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Radiology plays a central role in diagnosis, management and even treatment
of a patient’s condition. The increasing importance of radiology in clinical
medicine has led to the inclusion of the subject in medical school curricula
worldwide. Most radiology teaching for medical students is conducted
around films of real patients on the ward or in tutorial groups within the
radiology department itself and, by reflecting this method of learning, the
approach of this book will be familiar to students studying radiology at
undergraduate level. The book adopts a systemic approach to cover the
commonest clinical problems that are encountered on the wards, in tutorials
and in examinations. Clear radiographs are each presented with brief reports
and an accompanying discussion of the diagnosis, differential diagnosis and
potential further investigations. This new edition is enhanced with many
new images, and all are now clearly labelled and arrowed to highlight
significant diagnostic features.

Reviews of first edition

‘Radiology conjures up a plethora of reactions in medical students, from an
inquisitive interest to pure hatred. Most share one thing in common, a wish
to be somewhere else when a clinician asks you to present and interpret a
radiological image. Those moments of motionless dread need not be so;
Radiology made easy is here to help us all! This book is a splendid overview
of a host of common imaging techniques and findings, including plain
radiography, magnetic resonance imaging, computed tomography, and
ultrasound.’

Student BM]
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Preface

In the last 20 years radiology has undergone rapid advancement and wday it
often plays a central role in diagnosis, management and even treatment of a
patient’s problems. The increasing importance of radiclogy in clinical medi-
cine has led to the inclusion of the subject in medical school curricula world-
wide. Most radiclogy teaching for medical students is conducted around filims
of patients on the ward or in more structured groups in a tutorial format, usu-
ally in the radiclogy department.

In this book 1 have covered some of the commaonest clinical problems
encountered on the wards, in tutorials and in examinations. The radiographs
are presented with brief reports and discussion on different diagnoses and
further investigations. The book is written in a style more familiar o a radi-
ology tutorial than a didactic comprehensive text. As such it should prove a
useful accompaniment for radiology tutorials at medical schools and will also
serve as an introduction wo the subject, The book may also be useful to junior
doctors and as a revision aide for higher general medical exams.

Arpan K. Banerjee
June, 19539
Birmingham



Preface to scecond
edition

Ower the last 5 yvears, since the publication of the first edition of this well
received text book, radiology has moved swiltly into the 21st century. The
main technological advances include the more widespread use of multislice
CT scanners which enable faster and more rapid CT scanning. In addition
clinical PET is now coming of age. Departments in the western world ane now
going digital. The basics of radiology however remain essentially unchanged,
Radiology will always primarily be concerned with providing a diagnosis on
patients and then hopefully modern radinlogical technigues will enable more
minimaily invasive methods of treatment. Radiology remains as important 1o
good clinical care as it always has been.

In the second edition of this book | have updated some of the key concepis
af radiology and have also uppgraded several of the images and introduced
arrows on the radiographs 1o facilitate learning. A number of new images are
also included. | hope that the book will continue to be a useful accompani-
ment for radiology tutorials at medical schools and will also serve as a useful
introductory text book for both undergraduate and post graduate medical
students and allied healthcare professionals.

April 2005
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carinii infection
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B3 Supine film also showing a dilated small bowel

B4 Plain abdominal radiograph showing dilated loops of large bowel
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of the distal oesophagus almost certainly as a result of a carcinoma

BETa Bariurm swallow showing a narrowing of the mid-third of the
oesophagus
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Section C: The central nervous system

Cl1  CTscan of the brain showing the features of an acute subdural

hasmatoma
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infarction of the left side of the brain

C89a CT scan of the brain showing an infarct involving the left posterior

cerebral artery

Cab MRI scan of brain showing gyral enhancement in right
hemisphere follewing an infarct
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In 1895 Wilhelm Conrad Roenigen discovered X-rays, so paving the way for
the development of a new branch of medicine called radiclogy. Initially, radi-
ology was the science of “X-rays, but today it involves a variety of imaging
techmiques 1o study and investigaie patients so that a diagnosis can be
achieved. In addition, therapeutic procedures are performed by radiologists
under image guidance, a branch also known as interventional radiology.

Basic principles and radiological
investigations
X-rays are short-wave electromagnetic radimion produced by accelerating
elecirons across an evacuated wbe onto a tungsten anode using a high voltage.

= =1 -
Plain films
These involve passing X-rays through a patients body to expose a phoio-

graphic plate (conventional X-ray flm). In addition, this information can be

digitized (with 1he appropriate equipment) to acquire the image digially
idigital imaging).

Clinical uses

® (Chest
* Abdomen

* Bony extremities (especially wo look for fractures)
* Mammaography

Screening /fluoroscopy
Invalves continuous radiation in low doses to view the part of the body being
examined dynamically on a monitor.
Clinical uses

* Barium studies of the gastro-intestinal tract

* Angiography and other vascular procedures
® Interventional procedures



Contrast studies

Contrast media are substances introduced into the body to help visualize the
structures being examined radiologically. Examples include:

® Barium for gastro-intestinal tract — taken orally or introduced per rectum
® Jodinated contrast agents

® Intravenous agents to visualize the renal tract (intravenous pyelogram - IVP)
® Intra-arterial agents for angiography

Intravenous agents may cause allergic reactions, e.g. nausea, rash, broncho-
spasm. Non-ionic contrast media reduce the incidence of allergic reactions.

Ultrasoumd

Ultrasound does not involve ionizing radiation. It uses the principle of high-
frequency sound waves, which when reflected back from structures in the body
can be converted into a grey-scale image. Ultrasound is a real-time examin-
ation, which means that a moving image of the body is seen on a screen, as are
the scans.

Doppler ultrasound is used to measure blood flow in vascular structures
and depends on the principle that there is a shift in reflected sound frequency
from flowing blood in vessels.

Advantages

® Non-ionizing (no radiation)

® Safe

® Can be used to follow up patients

® [mages in real-time - instantaneous
® Relatively cheap

.

Can be performed at the bedside

Disadvantages

® Difficult in obese patients
® Views are often obscured by air/bowel gas

Uses

® Abdomen/pelvis
® Thyroid
® Testes

punosenjn
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Breast

Soft tissues
Vascular
Arterial

& Venous

Computed tomograplhy

Involves ionizing radiation. The X-ray ube is rotated around the patient and
X-rays pass through them and are detecied by photomultiplier tubes at the
opposite end of the beam, Differemt tisswes absorb or ‘attenuate’ the X-ray
beam by different amounts. A computer processes the information about the
auenuation in each piciure element (pixel) into an axial image of the area
being examined.

In conventional compuited tomopgraphy (CT) the images are acquired a slice
at a time with a slice thickness varying from 2 o 10 mum.

In helical (spiral) CT the image is acquired volumetrically in a continuous
movement with no gaps between the slices imaged. More recently muluislice
CT scanners have been introduced into clinical practice. They have up 1o 64
detectors which allow the acquisition of very thin sections of the bady in a
very short time, This allows the whole body 1o be scanned in a single breath-
hold. Current multislice CT scanners allow faster imaging and enable recon-
struction of the images in all planes enabling coronal and sagittal sections to
be produced in addition te axial images. The thin sections taken enable three
dimensional reconstructions, vinual imaging e.g. vinual bronchescopy and
colonoscopy and better assessment of the cardiovascular system. Attenuation
is measured in Hounsfield Unis:

* #1000 = bone

® 4+ 20-60 = soll lissues
* (= water

® —40-80 = fat

® — 000 = air

* Oncology staging
* Trauma assessment

® Guiding biopsies

* Radiotherapy planning

* CT angiography/3D Imaging
* Cardiac imaging



Magnetic resonance imaging

Magnetic resonance imaging (MRI1) is one of the newer imaging modalities
that does not involve ionizing radiation, Tt involves the use of radio-waves and
ragnetic fields wo ereate an image of the bady. The patient is placed in a mag-
net and a radio-wave applied. The nuclei of hydrogen atoms in water and fat
abzorb these waves and emit radiolrequency energy and this can be manipu-
lated by computer to produce an image. Imaging can be conducted in several
planes, e.g. coronal, sagittal and axial,

Imaging depends on the fact that pathological tissues return a different sig-
nal to normal tissue and this property is utilized in trying to make a diagnosis
from the images.

Brain, especially pituitary, posterior fossa
Spinal cord

Orbits

Musculoskeletal

Knee

Shoulder

Spine

Abdomen/ pelvis

Liver

Gynaeccological malignancy

Contra-indications

& Pacemakers
* Metallic foreign bodies, etc.
* Claustrophobia (open MRI scanners reduce this)

Nuclear medicine

This branch of radiology uses radioisetopes for imaging. The radisisotopes pro-
duce gamma-rays that are emitted by the patient following intravenous injec-
tion of the isotope. The rays are detected by a gamma camera. Radioisotope
investigation allows the assessment of function as well as structure.

The commonest radioisotope used is technetium, which has a half-life of
6h. Radioisotopes can be tagged with other substances that are selectively
taken up by the parts of the body which are being examined.
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Common radicisotope investigations

Bone scan - Te phosphonate to look for metasiases

Lung ventilation - Te DTPA aerosol, kryplon gas

Lung perfusion - Te micra-aggregate albumin to assess perfusion

W refers wo ventilation/ perfusion scans for investigation of pulmonary

emboli

* Henal react = dimercaprosuccinic acid (DMSA), diethylenetriamine penta-
acetic acid (DTPA), MAG 3 for assessing renal structure, DMSA and func-
tion, DTPA and MAG 3

* Cardiovascular - thallium scanning to look for cardiac perfusion abnor-
malities

® Thyroid - iodine or technetium to assess thyroid function/nodule

L

Positron emission tomography scans

Positron emisston iomography (PET) scanning is a diagnostic procedure which
involves the production of physiological images of the body by the detection of
positrons, A positron emitting radioisotope (produced ina cycloinon) is injected
intravenously and the physiological/ pathological distribution of the labelled
isotope is detected by the scanner and creates an image of the body showing the
distribution or uptake of the radioisotope agent.

Uses

* in detection of cancer. nodes and assessing recurrence of malignancy fol-
lowing treatment

* assessing brain disorders e.g. Alzheimer’s

® assessing cardiac function

PET scanners can be combined with CT seanners (PET/CT) 1o provide both

anatemical and physiolegical information.

Interventional radiclogy

This area involves using radiological techniques to conduct therapeutic pro-
cedures under image guidance. The following procedures are a few examples
of interventional technigues:

vascular system

* Angioplasty - dilating arteries using balloon catheters
®* Thrombolysis - infusing drugs via catheter into blocked vessels



® Stents — inserting stents to keep narrowed vessels open.

® pAorticstents insented percutanesusly for aneurysms and dissections place-
ment of vascular ports for chemotherapy fdialysis/general vascular access

® Embolization - to stop bleeding vessels

Respiratory system

® Lung biopsy - under CT or Muorascopic control
® Pulmonary angiography - to investigate pulmonary embali
& Drainage of lung abscess/empyema

Gastro-intestinal

# Percutaneous transhepatic cholangiogram (PTC) = to investigate biliary
problems, e.g. strictures

® Stent - to dilated narrowed biliary tracts

® Liver biopsy

* Qesophageal stent

#® Dirainage subphrenic abscess/liver abscess

* Radiofrequency ablation of tumaours, e.g. liver secondaries

Urinary tract

Mephrostomy — to relieve obstructed kidneys
Ureteric sient - 1o bypass narrowed ureters
Renal biopsy

Prostate biopsy(transrectal)

® Abscess drainage
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The chest

Introduction to the chest X-ray
Cardiomegaly

Heart failure
Pulmonary oedema
Pleural effusion

Lobar pneumonia
Bronchopneumonia
Pneumothorax
Pulmonary collapse
Pulmonary nodule
Carcinoma bronchus
Chronic obstructive airway disease
Cavitating mass
Tuberculosis
Sarcoidosis

Mediastinal mass
Opaque hemi-thorax
Fibrosing alveolitis
Pneumaocystis infection
HIV and the chest
Cystic fibrosis
Bronchiectasis
Pulmonary emboli

ITU chest X-ray
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Infroduction to the chest X-ray

How the radiograph is taken

The standard view is the posterc-anterior (PA) view with the patient in full
inspiration, The patient stands erect with the anterior chest wall against the
film cassete and the X-ray beam enters from behind, I the patient cannot
stand, an anero-posterior (AP) film is taken but this magnifies the cardiae
and mediastinal shadows.

How to analyse the chest film

Check the name

Check the patient’s gender

Check left and right markers

Check for extea objects on the radiograph

* central line

* endotracheal tube

* plectrocardiogram (ECG) leads

* chest drains

® pacemaker, ete.

Check ceniring of film. Medial ends of the clavicle should be equidistant
from the spinous process of the vertebrae

Assess penetration of the film. The lower thoracic vertebrae should be vis-
ible through the heart shadow with ideal penetration

Check lung volumes. Midpoint of right hemi-diaphragm should be berween
the anterior ends of the fifth and seventh ribs

Look at the lungs

#® check the pulmonary vascular pattern and iissues

® check hila {the hilar point is the junction of the upper lobe veins and

bazal pulmonary arteries)
® check the costophrenic regions
® the lung is divided into upper, mid- and lower zones demarcated by the
amterior ends of the second and fourth ribs

Review the blind spots

® apices

* retrosternal region

* reirocardiac region

Look ai the mediastinum

® check that the trachea is central and patent
® check the left and right heart border



® azsess heart size, The ratio of the heart diameter 1o thoracic diameter
{cardiothoracic ratio} should be <0.55
@ Look at the soft tissues and bones — cheek under diaphragm for free intra-
peritoneal air

|
2
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Fig. A1, Mormal chest radio-
graph in 3 lemale paticnt.

This patient has had a long history of hypertension,

Fig. A2, PA chest radso-
graph showing an
enlarged cardiac diameter.
There is no evidence of
any upper lobe blood
diversion or any pleural
eliuston. The hila appear
mormal. Mo g pasendthy -
mial abnormality ks demon-
strated on this film




Fig. A3. (a) Chest radiograph showeng median stermotomy sutsres (see arrow) in addifion to
cardiomegaly, (b Close-up of steinal regien on chest radiograph showing stermotemy
sulures and coronary bypass grail clips (see amow).

Conclusion

& The appearances are those of cardiomegaly.
& The patient has had a recent cardiac operation.



- Cardiomegaly

In a PA chest film it is always important to assess heart size, usually assessed
as the cardiothoracic ratio, which is the ratio of the maximum cardiac diam-
eter divided by the maximum internal diameter of the ehest. This ratio ranges
from 0.45 ta 0.55 in the normal population. A ratio >0.55 is suggestive of car-
diomegaly. Cardiac size can be assessed on serial films to look for a change in
size over a time.

Enlargement of individual chambers produce the following signs:
* Left atrium

* double right heart contour

* splaying of bronchi

* posterior bulge on lateral chest radiograph
® Right atrium = prominent right heart border
& Right ventricle

* upward displacement of cardiac apex

®* anterior bulge on lateral chest radiograph
* Left ventricle - prominent left heart border

Causes of cardiomegaly

Left ventricular failure
Mixed mitral valve disease
Hypertension
Cardiomyopathy
Pericardial elfusion

& 8 8 8 B

Further imaging investigations

#* Echocardiography

* Computed tomographic (CT) scanning

® Angiography/ventriculography to assess coronary artery anatomy and
cardiac function
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Fig. Ad., Chest radiograph showing a buligeng left ventricle with calcification in the rem (armoe),
This was dve 1o a caboiled venincular aneurysm, a recognized complication of an infarct,




This patient presented with a long history of shortness of breath and
parocysmal nocturnal dyspnoea. He could not le flat.

Fry. A5, P& chist radmgeaph showing an increased candsac diameter. In addition; thare i aso
asmall right pleural effusion with Blunting of the reght costophrenic angle. There is upper
lobe bload diversion. in addiion, there are Kerley B lines noted in the lung bases, especially
an the left sude. These are the signs of left ventricular [adlure,

Fig. A6, Close-up of Kerley B
lines. The septal nes are
perpendiculan 1o e chest wall
and run horizontally.
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The patient presented with an acute onset of shortness of breath. He could
not lie flat.

Fig), AT. This is a PA chiest radiograph showing peri-hilar alveolar shadowing (anmows),
I addition, the heart siee is at the upper Bmit of normal. These areihe signs of acute
pulmonary cedema {'bat’s wing” shadowing).

Heart failure
Signs on chest X-ray

© Cardiomegaly

& Upper lobe blood diversion

® Kerley B lines - horlzontal septal lines <2 cm thai occur in the lung periph-
ery in the lower zone

® Pleural effusion

Interstitial/alveolar shadowing

‘Bat’s wing' alveolar shadowing — in acute pulmonary oedema
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Further imaging investigations

& Echo{ultrasound) to assess cardiac chambers, cardiac muscle and ventric-
ular function

e Nuclear medicing

* Angiography

Causes of Herley B lines

e Heart failure

@ Mirral stenosis

# Lymphangitis carcinomatosa
& Preumoconiosis

Pulmomnary cedema

Fulmonary oedema is not always caused by left ventricular failure,

& Heart failure, e.g. secondary to myocardial infarciion (Fig. A7)
Fluid overload. e.g. post-operation, renal failure
Hypoproteinacmia

Drug reactions, e.g. heroin, nitrofurantoin

Poisons, c.g. smoke, inhaled gases, snake venom
Cercbrovascular disease

Radiotherapy

Adult respiratory distress syndrome

Drowning
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The patient presented with an acute onset of shortness of breath, He could
not lie flat,

e ;
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Fig. A7. Thas is a PA chesl radiograph showing peri-hilar alvealar shadewing (arows),
In addition, the hieart size is at the upper it of aoimal. These are the signs of acute
pulmaonary oedema ('bat's wing” shadowing).

Heart failure
Signs on chest X-ray

Cardiomegaly

Upper lobe blood diversion

Kerley B lines - horizontal septal lines <2 em that occur in the lung periph-
ery in the lower zone

Pleural effusion

Imerstitial/ alveolar shadowing

‘Bat’s wing' alveolar shadowing - in acute pulmenary sedema



Further imaging investigations

* Echo (ultrasound) to assess cardiac chambers, cardiac muscle and ventric-
ular function

* Nuclear medicine

* Angiography

Causes of Kerley B lines

Heart failure
Mirral stenosis
Lymphangitis carcinomatosa

-
-
L]
* Phncumoconiosis

Pulmonary oedema

Pulmenary oedema is not always caused by left ventricular failure.

Causes

* Heart failure, e.g. secondary to myocardial infarction (Fig. A7)
* Fluid overload, e.g. post-operation, renal failure

® Hypoproteinaemia

® Drug reactions, e.g. heroin, nitrofurantoin

® Poisons, e.g. smoke, inhaled gases, snake venom

* Cerebrovascular disease

* Radiotherapy

®* Adult respiratory distress syndrome

* Drowning
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Pleural effusion
‘This patient presented with progressive shoriness of breath.

fig. A8. Chest radiograph showing an area of homogenous increased density in the feft lung

base with the shadowsng tacking up higher laterally than medially (arow). The diaphragm
is not clearly seen. Mo -midline shift is noted.

These are the appearances of a pleural effusion. The costophrenic angle is not
seen on the side of the effusion and this is often an early sign of an effusion.
Thie fluid tracks higher up the chest laterally than medially creating a ‘meniscus’
sign. Occasionally, the fuid may track into a fissure and collect, forming aloc-
ulated collection that may appear as a mass in the lung,



Fig. A9, Chest radergraph showing small plewal effusions in' the costophrenic angles which
are Wunted. In addition, there is a loculated effusion seen within the horizontal fissure in
the night lung (arcow). This appearance should not be confused with an intra-pulmsenary

lung mass.

Signs of pleural effusions

Loss of costophrenic angle

Meniscus sign = Muid tracking higher up laterally than medially

Loss of diaphragmatic outline

If large, there may be complete opacification of the hemi-thorax and a

e @ o o

mediastinal shift 1o the opposite side
There may be underlying collapse
& X-ray cannot distinguish between rransudate and exudate. Pleural thicken-

ing may also give a similar appearance
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Common causes of pleural effusions

- ln.feclion

& Neoplasim

* primary lung

® secondaries

Cardiac failure (often bilateral)
Connective tissue diseases
Pancreatitls

Further imaging investigations

® Ulirazound chest - fluid is anechoic

® Decubitus chest radiograph = pleural Muid will shift and track up the
chest wall

* Ultrasound-guided pleural aspiration

® CT chest e look for underlying malignancy
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Common causes of pleural effusions

. I:';l'cc:ian
* MNeoplasm
& primary lung
® secondaries
# Cardiac failure (often bilateral)
* Connective tissue diseases
* Pancreatitis

Further imaging investigations

# Ulirasound chest = Auid is anecholc

¢ Decubims chest radiograph — pleural fuid will shift and track up the
chest wall

* Ulirasound-guided pleural aspiration
* T chest to look for underlying malignancy



# Houndaries between the affected lobe of a lung and heartfdiaphragm are

not clearly seen (silhouette sign)
& hay be an accompanying collapse
If consolidation does not respond 1o antibiotics, investigate for other causes;
e neoplasm.

Further imaging investigations

& Hronchoscopy and biopsy
= CT chest

Fig. A11. Chest radwgraph showing consobidation in the anterior seqment of the nght upper
lobe {ammow).



Fig. A1Z, Close-up af a right lower lobe consoldation showing the “air bronchogram” sign
{arraw),
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mild confusion.

Fig. 203, Chest rediograph showing ill-delined patchy opacities throwghout both lungs. The
palchy opacities are most marked in the right/ lung, where in the upper and mid-rones they are
mare confluent. There is some blunting of beih cestophrenic angles. Heart size is within normal
Fimits. The appearances in the chest are those of patchy consolidateon sggestive of bioncho-
poeumania with soene mode confluent areas of consolidation seen in the right upper lobe.

L]
Bronchopneumonia
Patchy consolidation is the presence of multiple areas of ill-defined shadow-
ing not specifically in alobar distribution (Fig. A13).
Causes of patchy consolidation

Infection, especially in the elderly
Infarction
Bleeding

Immunological discases, especially eosinophilic pneumonia (periphery
and upper zones aflecied)



Signs on chest radiograph

Ni-defined opacities

Il-defined margins

Air bronchogram may not be easily seen
Multiple areas of shadowing

Shadowing may be confluemnt

Pneumothorax

This young patient presented with increasing shortness of breath,

Fig, A4, Chest radiograph showing a mediastinal shift to the left {note the tracheal position
and position of mediastinal siructuses). There ate no lung markings onthe right due 1o a
completely collapsed right hung, which is collapsed onto the right heart border. Armow shows
ng lung markings.

These are the features of a tension pneumothorax. This is a life-threatening
condition and requires immediate treatment, i.e. insertion of a venflon/chest
drain into the right to relieve the tension.
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Causes

& Trauma (penetrating injury to the lungs)
& Spontancous, especially in young men

¢ Emphysema (rupture of bulla)
e AIDS

Signs on chest radiograph

e A line of pleura forming the lung edge clearly separated from the chest wall
by air

Mo lung markings, ¢.g. vessels, in this region

Sign secn best on expiratory film, especially if pneumothorax is small

In the presence of a pleural effusion a pneamothorax (occurring, for instance,
after a pleural aspiration) will cause an air/Auid level (hydropneumothorax)

Fig. A5, Chest radiegragh showsng a less marked right-sided preumothorax wath the

pheural line visible on the right separated by air from the chest wall {arfow ). A pncumotloas
is caused by air entering the plewral cavity.



This patient was a smoker and presented with haemoptysis.

Fig. A6, Chest radugraph showeng boss of volume in (he right leng, In addition, there is
opacification in the right upper rones with elevation of the horizontal fissure. Also, there
appears o be a right hilas rmass, There is no significant miediastinal shift. The ledt lung
appears normal. Heart sire is also normal. The features noted in the nght lung d0e thase of
right upper lobe collapse, welich is almaost certainky second.'llllr i his case 10 @ lwmour
Inwalving the erigin of the rght upper lobe at the level of the hilum.

ulmonary collapse

Pulmonary collapse or atelectasis is the loss of valume in a lobe of the lung (or
whole lung) caused by obstruction to flow ofair. Air in the abveoli is absorbed
and because no further air enters the alveoli due to obstruction, the lung tis-
sue collapses and becomes more opaque.
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Common causes of bronchial obstruction causing collapse

#* Bronchial carcinoma

* Mucus plug

* Exrrinsic compression of airway by tumourfnodes
* Endoluminal mass, e.g, iuberculosis, carcinoid

Signs of collapse

* Shadowing in affected lobe

¢ Silhouete sign = the silhouette (outling) of the heart, diaphragm and great
vessels is seen due to the different contrast at the air-soft tissue interface
In collapse. the air adjacem to the heart or diaphragm is replaced and,
hence, the boundaries are not eleatly seen

Movement of

* [issures

* diaphragm

& hila

Right upper lobe collapse

¢ Shadowing in right upper lobe
® Elevation of horizontal fissure
e | ook for mass in right hilum

rRight middle lobe collapse
¢ Shadowing in right mid-zone
® | oss of clear right heart border

Right lower lobe collapse

* Shadowing in lung base

* Hlurring of right hemi-diaphragm
* Cardiac outline not affected

* Elevation of hemi-diaphragm

Left upper lobe collapse

* Shadowing in left upper lobe

* |oss of aortic knuckle outline

* Elevation of hila upwards and forwards

* Left heart border may be unclear if lingula invalved



Common causes of bronchial obstruction causing collapse

e Bronchial carcinomsa

& Aucus plug

# Extrinzic compression of airway by tumour/ nodes
& Endoluminal mass, e.g. uberculosis, carcinoid

Signs of collapse

& Shadowing in affected lobe
® Silhouette sign - the silhouette (outling) of the heart, diaphragm and great
vessels is seen due to the dilferent contrast at the air-soft tissue interface
e In collapse, the air adjacent to the heart or diaphragm is replaced and,
hence. the boundaries are not clearly seen
& Movement of
& [issures
e diaphmagm
& hila

Rioht upper lobe collapse
& Shadowing in right upper lobe
& Elevation of horizontal fissone
# Look for mass in right hilum

Right middie lobe collapse
# Shadowing in right mid-zone
& Loss of clear right heart border

Right lower lobe collapse

& Shadowing in lung base

& Blurring of right hemi-diaphragm
Cardiac outline not affected

& Elevation of hemi-diaphragm

L]

Left upper lobe collapse

e Shadowing in left upper lobe

@ Lossof aornic knuckle outline

& Elevation of hila upwards and forwards

& Left heant border may be unclear if lingula involved



Left lower lobe collapse

& ‘Triangular shadowing behind the heart
& Loss of medial left hemi-diaphragm

& Depression of left hilum

asdejjoy Lieuowing

Fig. A17, Chest radiograph showing a haziness in the kel lung with loss of clear outline of the
Izl heart border. The left hemi-diaphragm is clearly seen. This is ket upper lobe collapse.

Fig. A18, Radiograph showing an increased density behind the left heart and loss of defin-
tion of the left hemi-diaphragm. The feft hilurm is dépressed. These are the signs of lelt
lawer lobe collapse.
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Fig. A19. Radiograph showing a "wedge-shaped” shadowing adjacent to the right heart bor-
der willh a dlear hemi-diaphragm seen. This is due 1o a right middde lobe collapse.

Fry. A2D. Radiograph showing a complete opacification of the left lung due te complete
obstruction of the telt main brondhos and distal collapse of the kel lung.



‘This patient presented for a routine chest radiograph.

Fig. AZ1, Hearl size 15 within nogmal mits. in the l|.|_||'|I: Iung there 15 a 2 om weell-defined
mass seen in the nght lower zone (armow). The mass is not abutling the periphery of

the thotax; it is not enoding a riby; it is smooth and ot spiculated and has no evidence of
any calgification within it There ks no evidence of any hilar involvement. Mo other nodules
afe seen in the rest of the lungs. The bones appear nodmal. Appearances are suspicious of a
carcinoma of 1he bronchus.

y nodule

The diagnosis and investigation of a solitary pulmonany nodule with no other
associated abnormalities is a commaon clinical problem (Fig, AZ1).

fommon causes of a solitary pulmonary nodule

& Carcinoma of bronchus

& Benign lung tumour, e.g. hamartoma
& Granuloma, e.g. tuberculoma

e Metasiasis
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Do the following when faced with a solitary
pulmonary nodule

-
-

Look and compare with ald filing to see if the lesion has changed

Look for calcification (calcified lesions are more likely to be benign).
Calcification, however. does not exclude tumour

Measure its size. If =3 cm it is more likely to be a tumour

Look at its shape. Ifill-defined or spiculated consider a malignancy

Look for invasion of the ribs

Laok for cavitation

Look carefully at hila for nodes

Further tests

-
L

'Brnm:hqs:ﬂpy and biopsy
CT scan of chest/CT guided biopsy

Causes of multiple pulmonary nodules

Metastases

Abscesses

Wegener's granulomatosis
Fheumatoid nodules
Pneumoconiosis



This patient presented with cough, weight loss and tingling in his hands.
He was also clubbed.

Fit). AZ22. PA chest radiograph showing normal heart size. in the right upper rone theie 15 a
soft ssue mass seen to be erosding the second nib (arrow ). The hila appear normal. Mo other
abnormality is seen in the lungs, The appearances are suspiciows of a carcinoma of the
bronchus invodving the nght lung apex which has eroded into the bs. This is a Pancoast’s
tumour, also known as & supenor sulcus tumour being essentially a turmour of the apex of
the lungs. It can involve the cervical sympathetic chain and cause Horner's syndrome. it can
atsp mvolve the achial plexus (the T1 roots) and cause wasting of the interossed muscles of
the hands
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Fig. AZ3, Radiograph showing multiple lesions in the fungs with two solid nodules in the

tight lung and a cavitating mass in U belt, Multiple metastases need to be eachuded.
(Metastases rom squamous cell lumours can cavilale.)

Carcinoma bronchus

Carcinoma of the bronchis is a common clinical problem. It may présent as a
solitary pulmonary nodule, The tumour may be centeal or peripleral.
Signs of a central tumour

& Hilar mass
& Collapse/consolidation distal to tumour

signs of a peripheral tumour

& Solitary pulmonary nodule
& lrrepular borders
* Cavitation



Look for signs of tumour spread

Plevral effusion

Hilar/mediastinal nodes

Rily involvement

Chest wall involvement

Pericardial invelvement

Lymphangitis (blackage of pulmonary lymphatics by cancer cells)
Metastases

e |lungs

liver

o 8 8 0 8 0 @

adrenals
bone

@ & o o0

birain

Staging tests

@ Bronchoscopy = biopsy
@ (T chest - look for glands and metasiases
@ Bone scan — for bone metasiases

This life-long smoker presented with a chronic non-productive cough and
shortness of breath.

Fig. A2d. Chest radiograph
showing a hyper-inflated
chest (increased lung vol-
umes, llattened diaphragmes)
and bullae.
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uctive airway

Chronic obstructive airway disease (COAD) covers a range of conditions

Chronic bronchitis

¢ Emphy:

k]

Bronchiectasis

chest radiograph in chronic bronchitis
& Jtmay benormal
& Niay show secondary infective exacerbation with consolidation

& May have prominent pulmonary arteries if the patient has developed cor
pulmonale

Chest radiograph in emphysema (panacinar)

& Increased lung volume - fattencd diaphragms, elongated narrow heart,
widely placed ribs

e Arpenuation of lung vessels

e Presence of hulla

& Mormal lung may appear dense if squashed against bulla



thest radiograph in bronchiectasis

& May be normsil

o Dilated bronchi

e Tubular or ring shadows

e Air/fluid levels in very dilated bronchi
@ Lossof velume in affected lobe

& Associated consolidation

Further investigations

Chest CT (high resolution) will show bronchiectasis, bullae, consolidation and
emphysema more accurately than cliest X-ray.

his patient presented with haemoptysis, He had been a life-long s moker.

Fig. A2&. PA chest radiograph showing a 4 om cavitating mass in the right leng in the upper
fones (arcow). The cavitating mass shows cvidence of a very small fluid level infenomy, In
additien, the wall of the cavity is a little iregular. There is perhaps some stranding adjacent
1o the cavity that extends to the penphery of the teght lung. The hila appear normal and
there is probably no evidence of any other lung lesions in the rest of the lungs, Heart size is
namal. Boe bony lesions are identilied. The appearances are suspicious of @ cavitating lung
1'm|1|.jl'g_
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Cavitating mass

Cavitating masses in lungs may be solitary or multiple (Fig. A26).

Causes of solitary cavities

® Necrotic iumaotr, especially squamous cell carcinoma
& Necrotic infarct

& Abscess

& Muliiple cavitating lesions are usually due (o abscesses

Causes of lung abscesses

o Srapindecoccus infections, especially in the immuno-compromized patient
#® |nfected emboli in the drog addict

® Aspiration = usually abscesses at lung bases

e Infection distal to a bronchial abstruction




Tuberculosis

This was a patient of Asian origin who presented with fevers and night
Swedts.

Fig. A27. Chest iadiograph showing a marked consolidation in bath uppes rones of both lungs
and also the mid-rene of the left lung. There is, in additson, a possible cavily seen i the kel
upper one. The right hita appears noomal; the left hila is obscured by the consolidation in the
lung, The lung bases are relatively normal. Heart size is normal, With the history and this
appesance the diagnosis first on one's mind is twberculosis. Appearances are of onsolidation
and covitation afe due 1o curent active wherculosis rather than chronic disease,




e Cavilation may be seen — may be colonized by fungus. Aspergillus produ-
cing a lungus ball, mycetoma, in the cavity

Mediastinal nodes

Fleural effusions

Healing may occur with fibrosis and calcification

This middle-aged lady presenied with skin lesions on her shins.

Fig. £31, Chest radiograph showeng belateral hitar adenopathy (amows). Thie g
parenchyima appear within normal limits, Heart size is normal. o bony abnormalities are
seen in e ribs. In'a patient with a history of skin lesions and this appearance of bilateral
hilar lymphadenopathy, a diagnosis of sarcosdosss is the most likely cause lor this appearance

Sarcoidosis

Sarcoidosis is a multi-system disease causing non-caseating granulomas in
the lungs, liver, skin, bone and brain.

Features of sarcoid on chest radiograph

@ Hilar lymphadenopathy {usually bilateral)
®* Reticulonodular shadowing in the lungs
®* Pulmonary fibrosis in advanced stages



Useful investigations

# CT chest = look for mediastinal nodes and study the lung parenchyma in
mare detail
® Hronchoscopy * biopsy

Differential diagnosis

® Tuberculosis
2 Lymphoma

Causes of unilateral hilar enlargement

@ Metastases rom carcinoma bronchus
2 Infections, e.g. luberculosis
8 Lymphoma

Causes of bilateral hilar enlargement

e Sarcoid

& Lymphoma

& Tuberculosis
o Histoplasmosis

£
;
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Fig: A32. PA chest radiograph showing a large anterios mediastingl mass, There is, in add-
ition, bilateral hilar adenopathy. Naote (arrow ) how widened the amenior and supenion medi-
astinum are compared with a normal chest radsograph. The lung parenchyma appear within
nosmal limats. Mo pleural effusions are noted. Hean size is normal and no boay abnormaliies
are seen, The appearance in the conlext of the dlinical history s lkely due 1o nodes in the
anteior moediastinum and the hilar regions in a patient with suspected lymploma,

Mediastinal mass

The mediastinum is the space between the spine at the back, the sternum at the
fromt and the lungs an the sides, Itis divided into the anteriorn, middle and posoer-
ior mediastinum., Mediastinal lesions may cross from one compariment 1o
another. Lesions in the mediastinum may be difficult to identify on a PA chest
radiograph. A lateral film can be helpful but patients will usually need a CT scan
of the chest to investigate suspected mediastinal lesions. The scan is performed
with intravenous contrast that enhances the vessels in the mediastinum and
enables them to be differentiated from other struciures, e.g. nodes.



Anterior mediastinal masses

¢ Thyroid

& Thymus

& Teraloma
& Lymphoma

Middle mediastinal mass

¢ Lymphadenopathy
2 AGrlic aneurysim
@ Hiatus hernia

Posterior mediastinal mass

& MNeurogenic tumours, e.g. nearofibroma
& Aneurysm
e Paravertebral masses due to infection/tumaour

This life-long smoker presented with clubbing and severe shortness of
breath,

Fig. A33. Radiograph showing a complete opacification of the ledl hemi-thorax with medi
astinal shifl 1o the left, These are the signs of complete callapse of the lelt lung Almost
certainty due to a tumour, which was confimed on brondhascopy
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Fip. A4, Radiograph showing opacilication of the left hemi-thorax with a Huid level present
there & aiso-a lttle air seen in the solt tissues of the chest laterally (surgical emphysema)
Thus patient has had a lelt pneumonectomy,

Ipaque hemi-thorax

When faced with a chest radiograph showing a complete opacification of a
hemi-thorax. check the rachea and the mediastinum to see il there is medi-
astinal shift present.

Lauses of opague hemi-thorax with shift away
from the abnormal side

& Larpe pleural effusion

Central mediastinum

@ Exiensive consolidation

Mediastinal shift towards opaque side

& Collapse of lung secondary o obstructing tumour (wsually central)

® Mucus plug [central) — especially post-operatively in intensive therapy unit
{ITLN), etc.



e Post-pneumonectomy = initially there will be a rising flood level until com- ;
plete opacification oceurs, Look for surgical emphysema (post-operativel, .
rib resections

This patient presented with progressive shorness of breath. On examin-
ation he was clubbed and had basal inspiratory crackles on auscultation.

Fig. A35. Chest radiagraph showing a fine reticulenodular shadowing in the bases which
15 making the lung bases a [iile indistinct. The lung volumes ane stll preserved. The
appearances are seen in libiosing alveolitis.




Fibrosing alveolitis

Fibrosing alveolitis presents with progressive dyspnoea and cough often with-
out sputum. The patient is usually middle aged, clubbed and may have basal
crackles.

Chest radiegraph features

& Hazy shadowing in the lung bases with loss of clear vascular definition
® Loss of lung volume
& Reticulonodular shadowing and honeycombing at the lung bases

Investigations

e T ol the chest (high resolution ta look for lnng parenchymal anatomy) will
show reticulonodular shadowing and honeveombing at the bases

& In advanced stages there is lung fibrosis with secondary pulmonary
hyperiension

Causes of lung fibrosis

& Exirinsic allergic alveolitls - upper zones
& Collagen diseases
& Sareoldosis

o

Pneumoconiosis
Cystic ibrosis

& @

Drugs, e.g busulphan



Pneumocystis infection

A 20-year-old man with a history ¢

l‘dmgﬁ;huﬁlﬁ resented with shortness

of breath 1o the muﬂtyiiapm

Fin. A36. PA chest radisgroph showing normal leadl size. There is, however, symmeteical
peri-hilar alveolar shadowing extending throughout both lungs. There is no evidence of any
plewral effusion. The hila appear normal, Mo bony abnormalities are seen. [ a patient with a
history of dewg abuse the possibility of HIV infedtion should be consideded and the appear-
ance of this chest radiegraph is highly suspicious o an infection with pneumodystis canini,




Fig. A37. Section of a €F scan of the chest showing opacilication in the lundgs in a perl-hika
distribution with a ‘ground glass’ pattern (arrows). In this patient this was due Lo poemd-
cysiis infection.

HIV and the chest
Features of pneumocystis carinii on chest radiograph

Peri-hilar bilateral alveolar shadowing
Mo pleural effusions

Mo hilar lvmphadenopathy

Focal consolidation (atypical feature)
Cysts/blebsibullae

Unilateral shadowing (atypical)

e 4 & @ & B

Differential diagnosis

o Pulmonary cedema

& Viral pneumonias, e.g. cytomegalovirus (ChY)
& Allergic alveolitis

® Drugneactions

® Pulmonary haemorrhage



other chest abnormalities in the AIDS patient

e Kaposi’s sarcoma
® Bacterial pneumonias
e Viral pneumonia
L]
-]
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Lymiphom:
Tuberculosis |

A young female patient presented with a recurrent cough and on examin-
ation was af smallstatire.

Fig. A3E. Chest radiograph showing chronic changes in both lumgs: There are hbratic chamges
noted i both upper ones and inhe tight mid-tenes, In addition, there are areas of consoli-
dation in bolh upper zones and in the night mid-zone. There is also bronchial wall thickemng
noted with bronchicctasis seen in the left lower lobe. Thickening of the boondnal walks i
noted, especially in the wpper rones. There is some evidence of cystic change noted periph-
erally in the ight mid-zone. in the lelt upper zone some nedular shadows are noted that
may repeesent mucus within some of the bronchi. There is no ewvidence of any aight or lelt
hilar enlargement. in addition, the heait sive is normal. The appearances of the chest radi-
ofraph are suspicious of chronic changes of gystic librosis with perhaps super-added
infection noted cunrenily.




Cystic fibrosis

Cystic fibrosis is an autosomal recessive inherited disease in which there is an
incrensed =secretion of visceral mucus. In the lungs, small airways become
obstructed with associated secondary infection.

Radiological signs in chest

Thickening of bronchial walls (tram ling)
Bronchiectasis

Patchy consolidation often in the upper/mid-zones
segpmental collapse

Mueus filled bronchi

Focal ernphyvsemalhoneycombing

Right-sided cardiac [iluref pulmonary hyperension

a & 2 & 2 @ ®

Other features

& Abdomen
& meconim ileus
& dilated small bowel with thickened mucaosal folds
& pancreaiic calcificarion
& Skeleton - retarded growth
& Sinuses
® sinusitis
& nasal polyps



A 40-year-old male patient presented with o repeatec]

chronic epugh and

episodes of chest infection. Chest radingra able- What is
this test and what does it show? 9819Ph was unremark

Fig. A39. Section of a high-resclution CF scan study of the chest, The lechnique 1akes thin
sections of the chest allowing a very detailed look ot the lung parenchyma, Bitateral basal
bronchiectasis is seen (dilated bronchi in the periphery of the lung) (anmow)

Bronchiectasis is the irreversible dilatation of the bronchi. It presents w

recurrent cough and chest infections.

Radiological features

Dilated bronchi
Bronchial wall thickening
Cystic spaces

Associated emphyscima
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& Consolidation
e Fibrosis
¢ Chest radiograph may be normal inomild cases

signs on C¥ scan (high resolution)

Bilaed bronchi

Vizible bronchi in periphery of lung
Bronchial wall thickening
Consolidated lung

Causes

Childhood infections, e.g. measles, whooping cough
Cystic fibrosis

Congenital causes, e.g. Kartageners syndrome (bronchiectasis, sinusitis,
dextrocardia)

Obstruction by foreign body, tlumour

Tuberculosis

& ysually bronchiectasis in upper lobes

e bronchopulmonary aspergillosis



Pulmonary emboli

The patient pl’t‘,'-.‘l!l:lltmi'lﬁih shnrtn;m_#-ﬁl‘ hlﬁnlh-a'._wgék following surgery.
What is the test and what does itshow?

i g6
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Fig. A40. Vi) scan, This is a radistsolope mvestigation. The lung pedlusion scan i pedormed
with *Tc macre-aggregated albumin, which 15 injected mtravenously, This shows perfusion
dedects that conespond to pulmonasy infarcts. The ventilation scan i pedaimed using "MK,
which the patient inhales.

These scans show a ventilation/perfusion (VOQ) mismatch, which is a feature
of pulmonary emboli.

Further investigations

e Spiral/multislice CT of the ehest (CT pulmonary angiogram) can identify
thrombi in the proximal pulmonary arteries {non-invasive test)

e Pulmonary angiogram — used o be considered ‘'Gold Standard” for the
detection of pulmonary emboli but is invasive and is not routinely per-
formed now

¢ Look for deep vein thrombosis in the legs using compression Doppler
sonography




o Ayl

& Consolidation
& Fibrosis
¢ Chest radiograph may be normal inmild cases

Signs on CT scan (high resolution)

@ Dilared bronchi

& Visible bronchi in periphery of lung
e BEronchial wall thickening

& Consolidated lung

Causes

e Childhood infections, e.g. measles; whooping cough

& Cystic fibrosis

& Congenital causes, e Kartagener’s syndrome (bronchicctasis, sinusitis,
dexirocardia)

& Obstruction by foreign body, tumour

® Tuberculosis
e usually bronchiectasis in upper lobes
e hronchopulmonary aspergillosis
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Pulmonary emboli

The patient presented with shortness of breath a week following surgery.
Whan is the test and what does it show?
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Fig. Add. ¥E) scan. This is a radeoasolope investegateon. The lung perlusion scan is performed
with "I macro-aggregated albumin, which is mjected intravenously, This shows perfusion
defects that correspond 1o pulmonary infarcts. The ventilation scan is performed wsang *'™Kr,
which the patient inhales.

These seans show a ventilation/perfusion (VO] mismatch, which is a featre
of pulmonary emboli.

Further investigations

Spiralfmultislice CT of the chest [CT pulmonary angiogram) can identify
thrombi in the proximal pulmonary arteries (non-invasive test)

Pulmonary angiogram - used to be considercd ‘Gold Standard’ for the
detection of pulmonary emboli but is invasive and is not routinely per-
formed now

Look for deep vein thrombosis in the legs using compression Doppler
sonography



Chest X-ray for signs in pulmonary emboli

& Nonmal = commonest

& Wedge-shaped peripheral consolidation
o Pulmonary olignemia

& Linear atelectasis

® Pleural effusion

Causes of matched perfusion defects on a VQ scan

® Priewmonia
® Pulmonary oedema
= COAD

Fig. A41. Chest radiograph showing am area of lincar atelectasis (collapse) i the right lung
base in 3 patient with pulmenary embalus (arrow).



Fig. Ad2, Pulmonary angiogram showing no How in the pulmonary afteries in the kelt ung

base

powrd, The patient had an embolus l:,lrl,:-(!-clrlg the Tegpion, Thes catheter tip om the lel
pulmanary anfery.

Fig. Ad3. Section ol a spirsl CT scan of the chest in another patient showing a illemg delect in
the I||.'|h1 pubmegnady arlery l:_l‘h‘llt arga) {arrowwy, The is 2150 o small ru],hl Eleural elfusion
(arrowhead)
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ITU chest X-ray

On 1T the chest X-ray is iaken supine and is an AP film. This can magnify the

heart size. In addiion pleural effusions do not show the meniscus sign but

can appear as a generalized haziness on the film. Look owut for the following

limes or tubes:

e ECG leads

e Central lines — these are inserted through the jugular vein or the subclavian
vein and the tip should be In the superior vena cava (SVC)

& Endotracheal tube - this lies in the tmchea and the tp should be 5-7 cm
fromn the carina

& Swan-Ganz catheter — this is introduced through the jugular vein and
passed through the right ardum, right veniricle and into the pulmanry
arteries where the tip of the catheter can be wedged (o give a reading of the
the left atrial pressure

e Pacemaker — the tip of the lead lies in the right veniricle

& Masopasiric wibe - the Up should pass through the oesophagus into the
stomuach,

Fig. A44. Chest radiograph taken on an ITU patient showing an endotracheal twbe i i, The
tipr of the jegular limee is in the SVC {(amow). There is a Swan-Ganz catheter in place 1o meas-
wre tive pubmgnary artery wedge pressure. In addition there is a nght-ssded plearal effusion
sewn wilh haziness extending into the right hemi-iborax which is a leatere of the supine
alfusion. Also the FCG leads for candiac moniloding




I'|r_| Ads, Chest |.j|!||:.w.:|:-h 1,h-;;'.u'||1|:| 3 dual chamber pacemaker, The tip of (he wires ane in

the right atrium and the dght ventricle.
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Gastrointestinal
system

Interpreting the abdominal radiograph
Perforation

| Small bowel obstruction
Large bowel obstruction
Barium swallow
Barium meals

Bowel carcinoma
Diverticular disease
Crohn's disease
Ulcerative colitis
Gallstones

Acute pancreatitis

Liver metastases
Abdominal abscess
subphrenic abscess

W
m
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Interpreting the abdominal
radiograph
How the radiograph is taken

& A supine film is performed
® An erect chest radiograph is also helpful in identifying gas under the
diaphragm in cases of perforation

Look for

e Mame and markers

& Small bowel for obstruction {situated centrally with a diamerer of <2.5 cm).
Valvulae conniventes may be seen. Fluid may be seen in normal people

e Large bowel (peripherally placed). Haustra present. Calibre may be up
o 10cm

& Caccum =9cm in large bowel obstruction. May lead to perforation

e Renal outline

& Calcification
e renal

& pancreatic
e vascular
& lieris
e pallstones
e bladder
o Unusual pockets of gas that do not lie in bowel (signifies perforation/
abiscess)
@ Cas in biliary tree
& Hernial orifice {(look for bowel as this might provide clue regarding hernia)
® Bony structures including lumbar spine and pelvis for degenerative
disease, metasiases



The following patient presented with a clinical history of severe central
abdominal pain. Gn examination, generalized tenderness was noted. The
patient underwent the following investigation.

l'll_] B, Eregt chgest r.]1]'||;||_]r.]|:-ll Free intry-penioneal Qs 4 under batly !lﬂl!‘rln-d|._!|:|l1|.].glf|1.,
This is most nolsceable under the right diaphsagm where air is seen between the dome of 1he
Iiver and the diaphesgm (amow), Om the [elt ssde free inta-pentoneal aar can sometimes be
dafficult to identify as there are often bowel loops present and a stomach bubble present at
i sate: These are the sagns ol & 1|-Qi|'m.;j||m| i s chimical context, It s wmpodant that the
patient is sat upright for a1 least 5=10 min to allow the intra-peritoneal air to appeéar under
U denpdvragms. 11 e patenl cannal do this, pedloration can b -ljl.]l_]nﬂst"lj o plain
ahdominal film by leoking lor air on both sides of the bowel wall (Rigler's sign).

i ;o
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Free gas outside the bowel lumen is an abnormal finding,. Free intra- peritoneal
gas is best seen on an erect chest radiograph as air under the right hemi-
diaphragm. I is usually due o a perforation.

Causes of intra-peritoneal gas

¢ Following laparstomy/laparoscopy (air usually absorbed within 1 week)

¢ Colonic perforation, e.g. diverticular abscess, perforated duodenal ulcer

If there is doubt about a pnevmoperitoneum, aleft lateral decabitus filo will
demonstrate air in the flank.




other causes of gas outside the bowel lumen

® Gas inan abscess (small bubbles of air may be scen)
@ (Gas in the bowel wall = seen in infarcted bowel
& May be benign (blobs of air seen in preamatosis coli}
& (asmay be seen in the biliary system due to;
e endoscopic retrograde  cholangio-pancreatography. (ERCE) +
sphincierotomy
® hiliary operation
e hiliary fistula

This patient presented with abdeminal distension following recent surgery.
He undenwvent the following investigation.

-

Fig. B2. Supine abdominal radiograph showing dilated loops of bowel situated centradly in the
abdomen. Surgical clips are noted from a presumed cholecystediommy:, The clips are identified in
fhee right upper cuter quadrant. Thes film does not include the heinial crilices. it is impodtant
that the keineal onfices ane indleded on a film as this may demonsirate bowel m the hernia,
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Signs of small bowel obstruction

@ Dilated bowel loops are usually cenirally placed in abdomen
Several lavered dilated loops often seen
IF the jejenum is dilated, the *valvulae conniventes’ may be seen crossing
the width of bowel (stack of coins sign)

e Erect film not usually necessary as air/fluid levels in small bowel may be
musheading

Causes of small bowel obstruction

e Adhesions

Strangulated hernia

Gallstone ileus

Part of paralytic ileus

lejenum dilated if diameter =3.5 em
lleum dilated if diameter >3 cm
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signs of sigmoid volvulus

o [Inferior convergence to the left

& Apex above T and under left hemi-diaphragm
& A haustral mangin overlaps lower portion of liver
& Dilated descending colon in left side of pelvis

The patient presented with difficulty inswallowing. The following investi-
gation was performed,

Fig. B6. A lidm taken frem a barum swallow study demonstrating the reqeon of distal

oesophagus that is narmewed -and irregular (aerows). There ks some dilatation of the oesophagus
proxsmal 1o this ebstruction, There s lintke filling of the gastric lundus. The marked irregulanty
and masnowing seen in the destal oesophagus is almost cevlainky due to a cascinoma a1 this site.
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Fig. B7. () This film from & barism swallow showed narrowing in the mid-third of the
oesophagus (armow), (B) This ilm showed normal distal eesophagus on a bagum swidllow:

vallow

I SV

On a normal barium swallow the aesophagus should have a smooth outline.
Mo persistently narrowed areas should be seen. Peristalsis can be observed on
screening the patient. The whole examination can be recorded on video if
necessary (video-swallow examination).

Abnormalities

& Penign - stricture
& reflux - stricture at lower end, short and smooth
® corrosives — long stricture

¢ Achalasia— narrowing is seen in the distal oesophagus due o impaired relax-
ation of the lower oesophageal sphincter. Abnormal peristaltic activity is seen
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& Malignant carcinoma - irregular namowed lumen of oesophagus with
‘shouldering

Further investigations

® Endoscopy (enables biopsy)

& CT scan of thoms/abdomen to stage tumour, look for invasion of adjacent
structures, nodes and metastases

Barium meals

The patiem presented with heartburn, especially when bending over. This
investigation was performexd.

Fig. B2 Single Hilm lrom a banium meal study, The stomach can be identilied with the lesser
curve and the greater curve seen guile clealy. This is a double-cantrast examanation, which
means that the patient has been given a substante o produce gas inside the stomach such
1hat adequate coating of the stomach can be pollnrrnm and the stomach distended, A& large
baamfifled lundus & identified which lies abave the level of the diaphragms. Thes is a hiatus
hermia (ammow ), & nosmal deosdenal cap, which s also filled with barium, & identilied



The patient presented with epigastric pain,
He underwent the following investigation.

which was waking him g night

FII!_'_ B9, Filrm taken ffom a banum rmeal $1|I-:h' that shows the TEgA0Nn of e duodonal cap
(first part of the duodenum). This is abnosmal and scarred and shaows the presence of an
ulcerated dusdenal cap (arrow ). Duadenal ulcers are now more often disgnosed using
endoscopy rather than barium investigations. Comphcatiens of duodenal ulers indude
pedaration. Il they perforaie on the antérior surface, peritonilis may resull, Il they perloiale
through the posterior surface of the duodenum, penetration mte the aneries may oocur and
the patient may present with a haematemesis.

k
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Fig. B10. Barium meal showing a pool of batum in the ulter craterin the fisst part of the
duadenuim {armow).

e wnieg



Fig. 811, Another film taken from a bacsum meal study. A pool of barium i seen onthe
posterior surface of the stomach wall (whichiis arrowed). This is an woer cater in the
stomach, Whereas dusdenal uloers are neatly abways benign, gastng uliers have a potential
for being malignant. An endoscopy is necessary (o conlirm the nature of this ulcer




‘The patient presented with a change in bowel habit. He underwent
following investigation,

the

Fig. B12. Double-contiast basism eneima. Badn has been introduced per rectum and
passed raund into the bowel. The next stage involves letting the bagiwm out of the bowel
and then introducing air to get sufficient distension to outhine 1he mucosa of the bowel m
detail. A narrowing ks shown In the transverse colon (arfows ). Bamm passes thiough the
narrowang and an iregularity is noted wnoihe regions: proximal and dist#l to the narrowed
segment. This namowed seqment has the appearance of an apple core and is charactenistic
of & carcingma of the bowel.

el carcinoma

A normal barium enema will demonstrate the large bowel from the caecum
omn the right, the ascending, transverse and descending colon, and the sigmoid
colon and recium, Haustra may be seen (though not always present) and the
bowel outline is smooth.

Features of bowel cancer on barium enema

& Narrowed segment apple core’ lesion. This is due to the tamotr growing
around the howel wall causing a narrowed irregular lamen

|ameg
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& Polypoid mass prommeding into the lumen from the mucosal surface
& Plague-like elevated growth from the mucosal surface (easily missed)

Causes of stricture on barium enema

e Diverticular disease

& (Crohn’s disease

& [schaemic colitis

& Radiation fibrosis

& |nlections, e.g. twberculosis, amoebiasis

Further investigations

e Colonoscopy

& T scan of the abdomen. This can also reveal bowel tumiours and is helpful
irk staging

e CT Colonography can help identily polyps

The patient presented with intermittent left-sided abdominal pain, There
was no history of anaemia or weight loss.

Fig. B13. Section of a sigmoid colon taken lrom a double-confrast baism enema study.
The codon shows ‘taipouchings” or diverticulae. No perlosation or stngture seen (anmows).



Diverticular disease

Diverticular disease is common in the Westar,
inantly low Gbre content in the dier, Diveriic, e to the predom-
through the muscular layer of the : ucosal outpouchin

¥ owe] wal]. e

moid and descending colon, The patient "1-'1}'].17@5.3..:: !'3':“[“_'::’“ in the sig-
LUARTCIR 8 ='-"-'l0$sn'|:min.
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Signs on barium enema

e Outpouchings may be filled with bariam

e Diverticula secn outside Dowel wall

@ Fluid level may be present in divertioulum

e Diverticulae arise between mesenteric and ami-mesenteric taenia coli
& Thers may be associated muscle hyperirophy

complications of diverticula

e Perforation and formation of diverticular peri-colic abscess (look for extra-
vasation of barium}

e Fistula formation (look for barium track)

e Stricture in the bowel

e Haemorrhage

Remcmber
Polyps may be missed inthe presence of diverticular disease
B0 NOT FORGET CARCINOMA OF BOWEL MAY LOOK SIMILAR TO BIVER-

|_'|'!('ll|.r'|.l! STRICTURE

The patient presented with a histery of diarhoca, e underwent the fol-
lowing investigation.
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Fig. B14. Radiograph from a small bowel enema siudy. Anvirregular and namowed terminal
Wewm s identtlied. The walls of the terminal ifewm show evidence of rose thorn alceration. A
further more proximal area of abnormal mucosa s noled inthe small bowel. This patient has
thi radselogical signs on a barem sludy of Crohn's disease.

Fig. B15. Barium encma study showing that the barium has been reflused shrough the
eocaecal valve into the terminal ileum. A namowed IrrE‘gl.IL\l mucosal outline 1o the
Leqmuinal ilewm b also shown, which conlioms the presence of Gohn's disease (arrow), This is
another way of leoking at the wedminad ileum in patients wth suspecied Ciohn's disease.




Crohn’s disease

Crohn's disease is caused by alocalized granulomatous inflammg
affect any part of the gastrointestinal traet from the mauth g i i
exact cause is still unknown. The terminal ileum is the mmmnn:m'g,' oL

involvement. Several areas of the bowel may be involved “skipy Alaneof =
normal bowel in between.

ﬁ':l‘ﬂ that can
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Investigations

e Plain abdominal Glm
Barium follow through (patient drinks dilute bariom and the barium is fol-
lowed around the small bowel) - no intubation required, but it is nor very
accurate al detecting mucosal detail

e Small bowel enema = patlent swallows a special nasogastric wbe thart is
passed beyond the fourth part of the ducdenum. Contrast is infused and
spot fiims taken. Excellent mucosal detail oblained

& Rarium enema = if colonic Crohn's disease is suspected

Signs on plain film

e Mucosal thickening

e Siriciures with dilated bowel loops
e Gallstones
o

Associated sacro-ileitis

Signs on small bowel enema

Deep ulceration (rose thorn) in bowel wall

Cobblestone mucosa (due o cedema)

Striciure - solitary or multiple

Terminal ileum fibrosis, steicture, spasm (string sign of Kanter)
Thickening of valvulae conniventes

Separation of bowel loops

2 @ 9 B & @

complications

e Rowel obstruction

e [Fistula formation = 1o bowel, bladder and rectum
e Perforationfabscess formation

& Peri-anal involvement
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Fig. B16. Latesal reclum
view of a banum cnema
showing a nanowed
wreqular sigmokd coben
with rose tharn ulceration
{arrow), This was due 1o
Crahn's diseose in e
large bowel.

The patient presented with a history of bloody diarthoeawith mucusin the
stonls,

Fig. B 17, Barium enema sludy showing a granuias mucosal outling in the descending colon
with loss of haustral folds. The diameter of the colon ks withen normal limits.
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e
Ve CORILIS
Ulcerative colitis is characterized by inflammation and ulceration of the colon
(aetiology unknown) with the patient presenting with bloody dinrrhoea and
mucus in stools. The rectum is always involved. When extensive, the whole
colon may be affected {pancalitis).

Radiological signs

& PMain films of abdomen - mucosal thickening
Dilated bowel (toxic megacelon) - a serious complication with risk of

perforation
e Barium enema— mucosal granularity
& Mucosal oedema ‘thumb printing
& Loss of hausiral folds
@
o

Marrowed colon
i) — swollen mucosa between ulcerated arcas

¢ 1o distinguish from Crohn's colitis (striciures

Pseudopalyps (10
Uleerative colitis can be difficul
are commaoner in the later).

tomplications

o Toxic megacolon

e (Carcinoma of colon commoner in tong standing ulcerative colitis
ot £t
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other causes of colitis

& [nfective, e amoehic, campylobacter, cvtomegalovirus
& [schaemic

2 Radianon induced (following radiotherapy)

The patient presented with rght upper abdominal discomfort He under-
went the following investigation.

Fig. B19. Section taken from an ulrasound stedy of the patient’s abdomen demonstrating a
gallbladder (whith appears black). Withan the galibladder en the posterod wall are multiple
cchogenic ameas, which are gallstones (see armows), Note the posterior acoustic shadowing
(the black areas) charactenstic of gallstones. On this particulan section there is no evidende
ol a ditated mira-hepatic biliary system



Figg. B20. Plain radsaqiaph
showing several slanes in
their galitdadder.

- &
|- Lt ]

Ultrasound is the first ling investigation inpaticms with suspecied gallstones,
Ultrasound is non-invasive and uses the principles of reflected sound waves
to create an image. Ieis a real-time investigation, Gallstones cause strong
echogenic foci in the gallbladder (which appears black]. In addition. acoustic
shadows are seen behind the stones.

Causes of obstructive jaundice

Gallstones in comuman bile duet
Carcinoma of pancreas

Tumour in porta hepatis

Investigation of obstructive jaundice

Ultrasound - identifies gallstones, dilated biliary duct sysiem and pancre-

atic Imours o
ERCP - visualizes the pancreatic ducts and the biliary duct system

T scan abdomen — identifies pancreatic wumours and spreag, Dilated bil-
fary system can also be seen




Fig. B2 1. Ultrasownd scan of the fver showing hypoechoic chanmels thaowghout the lobe
due 1o ditated intra-hepatic ducts (see anmow),

¢ NMagnetic resonance cholangio- pancreatography (MRCP) - non-invasive
method using magnetic resonance (o identifly the biliary anatomy

¢ Percutancous transhepatic cholangiography (PTC) = invasive method of
imaging the biliary sysiem. Requires introduction of needle into the biliary
system via a transhepatic approach. Enables stenting of biliary strictures



Fig. B22. PTC showing dilated intsa-hepatic ducts and & narrowing in the porta hiepatis
(coudlesy of Dv Ferrandg).

stents in the commen bile duct to nlseve thee obstruchion
¥

Fig. B23. Presence of biliai
{courtesy of D Ferranda).
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Fig, B24. ERCP examination showing the commoan bile duct and the pancreatic duct. The
pancieatic duct is a litthe moegular, being sugoesive of pancreatitis. Mo lilling defects
(stones) ane seen in the common bile duct.

Acute pancreatitis
Causes

Alcohol

Gallstones

Drugs

Pancreatic carcinoma

e o o ©

Radiclogic features

® Plain film
e pleural effusions
& non-specific central small bowel dilatation
& Mirasound
& cplarged inflamed pancreas
¢ mallstones in gallbladder
® pseudocyst
& CT scan (with inravenous contrasi)
& demonsirates enlarged inflamed pancreas
& necrolc tissue does not enhance

® [ e ey v B o v ot av b ol sirate
Prer-pancreatlic inflammation Tnay be e monstrated




complications

& Peudocyst

PMeural effusions
Pancreatic ascites/abscess
Haemorrhage
Hypocalcacmia

mneanued sy

o e 0 @

Chronic pancreatitis

& Arrophic pancreas
& Calcification over pancreas seen on a plain abdominal film

Fig. B25. Patient presented with recurrent epigastnc discomiont. The plain radsegraph shows
quite heavily calcilied areas in the region of the pancreas. Calcified areas extend over L1,
There are no calclfic opacities seen overlying the renal ract. This heavily caleilied region n
thi line of the pancreas 15 chaactenistic ol dhianic pancreatitis,



|

Fig. BZ6. Section of a (T scan of the pancreatic regeon showing an enlarged pandieas with
increased lssue seen around the pancreas (inflammatoey fissue) due Lo parelites (see Jmow ).

Fig. BET. Section showing gas in a pancreatic abscess {eomplication of pancreatitis) (see amow),




The patient presented with abdominal pain 1 year after i disgnosis of lung
canoer was macde.

suneanued apnay

Fig. B28. Seclion lrom an ultrasound study of the patient’s abdomen demonstrating a liver
with mudtipbe hypoechoic (dark) areas within the liver substance. The multiple hypoecho
abnormalities are chatacteristic of multiple melastases (see arrows)

{a)
Fig. B29a, £ scan thiough the biver pertormed with mvtravendus contrast to show misltiphe
abnarmal lew altenuolion areas suspicious of metaslases (see arows),




Liver metastases

The commonest tumour in the liver are secondary deposits from other
tumours. Common tumours that metastasize to the liver are as follows:

& Lung

Breast

Colon

Stomeach

Pancreas

|
i

Clinical presentation

o Weight loss

e laundice

& Hepatomegaly

e Abnormal liver function tesis

Investigations

& Ultrasound — metastases are usually hypoechoic. However, the echo pat-
e of metasiases are variable. Ulirasound contrast agenis {iniravenous)
miay help characterize lesions. Ascites can also be demonsirated as hypoe-
choic Muid inthe abdomen

& (T scan — a multislice CT scan shows the arterial phase and the porial
venous phase and can demonstrate abnormal regions in the liver

¢ Magnetic resonance imaging (MRl = can be wseful for demonstrating
LLITIELrS

® Biopsy of lesions can be done under CT ulirasound 1o obtain histology of
the lesion

Liver metastases may be accompanied by ascites. This can be well demon-

strated on ultrasound or CT scan.

Causes of ascites

Cirrhosis

Metastatic liver disease
Cardiac failure

Renal filure
Tuberculous peritonitis
Chvarian carcinoma
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The patient presented with a temperature and a white count following
recent abdominal operation.

Fig. B30, Section of a €1 scon at the level of the patiery's yooer abdomen showing an
abnormal lhuid collection belween the liver and dr‘““hfﬁgm Thas is the site of a subphrenit
abscess (amow)
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Fig. B31, £1 seclion showing the presence of a deain within the abscess cavily that has been
placed under radislogical guidance.

fil,' B32. CT section o a bivier j.|1f’;|W|l|1_'| an absoess mn the 11 labe,



Fig. B33, CTscan of the lower abdomen showng a left psoas absoess (arrow).

Fig. B34, 1 scan of a pancreatic abscess (podkets of gas appear black) with a drain in sile,

SSNIQE [EUIIOpqY




subphrenic abscess

Subphrenic abscess is an abnormal infected fluid collection between the
diaphragm and liver or diaphragm and spleen.

Causes

e Following abdominal surgery
& Perforation

investigations

& Chest X-ray - elevation of the diaphragm

& Ulirasound — demonstrates collection under the diaphragm

& CT scan = also demonstrates collections and enables the radiological
drainage of the absoess under image guidance using catheters

Other sites of abscesses in abdomen (Figs B32-B34)

& Liver

e pyogenic

e amoehic

e hydatid
& Renal

o within kidney

@ perinephric
® Pancreatic - following pancreatitis
* Pelvic

o I'II!H[-HIIEEI!'I’}'

® diverticular abscess
e Appendix - abscess due 1o sealed-ofl perforation
& Psoas ~ iuberculosis



CMS haemorrhage
subarachnoid haemorrhage
Cerebral infarction

Brain atrophy

Ring enhancing lesions
MRI of the pituitary
Multiple sclerosis
Cerebrovascular disease
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The patient presented confused after falling on his head. On examination
there were right-sided neurological signs present.

Fig. €1, Section of a (T scan of the brain. A high attenuation abnormal area s seen in the
subdural space on the left sibe{see arrow), This is compressing the normal left cerebral
hemisphere and is cousing a mass elfect such that there is compression of the left lateral
ventricle and a shalt of the midline to the ight, These are the featuces of an acute subdural
hasmalama,

IS haemorrhage

L

Head injuries are a comunon clinical problem especially in casualty depantments.
The investigation of choice in patients with newrological signs is a C1° scan.



Although skull X-rays may show a fracture, they do not provide information
about the brain parenchyma. In addition, there may be quite significant brain
pathology in the absence of fractures on the skull radiograph.

The following may be seen [ollowing trauma:

Extra-dural haemorrhage

& Often due to ruptured middle meningeal artery

& (T scan shows a high attenuation (white] mass (fresh blood) peripherally
around the brain adjacent to the eranial vault. The inner margin is often
comvex. Requires urgent neurological drainage

Subdural haemorrhage

& May present following a [all (often in alcoholics) with fluctuating con-
sciousness, C1 scan shows areas of crescentic peripheral high attenuation
twhite) with a concave inner border

& Midline shift may be seen to the opposiie side of haemorrhage

@ Mass effect may compress ventricles

o [f subdural =2 weeks old, the blood may be hypodense (grey)

Intra-cerebral haemorrhage

e Focal arca of increased attenuation (white) fresh blood
o May cause mass effect with midline shift

# Blood may extend into the ventricles

Also seen in haemorrhage due Lo

o [yperiensive bleed (haemorrhagic stroke)

@ [rugs, e warfarin (over anticoagulation)

¢ Thrombocylopacnia

¢ Ruptured aneurysm

Cerebral contusion

& High attenuation arcas in the brain are accompanied by brain swelling
May be mulil-focal

Haemorrhage may be present in arcas of contusion

[Due 1o shearing of white matter tracts, cerebral swelling may cause com-
pression of ventricles and effacement of sulci

e o o

a8y sH)



magsds snoArau U0 sy

Fig. £2. €T scan showing low
attenuation liuid collection
around the right cerebral
hemisphere (see amow).
Fluid collection is in the
right subdural space and

it i% causkng @ minimal
amount of mass ellec

The appeaances ae those
of a chronbe right sulsdral
haematoma. The right
lateral ventriche is nol clearly
LERN:

Fig. €3. Section of a €T scan
showing a very large right-
sided intra-cerebaal
haematema {see arrow)
The blood s fresh because
the atlenuaton is while
fresh bleeding cawses a
mass eliect with a midling
shilt Lo the lefl side, away
Eresrmy (e lesion. o addition,
as seen, there is high
attenuation (white) area in
the lateral ventncles. This is
dhee to the fach that there
has been intra-ventrioular
hagmarrhage



Fig. €4. CT scan ol the baain. There 5 an abnormal area of isodense allenuation seen in the left
subidurd space (see arrow) This anea is not white {i.e. it is not lresh blooad). It i not ol byw
Alenuatedn either (e s not chionic), This densaly is almost similar to that ol normal brain
tissue. This is doe to the fact that this haemaoithage s perhags ~1 wieek old and is passeng
through the phase where the blowd goes from appeatng bright white to dask on the scan
These subdurals are easy to miss. Look very carefully for the mass elfedt. One can sec that
thee is na lell laters ventricle dleatly seen. In addition, one can see thal the sulb ae not
clearly seen on the left side because there is a subdural collection at this site that s comguess-
g thar mormall brain tissue

i
:
i
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Fig. £5. C1 scan of the brain. Note the sofi tissue abnosmality outside the lelt eccipital bone
(52w arrow). This 153 soll tissue haematoma in the superlicial tissues of the skull at the
back, The patient has been altacked and hit on the back of the head. There are patchy areas

aof increased attenuation (white) seen diagonally in the right frontal lobe that represent
aneat of conlusion and haemorrhage al this site. This is called a contra-coup injury.



subarachnoid haemorrhage

The patient presented with a sudden onset of headache.

Fig. €6, CT scan of the brain and this section shows a marked high attenuation material n
the cistens of the bealn and in the subarachnoid spaces. These are the appeatances ol a
large subarachnoid haemoirthage,

tauses of subarachnoid haemorrhage
@ Rupture of intra-cerebral aneurysm

& Arterio-venous malformation
tomplications of subarachnoid

@ fie-blecd

e Hydrocephalus (communicating)

Further tesis

e Lumbar puncture (LP) - Remember 1-5% of subarachnoid hacmorrhage
may have a normal €T brain sean - hence importance of LP o look for
santhochromia.

abeyuowaey plouyieieqns




AR L BRI E T

& MR angiogram or CT anglogram — non-invasive
o Cerebral angiogram = invasive

Cerebral infarction

Fig. €7, CT scan of the brain showing a section at the level af the thalamus. There is a
generalized atrophy nated. In addition, a low altenuation area is in the left side of he brain
invalving the left kasal gangla. This low attenuation region is not cousing any significant
miass effect, The appearances are those of an infarction of the lelt basal ganglia {see arrow).



Fi, €3, €1 section of the brain showing marked low attenuation in the left hemisphere with
sparing of the keft froatal lobe and lelt occipital lobe. These are the appearances of massive
infasction af the left side of the brain due to an occlusion invehing tive left middle cerebral
artory |:5|:-|'- 20w )

vopRjul [£IG212)
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Fig. C9a. £1 scan of the
baain at the level of he
occipital lobes showing
alaw altenuation
{dark) areain the ledi
occipital lobe {see
arnow). This is dee 1o
an infarct involving the
left posterior cerebial
arbery,

Fig. Co%. MRI scan

of brain folowing

L3 eTs0us Contrast
{gadalinium chelate)
showing gyral
enhancement in righi
hemisphene (white
area) following an
wnilarct. The enhange-
ment of the gyrus s
due to luxury petlusion
which may be present
al the site of an infang,



cerebral infarction

Cerebral infarction is due 1o an impaired circulation of the brain. i i
or an embolus causes it (often from the carotid vessels). The clinical pm‘:HbuS

tion 15 that of a stroke. LT
Investigations

o (T scan - used to identify an infarct and to rule out a haemorrthage 55 ihe
cause of a stroke. In the early stages (first 24 1) the scan may be normal in
an infarct

o

L]

8 o @

early signs include loss of grey-white matter interface

a reduced density is noted in the brain, and the area involved wsually
cormesponds 1o the arterial supply affected {e-g. anterion, middle or i
posterior cerebral artery territories)

luxury perfusion may be present

oedema and swelling in the early stages with mass ¢ffect

infarcts may be haemorrhagic

old infarcts show areas of low attenuation

& MRI scan

shows an area of increased signal on a T2-weighted image of the site of
the infarnct
posterior fossa and brain stem infarcis are betier seen using MRI

& Carotid ultrasound — allows visualization of the comman carotid and internal
carotid arteries o look for plague (soft or caleific) and narrowing of the
vessels

Stroke (WHO definition) is the rapid onset of focal (global) cerebral deficil

lasting more than 24 b or leading 1o death due to a vascular cause,

& Three ypes

o |schaemic stroke 80%

@ Inira-cerebral haemaorrhage 15%

o Subarachnoid haemorrhage 5%

Brain atrophy

Brain atrophy is due to the irreversible loss of brain tissue. Atrophy of the
brain occurs with ageing and in elderly patients it is common to see the loss of

brain tissue.




Radiological signs on CT/MRI

& Increased cercbro-spinal fluid (C5F) space with widening of the sulci
& Prominent ventricles

® Prominent basal cisterns and temporal horns of lateral ventricles

& In Alzheimer'’s disease there may be cerebellar sparing

aizhs snoaru fenu ayy

Causes of atrophy
Agpeing

Alzheimers discase

AlDS

Trauma = lomg-term sequelae
Congenital diseases of the brain
Alcohol abuse (chronic)
Radiotherapy

Degenerative discases

Fig C10. €7 scan ol the brain showing features of attophy, These mclude the praminent sulc
and slightly dilated ventricles present in an atrophic brain,



This patient presented with a history of confusion following treatment of
bronchial carcinoma. i

Feg €112, MBI scan of a section of the bdain showing multiple ring enhancing regions i
the boain (see arrow), Some are associated with oedema (datk grey area). This scan
has been periormed with intravenous contrast (o demonsirate the ring enhancement of
metastatic disease.

Ring enhancing lesions

Ring enhancing lesions identified ona MRI or CT scan are due to:
e Metastases

® Cerebral abscesses

& Primary brain tumour
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Ona CT scan the lesions may be assoclated with cerebral pedema identified
by areas of lower density around the lesion. On an MRI scan, oedema appears

as bright signal on T2-weighted imapes. The swelling may cause compression
of the ventricles and midline shift,

Common primary tumours that metastasize to the brain

® Lung
& Hreast
e {Colon

Common abscesses

e Toxoplasma in patients with AIDS

o Stapliviococcus due o
@ blood-bome infection, e.g. endocarditis
e direct from mastoiditis, sinusitis

e Tuberculosis

{{4]]
Fig. £33k, €T stan of brain following intravenous contrast showing an imegular enhancing

s in it hemisphere with leatures suggestive of a primary malignant beain tumeour
such a% a |;I|||||'|.|



Fig. €12, Section ol a brain scan ina patient with AIDS, It has been performed with

irt s conirast ﬂm..wing a Ji||r_| |3|'|h.‘||‘|f.'|1'l-g abscoss (S0 arrpwhead), which in palsents
with AIDS ks usually due to texoplasmosis: The dark area around the absoess is due 1o
oedema in the frontal lobe (see arrow). A repeat scan Tollowing treatment showed

improvement in the absoess

fuspa) burraeyus bujy
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‘The patient presented with bi-temporal hemianopia.

Frg. €13, Laronal section of & MRI study of the brain perlormed through the pituitary gland.
A darge mass is seen arising from the pituitary fossac This is a mass anising from the pilluitany
gland and 15, in fact, compressangon the optic chiasm, The mass is not invelving the
Caveinous smuses. 1L is not infiltrating into the temporal lobes, The appearances are those
of an enlarging pituitary Wwmour involving the ol chiasm.

Fig. €14, Coranal section through a normal pituitary gland



MRI of the pituitary

MEL is the radiological investigation of chodee for

pituitary tumours, Tumours may be either:

e Micro-adenomas (=1 cm)

& Aacro-adenomas (=1 €m)

o When the tumour enlarges it grows out of the pituitary fossa

& Tumour may grow upwards and compress the aptic chiasm [b'l-"::npomt
hemianopia)

patients with suspected

]

May be lateral spread into the cavernous sinuses (carotid artery and cranial
nerve invelvement)
nay be downward growth into the sphenoidal sinuws

Pituitary tumouss

8 Secrelory

o Prolactinomas (35%)

¢ Acromegaly (growth hormone) {2595)
= Cushings (5%]

e Mon-secretory [20%)

pifferential diagnosis of pituitary tumours

o Craniopharyngioma
8 Aneurysm
e Supra-sellar meningioma

Aregpoppd oy o W
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A 25-year-old patient presented with a history of visual disturbances and
pins and needles on two separate occasions.

Fips. €15 {top) and 16 (bottom) Axial sections of an MBI study of the brain, This is in fact
1Z-wierghtied sequence (ihe (SF and the ventricle appear white), There are areas of increased
signal (white) in the white matter ¢l the brain. These have the appearances of plagues of
de-myelination and in someone of this age group a diagnosis of multiple sclerosis would be
tonsidered, In eldedy patients these areas of increased signal {ypermlensitics) are quile
comenonly seen and die often due o vascular changes in an eldedly brain,



Multiple sclerosis

Multiple sclerosis is a disease predominantly of the young adult characterized
by plagues of de-myelination in the brain and spinal cord. Relapse and remis-
sion characterize it although it may show progression to chronice disability in
a number of cases, Imaging has revolutionized the diagnosis of this disease
although a detailed history and examination are of paramount importance, as
imaging is not always specific,

7 findings

& Lo altenuation areas in white matter
¢ Atrophy
@ 1 is mot the first line imaging investigation of choice

MRl findings

@ First-line imaging investigation

e Multiple high signal areas are seen in the brain on T2-weighted images

@ High signalareas <2cm

& High signal areas have smooth margins, are ovoid and are often peri-
ventricular in location

@ High signal arcas may be present in the spinal cord or optic nerves

® Active plagues may enhance with contrast

The most sensitive MEI sequence for detecting lesions is the fluid attenu-

ated inversion recovery (FLAIR) sequence

e

Differential diagnosis of white matter intensities on MRI

Age-related changes
Ischaemic changes
Vasculitis

HIV dementia

o 8 @ o
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The patient presented with transient ischaemic attacks and und
following fest.

Fig. C17, Doppler investigation ol the carotid arteny The section shows a calcilied plague at
thiz arigin of the intemal canotid artery that appess o be causing soame narowing of 1he
internal carotid artery. The plaque is causing some shadowing, This is the feature of a
caleified plague The appearances are those of a plague causing some narrowing of the
Internal carotid artery, Both the carotid bulb and the common carotid artery appear normal.

Cerebrovascular disease

Cerebrovascular disease is a major cause of morbidity and monality In the
Western workd. Investigation of the earotid aneries may be helpful inidentify-
ing plagues and narrowing in the carotid bifurcation.

Until recemly, investigation of the carotd bifurcation required invasive
carotid angiography. Today, hewever, the first line investigation is a non-
imvasive carotid Doppler ultrasoumnd i|w(_-5|iga1_'mu_ Doppler ultrasound involves
thiree steps:

& Inspection of the carotid vessels in a longitudingl plane on standard grey-
scale images

* Colour Doppler to outline the stenoses

® Spectral Doppler 1o measure velocities of blood Mow in vessels o enable
quantification of stenoses



Doppler ultrasound can demonsirate.
e Marrowing

¢ Plaques

e Intimal thickening

other radiological tests

¢ Mapnetic resonance angiography
& can fdentify the carotid bifurcation
e sienoses overestimated

& [nvasive carotid angiography — allows angioplasty of certain lesions (risk of
stroke)

aseasyp 12|



Osteoarthritis

heumatoid arthritis
Gout

EFheumatoid arthritis
Ankylosing spondylitis
Paget’s disease

Back pain

Isteoporosis
Dsteomyelitis
Metastases
Metastases /tumours
Fractures




g Osteoarthritis

L4}

Fig, Dta. Radiograph ol a pelvis showing a narrowing of the jednt space inthe nght hip joint
and some subchondeal sclerosis. These aie the appearances of ostegarihaitls involving the
tight hip joint. Mote how the join space between the femoral head and acetabulum is better
preserved on the ben side.

(e}

. Db, Chose-up showindg a narrowed joint space in left hig in another patient with aetbitls.




fig. D2, Lateral radiograph of a cervical spine showing a matked degencrative change in the
envcal apine willy maiked antenon asteophyte fosmation noted at a nembet al kevels in
the lower cervical vertebrae.



Fig. D3, Radiograph of a knee joint showing degenerative change in the: medial compartments
of the knee joinl with loss of joint space when compared with the lateral compartment.



Fig, 0. Lateral radiograph of the lumbar spine showing degener
L4 /5 and L5151 levels with loss of joi

nd-plates and antenor osteophyles al a number ol levels,

ace, loss of disc height,

e change i i 1374

wherosis adjacent bo 1hi

1



The commonest form of arthritis is ostecarthritis. It is due to degenerative
change in the articular cartilage of joints due (o wear and tear. Osteparthritis
becomes frequent as one ages.

Radiological changes

Loss of joint space, often greatest in weight-bearing joints. The joint space
tJL‘EUIH:L‘!i I'I?tl'll]';'l."c\d

Dsteophyte formation = bony outgrowths seen at the articular margin of
joints

sSubchondral sclerosis

Subchondral cysts (geodes)

¢ Loose bodies - pieces of caleified cartilage in joint spaces

Common sites

Cervical spine - narrowed disc space osteophytes, narrowed intervertebral
foramane (Fig. D2)

& Lumbar spine — narmowed disc space, osteophytes (Fig. D4)

Hip joints - loss of joint space, subchondral sclerosis, may be accompanied
by femoral head deformity (Fig. 1D1)

Knee = loss of joint space in medial compartment and patello-femoral
compartments, loose bodies in joints (Fig. D3)

Hands = distal interphalangeal joint, narrowing base of first metacarpal/
carpal joint



Rheumatoid arthritis

3
:
£
5
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D5a. Radiographs of the hands of a patient wilh severe theumatoid arthritis. Nole the
wges in 1he metacarpal phalangeal jomis, especially of the second, third and
laurth digits, In additien, note the angulation deformity present 31 the points and also the
qenerslized osteopends. An erosion 5 also nobed in the disial ulna of the |'|-.‘]h! kand. In the
ater stages there may be ankylosts of joints present.

siase chis

Fig. DSh. Radiograph showing an erosion in the head of the third metacarpal at the
metacarpo-phalangeal joint {see anaw).




Fig. D&, Patsent presenting with paindul red, swollen joins in the hands and toes. A marked
solt issue swelling around the joants with erosive changes is shown. The appearances ane
seen ingouly anhritis due Lo raised uric acid levels (soe arow)

Radiclogy of gout

Asvimmetrical arthritis

Soft tissue swell

ng (tophi) around joints
Punched out juxia-aricular erosions

&
& Predilection for metatarso-phalangeal joint of toe
@
®

Rheumatoid arthritis

Rheumatoid arthritis is a chronic polyarthritis in which ssnovial proliferation
oocurs leading to a chronic synovitis. Common joints affected include:

e Hands (Fig. D5)

® Feel

® Wrist

® Cervical spine
® knees

Radiological findings

Early signs include:
* Salt tssue swelling
® (sleoporosis



Joint space narrowing due to cartilage destruction
Erosions at joint margins

& metatarso-phalangeal joints

o metacarpo-phalangeal joints

e siyloid process of ulna

Disruption of joint surfaces leads 0 ulnar desy

&

AtEOn ey g 7
s . Ty W
Subluxation at the MCP joints T151s

®
©
® Eventual fusion of carpal bones
% [rosion of acromio-clavicular joints
& Atlanto-axial subluxation in the cervical spinge
o Haker's cyst in the knee

Remember osteoarthiritis may also be present. Radiology can he tised 10 frion.
tor progress of the disease.

ng spondylitis

Limatle patient presented with a progressively stiff back and neck.

Fig. 07. Pelvic radiograph showing scherosis and fusion of the sacro-fiac joints and caldification
of the interspinous ligaments characteristic of ankylasing spondylitis (see arow).

Radiology

e Sacroileitis
Squaring of vertebra of spine
Caleification of longitudinal ligaments, anterior and lateral spinal lignments
1o produce a *bamboo’ spine

s Apical fibrosis on chest radiographs



fap

Fig. DEa. Main abdeminal tadiograph showing a coarsened trabeculation in the left iliac bone
and also a quite marked coarsened rabeouation and penosteal thickening invalving the lelt
supation puiic remus and acetsbulum, a5 well as the lefi inferior pubic ramus. These are ihe
dppearances of Paget’s disease involving the lelt hemi-pelvis. In addition, there ks some
degenerative change in the lelt hip joint, The lumbar spine shows evidence of degenerative
change vath a scoliosis (curvature) convex to the Ieli,

LLE)

Hig. 08D Pelvic tadiograph showing sclenotic bone in the pubic rami, ischium and iliac bones,
The bones are denses than nodmal



Paget’s disease

Pagei's disease of bone is often an incidental finding:

saabed

Presentation

2 [ncidental finding
e Rone pain
® Fraciures
& Bone deformity
Pager's disease can alfect any bone, but the following are the commonesi :
ATEAS:
& Skull

@ well-defined area of bone loss {(osteoporosis circumscripta)

& sclerosis and expansion of the skull vault (‘cotton wool')

# enlargement af the head

& plosclerosis

& plarybasia
& Pelvis - coarsening of trabeculac and sclerosis of schium, pubis and ileum

® Femurflong bones
@ expansion and coarsening of trabeculae
& pxpansion of cortex
@ howing/ deformity

= Spine - sclerosis of vertebrae

Lomplications

& [one deformities

& Fractures

& [Degenerative change
& (steogenic sarcomsa
# Cardiac failure




Fig. 09, Lateral radiograph of a
lumbar spine showing loss of
poant space between the
vertebral bodies in the lower
lumbar spine with sclenosks in
thie end plates. In addition,
there is marked fhomd
asteophyie bermation noled in
the anladior aspecis of the
vertebrae, The joint space al
L5/51 is also narrowed. These
are the appearances of severe
degenerative disease

Fig. D10, Magnetic resonance imaging (MRI) scan of
the lumbad spine. The section is taken from a
T2-webgiied sequence and the degenerative discs
appear black; a posteriod disc bulge is noled ot the
vl of L405, This ds impanging on e (ools and
would account for the patienl’s symptoms (see
arro .



Back paim

Back pain is & commeon clinical problem and in mos
imaging. Ifneurelogical signs are present, however

]
be necessary.

cases it does not require
Urgent investigation may

fommon causes

e Acute disc prolapse

Acute on chronic disc prolapse
Metastiases (in the eldedy)
Dsteaporotic collapse

a @ @ &

Myeloma
Infective discitis

L]

Investigations

& Plain lumbar spine postero-anterior (PA) and lateral
o may show collapse of vertebral body
@ may show loss of disc height/osteaphyies
@ may show absent pedicles or destroved vertebral bodies if metastatic dis-
ease is present
& may show irregular end plates if infective discitis is present
@ may show pars interarticularis defect
2 MRIlumbar spine
o will demonstrate dise prolapse - commonest at L34 and L4/5 and L5531
levels and rootl compression if present
o MR is also more sensitive at detecting secondary deposits in the verte:
bral bodies :
Myelography involves the injection of contrast medium into theca via lumbar
puncure o demonsiraie disc prolapse, etc, Itis rarely qcrl’nrmﬂﬂ nov dUE
a wider availability of Mt scanning whichis IO ITVASIVE:

ujed yieg
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Fig. D11, Lateral hembar spine radisgraph showing osteopedotic change in the lumbar spine.
There is collapse of the L1 lumbar vertebra (see amow).



Osteoporosis

Osteaporesis is one of the commonest melabolic bope disorders

ardis
a reduced bone mass. 1tmay be asymptomatic byt e i dize 1o

ntwith fraciures.

Common sites

@ Thoracic/lumbar spime
& Hips
& Wrist

Radiological investigations

& Plain films
Bone densitometry (measures bone density) (DEXNA scans)
In ostenporosis, the bones appear less dense w the naked eye. Changes in dens-
ity are only detectable when =30% of bone mass has been lost Radiological
feamres include:
o More lucent bones, especially vertebral bodies and peripheral skeleton
& Coarsened striations in vericbral bodies, femoral neck
& Collapse of veriehra - bi-concave (cod-fishy appearance
o Wedging, kyphosis
& [Fractures of femoral neck
& Fraciures of distal radius (Colles)

tauses of generalized osteoporosis

Senile
Post-menopausal
mMultiple myeloma
Steroids

Cushings discasc
Bed rest

a & @ @ & @

Causes of localized osteoporosis

© Fracture/{rauma
¢ Rheumatoid arthritis {
e Sudek’s atrophy — osteoporosis secondary to minor [runmsa



Fig. 012, Radiograph ol the proximal femaoral shadt, The bone is a little osteopenic. In the
fermoral shalt, howewver, Iylic lucent areas are present. These are the appearances of
myeloma deposits seen in a condition known as multiple myeloma. Remember that

on 4 radhio-isolope bone scan multiple myeloma may show cold spots, e reduced uplake,
compared with metastases which show increased uptake (see amow).



Hig. D13, Antero-posleso

taph of a lumbar

irequiar outl
ortex, This 1s susplas of

itlechiadn ih the disc

e [ausing a desgitis

Fig. D4 Radiogragh of a
right Fenmur showeng marked
periosteal reaction willh
marked thickening of the

cortex and sclefosis of the
eoitical bone of the mid-shaft
of the femur. In additien, the
chear dilferentiation between
the cortex and the medulla is
Bost o Uhe mmad-shali. These
are the appearances of a
chronic osteomyelits may be
difficult to deiect, as the only
visible sign 15 a periosteal
rexction thal ks not olten

een unlil the disease is
quike advanoed.

sisiodoaysg



Osteomyelitis

Cstecmyvelitis is an infection of the bone and is usually caused by Staph i
aureis. Chronic osteomyelitis may be caused by tuberculosis. Osteomyelitis
presents with bone pain. It may be acute or chronie.

Radiological signs

& Acute osteomyelitis = no change seen in early osteomyelitis. On plain films

signs include:

e sofi tissue swelling

® periosteal reaction

& bone destruction (earliest at metaphysis)

& original bone may die forming separate isolated fragments (sequestrim)
e Chronic osteomyelitis (Fig. D14}

& bone shows sclerotic reaction

® loss of differentiation between cortex and medulla

e sequesira may be seen within bone

Other investigations

& Radioisotope bone scans may show increased uplake
@ MRI seans may show abnormal signal

Complications

® Fismula

= Abscess

& Deformity of joinis

Remember that a bone tumour can be difficult o differentiate from osteomyelitis.



Metastases

Pastarior

Fig. 015, Radio-isotope bone scan with (black) areas of increased uplake of isatope (so-catled
hat spots) throughout the skeleton. These are suspicious of metastases. 1L Is important to
temember that increased uptake can ooour infractures and also in degenefalive disease.

Fig. 016. Plain radiograph of the knee.
A permeative destruction of bone is
noted in the distal fermur and proximal
tibia. A marked Iytic destruction is seen
and these are the appearances of
meLastases.




Fig. 017, Patient wath known breast
canter and presenting with back pain
(S2e arrc).

Ihisis an AP lumbar spine view showing a destroyed lefi pedicle and an irregu-
larity of the superior end-plate of the vertebra. This was due to a metasiatis,

Fig. D18, MEN scan ol the lumbar spine with a
Tweighted sequence. Low signal areas are in the
lumbrar verlebrae having the appeatances of
metasloaes, Mormally, the signal is white in the
lismibar vertebrae due to [abin he marow (see
QETO




The black arcas of marrow in the lumiy vertebrae are g
tration by tumour, e to LRSIt ing).

Metastases/tumours

Metastases are the commonest tumours seen i T

Common sites

Ribs
Pelvis
Spine
Skull

Femur/humerus

e o o o ®

Common tfumours that metastasize to bone

8 Lung

% Hreast

@ Kidney

e MNegroblastomi (in children)

@ Leukasmia

Metastases are:

& Lytic (lueent anea in bone)

o Selerotie (increased bone density)

o Aixed .
Multiple myeloma can also cause multiple Iytic deposits (a bane scan shows a
rieduced uptake) (Fig. 2L

other investigations
fple 1 [Ases
@ [sotope bone scan - chows multiple ot spots’ in :m:u.s_ A O
& ML scan - sensitive for detecling melasases, especi t}.r;ln : S
I . i T | i malignant.
Primary bone LUmours e rire. [hey may be benign o £

Benign tumours

Chondroma
Osteachondroms
Dsteoma

Giant cell fumour

e 8 @ &




o (Osieosarcoma (in young adulis)

& Chondrosarcoma

= Fwing’s tumour (in children)

Benign tumeours are well-defined but may expand the bone, Malignant tumours
destroy bone, cause a periosteal reaction and an associated soft issue mass:

Fig. D19, Patlent
presenting with painin
the foreanm. The radi-
ograph ol ithe foreasim
showws a close-up of
ihe pedinsteal reaction
in the mid-shalt. Thes
sign can be seen in i
miary boné lumotrs
(see arrows),

Fig. D20, Plain radssgraph of
the right lup. There 15 a fracture
thiough the neck of the right
femur. Motce that ihe fracture
has just accurred undemneath
the head of the femut
(subcapital)




Fig, 022. Radiwgraph of a

metadlic mght P e

placerment

EETLERTTT]



Fig. D23, Radiograph ol the right
wiist showing an impacted fiacture
in the distal end ol the radius
(Colles). In addition, thare appears
to b a Fracture throwgh the waist of
1he scaphond bone (see Mrow)

Fig. D24, Radiogiaph of
the wrist showing a
fracture throwgh the waist
of the scaphoid bone
(s o)



Y IE

of & hand showing a

ture thiough the base of the thumb

e s Iracture ) (S0 arraw )

Fig. D26, Radiogeaph of the rght hand with two views shown, Note the fractures thiough the
neck of the fourth and fifth metacarpal bomes. There s some angulation deflormity and some
calliss foermation suggesting that the fractures are healing Iractures and are nat'in the acute
stage {soe arows)

el



Fig. D27, Radiograph of the lfotearm of a child shown in iwe views. Nole the buckling of the
cortex i the distal radivs duse to a greenstick fraclure (See arrows),

Fig, 8, Two views of elbow showing lacture of radial head and lateral view showing
displaced anterion fat pad. Fat pads lie adjacent to the join capsube and in the presence of
an ellusion lollowing trauma in the joint ke antenion and postenors fat pads are displaced
{see anoery



g
3

029, Radiograph al a lell shoulder showing & deplaced belt nemerad head sited
by This is an example of an antefkor desdocation of the left shoulder. These may be

wpanied by an assaciated fracture,

Fip. 030, Radiograph of the right shoulder showing a comminuiad fracture through the
mid-shaft of the right clovicle. Note that the fragment that is loose and separate from the
tlavicle. The bone s displaced.




auog

agiaph showing an

Fig. B30, &
; » throge h

o

1 with somie

ol the fragments

Hif. D32 Radiograph of 3 leit ankle showing an ollique lraciure thiough the distal 1ibda with

an associated svabsed lagment of bone Iying within quite a marked solt lissue swelling over
the mcdsal mallealus (see arrow)



Fig. 033, Radiograph thaugh the left knee (AP wiew) shrwing an iregulanty in the cortex
svet the lateral plateau of the tibia with a depression of the lateral plateay and |oss in
cominuity of the cortical outling. These are the appearances of a libial phateau fracture

{5eE arrow)



Fig. D34, Raduoqgraph of the skull showing a fracture of the right parietal bone with a break
o ke conteamly ol the ool



Piain films of the skeleton are the commaonest method of investigating sus-
pected fractunes. At least two views are recommended.

Signs on plain films

-]
]
]
o

Ereak in the continuity of the cortical bone

Deformity of the normal anatemical outline

Fraciure line where a lucent line may be identified at the site of the break
Soft tissue swelling around [acture

Types of fracture

[

[ransverse fraciure

Obskique

apiral

Comminuted = fracture with several ragments

Compression

wulsion - detached fragment of bone

Greenstick - in children the bone is softer 5o it may present as buckling on
one side of bone only

Stress/ fatipue — due to chronic minor trauma, e.g. march fracture in metas
tarsals of the woes

Pathological - fracture occurring in diseased bone. e.g. metastases

Common sites

Skull

& due to trauma

& linear lucency

& gdepressed fracture

& (T brain required to assess cerebral hacmorrhage
Femur

& glue b fall

2 [emoral neck

# wrochanteric

& subtrechameric

Colles

@ [racture of the distal radius due 1o a fall on ouistreiched hand
® distal radial fragment is often displaced backwards
® may be accompanying ulnar styloid frcture




& Scaphoid
@ ransverse raciure of the waist of the seaphoid bone
@ olienno displacement of the bone
& easily missed and special scaphoid views are recommended
& repeat filmin 10 days may show sclerosis
& [racture may be seen on a bone scan or MRI

Complications of fractures

& [Delaved or non-union
& Avascular necrosis
& Arthritis

Fig. D35, This is & 30 reconstiuction of an ankbe showing a fracture in the tibia. This has been
don on a multishice CT scanner. This helps plan surgety for the orthopaedic surgeon



Fig. D36, This is & sagiltal reconstiocteon of & lembar spine CT. This has been acquired on. a
rmidbistice €1 scanner which enables sagittal relormatting of the planes of the bady, The scan
shows & borward ship o LS on 51 (spondylodisthesis). This can be traumatic. If can alio be
congenital and may be a cause of back pakn in patients. Sagiiial reconstiuctbans ane

routinely done in le assewsment of cervical spine njuries.

Further investigations

More complex fractures can be investigated with multislice CT scanming
which enables 3D reconstruction 1o be performed thus assisting the surgeon
in planning treatment.



rseshoe kidneys
nal colic
rdronephrosis
‘nal tumour
fladder cancer
Ovarian cancer
Fibroids
Obstetric scans
Mammography
leep vein thrombosis
Aortic aneurysm
Vascular intervention
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Horseshoe kidneys

A 20-year-old man presented with recurrent urinary trﬂl.i!ﬂ_&?ﬂﬁijﬁ_fﬁﬂ
underwent the following test.

Feg, E1. Film faken from an VP series. & control fabdominal film s taken Hrst to book o
stones. The patient is given an intravenous injection of @ non-ionic contrast agent and
radisgeaphs are laken at specified intervals 1o demonsidate the renal tract

The film shows contrast in bath renal-collecting systems and the bladder. The
kidneys are rotated with the lower poles placed more medially than normal.
The pelvicalyeeal systems in both kidneys are mere inferior than normal. The
features are suggestive of fusion of the lower poles of the kidneys - the
so-called horseshoe kidney,




Horseshoe kidnevs are one of the commonest renal anomalies seen in clin-
ical practice. It is an anomaly of renal fusion. Fusion anomalies are thought (o
be due to the [@ilure of separation of the metanephric ridges of the developing
kidney, which lic mext 1o the midline. In a horseshoe kidney, fusion of the
lower poles occurs across the midline by an isthmus that lies amerior to the

aoria and inferior vena cava.

Common renal anomalies

e Horseshoe
& Duplex collecting systems

L]

Unilateral kidneys

L]

o Crossed renal ectopia

Pelvie kidneys

S

Fig. 2. Abdominal film from an IVP study. Contrast has been mjected ntravenously and

the fibm taken 15 min after injection. The tight collecting system is beautifully dermonstrated
0n the belt there is a duplex system identified. Mote the twa wreters seen. The insertion of
the two wieters o the bladder is not dearty demansirated in this partecular film, A duplex
15 a commonly Toumd anomaly,
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Fig. E3. A 15-min abdominal fibm frem an IVP stedy shows a normal left kidney with
an absent right kidney,



Fig. B4, A 15-min film from an VP study showing bilateral enfarged kidneys with splayed
calyces suggestive of polycystic kidneys, This can'be confirmed on ullrasound by the
sifeniilscateom of multiple oysis
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Renal colic

fig. ESa. & patient presenting with colicky lefi-sided pain radiating from the left flank
to 1he groin,

A 20-min film from an intravenous pyelogram (IVP) taken on a patient with
lefi-sided renal colic. Note the dilated 1efi collecting system that comes o a
halt at the level of the el iransverse process of L3 where the stone is lodged in
the left ureter



Fap. ESh, This is a coronal section of an abdomen showing the renal tract laken lrom a €T KUB
sAudy This is done withaul infiavenows contiast and enables visualization of the renal tragt

1o ientily renal stones. There is a small calculus seen at the lower end af the left weter

{see arrow). There is also o opst seen in the left kidney i the mid pole.

Renal colic is a common problem. [Uis often due 1o a stone being stuck in
the ureter with a dilaved collecting system being present pmximal to the site of
obstruction.

Investigations

& Main abdominal film kidney, ureter and bladder (KUR) = will reveal a small
calcified stone often bemween 3 and 5 mm overlying the track of the ureter.
Obstruction often oceurs at the pelvic inlet or at the nreteric-vesical junction

2 WP = involves injection of intravenous contrast medium o demonstrate
the kidneys and collecting systems. Ina normal kidney and ureter conirast
passes from the kidney down the ureter into the bladder in 5-10min with
no obstruction seen. Where there is a stone CAuSing obstruction, back pres-
sure builds up cavsing delaved renal excretion by the kidnevs and often a
dilated renal collecting system is seen (o the level of the obstruction, best
demonstrated on delayved films

oo jeuay
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Fig. E6. Fim demaonstrating a large radio-opaque calcubus in the right renal pelvis, The
appearande is suspiciows of a staghonn caleulus on the right. A ureteric stent is noted in
the belt colbecting system. The proximal end ol the stent Hes in e lofl renal pelvis and
the distal end in the bladder,

CT HUB

This technigue performed on the newer multi-slice CT scanners enables the
renal tract 1o be visualized in both the axial and coronal plane without the
need for intravenous contrast, Stones can be seen in the KUBR and secondary
signs such as perinephric s

anding or hydronephrosis may be present.



Fig. £7. Pelvic radiograph shawing a large radio-opaque stone inthe pelvis, The stone was
in fagh a bladder sione!

Fig. E&. Section taken from an ultrasound study of a patient’s kidney. The black area within
the kidney represents dilated calyces and a renal pelvis. This is the appearance of a
hydromnephiosis



Fig. E%. Film showing the insertion of & nephrestomy into the ditaled renal collectng
system (whith has been opacilied with contrast),

Hydronephrosis

Renal tract obstruction (hydronephrosis) may be unilateral or bilateral.

Causes of unilateral hydronephrosis

Pelvi-ureteric obstruction (PU])

Stones in ureter

Ureteric stricture {(tuberculosis, tumour, instrumentation)
Bladder tumour invading ureter

Extrinsic mass, .8 lmour from bowel, retraperitoneal fibrosis

e o & & @

Causes of bilateral hydronephrosis
& Prostatic outflow obstruction

* Pregnancy

= Rewroperitoneal fibrosisinodes



Investigations

® Ulirasound — demonstrates dilated renal pelvis and calyces may show dis-
tended ureter to level of obstruction

o VP — delayed excretion of contrast in obstructed kidney eventual
demonstration of dilated calyces, renal pelvis and ureter io level of

obstruction

Fig. E10. Film from an VP study showing bitaterally dilated renal collecting systems
Mole the dilated lelt and right uretes. This patient had bilsteral hydronephroses due
10 an enkarged prostate causing bladder outlet obstruction.

sisoydavospin
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The patient presented with a vague abdominal pain and had a right-sided
abdominal mass on examination,

Fig. E11. Section Trom an ultrasound study shewing a large hypoechoic solid mass arising
fromm (he upper pobe af thee kidney The Afpearances are '_.mpimml. af a rn._1||4_|:|'t:|n1 ELITTIEIL,

Frg E12 Secton from a C7 study conlitrming the fenad mass that is very laige and causindg exiinsic
compression of the bowel. The IVC and renal vein do not appear te be involved by tumour.



Renal tumour

Minety per cent of adult malignant renal wmours are renal cell carcinomas
[ 10% are bilateral).

Other tumours

& Transitional cell (especially in renal pelvis, urerer}
@ Sguamous cell - associated with calculi
& Wilms (nephroblasioma) in children

Presenting signs

e Abdominl imass

e Pyrexia

& Haematurii

@ Palycythacmia

& Metastatic symploms

Radiclogy investigations

Main film of abdomen - amorphous calcification
VP
® mass arising from Kidney
e distortion of calvces
® pnon-funclioning kidney
e Ultrasound - solid cchogenic mass within kidney extending beyond
surface when tumour is large
e CT
® pnass from kidney
o gxiension into renal vein/intravenous catheter (IVC) can be assessed
@ nodes and metastases can also be seen for staging

Chest radiograph — look for lung ‘cannonball” metastases

Differential diagnosis of renal mass

e Ahscess

e Hacmatoma

® Angiomyeolipoma

& Benign lesions, 8. hamartoma

|euay




This patient presented with haemanria.

Fig. E13. Section from a bladdes ultrasound stedy with the wine appearning black, Hote

Lhe thickening in the bladder wall. This is highly suspicious of an eadly bladder carcinoma.
A cystoscopy would be required to conliem this along with a biopsy of the area. in-additian,
a CF scon would be required to stage the bladder Wwmowr for fecther ineatment

Bladder cancer is one of the commonest malignancies of the urogenital tract.
It may present with haematria. The histology is usually o transitional cell car-
ciroma. Bladder cancer is associated with:

e Smoking

8 Scliistesora haematobinm infeciion (squamous cell carcinomal

@ Chronic changes from bladder stones (squamous carcinoma)

Investigations

& Ultrasournd = this may show bladder wall thickening

e IVP - may show filling defects in'the bladder. If the tumour is involving the
uretero-vesical junction there may be hydronephrosis present

® C1 scan - can be used 10 stage bladder tumours. Invasion beyond the
Bladder wall and distant nodes can be assessed



e Chest radiograph - look for lung metasiases

& Cystoscopy — mandatory in patients suspected to have bladder cancer.
Direet inspection can be performed and (umours can he reated endoscop-
ically by resection. In some cases cystectomy with ureteric diversion may
be necessary

The patient presented with generalized abdominal swelling. A pelvic
ultrasound was performed.

EV IS TH]

Fig. E14. Section from a pelvic ultrasound study demandtiating & thick-walled iregular cystic
structure, The stiugtune has solid and cystec components. In addition, there is some (uid
around this area. This is an abnoimal-looking ovary, The appearances are suggestive of
carcinama of the avary. Furiher staging with a CT scan would be requared.




Ovarian cancer

Oharian cancer is @ commonly encountered gynaecological malignancy. The
tmour eften presents lare as carly disease is often asympromatic.

Investigations

¢ Ulirasound (trans-abdominal or transvaginal) = a pelvic mass is seen sep-
arate from the uterus. The tumeuar may be solid, cystic or both, the wall of
the ovary may be thickened and septations may be present. Ascitic fluid
may alsobe present (peritoneal Metasases ane common)

& CT/MRI=used for staging. The solid/cystic nature of the mass can be seen.
Nodes can be identified; ascitic Muid, omental pathology can be seen

mnmmmupn'[pmm:_

Common ovarian tumours

Cystadenoms

Cystadenocarcinoma

Secondaries (Krukenberg tumours from stomach) (rare)
Benign ovarian lesions

@ follicular cyst (thin-walled spontaneous regression)

o corpus luteumcyst (in first trrimester of pregnancy)

Fig. E15. Transvanginal scan of a normal ovary with a leading lollicle present (see ammow).

o [



Figp. E16. Palient presented with hizavy periods. The ultrasound cxamination shows an
echoqenic meass in the uterus that has the appesanie of a libroid

Fiq. E17. Scan ol the normal uters showing a noimal midling endometiial ccho

J0UE) URLRAD
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Fig. E18. Pelvic radiograph showsng a cakeilied fsbioid in another patient. Mole the apion af
fiat In this patient who is obese.

Fibroids

The commonest gynaecological tumour is a fibroid. This is a benign tumour
(leiomyomal of the uterine smooth muscle. The uterus can be imaged using
either trans-abdominal or transvaginal ulirasound. Trans-abdominal scan-
ning requires a full bladder. Transvaginal scanning requires an empiy bladder
and the probe is introduced imo the vagina.

Ultrasound features

& Hypoechoic mass arising from myometrium
& Echogenic areas may be seen if calcific degeneration is present

Other tumours that can be diagnosed with
pelvic ultrasound

® (wanancarcinoma - echogenic mass in pelvic adnexa separate from uterus

& Endometrial carcinoma - increase in the diameter of the endometrial echo
-7 mim) especially in the post-menopawsal woman

Cancer of the cervix is best diagnosed early on smears. Staging of this tumour

is best carricd out using MR



SuDIE NNNIGO

Fig: E19a. Saginal 12-
weighted MR scan ol the
pelvis showang an abnoimal
signal mass in the cenix
suspicious of & large cervical
fumour (see arew)

o) E—

Fig. E19b. Scan showing an early intra-ulerine gestation with the head, bady and begs of
the developing foetus identifiable. The scan has been perfermed trans-abdaminatly.
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Ultrasound has revolutionized the way in which pregnancy is monitored, The
purpoze of antenatal scanning is 1o assess foetal position and viability. and
also o identify malformations. In very early pregnancy, a detailed visualiza-
tion of the gestation sac and foetal pole is possible using transvaginal scan-
ning {the probe is inserned into the vagina).

Common foetal anomalies diagnosed antenatally

& CNS
® hydrocephalus
& neural tube defects
@ cleft palate
* Thorax
& congenital diaphragmatic hernia
e candiac defects, e.g VSD, ASD, Fallot's, etc.
& Abdomen
& omphalocoele
o jnrestinal atresia
@ renal defects, eg. renal agenesis, polyeystic kidneys
* Limb defects = hydrops foc

Fig. E20. Patlent presenting wath a dght-sided breast lump. This is 2 mammageam, Note the
area of increased density thal has a specullated border, This has the appearance of a carcnoma
o the nght leeast. A lew nodes are noted in the axillary tails on these oblique propeciions

{see Bt
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Fig, E21. Ultrasgund of a breast showing a {Euid-filled, well-delmed smooth slivdluie. This
has the appearance of & cyst. The cyst can be apirated and 1luid can be examined 10
confirm the absende of malignant celts

Fig, E22. Wltrascund of a bicast showing an inegular hypocchoic mass undemeath the skin
suspicious of 3 cancer. Crosses show extent of lumoud (see amow),
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Mammeography

Mammography is the X-ray examination of the breasis. The breasis are com-
pressed and craniocaudal and lateral obligue views are taken. The density of
the breasts varies throughout awomans life, the breasts being predominantly
glandular in the young and fattyas one gets older. Glandular breasts are dense
on mammaograply and, therefore, cancers are difficult o see in this group.
Ultrasound examination is usually performed in younger women,

Signs of carcinoma on mammegraphy

Spiculated dense mass

Clustered microcalcification

Architectural distortion of adjacenti breast tissue
Skin thickening

Signs of benign lesions

& Usually smooth and well defined

& Coarse (larger) caleification

& Nospiculation or tissue distortion

Ultrasound can: be used to distinguish between solid amd oystic lesions.
Remember that it is not always possible to distinguish bBenign masses [rom
malignant lesions on mammography alone. Triple assessment is performoed;
& Examination/palpation

* Imaging

& Fine-necdle aspiration/ biopsy



The patient presented with swelling in the leg followinga long coach journey.

Section from an ulirasound study of the patients. veins. Mote the
cchogenic thrombus seen within the femoral vein. This is the appearance
of a thrombaosis.

Fe. E23b. Transwerse scan.

sroquioiy; upas daag
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Fig. E24. Yenogram showing filling delects in the call weins caused by thiombi

Deep vein thrombosis

Dieep vein thrombosis is a common clinical problem. Clinical diagnosis is often
inaceune.

Presenting signs

® Call pain
® Lepswelling
@ Paticnt may presemt with signs of pulmonary embolus



Investigations (radiological)

¢ Compression Doppler ultrasound
® Venography

Signs on Doppler ultrasound

@ Echogenic thrombus in the lumen of vein

e Vein nolcompressible

® Loss of venous flow pattern on/ Doppler

Doppler sonography is more accurate in femoral and popliteal vessels bt less
soin call veins. Follow-up scans may help diagnose propagating thrombus.

Venography

Mot usually performed as a first-line investigation. Involves injection of con-
trast medium inte veins on the dorsum of the foot and following the fow of
contrastup the leg.

The patient presented with abdominal pain radiating through (o the back.

Fig: E25. Section lrom an ultiasound study showing a very dilated agita. Mote the
cchagent thiombus on the posteriod wall

sisoquoly) uan daag
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Fig. E26. CF section taken thiough the abdomen. This section of the sludy demanstiates the
aoia, which is very dilated, The normal diameter should be =3 cm. A €1 scan enables the
visualization of calcification and thrombus within the aneurysm, In addition, it determines
the lergth of the anewrysm and the site of ogin and extent of ihe aneerysm. Using spiral
CT scanning, the aora can be reconstructed three-dimensienally enabling even belter

30 visualization of the aneurysm. This can help the surgeon plan for surgery.

Aortic aneurysm

An abdominal aortic aneurysm may present as an asympiomatic linding with
a pulsatile mass with or without back pain. It may also present acutely with
suspecied rupture/leak and can mimic the symptoms of renal colic.

Investigation of suspected rupture

CT scan with intravenous contrast:
¢ Enlarged aorta
Thromibbus inwalls

L]

& Leak of contrast oulside aoria
® Hetroperitoneal haemorrhage
L]

Dissection lap

Investigation in asymptomatic patients

& Plain abdominal film - calcified walls of aorta may be seen

& Ulrrasound —aonic diameter can be measured and the size can be followed up

& CTIMHEL Ciiin |:|1|:11.'i1_||_' wseful anatomical information about exiemnt of
ancurysim and invelvement of renal/ mesenteric vessels



Vascular intervention i

A 70-year-old man presented with a history of sudden onset of pain in his
right leg. What procedure has been performed and what does it show?

Fig. E27. image taken from an arténiogram of the patient's lower bmbs. A cotheter has been
inroduced into the distal aoria via an arenal punciure of the femeral artery al the groin
using the seldinger techmigue. Contrast has been inpecled via a pump and images of the
antedial vessels of the lower imb otnained 1o the level of the ankle, This frame shows a
normad left popliteal acteny with a good theee-vessel run-offinto the call

On the right there is an abrupt cot off noted in the popliteal arery with no fill-
ing of the tibial and peroneal vessels, Collateral vessels are noted at the knee.
The features suggest an anerial embolus that is occluding blood flow beyvond
the right popliteal artery.

* Anembolectomy (surgical approach)
* Thrombolysis — catheter placed within thrombus and thrombolytic agents
infused into it



:
%

* Catheter aspiration of thrombus
& Angioplasty if there is underlying stenosis of vessel
& Stenting can be considered insuitable cises

Other vascular procedures

Angioplasty

Insertion of wnnelled ceniral venous lines for chemotherapy, etc.

Stent insertion to keep narmowed vessels open

Embolization of bleeding vessels avd organs (o stop haesmorrhage
Insertion of IVC filters o prevent pulmonary embolus in patients with
significant femaoral thrombosis

& Cpiling arterio-venous mallormations

Fig, E2E, This &5 & sagittal image faken from a multi-slice CT study of the aorta. This scan has
been performed with intravenous contrast and shows the ascending and descending thoracic
acrta T * s a dissection [ap seen i the ﬂuswm!mu 1thodacic apdla with thrombus Seen m

thie aortic gach. This is an example of a dissection of the aorta (see amow).
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" Radiology plays a central role in diagnosis, management and even treatment
. ofapatient's condition. The increasing importance of radiology n clinical

& worldwide. Most radiology teaching for medical students is conducted around

W films of real patients on the ward or in tutorial groups within the radiology

bt department itself and, by reflecting this method of learning, the approach of
 this book will be familiar to students studying radiology atundergraduate

& level. The book adopts a systemic approach to cover the commonest clinical

B problems that are encountered on the wards, in tutorials and in examinations.
* Clearradiographs are each presented with brief e ports and an accompanying

discussion of the diagnosis, differential diagnosis and potential further
- o -‘i'lfr-:rfﬁtigatiansu This new edition is enhanced with many new images, and all
are nowclearly labelled and arrowed to highlight significant diagnostic
eatures.

";leuys of the first edition:

diology conjures up a plethora of reactions in medical students, from an
lisitive interest to pure hatred. Most share one thingin common, awish
mewhere else when a clinician asks youtopresentand interpret a
liological image. Those moments of motionless dread need not be so:
logy Made Easy is here to help us all This book is a splendid overview of
tof common imaging techniques and findings, includi ng plain radio-
.Mmagnetic resonance imaging, computed tomographyand ultra-
. Student BM|

f:....as anintroduction to rad iology 1 think it succeeds very well. It is up-to-date
kand nicelyillustrates the scope of radiology and the central role it plays in good
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