
isusually bilateral, but lung and breast cancer may cause unilateral
lymphangitis (Fig. 4.29). The chest X-ray shows coarse, linear,
reticular and nodular Nasal shadowing, often with pleural effusions
and hilar lymphadenopathy (Fig. 4.30). In the early stages of lung
i nvolvement the chest X-ray may suggest lymphangitis. but may not
he diagnostic. In these eases a high-resolution CT scan may be
undertaken to establish the diagnosis, when the typical appearance
is nodular thickening of the interlobular septa and thickening of the
eentrilobularbronehovaseular bundles (Fig. 4.31).

HODGKIN'S DISEASE

Hodgkin's disease is the commonest lymphoma It is distinguished
from other lymphomas by the presence of Reed-Sternberg cells. It

is the commonest neoplasm of young adults with a peak incidence
at 25-29 years of age, and a second, smaller peak at 70-74 years.
The disease usually arises in lymph nodes, and hilar or mediastinal
| ymph node enlargement is seen on the chest X-ray at the time of
presentation in about 50 ¥ of eases. The lymphadenopathy is fre-
quently bilateral hut, unlike in sarcoidosis, it is often asymmetrical
and involves anterior mediastinal glands (Fig. 4.32). These ret-
rosternal nodes may erode the sternum. CT may identify nodal
disease not apparent on the chest X-ray. particularly in the retro-
sternal and paraspinal regions. Following treatment by radiotherapy
or chemotherapy, lymph node calcification may occur (Fig. 4.33).

Involvement of lung parenchymais seen in about 30C/ of eases.
It is usually due to spread of disease from hilar lymph nodes along
the perihronchial connective tissue space. The resulting pulmonary
infiltrate may resemble lymphangitis carcinomatosa. Pulmonary
involvement may also occur. Usually by direct extension from medi-
astinal lymph nodes across the pleura (Fig' 4.34). Lung involve-
ment in the absence of lymphadenopathy israreif the patient has
not already been treated. The pulmonary infiltrate may also appear
as solitary areas of consolidation. larger confluent areas or miliary
nodules. The pulmonary opacities may have an air bronchogram.
and may cavitate. Involvement of the bronchial wall may lead to
areas of collapse and consolidation in the peripheral lung.

Pleural effusion occursin approximately 30Y/ of easesand is
usually due to lymphatic obstruction. Pleural involvement by the
disease itseff isless common, but is a cause of pleural plagues and
effusion.

NON-HODGKIN'S LYMPHOMA

Malignant proliferation of a specific lymphorcticular cell line will
giveriseto aB-cell, T cell or histiocytie |lymphoma. Classification
of these tumours is constantly being revised. Current clinical
classifications are based on grading systems that relate the mor-
phology of the tumour to prognosis (i.e. going from less to more
aggressive: low g " ade, intermediate grade and high grade) and
tumour architecture (i.e. follicular (or nodular) and diffuse
lymphomas). Although the large majority of | ymphomas arise
within lymph glands (or the thymus), m ueosa-assoeiated |ymphoid
tissue (MALT) within the lung may also give rise to primary non-
Hodgkin's lymphoma. These are usually low-grade B-cell lym-
phomas and manifest as one or more areas of pulmonary
consolidation (Fig. 4.35)- with or without associated adenopathy.
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Fig. 4.22 Alveolar cell carcinoma. (A) Chest X-ray shows solitary right upper zone mass suggesting focal disease. (B) Eight months later, despite right
upper lobectomy (note excised sixth rib), the disease has rapidly progressed to the diffuse pattern with widespread nodules and consolidation.

Fig. 4.24 Pulmonary metastases. Adenocarcinoma from unknown primary.
Multiple, well-defined round opacities are present throughout both lungs.

I n general, the radiographic manifestations of non-Hodgkinrs and

Hodgkin's lymphomas arc similar (Fig. 4.36). However, the pro-

gression of disease in the non-hodgkin's group is less orderly with

pulmonary and pleural involvement often preceding mediastinal

B

disease. There is also a greater tendcney for the pulmonary

Fig.4.23 Alveolar cell carcinoma. (A, B) CT shows diffuse, small, nodular
shadows, widespread ground-glass pacification and dense consolidation infiltrates to trawl-se fissures and involve the pleura Fig - 4.371.
with an air bronchogram in the anterior segment of the right upper lobe.
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Fig. 4.25 Pulmonary metastases. Soft-tissue sarcoma. CT shows subpleural
|ocation of several of the metastases.

Fig. 4.26 Pulmonary metastases. Adenocarcinoma from unknown primary.
Multiple small nodules are present throughout both lungs.

OTHER LYMPHOID DISORDERS

Pseudolymphoma

Thisis arare tumour-like condition characterised by solitary or

multiple areas of pulmonary consolidation (Fig. 4.38), which are
predominantly due to aggregations of mature lymphocytes and

variable numbers of plasma cells. Recent work suggests that eases
previously described as this entity may in fact be MALT lym-
phomas. An air bronehogram is often visible and eavitation may
occur. Lymphadenopathy and pleural effusion are rarely present. It

usually behaves benignly, and the patients arc often asymptomatie.

However, there have been eases in which it appears to have under-
gone malignant transformation to pulmonary lymphoma.
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Fig. 4.27 Pulmonary metastases. Carcinoma of cervix. Multiple cavitating
masses are present in both lungs.

e —

Fig. 4.28 Pulmonary metastases. Osteogenic sarcoma. Densely calcified
masses are present in both lungs.

Lymphocytic interstitial pneumonitis
(LIP)

This condition is microscopically similar to pseudollymphoma, hut
i nstead of being afocal abnormality it is characterised by amore
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Fig. 4.31

Lymphangitis carcinomatosa. Breast cancer. High resolution CT
(HRCT) shows marked nodular thickening of the interlobular septa and
thickening of the centrilobular bronchovascular bundles in the left upper
lobe, and early similar changes in the right upper lobe.

sion to honeycomb shadowing. Pleural effusions may occur, but
| ymphadenopathy is usually absent unless lymphomatous change
occurs.

Lymphomatoid granulomatosis

This has been defined as “an angiocentric, angiodestructive lym-
phoreticular, proliferative and granulomatous disease involving pre-
dominantly the lungs'. Hence, it was formerly thought of as a
vasculitis, but is now regarded as being a T-cell non-Hodgkin's
lymphoma. Radiologically it usually appears as multiple ill-defined
pulmonary nodules, often resembling metastases, although an air
bronchogram is often seen (Fig. 4.39). Cavitation occurs in about
10°1 of cases, but lymphadenopathy and pleural effusion are
unusual .

Fig. 429 Unilateral lymphangitis carcinomatosa. Carcinoma of the left
lower lobe. There are several horizontal septal lines in the periphery of the
left lung.

LEUKAEMIA

Radiographic abnormalities of the chest in leukaemia are more
commonly a manifestation of a complication of the disease rather
than due to the disease itself. These complications include pneumo-
nia, opportunistic infection, heart failure, pulmonary haemorrhage
and reactions to therapy (drugs, transfusions and radiotherapy).

Mediastinal lymph node enlargement and pleural effusion are the
commonest radiographic abnormalities due to leukaemia. Medi-
astinal lymphadenopathy is unusual without evidence of lym-
phadenopathy elsewhere. It occurs most frequently in lymphatic and
monocytic leukacmias, but israre in myeloid leukaemia. Leu-
kaemic infiltrates in the lung are often aterminal event and are
commoner in lymphatic leukaemia than myeloid leukaemia.
The chest X-ray shows either bilateral streaky or reticular
shadows similar to lymphangitis carcinomatosa or patchy
consolidation.

Fig.430 Lymphangitis carcinomatosa. Carcinomaof cervix. Coarse retic-
ular shadowing is present throughout both lungs, and there is bilateral hilar
ymphadenopathy.

diffuse interstitial infiltrate, and it may proceed to pulmonary
ibrosis. It may develop as a solitary abnormality, or in association

with avariety of autoimmune conditions such as Sogren's syn-  Although the lungs are a common site for metastatic sarcoma,

drome, but particularly in children there is an association with
AIDS. Radiologically there is bilateral reticulonodular shadowing,
sometimes with areas of consolidation, and there may he progres-

primary sarcoma of the lung israre. Prior to the AIDS epidemic
Kaposi's sarcoma occurred mostly as atumour of skin; however,
there arc now increasing numbers of cases of pulmonary Kaposi's
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Fig. 432 Hodgkin's disease. Chest X-ray (A) shows right hilar lymphadenopathy and the lateral film (B) shows alarge anterior mediastinal lymph node

mass.

Fig. 4.33 Hodgkin'sdisease. CT shows extensive calcification in medi-
astinal lymph nodesin a patient previously treated for Hodgkin's disease.

sarcoma complicating AIDS. A localised form appears as segmental
or lobar consolidation, but more commonly it is widespread with
multiple nodular and linear opacities and areas of consolidation in
both lungs. In addition, pleural effusions and hilar and mediastinal
lymphadcnopathy may he present.

Otter primary pulmonary sarcomas may arise from any of the
mesenchymal tissues in the lung. The most common are,/ibm-
sarcoma, leio,ovosarcoma and pulmonary artery angiosarcoma;
others include carcinosarcoma, pulmonary blastoma and malignant
haemangiopericytoma. They most often present as a solitary pul-
monary mass, radiographically indistinguishable from a carcinoma
of the lung. Angiosarcoma of the pulmonary artery may present as a
hilar mass and signs of pulmonary embolism and pulmonary arter-
ial hypertension.

SALIVA RY GLAND TYPE TUMOURS

These are mostly adenoid cystic carcinomas, which usually arisein
the trachea or major bronchi. They grow beneath the bronchial
epithelium in atubular fashion and extend outward into the tracheal
or bronchial wall (Fig. 4.40). Local invasion is common. They
present radiologically as atumour mass with or without airway
obstruction. Mucoepidermoid tumour® are also locally invasive.
Bronchial cystadenomas are small polypoidal tumours that pro-
ject into the bronchial lumen and may. therefore, cause areas of
atelectasis and infection, though they themselves are truly benign.

il

CARCINOID

Carcinoids are neuroendocrine tumours and are derived from
bronchial APUD (amino precursor uptake decarboxylation) cells.
These are the same cells which give rise to small cell carcinoma.
Bronchial carcinoids are described as either typical or atypical.
Approximately 90% aretypica and these tend to behave benignly.
growing slowly and metastasising infrequently. Atypical carcinoids
have histological and clinical features that lie between those of
typical carcinoids and small cell carcinoma, and approximately
50'% will eventually metastasise.

Approximately 80% Of carcinoids arise in lobar or main segmen-
tal bronchi (Fig. 4.41). Growth of tumour into the lumen may cause
bronchial obstruction and collapse of the lung peripheral to the
tumour. Lesser degrees of bronchial obstruction may result in recur-
rent segmental pneumonia, bronchiectasis or abscess formation, or
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Fig. 4.34 Hodgkin'sdisease. (A) Chest X-ray shows bilateral hilar
adenopathy, mediastinal adenopathy, right upper |obe pulmonary shadow-
ing and aright pleural effusion. (B) Contrast-enhanced CT shows massive
anterior mediastinal adenopathy, with direct infiltration of the right upper
|obe and alarge pleural effusion.

air trapping in the lung distal to the tumour. IF the tumour extends
extrahronchially. lung infiltration may occur.

Peripheral carcinoids appear as well-circumscribed, round or
ovoid solitary nodules (Fig. 4.42). On CT calcification they may be
seen within the tumour, and many show obvious enhancement fol -
lowing intravenous contrast medium.

Carcinoids may produce a variety of hormones. These include
serotonin, kallikrcin, histamine, ACTH, insulin and substances
gmilar to antidiuretic hormone and gastrin. Rarely, production of
these hormones may lead to clinical syndromes such as the carci-
noid syndrome. Carcinoid syndrome due to a lung primary usually
indicates hepatic metastases. Skeletal metastases from bronchial
carcinoids may be osteoblastic.
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Fig. 4.35 Pulmonary lymphoma CT shows an irregular soft-tissue mass

B

with an air bronchogram.

Fig. 4.36 Histiocytic lymphoma. Chest X-ray shows mediastinal adeno-
pathy, multiple ill-defined pulmonary nodules and aright pleural effusion.

A hamartoma is a tumour which consists of an abnormal arrange-
ment of the tissues normally found in the organ concerned. Most
pulmonary hamartomas have a large cartilaginous component, and
there may also be an appreciable fatty component. They are rarely
seen in childhood and most often present as a solitary pulmonary
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Fig. 4.39 Lymphomatoid granulomatosis. CT scan demonstrates multiple
pulmonary nodules and alarger mass in the left upper node which shows
an air bronchogram. Subcarinal lymph node enlargement and a left pleural
effusion are also present.

made. Rarely they arise endobronchially and may then present with
signs of bronchial obstruction.

Fig. 4.37  Lymphocytic lymphoma. Chest X-ray shows alarge left pleural
effusion, asmall right pleural effusion and right paratracheal adenopathy.

OTHER BENIGN PULMONARY

TUMOURS

This heading covers many rarities including bronchial chondroma,
pulmonary fibroma. pulnumary myxoma, plasmacell granuloma

(also known  as histiocvtoma, selerosing granuloma i
matory pse udotumour), bronchial lipoma , myorblastoma of the
bronehus (or granular-celltumour ), bronchia papilla and

benign clear cell tumour. They are often asymptomatic, presenting
as a solitary pulmonary nodule, although some may be muiltiple.
Some may cause bronchial obstruction and therefore present with
signs of lobar or segmental collapse or consolidation. In general,
apart from lipomas, none of these tumours have features that allow
a confident diagnosis based upon imaging alone.

jeremy P. R. Jenkins

CT is an established technique in the staging of lung carcinoma,
with MRI currently used in a problem-solving role. Both CT and
MRI arc equally good at assessing tumour sire. CT is more accu.
rate in the demonstration of small nodules, except for those located

e 2

-
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-
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Fig. 4.38 Pseudolymphoma. Consolidation in the right middle lobe
obscures the right hilum and heart border.

nodule in an asymptomatic adult. Unlike bronchial carcinoids.
most pulmonary hamartomas are peripheral. They appear as well-
circumscribed nodules varying in diameter from a few millimetres
to several centimetres (Fig. 4.43). They do not cavitate, and any low
density within them represents fat. On the chest X-ray
approximately 30% show calcification, often with a characteristic

'popcorn’ appearance (Fig. 4.44). On serial films they may be seen

X Fig. 4.40 Adenoid cystic carcinoma of trachea. CT scan shows tumour
to grow slowly. CT may demonstrate or confirm the presence of fat

arising in right posterolateral wall of trachea and infiltrating the adjacent
or calcification within the nodule, allowing a precise diagnosis to be mediastinal tissues.
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Fig.441 Bronchial carcinoid. CT shows soft-tissue tumour in wall of left
main bronchus, causing severe narrowing of the bronchial lumen.

close to hilar vessels, where MRI has the advantage. MRI has been
shown to be more accurate than CT in evaluating mediastinal and
vascular tumour invasion, and in the demonstration of apical (super
rior sulcus) tumours. MR i mages of the lungs have a low signal-to-
noise ratio (SNR). Contrast between tumour and lung is essentially
independent of pulse sequence, due to the inherently low proton
density and magnetic susceptibility between air and soft tissue with
aerated lung. Contrast and detail can be improved by enhancement
of the mass with gadolinium-chelate. A major disadvantage of MRI
compared with CT is that peripheral pulmonary vessels and |obar
fissures are not visualised, making it difficult to demonstrate the
position of alung mass with respect to alobe or segment.

Fig.4.42 Bronchial carcinoid. A well-defined, round, soft-tissue mass
overliestheright hilum.
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Superior coleus rumours can be better visualised by MRI than by
CT, due to improved anatomical display on coronal and sagittal
plane images (Figs 4.45, 4.46), aiding radiation treatment planning.
In astudy of 31 patients with a superior sulcus tumour, the accu-
racy of MRI in the evaluation of tumour invasion of adjacent struc-
tures was 94%, compared with 63% by CT. T,-weighted images
showed the tumour as intermediate signal in contrast with the high
signal from surrounding fat, enabling better delineation of chest
wall invasion, adjacent vessels, brachial plexus and spinal struc-
tures. If motion artefacts obscure detail then the combination of
gadolinium-chelate injection with a T,-weighted fat-suppressed
sequence can be helpful in demonstrating the extent of the tumour.
The use of thistechnique aids the delineation of tumour extension
i nto the spinal canal by more clearly separating tumour from CSF
compared with T,-weighted images.

in asmall series of patients with proximal lung carcinoma and
distal lobar collapse, evaluated by dynamic contrast-enhanced CT
and MRI, CT was more successful than MRI in differentiating
tumour mass from collapsed lung (Fig. 4.47). Dynamic contrast
enhanced CT was able to differentiate tumour from collapsed lung
in eight of 10 patients, whereas MRI demonstrated signal intensity
differences in only haff those patients. It should he noted that in
two patients in whom differentiation between tumour and collapsed
lung was not achieved by contrast enhanced CT, MRI showed sepa
ration, suggesting a possible complementary role for the tech
nigues. T, weighted sequences were most useful in demonstrating a
higher signal (longer T,) from the collapsed lung than from the
tumour. It islikely that the use of gadolinium chelate would
i mprove the accuracy of MRI. MRI can identify any underlying
mass lesions in a completely opacified hemithorax.

The normal pleural space cannot be resolved by MRI but adja-
centfat is well shown. Early chest wall invasion by tumour is better
demonstrated on MRI than CT. T,-weighted images provide good
morphological detail and contrast discrimination between tumour
(intermediate signal) and fat (high signal). The presence of a high
signal within chest wall muscle on T ,-weighted images suggests
more extensive invasion. The changes however are non-specific.
Similar increased signal intensity can occur with inflammatory
disease. Rib destruction is not well shown on MRI. Although cor-
tical bone is better shown by CT, the extension of tumour into the
marrow space is better identified on MRI (Fig. 4.48). CT and MRI
are unreliable in demonstrating mediastinal pleural infiltration,
although the better contrast resolution of MRI has the greater

Fig. 443  Pulmonary hamartoma. CT scan shows a well-circumscribed
right upper lobe soft-tissue-density mass.
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Fig. 444 Pulmonary hamartoma. (A, B) A well-defined, round soft-tissue mass with extensive, central 'popcorn' calcification is present in the right lower

lobe.

potential. Microscopic invasion of the mediastinum by tumour
without hulk change cannot he detected. Invasion can be assumed if
i nterdigitation of tumour into the mediastinum or chest wall is
present. The differentiation of pleural thickening can be further
aided by the use of gadolinium-chelate injection. Interruption of the
normal low signal intensity line of the pericardium, which isless
than 2 mm thick and best delineated on coronal and transverse
ECG-gated T,-weighted images, suggests pericardial invasion.

‘} _

Fig. 4.45 Pancoast tumour infiltrating the left brachial plexus and sub-
clavian artery on a corona T,-weighted spin-echo image.

Similarly, interruption of the low intensity line of the diaphragm
adjacent to a mass, on sagittal and coronal images, suggests infiltra-
tion (Fig. 4.49). Lymph node assessment is discussed el sewhere (see
Ch. 2). Vascular invasion by tumor is more clearly demonstrated
by MRI than by CT while CT is more sensitive in the detection of
pleural effusions. On MRI, effusions are more clearly shown on
T- or proton-density-weighted images as a high signal, compared
with alow signal on T,-weighted scans. MRI is helpful in differ-
entiating pleural from parenchymal disease and has the potential to
elucidate complex effusions. It is complementary to CT in the eval-
uation of pleural abnormalities, and can he used for the further
assessment of focal non-calcified pleural lesions for which the level
of confidence of CT in offering adiagnosisislow. In these cases
signal iso- or hypo-intensity (with respect to intercostal muscle) on
T,-weighted scans from the focal pleural lesion isareliable pre-
dictor of benign (fibrotic) pleural disease. Lymphangitis carcino-
matosa has the distinctive appearance of a hilar or mediastinal mass
with peripherally dilated pulmonary lymphatics.

I'n the evaluation of distant metastases from carcinoma of the
lung, MRI has the potential for characterising some adrenal masses,
On T,-weighted images adrenal metastases have a high signal
intensity, whereas benign non-functioning adenomas give alow
signal similar to surrounding liver. There is, however, some
overlap, which limitsits clinical value. MRI combined with contrast
administration is a more sensitive technique than CT in the
detection of CNS and liver metastases.
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Fig. 446 Posterior mediastinal carcinoma (straight arrows) infiltrating two adjacent thoracic vertebral bodies with partial collapse and extradural exten-
sion, on T,-weighted sagittal (A) (spin-echo 740/40) and transverse (B) (partial saturation recovery 500/18) scans. Note low signal from dural sac (curved
arrow); t = trachea.

C

Fig4.47 Carcinoma of the lung with lymphadenopathy and distal collapse/consolidation on coronal T:-weighted (A, B) (spin-echo 560/26) and parasagittal
intermediate-weighted (C,D) (spin-echo 1200/60) images. The collapse/consolidation in the anterior and posterior segments of the right upper lobe shows
heterogeneity and higher signal than the more uniform intensity of the central tumour, but clear separation is difficult. Nodal disease in the neck (curved

arrow) is demonstrated in (C). Straight arrow in D = middle lobe bronchus; a = aortic arch; p = left pulmonary artery; s = subclavian artery; t = trachea.
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Fig. 4_-48_ Indeterminate soft-tissue pleural mass (arrow) in the left apex without evidence of any rib destruction on frontal chest radiograph (A) and CT
examination (B). MR examination with coronal T,-weighted (C) and T ,- weighted (D) spin-echo images shows low and high signal from the pleural mass
together with marrow oedema within the adjacent first rib (arrow) confirming this to be a Pancoast tumour, which was subsequently confirmed on

biopsy.
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Fig. 4.49 Large pleural fibrosarcoma compressing lung (curved closed arrow) and displacing liver (curved open arrow) on two contiguous sagittal T 2-
weighted (A) (spin-echo 1660/80) and a coronal T,-weighted (B) (spin-echo 560/26) images. The liver is not directly infiltrated and neither is the anterior
chest wall. The diaphragm can be seen as a low-intensity line (straight arrows), most clearly beneath a small anterior pleural effusion in (A) d = descending
aorta. (Reproduced with permission from: Jenkins, J.P.R. (1990) Magnetic resonance imaging in oncology. In: Johnson, R. J., Eddleston, B., Hunter, R. D.

(eds) Radiology in the Management of Cancer. Edinburgh: Churchill Livingstone.)
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PULMONARY INFECTIONS

Simon P. G. Padley and Michael B. Rubens

\

nilammetory disezge of thelung may b referredto & either niamoniaor pneumonitis Although these terms are interchangeable,
pneumonia usually implies an infection by pathogenic organisms
resulting in consolidation of lung, whereas pneumonitis tends to
refer to those inflammatory processes that primarily involve the
dveolar wall, for example fibrosing alveolitisin the UK or usual
intergitidl pneumonia (UIP) in the USA. Pneumonias may he
classified on the basis of morphology or aetiology.

A causative organismisonly likely tc hefoundin50 of cases,
usually because of prior treatment with antibiotics or an inability
to provide a satisfactory sputum specimen. Of these organisms
there will be approximately athird each of bacterial, non-bacterial
and viral. 01' the bacterial causes the pneumococcus (Streptococcus
preurnoniag) is most common, with much smaller numbers of Staphy-
lococcus aureus, Haemophilus influen,ae, Klebsiella pneumoniae
and L egionella pneumophila

Of the non-bacterial causes mycopiasma PNEUMoONiaeis most
common. In fact, it is the most common proven cause of primary
pneumoniain the UK at the present time. Other non-bacterial
causes found in small numbersare Chlamydia psittaci (psittacosis)
and Coxiellaburnetii (Q fever). The viruses are amost all influenza
and cold viruses. Mixed infections are found in approximately 10%:
of cases.

Lobar pneumonia commences as a localised infection of terminal
air spaces. Inflammatory oedema spreads to adjacent lung via the
terminal airways and pores of Kohn, and causes uniform consolida-
tion of all or part of alobe.

In lobar pneumoniathe usual homogeneous lung opacification is
imited by fissures and affected lobes retain normal volume and
often show air bronchograms. The onset may be so acute that
opacification is often at its maximum on the initial radiograph.
However, consolidation may not he obvious on the initial radio-
graph. Streptococcus pneunloniae classically causes lobar pneumo-
nia. The classical appearance of lobar pneumoniaisincreasingly
uncommon, partly because early antibiotic treatment aborts the pro-
gression of disease. Consolidation may not spread uniformly
throughout the lobe. From the initial focus of infection inflamma-
tory oedema spreads via the air passages and the pores of Kohn,
and as aresult consolidation may conform to segmental boundaries.

Occasionally rounded lesions with ill-defined margins appear,

especially in children, producing a so-called ‘round pneumonia.

Kerley B lines may appear in the affected areafrom a temporary
overloading of lymphatics and oedema of interlobular septa. The
distribution of the inflammatory exudatc can he influenced to some
degree by the effect of gravity, best seen in the immobile patient.

Resolution is accompanied by diminution of the density of the
opacity as air returnsto the lobe, and it is usually complete, with
the lung architecture being restored to normal.

Bronchopneumoniais amultifocal process which_ commencesin
the terminal and respiratory bronchioles and tends to spread seg-
mentally. It may also be called lobular pneumonia, and produces
patchy consolidation. The commonest causes are S. aureus and
Gram-negative organisms.

In clinical practice the most useful classification is according to the
causative organism, as thisis what influences the management and
outcome of the infection. Unfortunately, it is not possible to diagnose
the organism from radiology alone. However, radiology isimportant
in confirming the presence and location of pneumonia, as well asfol-
lowing its course. Moreover, the chest radiograph may indicate com-
plications of a pneumonia such as pleural effusion, empyema,
pneumothorax. atelectasis, abscess formation and scarring.

BACTERIAL PNEUMONIAS
Streptococcus pneumoniae

Thisisacommon cause of pneumoniain all age groups, and par-
ticularly in young adults. Typically it produces lobar consolidation
(Fig. 5.1), which is often basal but may occur anywhere in the lung.
The volume of the consolidated lung is normal, and an air broncho-
gram may be visible. Occasionally oedema of the interlobular septa
causes septal lines. Pleural effusion. empyema and cavitation are
unusual if the infection is treated promptly, but may he seenin
debilitated patients. Resolution is usually complete.

Staphylococcus aur eus

Thisis acommon cause of pneumoniain debilitated patients. It
may also cause superinfection in influenia (Fig. 5.2). Haemato-
genous infection of the lungs may occur in septicaemia, and isa
common complication of intravenous drug abuse; when dissemina-
tion is huematogenous the typical appearance is of multiple poorly
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Fig. 5.1  (A) Pneumococcal pneumonia Lingular and right upper lobe consolidation with sparing of the apex. (B) CT image from a different patient
demonstrating air bronchograms in an area of peripheral consolidation due to an organising pneumonia.

defined rounded nodules that develop rapidly over afew days
(Fig. 5.3). Usually cavitation is evident, especially on later exami-
nations. \When pneumonia occurs as a complication of intravenous
drug abuse echocardiography should he undertaken since in most
of these patients the source of septic emboli is an infectiveendo-carditis on the tricuspid valve.

I nfection may also he the result of inhalation, typically causing a
bronchopneumonia with multiple, patchy areas of consolidation
(Fig. 5.4). Confluence of these areas may develop. Again cavitation is
common, and in children pneumatoceles may develop. Pleural effu-
sion, empyema and areas of atclectasis are common complications.

Klebsiella pneumonia

Thisis dueto Friedleinder's bacillus and typically occursin elderly
debilitated men. There is usually lobar consolidation (Fig. 5.5),
more oftenright  sided, and frequently upper lobe. The volume of
the affected lung is maintained, or may he increased causing
bulging of the fissures. Cavitation is common (Fig. 5.6) and if there
is healing with fibrosis then cavities may become permanent and
mimic TB. A bronchopneumonic pattern may also occur (Fig. 5.7).

Legionnaire's disease

In 1976 an explosive epidemic of severe respiratory illness occurred
at an American Legionnaires convention in Philadelphia. It was a
rapidly extending pneumonia complicated by shock, mental confu-
sion, respiratory and renal failure, unresponsive to the usual antibi-
otics, with a case fatality of 16%:. A previously unknown
Gram-negative bacillus was eventually isolated and given the name
Legionella pneumophila. The organism is ubiquitous in water, mul-
tiplying in water coolers, air conditioners and showers, and infec-

'w . -

Fig. 5.2 Staphylococca pneumonia of the right upper lobe with abscess
formation.

tion takes place from inhalation of an aerosol mist. It is prone to
attack smokers and the debilitated. Radiographically thereis
spreading consolidation, and although it may be confined to one
lobeinitially it soon extends to others and to the opposite lung
(Fig. 5.8). Another characteristic feature is the slow resolution over
several weeks, but thisis usually complete. Small pleural effiesions
are common; abscess and pneumatocel e formation are rare.
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Fig.5.3 (A) Haematogenous staphylococcal abscess formation in an
intravenous drug abuser. There are multiple thin-walled cavities and an
associated left pleural effusion. (B) Multiple large thin-walled pneu-
matoceles in a different intravenous drug abuser with staphylococcal
tricuspid endocarditis.

Haemophilus influenzae

Thisisaconunensal of the upper respiratory tract, but asit is some-
timesfou ndinlarge numbersin the sputum in association with
chronic lung diseases and treatment aimed at its eradication is
often followed by clinical improvement, it is accorded a po-

chronic bronchitis, cystic fibrosis and debilitated states. It is also

found in influenza and other virus infections. Any pulmonary opa-

eities found in Haermophilus infection are disseminated and bron-

ehopneunumic: there arc no characteristic radiographic appearances
(Fig. 5.9). diabetes

Fig. 5.4 Staphylococcal bronchopneumonia. A pneumatocele has
developed in the right upper lobe. The radiograph eventually returned to
normal.

OTHER GRAM-NEGATIVE PNEUMONIAS

Pseudomonas aeruginosa and Escherichia
coil

These are two of the many Gram-ncoaaive organisms which nor-
orally inhabit the upper respiratory tract and gastrointestinal tract
and may cause pneumonia or other infections in debilitated and
hospitalised patients. Pneumoniain these patientsis more likely to
occur due to a number of factors. Normal connnensuals may he
replaced by pathogens of increased virulence. This is often coupled
with decreased clearance of upper pharyngeal secretions due to
sedation or drowsiness, or endotracheal or nasogastric intubation.
Infections also tend to occur following major surgery and in
patientswho have received long-terns hroad-spectrum antibiotics.
Thus they are particularly prone to colonise patients on long-
{em mectenca venlation Premonianomallyresuts fromenaly pthogenic oI 5aseconderyinvade found i inelton. bt mey o beheemetogenausin g, Theradio-

graphic appearances are of a hronchopneumoniawhich is
often Nasal. Gram-negative organisms arc also likely to he path-o-
genic in patients with chronic lung disease such as cystic fibrosis,
aswell as in patients who are immnunosuppressed or have
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Fig. 5.5

(A, B) Kiebsiella pneumonia. There is consolidation in the right
|ower lobe with associated loss of volume evident on the lateral view.

Melioidosis

Melioidosis, a disease of tropical countries of the East, is caused by
Pseudomonas pseudomallei. It may manifest years after the patient
has |eft an endemic area. There are two pulmonary forms: a sep-
ticaemic disseminate infection with necrotising lesions, and a chronic
apical pneumoniawhich breaks down to form athin-walled cavity.

Fig. 5.6 (A, B) Kiebsiella pneumonia. There is a large cavity in the right
|ower lobe following cavitation of pneumonic consolidation. An aortic valve
replacement is present.

Tularaemia

Discovered in Tulare, California, infection with Francisellalularensis
is endemic amongst small mannnals and is spread by ticks. Humans
acquire the infection either by inoculation or inhalation. Remarkably
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Fig.5.7 Klebsiella septicaemia. Thereis diffuse patchy alveolar shadowing
with air bronchograms.

Fig. 5.9 Haemophilus infection. Widespread small nodular opacities are
evident.

alveolar walls and intcrstitium. “Atypical’ denotes the lack of the
alveolar exudate evident in most pneumonic infections. Because of
this feature the term interstitial pneumonia has been suggested as a
preferred alternative. A variety of organisms may he responsible,
the most important being Mycoplasma pmeumomiae, but also includ-
ing viruses, especially influenza viruses types A and B, respiratory
syncytial virus and adenovirus, Chlomiydio psittaci (psittacosis) and
Coxiella burnetti  (Q fever). Theillness often manifests with sys-
temic symptoms overshadowing those due to the pneumonia, and
the course of disease may he less dramatic but more prolonged than
with atypical pneumonia.

Fig.58 Legionnaire's disease. Thereis bilateral consolidation, more
marked on the right.

few organisms are required to cause illness. In the bacteraemie form :
there are small oval pulmonary lesions and hilar adenopathy (Fig. M yCOpI asma pneumoniae
5.10). Inhalation infection causes one or more areas of consolidation,  Thisisthe only member of the myeoplasma group that is com-
also with hilar adenopathy. Untreated the consolidated lung cavitates monly pathogenic in man. Although classed as bacteria these organ-
and fibroses and may then mimic tuberculosis. isms are unlike other common bacterial species, being smaller and
lacking rigid cell walls containing peptidoglycan. As aresult they
are not susceptible to antibiotics that act on cell wall synthesis such
ATYP'CA'. PNEUMONIAS as the penieillins. My eoplasma is most frequently encountered in
young adults and is the commonest isolate from primary pneumo-
Thisterm was originally used to describe an acute febrileillness  niasin the UK, accounting for 10-20%' of eases, but only in asmall
characterised by acute inflammatory changes centred within the proportion does it cause a major respiratory illness.
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Fig. 5.10 Tularaemia. There is right hilar nodal involvement and perihilar
consolidation.

Fig. 5.11 Mycoplasma pneumonia. There is a patch of left mid zone
consolidation obscuring the left heart border.

The earliest radiographic signs are fine reticular or nodular shadows
followed by the appearance of consolidation, which may be segmental
or lobar, and is usually unilateral (Fig. 5.11). Lymph node enlarge-
ment and pleural effusion are uncommon and cavitation is rare.
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VIRAL PNEUMONIAS

Viral pneumonia usually commences in distal bronchi and bron
chioles as an interstitial process with destruction of the epitheliumm

oedema and lymphocytic nfilration. There may also be focal inflammetion of the termin bronchioles and alveali and progression
haemorrhagiepulmonary oedema.

The radiological appearances of aviral pneumonia are very
varied, but often include:

1. Peribronehial shadowing (Fig. 5.12)
2. Retieulonodular shadowing (Fig. 5.13)
3. Patchy or extensive consolidation (Fig. 5.14).

Viral pneumoniais uncommon in adults, unless the patient is
immunoeompromised. Most pneumonias that complicate vira
infections in adults are due to bacterial superinfeetion. However
viral pneumonias are not rare in infants and children.

Influenza virus

Pneumonia as a complication of influenzais normally due to sec-
ondary bacterial infection, often Staphylococcus aureus, Strepto-
coccus pneumouiae or Haemophilus. However, the very young. the
elderly and debilitated patients may develop a primary viral pneumo-

nia with patchy consolidation. Occasionally, especially during
influenza epidemics, a fulminating haemorrhagie pneumonia maybe
seen with widespread consolidation indistinguishable from non-

eardiogenie pulmonary oedema or adult respiratory distress syndrome
(Fig. 5.14). 11" the patient survives, extensive pulmonary fibrosis may
develop.

Herpes varicella zoster

Varieella pneumonia occurs more often in adults than in children. In
the acute phase of infection the chest radiograph may show wide-
spread nodular shadows up to | cm in diameter, and clinically the
pneumonia will be concurrent with the typical skin rash (Fig. 5.15).
Following recovery a small proportion of these nodules calcify and,
if multiple, may produce a characteristic radiographic appearance
(Fig. 5.16). These patients are often able to give a history of severe
chickenpox as an adult.

Measles giant cell pneumonia

In addition to the common secondary respiratory infections associ-
ated with measles, there is a specific pulmonary viral infection
characterised by multinuel eate giant cells with eytoplasmie inclu-
sionsin the respiratory epithelium. Although a disease of child-
hood, it has been recorded in adults. The mediastinal and hilar
nodes are commonly enlarged but other radiographic abnormalities
are variable and include streaky basal linear shadows, widespread
reticular shadows and diffuse ill-defined nodular opacities
(Fig. 5.17). Remarkably swift resolution can take place, over the
course of afew days.

Infectious mononucleosis

Less than 10% of cases have intrathoraeie manifestations during the
disease. The commonest abnormality on the chest X-ray islymph
node enlargement, and the lungs may show an isolated opacity or
retieulonodular shadows.
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Fig. 5.14 Influenza A. Haemorrhagic consolidation was present at
postmortem.

e

Fig.5.12 Adenovirus chest infection. There is reticulonodular infiltrate,
most marked in a bronchovascular distribution at the right base.

Fig.5.13 CMV pneumonia in a 21-month-old child. There is reticular

nodular shadowing throughout both lungs.
Fig. 5.15 Chickenpox pneumonia occurring during pregnancy. There is

widespread, predominantly nodular shadowing throughout both lungs. The
CHLAMYDIAL AND RICKETTSIAL patient made a complete recovery.
PNEUMONIAS

Q fever

Psittacosis and ornithosis Thisisusually acquired by contact with cattle or sheep and is due

Usually acquired by contact with sick parrots or domestic fowl, this  to Coxiella burnetii. The pneumoniatypically presents as rounded
infectionisdueto Chlamydia psittaci. The pneumoniausually  areas of consolidation, up to 10 cm in diameter, in both lungs, lobar
presents as patchy or lobar consolidation, although nodular  consolidation, or linear densities due to atclectasis. Lymph node
shadows may he seen. There is often hilar lymphadcnopathy. The — enlargement is unusual. The radiographic changes may take a
radiographic changes may take several weeksto resolve. month or more to resolve, during which time the ill-defined opac-
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Fig. 5.16 Multiple calcified varicella scars.

itics become more sharply defined, smaller and denser. Rarely Q

fever produces an endocarditis, meningocncephalitis or hepa-
titis.

Rocky Mountain spotted fever

This tick-borne disease is endemic to the southern USA aswell as
the Rocky Mountains. It may cause patchy consolidation, pleural
effusions, and he complicated by secondary bacterial pneumonia.
Overall there is a 5% mortality.

Scrub typhus

Thisrickettsial disease is endemic in the countries of the Pacific
basin, and causes pulmonary abnormalities in approximately 0%
of cases. The radiographic pattern is diverse and takes the form of
interstitial, lobar or widespread pulmonary opacities. The latter pre-
sentation resembles adult respiratory distress syndrome both
clinically and radiographically, but it clears rapidly with appropriate
treatment.

LUNG ABSCESS

Suppuration and necrosis of pulmonary tissue may he due to tuber-
culosis, fungal infection, malignant tumour and infected cysts.
However, the term lung abscess usually refersto a cavitating lesion
secondary to infection by pyogenic bacteria. Thisis most frequently
due to aspiration of infected material from the upper respiratory

Fig. 5.17 Measles giant cell pneumonia. Extensive ill-defined opacities
with air bronchograms. The changes are more marked on the right than
the left.

tract, and is often associated with poor dentition and periodontal
infection (Fig. 5.1 K). A variety of organisms may be responsible,
and anaerobic bacteria are frequently found in the sputum. Occa-
sionally there is a history of loss of consciousness and presumed
aspiration. Other causes of lung abscess include staphylococcal
(Fig. 5.19) and Klebsiella pneumonia, septic pulmonary emboli
(Fig. 5.3) and trauma.

Radiographically an abscess may or may not be surrounded by
consolidation. Appearance of an air-fluid level indicates that a com-
munication with the airways has developed. The wall of the abscess
may be thick at first, but with further necrosis and coughing up of
infected material it becomes thinner (Fig. 5.18).

ASPIRATION AND INHALATION

The effects of aspiration of particulate or liquid foreign material

into the lungs are twofold: those due to mechanical bronchial

obstruction and those due to the irritant properties of the aspirate.
When the cough reflex is suppressed by stupor. alcohol or drugs,
aspiration of food from the stomach during vomiting is likely to
occur. The inflammatory response excited by vegetable matter is
intense and commonly followed by secondary infection with com-

mensals and anaerobic organisms. Aspiration of infected material

from nasal and oral sepsisis a common cause of lung abscess. The
radiological patterns arc therefore those of atelectasis or suppura-
tive bronchitis and pneumonia. Metallic or inorganic particles may
excite little response, the mechanical effects of uncomplicated
atelectasis or obstructive emphysema predominating, and they may
remain undetected for long periods.

Aspiration of mineral oilsresultsin lipoid pneumonia (Fig. 5.20).
The prolonged use of liquid paraffin for constipation is the usual
cause and a precipitating factor is chronic oesophageal obstruction.
The oil floats to the top of any residue in the oesophagus, the
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Fig. 5.18

Fig. 5.19 (A) Staphylococcal abscessin a patient with adult respiratory
distress syndrome. A cavity with afluid level is present within a dense area
of consolidation. (B) Lung abscessin adifferent patient developing in a
large necrotic adenocarcinoma. Percutaneous aspiration revealed a mixed
growth of Hoemophilus and Streptococcus.
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(A) Lung abscess. There was poor dental hygiene. Mixed anaerobic growth. (B) Several weeks later a thin-walled pneumatocele remains.

optimal position for aspiration. The oil is amost inert and the
reaction isindolent, granulomatous and fibrotic; any lung damageis
permanent. Radiographically there are dense well-defined tuniour-
like masses or an extensive bilateral opacity spreading outward
from the hilar regions. Vegetable oils and animal fats such as milk
induce a greater inflammatory response and the opacities arcill
defined and bronchopneumonic. Influenced by gravity, the lesions
of aspiration and inhalation are found predominantly in the pos-
terior parts of the lungs. Small aspirates are common in the
aged from incompetence of the closing mechanism of the larynx.
These recurrent aspirations produce coarse peribronchial thicken-
ing, small patches of pneumonia and eventually fibrosis and
bronchiectasis.

Mendelson's syndrome

Thisis achemical pneumonia caused by aspiration of acid gastric
contents during anaesthesia. An intense bronchospasm is rapidly
followed by aflood of oedema throughout the lungs, resulting in
hypoxia and requiring high ventilation pressures. The radiographic
appearance of massive pulmonary oedema taken together with the
clinical presentation is pathognomonic (Fig. 5.21).

In cases of near drowning the lungs show widespread, ill-defined
alveolar opacities due to pulmonary oedema. The effects of salt
water are less severe and of shorter duration than those due to hypo-
tonic fresh water.

Inhalation of irritant gases

| nhalation of gases such as ammonia, chlorine and nitrogen dioxide
produces an acute focal or diffuse pulmonary oedema followed by
functional derangements indicative of bronchiolar and alveolar
damage. It is a cause of bronchiolitis obliierans. Widespread tubular
bronchiectasis and severe emphysema have been reported as

sequels to accidental smoke inhalation.
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Fig. 5t-20 (A) Lipoid pneumonia. Aspiration of liquid paraffin. (B) Eight years |ater there has been significant clearing but severe residual fibrosisis now
present.

Mycobacterium tuberculosis s responsible for most cases of
tuberculosis; fewer than 5% of cases are caused by atypical mycobac-
teria Infection from milk is now rare where pasteurised milk is avail-
able. Infection is usually by inhalation of organisms from open cases
of the disease. Transmission is by droplet inhalation, and the dose of
viable organisms received is critical. Children, the immunocompro-
mised, especially HIV-positive patients, and some immigrant groups

Fig. 521 Mendelson's syndrome. Postoperative aspiration of gastric
contents. Note the subdiaphragmatic air following laparotomy.

are particularly susceptible. All these factors are reflected in the rec-
ommendations current in the UK concerning isolation of patients,
treatment of contacts and general control measures. A chest radi-

ograph is part of these control measures, and follow-up of contacts
for 2 years may he judged necessary.

The occupational risk of hospital personnel is, in general,
minimal and only a pre-employment chest radiograph is needed.
Annual chest radiographs are not required. Those judged to be at
higher risk should he offered an annual chest radiographic examina-
tion. Staff in any institution who will be in regular contact
with children should have a chest radiograph as part of a pre-
employment check, but routine periodic radiography is not necessary.

There areracial differencesin the incidence of tuberculosis; in
Britain it is 30 times more common in immigrants from the Indian
subcontinent than in the indigenous population. Other factors
that predispose to infection are old age, poor nutrition, alcoholism,
silicosis, diabetes, pregnancy, malignant disease and immuno-
suppression, especially by HIV infection.

Previous infection or BCG vaccination render most patients
hypersensitive to tuberculoprotein. Possession of such hyper-
sensitivity influences the course of the disease, and it is traditional to
classify tuberculosis as primary, if the patient is not sensitised, and
post-primary if the patient is. Most cases of post-primary infection
are due to reactivation of previous infected foci, often many years
after first infection. Occasionally, a primary infection progresses to
the post-primary phase without an intervening latent period.

Primary pulmonary tuberculosis

Most cases of primary pulmonary tuberculosis are subclinical,
although there may be fever, respiratory symptoms or erythema
nodosum. Organisms settle and multiply in an alveolus anywhere in
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the lungs, but most commonly in a subpleural site in the well-
ventilated lower lobes. There is an area of peripheral consolidation
(the Ghon focus), and spread from this along the draining lynmphatics
may lead to enlargement of regional lymph nodes. This combination
isreferred to as a primary complex. Subpleural infection may cause a
serous effusion. Activation of the immune system usually leads to res-
olution, healing and fibrosis at this stage. Usually afibrous capsule
walls off the lesion and dystrophic calcification may occur. If the
response to infection is weak the disease may progress and thereis
little difference between lesions of primary and post-primary evolu-
tion. This may manifest as further consolidation, possibly with cavita-
tion, and bronchogenic spread of infection. Rupture of a cavity into
the pleuramay cause pneuuiolhorax, pleural effusiam or empyema,
and erosion into a pulmonary vessel may lead to haematogenous
spread and milian' imfectiam.

Lvinphudemopathy is & common feature of primary infection, but
israrein post-primary tuberculosis except in the HIV-positive
population. Enlarged lymph nodes may press on adjacent airways
and cause pulmonary collapse or air trapping with hyperinflation.
Caseating nodes may also erode into airways, causing broncho-
pneumonia, and into vessels causing miliary infection.

Post-primary pulmonary tuberculosis Fig. 5.22 Tuberculous pneumonia. Air bronchograms are present in the
left upper lobe consolidation. Less marked right upper lobe consolidation is

Thisfollows the primary infection after a latent interval, however also present

short or long, and is due to either reactivation or reinfection. It is
now generally accepted that almost all post-primary tuberculosisis
due to reinfection.

The lesions usually start in the subapical parts of the upper lobes
or in the apical segment of the lower |lobes as small areas of
exudative inflammation. These extend, coalesce, caseate and
cavitate. Typically there is alarge cavity with several smaller

satellite cavities, often bilateral but more advanced on one side.
Cavity walls arc lined by tubercul ous granulation tissue and
traversed by fibrotic remnants of bronchi and vessels. A vessel
which has not been totally obliterated may dilate-a Rasmussen
aneurysm.

Dispersal of infection from the cavities to other parts of the lungs
takes place as in the primary form, and results in numerous small
areas of caseous pneumonia, often in the lower lobes. Massive dis-
persal may lead to caseation of awhole lobe.

Adhesions usually limit pleural spread but sometimes the lung
becomes encased in a thick coating of Gaseous material, fibrosis and
hyaline connective tissue. Small cavities that heal leave radiating
fibrotic strands puckering the lung. Large cavities become lined by
columnar or squamous epithelium  d are prone to secondary infec-
tion or fungal colonisation.

Fig. 5.23 Tuberculosis. Thereisleft hilar enlargement and perihilar
consolidation.

RADIOLOGY OF PULMONARY TUBERCULOSIS . . . . . .
Consolidation in post-primary infection

Consolidation in primary infection This usually appears in the apex of an upper or lower lobe, and

This may involve any part of the lung, and the appearanceisnon- ~ amost never in the anterior ssgments of the upper lobes. The
specific unless there is coincidental lymphadenopathy. Thearea  consolidation is often patchy and nodular and may be bilateral

involved may be small or affect an entire lobe, and an air bron-  (Fig. 5.25). A minimal apical lesion can easily be overlooked
chogram may be visible (Figs 5.22, 5.23). Occasionally consolida- because of overlapping shadows of ribs and clavicle (Fig. 5.26).
tion appears as a well-defined nodule or nodules. Healing isoften  Comparison with the opposite side is then helpful, looking for

complete without any sequelae on the chest radiograph although ~ asymmetries of density. The apical projection was designed
fibrosis and calcification may occur (Fig. 5.24). to overcome this difficulty, but israrely useful. Progressive
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Fig. 524 Healed tuberculosis. There s bilateral upper lobe fibrosis with
elevation of both hila. Basal emphysema has developed. There are multiple
calcified granulomas in the mid and upper zones.

infection isindicated by extension and coal escence of the areas of
consolidation, and the development of cavities (Fig. 5.27).

Simultaneously there may be fibrosis and volume loss indicating
healing (Fig. 5.24). Cavities may be single or multiple, large or
small and thin or thick walled. Fluid levels are sometimes visible
within cavities. With fibrosis there is often obliteration of cavities;
however, larger cavities may persist and areas of bronchiectasis and
emphysema may develop. Healed lesions often calcify. Because the
upper lobes are predominantly involved, the effects of fibrotic con-
traction are seen as the trachea being pulled away from the midline,
elevation of the hila and distortion of the lung parenchyma
(Fig. 5.28). Chronic cavities are often colonised by Aspergil us and
other fungi, and mycetomas may develop (Fig. 5.29). Disease activ-
ity ismonitored by periodic radiographs, the appearance of new
lesions or the extension of old ones indicating continued activity,
whereas contraction indicates that the balance has been tilted
in favour of healing. Once the radiographic signs have stabilised,
any subsequent change in size or density must be regarded as
suspicious of reactivation, fungal colonisation or complication by
neoplasm.

Tuberculous bronchopneumonia

This may occur in both primary and post-primary infection, causing
patchy, often nodular, areas of consolidation (Figs 5.27B, 5.30).

Miliary tuberculosis

Thisis due to haematogenous spread of infection and may be seenin
both primary and post-primary disease. In the former the patient is
often achild, and in the latter case the patients are often elderly, debil-
itated or immunocompromised. At first the chest radiograph may be
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Fig. 525 Tuberculosis. Dense non-homogeneous opacities. Contracted
right upper lobe.

Fig.5.26 Tuberculosis. Minimal right apical lesion.

normal, but then small, discrete nodules, 1-2 mm in diameter, become
apparent, evenly distributed throughout both lungs (Fig. 5.31). These

-96~dules may enlarge and coalesce, but with adequate treatment they
slowly resolve. Occasionally, some may calcify.

Tuberculoma

Thisisalocalised granuloma due to either primary or post-primary
i nfection. It usually presents as a solitary well-defined nodule, up to
5 cm in diameter. Calcification is common but cavitation is unusual
(Fig. 5.32).

Lymphadenopathy

Hilar and mediastinal lymphadenopathy is a common feature of
primary infection and may be seen in the presence or absence of
peripheral consolidation. Following healing, involved nodes may
calcify. Lymphadenopathy is usually unilateral but may be bilateral,
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Fig. 527 Tuberculosis. (A, B) Chest radiograph and CT scan

demonstrating almost compl ete destruction of the right lung due to
pulmonary tuberculosis. The CT reveals bronchopneumonic spread to the

opposite lung.

Fig. 5.28 Tuberculosis. Thereisfibrotic shrinkage of the left upper lobe
in which case the differential diagnosisincludeslymphomaand  with mediastinal and hilar displacement and apical pleural thickening.

sarcoidosis. It is often more pronounced in children (Fig. 5.33).
' ‘

Pleural changes

Pleural effusian complicating primary infection is usually unilateral

and due to subpleural infection. Pulmonary consolidation and/or
lymphadenopathy may or may not be apparent. At presentation the
effusion may be large and relatively asymptomatic. These effusions
usually resolve without complication. Pleural effusion in post-

primary infection, however, often progresses to cmpyema. Healing
is then complicated by pleural thickening and often calcification
(Fig. 5.34). Uncommon complications of tuberculous empycma are
bronchopleural fistula, ostcitis of arib, pleurocutaneous fistula and
secondary infection. Previous thoracoplasty may also complicate

the appearances.
Plgural 'thlckenl ng over the apex of Fhe lung often accompanies Fig. 5.29 Right apical aspergillomain a patient with previous t8. Note
thefibrosis of healing apical tuberculosis. the mycetoma material lying free in the dependent part of the cavity as
Pneumothorax may complicate subpleural cavitatory disease. well as the nodules adherent to the cavity walls anteriorly.
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Fig. 5.30 Extensive bronchopneumonic spread of tuberculosis in an
HIV-positive patient.

Fig. 5.31
nodules present.

Miliary tuberculosis. There are innumerable well-defined

Airway involvement

This may he secondary to lymphadenopathy or endohronchial infec-
tion and may therefore complicate both primary and post-
primary disease. Compression oh central airways by enlarged nodes
may cause pulmonary collapse or air trapping (Fig. 5.35). Healing
of endobronchial Infection with fibrosis

Ty oo e oo ey
bronchiectasis.
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Fig. 5.32 Tuberculoma. A well-defined cavity is projected adjacent to the
right hilum.

Fig. 5.33  Tuberculosis. There is right hilar lymph node enlargement.

'"There are a number of related bacilli w ith morphology and staining
properties very similar to those of the tubercle bacillus. Oh these

atypical mycohacterian those most freyuently the cause of human
disease are My eobacterium.xenopi- M. kumsasii and M. battei . Their
infectivity is low but their sensitivities to drugs differ from that of
M. tuherculosis . In general they cause less fibrosis and arc leas

prone to spread but more prone to cavitate than M. tnhere  inosis
infections. A common pattern is of a cluster of small opacities

Next Page
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Fig.5.34 Tuberculosis. Thereis generalised pleural thickening with
extensive pleural calcification.

grouped around a central lucency. The cavities are thin-walled.
Pleural disease, miliary disease and node enlargement are rare.
These differences are not however sufficient, in an individual case,
to differentiate them from M. tuberculosis | hfections.

Actinomycosis

Actinomyces israelii is acommensal of the oropharynx and may
rarely cause pulmonary infection by aspiration or direct extension
from oesophagus or mediastinum. Classically it causes abscess
formation, pleural invasion, osteomyelitis of ribs and sinuses to the
chest wall. Apical disease may mimic tuberculosis, and occasion-
ally a patchy pneumonia may develop. Presentation nowadaysis
most often as a mass-like area of consolidation which may resem-
ble lung cancer (Fig. 5.36).

CONTENTS
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Nocardiosis

Nocardia asteroides is a saprophyte found worldwide in soil. Infection
usually occurs as aresult of inhalation by debilitated individuals. Most
commonly there is non-segmental, cavitating pneumonia, often with
pleural effusion or empyema. It may also present as a solitary pul-
monary nodule, with or without cavitation, and occasionally with hilar
lymphadenopathy (Figs 5.37, 5.38).

FUNGAL INFECTIONS

Histoplasmosis

| nfection with Hisloplasma capsulatum is usually due to inhalation
of soil or dust contaminated by hat or bird excreta. Although wide-
spread it rarely causes chest infection, except in the eastern USA.
I nfection is usually subclinical and heals spontaneously, sometimes
leaving small, calcified pulmonary nodules (Fig. 5.39) or calcified
hilar or niediastinal nodes. When many nodules are scattered
throughout the lungs they closely resembl e the scars of miliary
tuberculosis or varicella pneumonia except that they tend to he
rather more variable in size (Fig. 5.40). Rarely a calcified node may
erode and obstruct a bronchus.

Progression of one or more of these foci leads to larger nodules.
Hilar node enlargement is common and may he the only visible
manifestation. Locally progressive disease may also take the form
of consolidation, acute or chronic, the latter associated with fibrosis
and cavitation (Fig. 5.41). The presence of cavitation within an area
of lung distorted by fibrosis produces an appearance similar to
tuberculosis.

When massive inhalation of organisms occurs the presentation
may be one of wheezing, dyspnoea, a dry cough and fever. The
chest radiograph shows diffuse small nodular shadows (Fig. 5.42)
which, following resolution, may calcify (Fig. 5.40). A histoplas-
moma may resemble a tuberculoma, being round, usually well cir-
cumscribed and often calcified. Pleural disease and haematogenous
spread arerare.

An uncommon |late manifestation of histoplasmosisis afibrosing
mediastiniti.c which can cause stenosis of the venae cavae, oeso-
phagus, trachea, bronchi or central pulmonary vessels (Fig. 5.43).
The chest radiograph will then show a widened mediastinum. Large
hilar shadows with opacities extending into the lungs and Kerley B
lines may appear.

Coccidioidomycosis

Coccidiaidesimm itis causes endemic disease in parts of the south
west USA. Some 60% of infections arc asymptomatic and the com-
monest radiographic finding is a nodule which calcifies asit heals.
However C. immitis may cause a pneumonic illness, and the chest
radiograph may show patchy consolidation which may cavitate and
be associated with pleural effusion or hilar or mediastinal adeno-
pathy. Alternatively single or multiple pulmonary nodules may
develop, up to 3 cm in diameter, and these have atendency to form
thin-walled cavities (Fig. 5.44). The fungus may also cause isolated
mediastinal or hilar adenopathy and so raise the possibility of lym-
phoma or sarcoidosisin the differential diagnosis. Rarer mani-
festations are progressive upper |obe consolidation with fibrosis and

cavitation, similar to tuberculosis, and miliary disease.
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A

Fig. 5.35
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Tuberculous lymphadenopathy. (A) Thereis mediastinal and |eft hilar lymph node enlargement causing some narrowing of the left main

bronchus. (B) One month later appearances have significantly progressed with enlargement of the hilar and mediastinal nodes and increased |eft main

bronchial narrowing.

Fig. 5.36 Actinomycosis. There is a dense mass-like area of consolidation
in the right mid zone.

Blastomycosis

Blastomyces dermalitidis i sfound in parts of the south cast USA,
and may cause infection similar to other fungi. Hence presentations
include an asymptomatic solitary nodule, a pneumonic illness with
chronic consolidation. lymphadenopathy, fibronodular disease or
miliary disease. Cavitation is occasionally seen, but calcification is
rare. Unlike histoplasmosis and coccidioidomycosis, fibrosisis
uncommon, and once lesions have healed, scars are frequently
inconspicuous.

Cryptococcosis (torulosis)

Cryptocoeeus neofnrmans s ayeast form of fungus found world-
wide. Infection is mostly subclinical, but may he important in debil -

Fig. 5.37 Nocardia asteroides pneumonia. There are multiple cavities
within the right lung, one of which has cavitated.

dated patients. It may present with a pleural-based mass (torulosis),
possibly cavitating, that may be indistinguishable radiographically
from lung cancer (Fig. 5.45). Nodal enlargement and cavitation arc
unusual. However other presentations include segmental or lobar
consolidation and miliary nodules. As with most fungal infections
almost any radiographic pattern may occur.

Candidiasis

is anormal mouth commensal which, when con-
ditions are favourable, causes moniliasis (thrush), a superficial

Candida albicans
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Fig. 5.40 Histoplasmosis. Incidental finding of multiple calcified

pulmonary nodules.
Fig. 5.38 Nocardiosis. There is non-homogeneous consolidation in the

right upper lobe.

Fig. 5.41 Histoplasmosis. CT examination through a right lower lobe
histoplasmoma that demonstrates central calcification. Patient is being
examined in the prone position prior to percutaneous needle biopsy.

Aspergillosis

Fig. 5.39 Histoplasmosis. Calcified nodules of varying size are present in Aspe.rglllusflumlgalu.s SR despieadiiiie atrr?osphere. and it I.S
both lungs. Calcified hilar nodes are also present. i nevitable that man inhales the spores from timeto time. It is

capable of multiplying in air passages when the conditions are

surface infection. It is rarely invasive unless the patlent isimmuno- favourable. The pu| monary manifestations are grouped into three
compromised. Lung infection, when it occurs, is probably from  categories.

haematogenous spread. The pulmonary lesion is a chronic pneumo-
nia which breaks down with the formation of an abscess. A my- il
cctoma may develop in the abscess, which is then indistinguishable 1. Asper gilioma

from aspergilloma. Any chronic pulmonary cavity may be colonised by fungus. Such cav-

ities are mostly secondary to tuberculosis, histoplasmosis or

M ucor mucosis sarcoidosis, and are, therefore, usually in the upper lobes. The fungal
hyphae form a ball or mycetoma which lies free in the cavity.
The Mucorales group of fungi are best known as causes of a The chest radiograph may show a density surrounded by air

spreading destructive infection of the face and sinusesin diabetics  within a cavity, but thisis best shown by tomography (Fig. 5.29) or
or the immunosuppressed. Lung infection is arapidly progressive, CT. By altering the position of the patient the ball is seen to be
dense, cavitating bronchopneumonia. mobile. There is amost always pleural thickening related to the
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Fig. 5.42 Acute histoplasmosis following massive exposure whilst visiting
a bat-infested cave. There are widespread bilateral well-defined 3-5-mm
nodules.
myeetoma. The differential diagnosis of a myeetoma in a cavity
includes blood elot, eavituting tumour ~; hung absc®ss, and hydatid cyst.
Myeetomas are associated with deyelopment oh vascular granula-
tion tissue in the cavity Wall, which may bleed. Life-threatening
haenioptysis may be difficult to treat surgically, and may be better

managed by bronchial or intereostal  artery embolisatiora.

2. Invasive aspergillosis

In immunoeompromised individuals A.spergillus may cause primary

infection of the lung. This may be a bronehopneumonia . lobar con-
solidation or multiple nodules (Fig. 5.46). On high-resolution CT
scanning a halo of increased attenuation in the surrounding lung
may be seen (Fig. 5.47).histologieally this corresponds to sur-
rounding haemorrhagie inflammation, and although this tinding on
CT scanning is not completely diagnostic, it is highly suggestive.
Cavitation is common, and following bone marrow transplantation
often occurs when the white-cell count recovers. The appearances
may then mimic an intracavitatory myeetoma (Fig. 5.48) although,
I n contrast to aspergilloma formation in the fnuraunocontpetent
patient, in the immunosuppressed
of previously normal lung.

patient this will occur in an area

3. Allergic bronchopulmonary aspergillosis

aspergillusis the commonest cause of pulmonary eosinophilia in
the UK; the patient is usually an asthmatic in whom the fungus has
colonised the lobar and segmented bronchi, where it produces a
Type lll reaction. Patients present with a cough and wheeze and
often expectorate mucus plugs which contain fungi.

I n the acute phase the chest radiograph shows patchy consolida-
tion, often in the upper /ones. Mucus plugging may cause lobar col-
lapse (Fig. 5.49). and dilated mueus-filled bronchi tray be visible s
finger-like, tuhular shadows (fig . 5.50). Appearances may return

CONTENTS
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Fig. 5.43 Fibrosing mediastinitis following histoplasmosis. (A) Chest
X-ray shows widening of the upper mediastinum. (B) Right arm
phlebogram demonstrating compression of the right innominate van
There is also a degree of tracheal narrowing.

Completely to normal with appropriate treatment. However, with

repeated attacks there may he pulmonary fibrosis and bronchi-eetasis. fibrotie changes tend to occur in the upper /.ones. Bron-
chiectasis May produce ring shadows and tain line shadows. Unlike
other causes oh bronebicctasis, allergic bronebopuhnonary
aspergillosis may produce changes that are more severe in the
Central airways than peripherally (Fig. 5,51 ).

The condition pursues an intermittent course over many years and
the frequency oh chronic changes increases with the number oh acute
episodes. Within areas previously the site oh transient opacities. tam
bronchi dilate and contain plugs of tough, stingy mucus mixed with
small numbers of the aspergillus. Mueoid impaetion is a dilated
bronchus packed tightly with this material. Because of their thickened
walls, bronchi may be visible as tubes, rings or cavities or. if jmpacted.
as bulbous 'gloved-finger' or branching opacities. Air may return to
impacted bronchi if the material is coughed up. Plugging of central
bronchi can lead to collapse of lobes or whole lungs. Continued
damage and repair by fibrosis will lead to local emphysema, perma-
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A
Fig. 5.44 Coccidioidomycosis. (A) A non-specific patch of consolidation is present in the left lower lobe. (B) One year later a thin-walled cavity is
evident.

Fig. 5.46 [nvasive aspergillosis. There is widespread bronchopneumonic

Fig. 5.45 Cryptococcus. A pleurally based mass-like area of consolidation change in a patient receiving chemotherapy for oat cell carcinoma.

in the left upper lobe is present in a patient who also had cryptococcal
meningitis.

heat shrinkage and eventually end-stage upper lobe fibrosis. Thus.

although pulmonary opacities are transient, in only a minority of Pneumocvstis

cases does the chest radiograph become completely normal between y

acute episodes. A mycetoma may form, not alwaysin the upper ~ Thisis discussed under “Acquired immune deficiency syndrome'

| obes. (seep. 15.5).
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Fig. 5.47 |Invasive aspergillosis. HRCT through aleft upper lobe nodule
demonstrating a halo of increased attenuation. Pathologically this correlates
with a surrounding zone of haemorrhagic necrosis.

Invasive aspergillosis in a patient with acute lymphoblastic
leukaemia. A necrotising pneumoniain both lower zones has cavitated,
mimicking the formation of fungus balls.

Fig. 5.48

Toxoplasmosis

Thisis aprotozoal disease widespread in mammals and birds;
human acquiisition is from cats or uncooked meat.

Although toxoplasmosis rarely involves the lungs, it may on
occasion be responsible for an interstitial pneumonia, in which
ease the chest radiograph may show patchy consolidation and medi-astinal lymphadenopathy.

Entamoeba histolytica

This protozoon is also found worldwide although amoebiasis tends to
occur in the tropics and subtropics. Involvement of the chest is usually
secondary to hepatic infection and is therefore usually right sided. A
hepatic amoebic abscess may erode the diaphragm and cause
diaphragmatic elevation, pleural effusion, basal consolidation and
lower lobe eavitation. Ultrasound scan may reveal liver abscesses, and
allows assessment of the diaphragm and pleural spaces.

CONTENTS
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Fig. 5.49 Asthmatic with allergic bronchopulmonary aspergillosis. Mucus
plugging has resulted in collapse of the right upper lobe. Complete
resolution followed treatment.

Fig. 5.50 Allergic bronchopulmonary aspergillosis. HRCT scan demon
strafing finger-like opacities due to dilated mucus-filled bronchi.

Loeffler's syndrome

This may be caused by many parasitic worms, including Ascaris,
taenia, Ankylostoma and Strongyloides, all of which may lodgein or
migrate through the lungs at some stage of their life cycles. The term
Loeffler's syndrome is now applied to aimost any transient pul-
monary opacities of a predominantly eosinophilie histology associ-
ated with a blood eosinophilia. The heavier the infestation the more
profuse are the pulmonary lesions. Strongylo ides stercoralis in
particular is capable of causing widespread opacities and a serious
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Fig.551 Allergic bronchopulmonary aspergillosis. HRCT demonstrating
widespread bronchiectasis of the medium and large airways.

pulmonary illness. Such hyper®nfectian can be activated by immuno-
suppression.

Schistosomiasis

Schistosomiasis may cause pulmonary eosinophilia. If the eggs
lodge in pulmonary arteries of less than 100 um, the lesions
they cause are small granulornas like miliary tuberculosis or
sarcoidosis, but if they lodge in arteries alarger size the irri-

tation causes vascular necrosis and fibrotic occlusion. The
falter results in pulmonary hypertension if sufficient vessels are
occluded. A third type of reaction results in diffuse interstitial

fi brosis.

Paragonimiasis

Infestation is usually acquired in the tropics from eating infected
shellfish. The commonest reactions in the lung are formation of
multiple 1-2-cm-diameter cysts and bronchopneumonic shadow-
no. which may resembl e tuberculosis. The dead flukes may
celcify.

Armillifer armillatus

Thisisusually acquired by eating infected snakes. The larvae may
migrate to the lungs where they encyst, die and calcify. The typical
radiographic appearance is of multiple thin-walled cysts in a sub-
pleural distribution. Dead larvae may calcify and be visible within
the cysts as coils, targets or signet ring shapes.

Hydatid disease

Thisiscaused by Echinococcus gronulosus. Dogs are the principal
reservoir of the adult worm, and most mammals serve as inter-
mediate host for the larvae (echinococci). The hydatid is a parasitic
echinococcal cyst consisting of three layers: an adventitia formed of
compressed host tissue, a middle layer of friable ectocyst and an Fig. 552 Pulmonary hydatid disease. (A) Well-defined right basal
inner germinal layer from which is produced large numbers of  pyimonary mass. (B) The CT scan reveals the well-defined wall and cystic
scolices which are the heads of developing worms. Daughter cysts contents. (C) This patient also had alarge hepatic hydatid cyst.

are formed if the viability is threatened but in the lung the cyst is

unilocular (Fig. 5.52). Cysts mainly occur in the lungs and liver.
Approximately 20% of the pulmonary cysts arc bilateral, and about
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| 0% are associated with hepatic cysts. Uncomplicated pulmonary
hydatid cysts appear as well-circumscribed, round or oval, homo-
geneous masses, which may heup to 10 em in diameter. Cal-
cification israre. Cysts may rupture into the pleura or bronchi.
Following rupture into a bronchus an air-fluid level may appear or
the ectocyst may separate from the ad vent itia so that a double-
walled cyst may he seen. The choice of treatment of pulmonary
hydatid disease lies between medical therapy (alhendazole) or
surgery, when the cyst must he removed intact.

Cystic fibrosis

Thisis an autosomal recessive condition that occursin | in 2000
live births and produces a generalised disease of exocrine “lands
and mucous glands. The latter produce abnormally viscous mucus
which impairs mueoeiliary function and in the chest predisposes to
frequent chest infections and development of bronehiectasis. It is
now relatively common for patients to survive into adulthood, but
overall the prognosis remains poor, with most deaths being a direct
result of respiratory complications. pseudomonas aeruginosa
Staphylococcus aureus, Hoemophilns influenzae and Klebsiella
species are frequent causes. The early radiographic changes may he
limited to hyperexpansion, but eventually after repeated episodes of
i nfection, a combination of bronchial wall thickening and dilatation
and scarring produces a characteristic pattern. Clusters of ring
shadows, some containing air--fluid levels, may he visible, together
with evidence of air trapping, lobar or ssgmental collapse or con-
solidation. The latter usually indicates superadded infection. As res-
piratory failure progresses eor pulmonare may develop, as may
repeated episodes of haemoptysis which may be life threatening.
Repeated pneumothoraees, often resistant to tube drainage, are a
further potentially fatal complication (see Ch. 6).

Hypogammaglobulinaemia

This predisposes to bacterial infections with resultant bronehiccta-
sisin long-term survivors.

Chronic granulomatous disease

Only in rare instances do patients with this condition survive to

adult life. Phagoeytosisis normal but the polymorphs are incapable
of destroying the ingested bacteria at a normal rate. Children suffer
from recurrent pneumonias, but with increasing age these become
less frequent. The lungs usually show bilateral interstitial fibrosis.

Other thoracic complications are bronehicetasis and granulomatous
mediastinitis.

Impaired neutrophil chemotaxis

Phagoeytic cells are attracted to sites of bacterial infection by
ehemotaetie substances released by the organisms or locally pro-
duced by the host. Activated complement is one such host sub-

CONTENTS

stance. Instances have been found of impaired neutrophil chanotac-
tic responses which have an adverse effect on the frequency ant
severity of infections. Abscesses and skin sepsis are the common
manifestations and recurrent staphylococcal pneumonias are nut
infrequent.

Congenital dy skinetie ciliary syndromes

The 'immotile cilia syndrome was the term originally applied to ,,

group of conditions, but thisistoo restrictive because it is now knows
that there can he abnormalities of synchrony as well as total immotil

ity. This collective term encompasses a heterogeneous mixture of
structural and functional abnormalities of cilia. It is now postulated
that the heating of embryonic cilia determines organ situs; if thebee
is abnormal the situs will he randomly allocated and 50% will have
situs inversus. Sperm tails are also cilia, and males with the con-
dition will be infertile, hence explaining the combination of bron-
chiectasis, sitesinverses and male infertility in

syndrome .

I mpairment of mucociliary clearance renders the lungs more sus-
ceptible to bronchopulmonary infections. but thisis only a serious
problem if the infections are repeated and severe. The radiographic
signs are those of bronchicctasis, atelectasis and chronic obstructive
airways disease.

Young's syndrome

Thisis acombination of obstructive azoospermia, sinusitis and
chronic pulmonary infections. The latter begin in childhood and
eventually most patients develop bronchiectasis. Thereis no Sruc-
tural abnormality of cilia but mucociliary transport isimpaired.
Spermatogenesis is normal, hut the infertility of these men is due
{0 a progressive obstruction of the epididymis by inspissated
secretions.

Congenital pulmonary sequestration

Thisisan abnormality in which some lung tissue devel ops sepa-
rated from the normal airways and pulmonary vessels. The blood
supply is derived from the descending aorta. Sequestrated segments
are situated basally in contact with the diaphragm, and appear solid
when uncomplicated. They may become infected and develop a
communication with the bronchial tree, following which they may
cavitate and show afluid level (Fig. 5.53).

systemic conclition.s that are associated with decreased immunity
inelude old age, poor nutrition, diabetes, alcoholism, connective
issue disorders, many malignant diseases and AIDS.

Pulmonary' abnormadiries that predispose to chest infections
inelude bronchiectasis and chronic bronchitis. In addition general
maesthesia. especially if prolonged, may be associated with
ineumonia.
iatrogenic causes include cancer chemotherapy. steroids, immuno-
suppression following organ transplantation, and radiotherapy.
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Fig. 553 Pulmonary sequestration. (A) The chest radiograph
demonstrates a cavitating mass-like lesion in the right lower lobe. Note the
preservation of the heart border and diaphragm. (B) Angiogram
demonstrating the typical blood supply from a side branch of the
subdiaphragmatic aorta.

Chronic injection Of the paranasal sinuses and oesophageal
obstructiom May cause pneumonia or lung abscesses due to
aspiration.

Pulmonary opportunistic infections are a common complication in
immunocompromised patients. The radiographic appearances are
often non-specific, and despite the high morbidity and mortality
associated with chest infection in these patients a definitive diag-
nosis may be difficult to reach. In order for the radiologist to have a
meaningful input into the assessment of the immunocompromised

imnmunodeficiency, type of immunosuppressive therapy, white
blood cell count and overall medical status of the patient must be
known. Whilst the role of the radiologist in these patients has pri-
manly been one of detection and monitoring of pulmonary abnor-
malities, the introduction of high-resolution CT (HRCT) now makes
it possible to offer earlier and more specific diagnostic infor-
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mation. Furthermore HRCT allows prediction of the relative
chances of obtaining a positive diagnosis from transbronchial
Vversus percutaneous biopsy, particularly when other techniques
have proved non-diagnostic.

Immunodcficicncy may occur as aresult of impaired cell-
mediated immunity (T cells), for example in patients with lym-
phoma, patients who have undergone hone marrow transplantation
or who are immunosuppressed following solid organ trans-
plantation. Reduced humoral immunity (B cells) is most com-
monly seen in patients with myeloma, non-Hodgkin's lymphoma
and lymphoblastic leukaemia. Reduced granul ocyte number
and/or function is encountered in patients with leukaemia and
i n those undergoing immunosuppressive therapy following trans-
plantation.

Bacterial pneumonias

These are the most frequent pulmonary infections in the immuno-
compromised patient and rapid progression may occur. In addition
to the common pathogens, debilitated patients-including diabetics
and patients on steroid therapy are also prone to the legionella
group of bacteria. When tuberculosis occurs in this patient group
it isusually due to reactivation. Nocardia asteroides has apre-
dilection for immunosuppressed patients.

Invasive aspergillosis

This may occur in patients following solid organ or bone marrow
transplantation. Diagnosis may he difficult, and CT should be consid-
ered early in the investigation of the immunocompromised patient
with clinical evidence of chest infection but a normal chest radio-
graph. The radiographic pattern is discussed elsewhere.

Candida albicans pneumonia

This may occur in severely immunosuppressed patients with
leukaemia or lymphoma, and lung disease usually develops as
part of hematogenous dissemination, often as a preterminal event
(Fig. 5.54). Asaresult there is frequently evidence of oral, cuta-
neous or hepatic disease. The radiographic changes are non-
specific, with widespread interstitial or alveolar disease or |obar
segmental consolidation. Occasionally, multiple nodules occur.
Other fungi may cause disease in immunocompromised patients, as
discussed above (Figs 5.55, 5.56).

AIDS is due to infection by the human immunodeficiency virus
patient with acute chest symptoms, the underlying cause of (HIV), and classically exposes the patient to infections normally

resisted by cell-mediated immunity. The syndrome comprises
opportunistic infections and certain rare malignancies, and in the
UK is most often seen in homosexual males, drug addicts and
haemophiliacs. Although a wide variety of infectious and non-
i nfectious pulmonary diseases occur in AIDS, the commonest

remains opportunistic infection.
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PNEUMOCYSTIS CARINII PNEUMONIA (PCP)

This protozoal infection occursin all groups of immuno-
compromised patients with reduced cell-mediated immunity. It is
particularly common in the AIDS population and remains the most
common opportunistic infection. In older series approximately
60-80% of all patients with AIDS would suffer from at least one
episode of PCP during the course of their illness. Approximately
40% of patients will have recurrent episodes of PCP, and PCP was
theinitial AIDS-defining illnessin 50% of patients. The incidence
of PCP has changed considerably in the west in recent years, with

T

Fig. 5.56 Disseminated cryptococcosis. Mixed infection with Gram
negative organisms. Patient on steroids for systemic lupus.

PCP becoming rather less common due to early use of antibiotic
prophylaxis and wide availability and uptake of retroviral therapy.
Symptomatically, patients present with dry cough and shortness of
breath, frequently accompanied by a pyrexia. Whilst the radio-
graphic appearances may he normal early in the disease in up to
1 0% of patients and the degree of dyspnoea may he in advance oo
the radiographic changes, most patients will develop pcrihilar and
mid and lower zone bilateral interstitial or ground-glass infiltrate
(Fig. 5.57). Thismay rapidly progress to involve the entire lung
(Fig 5.58). On HRCT scanning the characteristic appearances are
of aground-glassinfiltrate extending from the hilar regionsinto the
Fig. 5.54 Candida albicans bronchopneumonia. Mixed infection with surrounding lung, occasionally demonstrating a geographical

Gram-negative organisms. Chronic alcoholic. Postmortem confirmation. pattern. Cavities, usually thin walled, but occasionally with awall
up to severa millimetresin thickness, may develop (Fig. 5.59).

Fig. 5.55 Mucormycosis. The patient was an alcoholic. Fungal infection
followed Rocky Mountain spotted fever. Mixed infection with Gram-  Fig. 5.57  Pneumocystis carinii pneumonia. There is widespread bilateral
negative organisms. Postmortem confirmation. mid and lower zone ground-glass infiltrate.
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Although appearances may return entirely to normal, some residual

scarring and cyst formation is not uncommon. Pneumothorax is a
well-recognised complication of PCP, usually in association with

cystic change (Fig. 5.60). When pneumothorax occurs later in the
course of disease. tube drainage may be ineffective and pleurodesis

may be required. Extensive mediastinal and surgical emphysema
may develop, and this combination of clinical features has a poor

outlook (Fig. 5.61). Many less common manifestations of PCP are

well recognised and include miliary disease, discrete pulmonary

nodules, pleural effusions and mediastinal lymphadenopathy.

Mediastinal lymph nodes may become calcified and are particularly

well seen on CT scanning. Many AIDS patients in the west will

take prophylactic antibiotics, and for those unable to tolerate
sulphonamides, aerosolised pentamidine may be preferred. These
patients are more likely to develop atypical patterns of disease
with an apical distribution of involvement (Figs 5.62, 5.63). Other
unusual manifestations 01'Y. Corinii i nfection include calcified hilar
and abdominal nodes and viscera, and pulmonary cystic disease.

PCP may present with unilateral disease and occasionally may

mimic a bacterial pneumonia, with focal or lobar consolidation.

Miliary disease is occasionally encountered (Fig. 5.64).

Fig. 5.58 Pneumocystis carinii pneumonia. Extensive bilateral con-
solidation.

Fig. 5.59 Pneumocystis carinii pneumonia. HRCT image through the
upper lung zones demonstrating bronchocentric ground-glass infiltrate
with a degree of asymmetry.

Fig. 560 HRCT scan through the lungs demonstrating multiple areas of ~ Fig. 5.61  Pneumocystis carinii pneumonia. Chest radiograph (A) and CT
eystic destruction following repeated Pneumocystis infection. (Courtesy of C.  scan (B) demonstrating extensive mediastinal and surgical emphysema with

D. R. Flower, Addenbrooke's Hospital, Cambridge.) bilateral pneumothoraces.
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Fig. 5.62 Pneumocystis carinii pneumonia. Asymmetrical interstitial
Infiltrate in the right apex, barely visible on the chest radiograph, in a
patient on aerosolised pentamidine.

carinii Chest

Fig. 5.63 Pneumocystis
demonstrating bilateral apical infiltrates in a patient on aerosolised

pentamidine prophylaxis.

radiograph

pneumonia.

Whilst the radiographic changes may he highly suggestive of PCP
the diagnosisis usually made on examination of induced sputum,
which has ayield of approximately 80-90%. When induced sputum
examination is negative in patients with clinical and radiological fea-
tures of PCP, including desaturation on exercise, atrial of therapy may
he commenced. It is usual to reserve bronchoscopy for patients who
subsequently fail to respond to atrial of therapy.

BACTERIAL PNEUMONIA

Although the major immune deficiency in AIDS patients relates to
T-cell function, B-cell function and antibody production are also
affected thus increasing susceptibility to pyogenic organisms.
Bacterial pneumonias tend to occur throughout the course of HIV
illness, becoming increasingly common with afalling CD4+ count.
Because they often occur at relatively high CD4+ counts, bacterial
infections tend to he the first pneumonic process to occur prior to
the onset of full-blown AIDS.

Fig. 5.64 Pneumocystis carinii pneumonia causing miliary shadowing.
Appearances resolved on appropriate treatment.

AIDS patients are prone to community-acquired pncumonias
such as Streptococcus pneumoniae, Staphylococcus aureus ad
Pseudomonas  aeruginosa. Whilst disease progression may be
unusually rapid and severe in this patient group, with cavitation and
pleural effusions being more frequent than in non-immunocompro-
mised patients, most commonly the pattern of disease is the same as
i nthe normal population.

MYCOBACTERIAL INFECTION

Mycobactcrial infection is also common in the AIDS population,
equally, AIDS is commonly detected underlying a new case of TB.
Indeed the HIV-positive rate in patients with active TB in the
USA is between 4 and 40%, depending on the population centre.

Mycobacterium tuberculosis (MTB)

Radiological manifestations of MTB depend on the degree of
immunosuppression. In the early stages of HIV infection appearances
are similar to those of reactivation TB in the normal population. When
the CD4+ count fallsin the later stages of HIV disease, appearances
become more in keeping with primary TB. Cavitation becomes less
common and mediastinal nodal enlargement typically shows marked
central low-density change with arim of enhancing tissue (Fig. 5.65).
Lung changes include non-specific areas of pulmonary consolida-
tion and the presence of round or branching pulmonary nodules.
Occasionally amiliary pattern is seen.

Mycobacterium avium intracellulare (MAI)

MAII isfrequently isolated in the AIDS population and is a common
postmortem finding. Despite this there is frequently no clinical
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Fig.5.65 Tuberculous lymph node enlargement in a patient with AIDS.
Thereisacentral low-density area surrounded by arim of enhancing nodal
material.

evidence of infection prior to death. Although in the immuno-
conipetent population MALI is usually confined to the chest, in the
HIV-positive group the infection is almost always disseminated and
may he identified from a bone marrow aspirate or blood culture.
Within the chest appearances are similar to MTB, although pleural
effusionsare More common with MAI and miliary disease is
particularly uncommon.

Atypical mycobacterial infections

These occur with asimilar frequency in the AIDS population asin
the general population. However miliary disease is considerably
more common in the AIDS popul ation.

Multiple drug-resistant TB (MDRTB)

This is considerably more common in the AIDS population and is
becoming an increasingly major problem.

Cytomegalovirus (CMV)

Although CMYV inclusion bodies are a frequent finding in lung
material from AIDS patients, CMV rarely causes clinical infection;
when identified in patients with acute pulmonary disease it is often
in association with other pathogenic organisms (Fig. 5.66).

TOXOPLASMOSIS

There is ahigh prevalence of previous exposure in the HIV-
positive adult population. However genuine pulmonary involve-
ment is distinctly unusual, despite the frequent occurrence of
CNS toxoplasmosis. The chest radiographic appearances are non-

specific.

FUNGAL INFECTION

Fungal infections are encountered in AIDS patients but are
uncommon in comparison with other infective disorders since the
host defence mechanisms rely more on phagocytic cells than on
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Fig. 5.66 Cytomegalovirusin AIDS. Although CMV israrely a cause of
pneumoniain isolation, on occasion other organisms are not identified.

T-cell-mediated mechanisms. The relative frequency of different
varieties of fungal pathogensis largely dependent on the endemic
rate in the local population.

Histoplasma capsulatum i nfection occurs in patients who have
visited or reside in areas where the organism is endemic, such as
the central USA and Central and South America. Thedisease is
usually widely disseminated, and when pulmonary abnormalities
are evident they normally take the form of a diffuse non-specific
i nterstitial infiltrate or bilateral discrete non-calcified nodules.
Lymphadenopathy occurs more frequently than in PCP. The
diagnosis is usually made from bone marrow aspirate and
culture.

Coccidioides immitis is aso widespread in the central USA and
occasionally causes coccidioidomycosis in exposed AIDS patients.
The radiographic features are non-specific with a bilateral nodular
or reticulonodular infiltrate, usually without mediastinal and hilar
lymph node enlargement. Occasionally, solitary pulmonary nodules
occur with this infection.

Cryptococcus neoformans When Crypiococcus causes clinical
disease in the HIV population it is usually due to infection of the
brain or meninges, and when pulmonary disease occursit is usually
in association with CNS disease. Radiographic changes arc non-
specific and include single or multiple nodules, consolidation with
or without cavitation, interstitial infiltrates and enlargement of
mediastinal lymph nodes.

Asper gillus fumigatus infection is being increasingly encoun-
tered as patients with profound immunosuppression are surviving
for longer in the latter stages of HIV infection. A humber of forms
of infection have been described, usually in series based on chest
radiographic appearances. CT most commonly demonstrates thick-
walled cavities or lung abscess formation. In keeping with other
groups of immunocompromised patients, these appearances are
due pathologically to haemorrhagic infarction as aresult of angio-

invasion (Fig. 5.67).
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Fig. 5.67 Right upper lobe cavity colonised by aspergillusinan aips
patient.

NON-INFECTIOUS PULMONARY DISEASE IN
AIDS

Kaposi's sarcoma

Kaposi's sarcomais the most common Al DS-associated malignancy
in western countries and Africa. The incidence now appearsto be
falling due to the widespread use of antiherpes virus drugs and com-
bination antiretroviral therapy. A virus from the herpes family has
been identified as the causal agent for Kaposi's sarcomaand is
referred to as Kaposi's sarcoma associated herpes virus (KSHV) or
human herpes virus 8. Almost all cases of Kaposi's sarcoma (KS)
have been documented in either homosexual or bisexual men and their
partners.

o)

Fig.5.68 Kaposi'ssarcoma. (A) Multiple poorly defined pulmonary nodules are present bilaterally in a patient with bronchial and cutaneous K aposi's
sarcoma. (B, C). CT scans of two different patients demonstrating multiple poorly defined pulmonary nodules with amid and lower zone and

peribronchovascular predominance.

CONTENTS

Pulmonary KS occursin up to 47Y of patients with known cuta-
neous KS, and can affect the lung parenchyma, pleura or trachea.
bronchial tree. Pulmonary KSis rare in the absence of cutaneousor
visceral involvement. When there is pulmonary involvement,
disease is usually evident bronchoscopically as distinctive raised
erythematous plaques within the airways. If these plagues become
sufficiently enlarged they may occlude se=gmental bronchi resulting
i n atelectasis. The commonest reported CT findings are ill-defined
parenchymal nodules, which may he surrounded by a small area of
ground-glass density. Bilateral perihilar pulmonary infiltrates are
seen in the majority of patients, which extend into the pulmonary
parenchyma along the bronchovascular bundles (Fig. 5.68). Asso-
ciated findings include thickening of the interlobular septa and
nodularity of the fissures. Pleural effusions, pericardial effusions
and mediastinal lymphadenopathy are also recognised features and
chest wall disease involving the sternum, ribs, thoracic spine and
subcutaneous tissues has been reported.

A variety of lyniphoprolijerative disorders are associated with
AIDS including lymphocytic interstitial pnernnonitis (LIP), seen
most frequently in the non-AlDS population in association wilh
Sjogren's syndrome and Systemic lupus crythematosus (SLE).
When occurring in the AIDS population it is most frequent in chil-
dren although adult cases are regularly encountered. The radio-
logical appearances are most commonly a mid and lower zone
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reticular or reticulonodular infiltrate. Although it is radiographically
indi stinguishable from opportunistic infection, slow progression of
radiological change is suggestive of the diagnosis (Fig. 5.69).
Neither pleural nor lymph node enlargement is associated with LIP,
and if present should prompt a search for an alternative diagnosis.
Bronchiectasis may occasionally occur. Features of LIP may
regress as the degree of immunocompromise progresses.

Non-specific pneumonitis

Thisisarelatively poorly defined condition that occursin the
immunosuppressed patient with or without AIDS. It has been attrib-
uted to avariety of causes including unidentified viral infection,

drug therapy and irradiation. Symptoms in patients with histologi-
| - cal confirmation of the diagnosis are variable although reduction of
the diffusing capacity of the lungs appears to be a more constant
feature. The chest radiographic appearances are non-specific.

Appearances may be normal or there may be alveolar or interstitial

infiltrate; differentiation from other opportunittic infection is there-
fore not possible. Bronchiectasis has been observed to develop in a
number of cases (Fig. 5.70). Failure to respond to treatment for
infective causes and arelatively indolent course should raise the
possibility of this diagnosis in a susceptible patient.

Lymphoma

Lymphoma, rarely confined to the thorax, is well described in AIDS
patients. Lymphoma  occurs with increased frequency in AIDS
patients probably as a consequence of B-lymphocyte proliferation
due to long-