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Preface

This radiology atlas is a comprehensive compendium of paediatric surgical conditions encoun-
tered in a busy children’s teaching hospital. The expertise is drawn from a collection of current
and archival images spanning three generations of paediatric surgeons and radiologists. This
book deals with conditions that are encountered by the doctors who are in training for hospital
practice or general practice and acts as a reference manual for most conditions encountered in
childhood. I am grateful to late Professor Dan Young for passing his entire collection of images
to me.

The book is organized in seven sections that are each dedicated to an anatomical region.
Each section lists conditions under the categories of congenital, infection/inflammation,
trauma, tumour, and acquired. It is hoped that this layout will make it simple to access and
acquire knowledge of the conditions. As this book is on the use of radiological images in the
development of a diagnosis, the text is based on a definition of the condition, clinical symp-
toms and signs, and the best imaging, with a detailed description of the radiological signs that
indicate the conditions.

Line illustrations are used to illustrate some sections, and clinical photographs and patho-
logical specimens are used to explain some radiological signs.

Glasgow, UK Robert Carachi



A Tribute to Professor Daniel G. Young
(1932-2013)

Dan Young, who died aged 80, was a man of boundless compassion whose reputation for
always striving to do the best for each of “his children” stretched around the globe. Both a skil-
ful, ground-breaking surgeon and an admired academic, he became Glasgow University’s First
Professor of Surgical Paediatrics. Yet he never forgot, or was forgotten by, his patients, many
of whom remained in touch for years.

Just weeks before he died, one of his visitors was a mother who had lost her son 14 years
earlier. She still remembered him caring for her boy as though he was his own.

A further mark of the esteem in which he was held was the renaming of the Glasgow Unit,
where he worked for more than 20 years, as the Dan Young Neonatal Surgical Unit. A support
centre run by the Scottish Spina Bifida Association (SSBA), which he had served as Honorary
President, also bears his name.

“In the real sense of the word Dan had that unique, and sadly now rarely seen, vocation to
his profession”, said SSBA Chief Executive Andrew Wynd. “For him, long hours and hard
graft were not something to be challenged, but something to be celebrated because in that com-
mitment grew greater understanding and knowledge, greater experience and wisdom—
although he would never have acknowledged any of these qualities in himself”.

Born in Skipness, Argyll, Dan grew up on Lower Carbarns Farm, Netherton, outside
Wishaw, and was educated at Netherton Public School, Wishaw Academy Primary School, and
Wishaw High School.

In 1950, he began his medical studies at Glasgow University and during that time filled in
as a Locum Resident on both the medical and surgical sides at the city’s Royal Hospital for
Sick Children. This was when he first became aware of the multiple health problems and high
mortality rate of babies born with congenital defects, an experience that inspired him to spe-
cialise in this field.

Following his graduation in 1956, he completed his national service on a special short ser-
vice commission to the Ghanaian government, where he was in charge of the medical recep-
tion station at a recruiting centre in Kumasi. From there, he went to the Liverpool School of
Tropical Medicine, gaining a diploma in tropical medicine and hygiene, before returning to
Glasgow to become an Assistant Lecturer in the University’s Physiology Department. From
1961 to 1964, he was a Registrar in Surgery, during which time he became a Fellow of the
Royal College of Surgeons in Edinburgh. There then followed a spell at the world-famous The
Hospital for Sick Children at Great Ormond Street in London, where he was a Senior Registrar
and Resident Assistant Surgeon. In the late 1960s, he was a Senior Lecturer in Paediatric
Surgery at London’s Institute of Child Health and Honorary Consultant Surgeon at Great
Ormond Street and the Queen Elizabeth Hospital for Children in Hackney.

Dan returned north in 1969 to become Head of the Department of Surgical Paediatrics at
Glasgow University, based at the Royal Hospital for Sick Children. In 1971, the hospital’s
state-of-the-art Neonatal Surgical Unit was established at Yorkhill, and the following year, he
became a Fellow of the Royal College of Surgeons in Glasgow. His career spanned an era of
many advances in his speciality, and in the 1960s and 1970s, he was involved in the introduc-
tion of the first shunts to control hydrocephalus in new-borns, a procedure that hugely enhanced
the life expectancy of significant numbers of babies born with spina bifida and hydrocephalus.
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He also treated a wide range of other conditions, including deformities such as cleft lip and
cleft palate.

Whilst developing a fine paediatric surgery department, he had also cemented his reputation
as an excellent Educator, training surgeons from all over the world and helping to establish the
specialty of paediatric surgery in various countries. He was an Honorary Member of the asso-
ciations of paediatric surgeons in Hungary, Egypt, South Africa, and America, as well as a
Visiting Lecturer to Japanese and Australasian organisations, and was awarded a Doctorate
from the University of Wroctaw for his contribution in Poland and internationally.

During the 1980s, he chaired the committee that oversaw the establishment of the
Intercollegiate FRCS in Paediatric Surgery and was an Examiner in all the Fellowship and
Membership Examination of the British Royal Colleges of Surgeons for more than 30 years.

He was the British Editor of the Journal of Pediatric Surgery for 17 years and also contrib-
uted to and wrote numerous papers and books, including A History of Surgical Paediatrics,
Baby Surgery, and Children’s Medicine and Surgery.

In 1992, he was appointed Glasgow University’s First Professor of Surgical Paediatrics, a
role he held for 6 years. He retired from clinical practice at the same time but remained an
influential Emeritus Professor, regularly teaching students at the bedside for another decade
and mentoring numerous young surgeons.

A Fellow of the Royal College of Paediatrics and Child Health, he was President of the
British Association of Paediatric Surgeons and the British Society for the History of Paediatrics
and Child Health, holding the latter post until shortly before his death.

He was also Honorary President of the Scottish Spina Bifida Association for 30 years but
was somewhat bemused, said Andrew Wynd, when its National Family Support Centre in
Cumbernauld was named after him as a lasting tribute to his dedication.

Predeceased by his wife, Nan, and grandson, Euan, he is survived by his daughter, Rhoda;
his son, Kenneth; and five grandchildren.

Chronology
Daniel Greer Young (1932-2013)

1932 Born on a farm in Skipness, Scotland

1956 Graduated from the University of Glasgow

Special Short Service Commission in Ghana

Liverpool School of Tropical Medicine

Assistant Lecturer in Physiology Department, University of Glasgow

Senior Lecturer and Honorary Consultant at the Hospital for Sick Children, Great Ormond
Street Hospital, London, and at the Queen Elizabeth Hospital, Hackney

1969 Head of the Department of Surgical Paediatrics, University of Glasgow, based in the
Royal Hospital for Sick Children, Yorkhill

1971 The Neonatal Unit at the Royal Hospital for Sick Children was established and when
refurbished in 1991 was renamed “Dan Young Neonatal Unit”

1980 Chaired the Committee to oversee the establishment of the Intercollegiate FRCS in
Paediatric Surgery in Britain

1988-2005 Editor for the British Isles and Ireland for the Journal of Pediatric Surgery

1991-1992 President of the British Association of Paediatric Surgeons (BAPS)

1992-1998 Appointed the First Professor of Surgical Paediatrics in the University of
Glasgow Retired from clinical practice but was still active and continued teaching medical
students and mentoring trainees for a further 10 years

1999 Awarded the prestigious Denis Browne Gold Medal

2008-2010 President of the British Society for the History of Paediatrics and Child Health
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1977-2013 Named Honorary President of the Scottish Spina Bifida Association (SSBA)
and continued his work for the Association for over three decades. In 2007, the SSBA, in rec-
ognition of his service, named their new building The Dan Young Building

For 30 years, he was an Examiner of the British Royal Colleges for the FRCS and MRCS
and for the Diploma in Child Health for the Royal College of Physicians and Surgeons

Awarded a Doctorate by the University of Wroctaw in recognition of his contributions to
Polish paediatric surgery

Having assisted in the establishment of the speciality of paediatric surgery, he was made
Honorary Member of many national and international paediatric associations

Alison Shaw

Professor D.G. Young



A Tribute to Dr. Elizabeth Mary Sweet
(1928-2014)

Dr. Elizabeth Mary Sweet (Betty) studied medicine at Edinburgh University and subsequently
undertook several posts in paediatrics before training in radiology. In 1963, she was appointed
as Consultant Paediatric Radiologist at the Royal Hospital for Sick Children in Glasgow. She
was only the third woman to hold such a Consultant Radiologist post in Scotland and the first
in paediatric radiology. She retired at the age of 60 in 1988 after 25 years at the hospital.

At the time of her appointment, X-rays were the only tool available in radiology and con-
sisted of plain films and contrast studies. In 1958 in Glasgow, Donald, McVicar, and Brown
published their seminal paper “Investigation of Abdominal Masses by Pulsed Ultrasound”, and
the first commercial B scanner—the Diasonograph—became available. Betty, realising its
potential for children, undertook much of the early work in paediatric abdominal ultrasound,
particularly of the renal tract. This was greatly helped by the later provision of a “real-time”
machine. Prior to her retirement, the department also acquired a CT head scanner and a gamma
camera.

Betty’s expertise in paediatric radiology was recognised when she became President of the
European Society of Paediatric Radiology in 1985. She organised and hosted the annual meet-
ing in Glasgow that year. She was a Member of their study group who drew up recommenda-
tions for the safe practice of paediatric radiology. She was granted Honorary Membership of
the society in 1989. In 1993, along with Herbert Kaufmann (Berlin) and Hans Ringertz
(Stockholm), she was a Coauthor of the book The First 30 Years of the ESPR: The History of
Pediatric Radiology in Europe and wrote the chapter “Paediatric Radiology in Great Britain
and Ireland”, which outlined the development of the specialty.

Like many female consultants of her generation, she never married and, whilst working in
Glasgow, undertook the care of her elderly mother, which involved a daily round-trip of over
80 miles. She was a private person who set extremely high standards for herself and for the
department, and, perhaps, because of this, she was reluctant to delegate or to ask for help and
could appear intimidating. In retirement, she enjoyed travelling and regularly attended ESPR

Xi



xii A Tribute to Dr. Elizabeth Mary Sweet (1928-2014)

annual meetings. Sadly, she developed dementia in her 80s, ultimately spending her last few
years in a home.

A former member of the hospital said, on learning of her death, “Betty was unique”.

Royal Hospital for Sick Children Ruth McKenzie
Yorkhill, Glasgow, UK

Dr. Elizabeth Sweet
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Introduction: Paediatric Radiology

Greg J. Irwin

1.1 Introduction

Radiology as a specialty came into being due to a series of
significant discoveries in the field of physics. A succession of
innovators has taken novel scientific phenomena, and from
them developed strategies to image the human body.

Paediatric radiology as a separate subspecialty is rela-
tively new, although the first clinical X-ray taken in America,
on 3 February 1896, was of a 14-year-old boy’s wrist. The
first book specifically concerned with paediatric radiology
was published in 1910.

In the 1940s, John Caffey described the association of
multiple long bone fractures and chronic subdural haemato-
mas, creating the debate that first established the existence of
physical child abuse. Radiology continues to have a promi-
nent role in the investigation of this condition. Caffey pub-
lished his landmark textbook Pediatric X-Ray Diagnosis in
1945, which now continues in 2018 in its thirteenth edition.

The Society for Pediatric Radiology (SPR) was founded
in America in 1958, electing Edward Neuhauser as its presi-
dent, and was followed by the establishment of the European
Society of Paediatric Radiology (ESPR) in 1963. Paediatric
neuroradiology emerged as the first formal subspecialty of
paediatric radiology during the late 1960s.

1.2  Discovery of the X-Ray

X-rays were discovered on 8 November 1895 by Wilhelm
Conrad Rontgen, working in Wurzburg, Germany. Perhaps
appropriately for the father of radiology, the discovery was
made in a darkened room. He was performing experiments
with cathode ray tubes, where streams of electrons pass across
a vacuum, colliding forcefully with the metal of the anode.

G. J. Irwin ()

The Royal Hospital for Children, Queen Elizabeth University
Hospital, Glasgow, Scotland, UK

e-mail: Greg.irwin@ggc.scot.nhs.uk

© Springer Nature Switzerland AG 2020

The tubes were entirely covered so that no light could escape,
but nonetheless Rontgen observed that a screen several feet
from the tube began to fluoresce when the current was applied.

It was apparent that some sort of invisible ray was being
emitted by the tube and shining upon the screen. These he
termed X-rays; the designation “x”” was intended to be a tem-
porary name, indicating that the nature of the ray was
unknown. He immediately began to investigate the proper-
ties of this new form of ray. His earliest experiments investi-
gated the ability of the X-rays to cast a shadow from various
objects interposed between the tube and the screen, and
recorded the results upon a photographic plate. Rather than
stopping all of the X-rays, objects were shown to be variably
transparent. Paper, wood, and cloth were penetrated easily,
as were, to differing degrees, various metals.

One of the first recorded X-rays of a living human was
performed on the hand of Rontgen’s wife Anna-Bertha. Due
to the low output of the unmodified tube, the exposure time
was in the region of 30 min. By contrast, a modern hand
X-ray exposure time is in the region of milliseconds. These
early X-rays immediately showed their potential in medical
investigation, successfully localising glass and metallic for-
eign bodies in various patients and facilitating their removal.

Rontgen’s paper entitled “On a New Kind of Rays”
(Ubereineneue Art von Strahlen) was immediately published
in December 1895. News of his discovery quickly spread,
and Rontgen became famous and bestowed with many hon-
ours, including the Nobel Prize for Physics in 1901.

What is believed to be the first medical X-ray department
in the world was set up in Glasgow Royal Infirmary, Scotland,
in March 1896, by Dr. John Macintyre. Rontgen had sent a
copy of his paper to Lord Kelvin in Glasgow in early 1896,
who passed it on to Macintyre’s group, along with necessary
apparatus. Some of the examinations attributed to this depart-
ment include the first X-ray depictions of a bullet, and
another of a coin in the oesophagus (Figs. 1.1, 1.2, and 1.3)

Due to the long exposure times, early radiographs were
much more successful in imaging the peripheral skeleton
than the chest or abdomen, where movement artefact and the

R. Carachi (ed.), Atlas of Paediatric Surgical Imaging, https://doi.org/10.1007/978-3-030-32384-4_1
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Fig. 1.1 An early
photograph, probably late
1890s, of a chest X-ray being
taken in Glasgow Royal
Infirmary. Note the X-ray tube
(arrow) is completely
unshielded and is bathing the
whole room in X-rays (Image
courtesy of NHS Greater
Glasgow and Clyde Archives)
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Fig. 1.2 A 1905 image of fluoroscopy. The X-ray tube is behind the
patient. The examiner is standing directly in the primary X-ray beam,
observing the movement of the heart and diaphragm on the fluorescent

screen he is holding (Image courtesy of NHS Greater Glasgow and | Infi ith <
Clyde Archives) Royal Infirmary, used with permission)

Fig. 1.3 An X-ray of a half penny impacted in a child’s upper oesopha-
gus, taken by Dr. John Macintyre. The image was exhibited at the Royal
Society in June 1896 (Image copyright of Medical Illustration, Glasgow
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thickness of the tissues spoiled the images. Improvements in
X-ray tube design allowed for shorter exposures, as did
advances in the construction of the film plates. Fluoroscopy
was achieved by the examiner holding a fluorescent screen
between his eyes and the patient, all the time directly in the
path of the primary X-ray beam!

Although there were many early reports of skin damage,
the harmful effects of radiation were not initially fully appre-
ciated. Many early X-ray workers suffered burns, lost fin-
gers, hands, or eyes, or succumbed to radiation-induced
cancers. The Martyrs Memorial to 169 who lost their lives
was dedicated in 1936 outside the Rontgen Institute of St.
George’s Hospital in Hamburg.

Modern X-ray set ups still use X-ray tubes based on the
same design. They are, however, heavily shielded, and
include collimators to enable the area irradiated to be mini-
mized. Films have been replaced with digital sensors, and
the processed images are sent electronically to picture
archiving and communications systems (PACS). The images
are then immediately available for reviewing at multiple geo-
graphically separate locations. Currently a National PACS
system is installed and accessible across the whole of
Scotland, on which all imaging modalities are stored.

1.3  Ultrasound

Medical ultrasound has its roots in the development of
SONAR (Sound navigation and ranging). In the First World
War, experiments were underway to develop sonar for sub-
marines. It was known that bats could navigate by listening
for the echoes of the high frequency sound waves they pro-
duced, and it was hoped to replicate this principle underwa-
ter. The sinking of the RMS Titanic after it struck an iceberg
in 1912 had added impetus to the project.

An early system developed in 1914 by Fessenden was
partially successful, but its direction-finding ability was lim-
ited owing to the low frequency of the sound waves it used.
High-frequency sound waves (hence ultra sound) were pro-
duced with quartz crystals glued between steel plates by the
French physicist Paul Langévin, using the piezoelectric
effect. This is where crystals are caused to change size and
vibrate by passing electrical currents through them and vice
versa (the inverse piezoelectric effect). This produced a short
“chirp” of high-frequency sound underwater. By timing how
long it took the echo to return, and knowing the speed of
sound in water, it was possible to determine the distance
from the source of the sound to the source of the echo. In
practice, this gave the distance from the ship to the subma-
rine/seabed/iceberg. The pulse echo technique was devel-
oped using radio waves rather than sound waves in the
development of RADAR (radio detection and ranging).

A parallel field of study was in the use of ultrasound to
detect otherwise invisible flaws in metal. During the Second
World War, several groups were investigating the technique

at the same time in different countries. Wartime also proved
the catalyst for further sonar development.

The application of ultrasound to medicine was initially
confined to attempts at therapy, rather than diagnosis. High-
frequency ultrasound generated heat, which was used in
many conditions as symptomatic treatment. The destructive
force of high-energy sound waves was also used as a neuro-
surgical tool for ablation of parts of the brain.

Working in America in the late 1940s, George Ludwig
began animal experiments using metal flaw-detector equip-
ment to identify foreign bodies, such as gallstones that had
been surgically implanted into dogs. His work established
many fundamental concepts of diagnostic ultrasonography.

Ian Donald, an obstetrician and gynaecologist working in
Glasgow, Scotland, conducted experiments on tumours freshly
removed from human patients. The ultrasound device was pro-
vided by a local boilermaker, where it was used to check the
integrity of metal welds. It was immediately apparent that dif-
ferent traces were produced by different masses, and further
experiments on in vivo tumours were planned. Difficulties
were encountered in transferring the industrial equipment to
clinical usage. Initially a small bucket of water with a latex
bottom was placed on the patient’s abdomen, which itself was
smeared with lubricating jelly to exclude air. The ultrasound
probe was then applied to the surface of the water. Subsequently,
direct application of the probe to the skin, with olive oil as a
coupling film, proved less hazardous. There was an early clini-
cal success: a middle-aged woman thought to be dying of a
gastric carcinoma with ascites, was instead shown to have an
enormous ovarian cyst. This was removed, and the patient
made a full recovery. Donald notes in his memoir, however,
that after this success he was “inflicted with horrid specimens
of [the patient’s] grandchild’s attempts at cooking by way of
an expression of gratitude.”

Donald went on to publish a landmark paper in the Lancet
of 7 June 1958, “Investigation of abdominal masses by
pulsed ultrasound.” His co-worker James Willocks went on
to establish the utility of biparietal measurement of the fetal
skull to measure growth (Figs. 1.4 and 1.5).

From the mid-1960s there was a rapid increase in the use
of diagnostic ultrasound, matched with great enhancements
in the scanning machines. Early commercial machines were
large and cumbersome, with either large fixed gantries or
articulated probe arms. Original (A mode) scan displays were
simply blips on an oscilloscope trace, although accurate mea-
surements with these systems were possible. More advanced
electronics needed to be developed before cross-sectional (B
mode) images with grey scale could be produced. The next
major innovation was that of real-time scanning, which relied
upon mechanical rotating or oscillating transducers to quickly
sweep back and forth across the area of interest, building up a
moving picture. These in turn have been superseded by elec-
tronic phased array transducers. Doppler techniques have
developed in parallel to grey scale imaging, and from the out-
set have allowed investigation of the movement of heart
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Fig. 1.4 Hounsfield’s prototype for the CT scanner. Note the section of

brain in the centre of the image

Fig. 1.5 1963 ultrasound performed by Prof. Ian Donald, showing a
foetus in utero (arrow) using the urinary bladder (arrowhead) as an
acoustic window

valves, and the flow of blood in peripheral vessels. The
increasing processing power of newer computers has enabled
the addition of 3D scanning, which uses advanced surface
shading and volume rendering (Fig. 1.6). Further develop-
ments in ultrasound elastography, and contrast agent imaging
are gaining widespread clinical use.

1.4 Computed Tomography

Sir Godfrey Hounsfield, an English engineer, invented the
computed tomography (CT) scanner. During the Second
World War he joined the Royal Air Force as a radar mechanic
instructor. Joining EMI in 1951, he initially continued his
work on radar and guided weapons. He subsequently led the
design team building the first all-transistor computer to be
built in Britain.

Fig. 1.6 Modern 3D ultrasound of a foetus of 20 weeks gestation

During a walk in the countryside in 1967, Hounsfield had
the germ of the idea that was to become computerised tomog-
raphy. He realized that “you could determine what was in a
box simply by taking readings at all angles through it.” In
practice, this required a minicomputer to reconstruct a pic-
ture from X-ray measurements taken through the body at a
multitude of different angles. The computer was essential
because hundreds of thousands of calculations would need to
be made.

Initial tests with gamma rays were too slow, but even
switching to X-rays still required a scanning time of 9 h. The
first scan of human tissue was performed on a preserved
human brain from a local hospital museum, and successfully
showed differentiation of grey and white matter. Fearing that
the preservation process had enhanced the images, Hounsfield
substituted fresh bullocks’ brains. In scanning through the
carcasses of pigs, problems were encountered as each picture
took a day to acquire, during which gas bubbles formed and
expanded within the tissues.

Faster prototypes were produced, and the first patient was
scanned on 1 October 1971 at Atkinson Morley’s Hospital in
South London. The patient had a suspected brain lesion, and
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the scan demonstrated a frontal cyst. The next step was a
machine capable of scanning the body, and a larger and faster
scanner was produced capable of taking a picture in 18 s. The
first body images produced in the body prototype were of
Hounsfield himself.

Hounsfield proposed a scale for measuring the relative
absorption values in CT, from 1,000 for bone, 20—40 for tis-
sue, O for water and —1000 for air. These Hounsfield units
remain the standard unit for CT imaging density. He was
awarded the Nobel Prize in Physiology or Medicine in 1979,
sharing the honour with Allan Cormack, a South African
physicist of Scottish descent.

1.5 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a complicated imag-
ing technique, and the history of its development is no less
complex. In many ways it is well suited to investigate chil-
dren, giving fantastically detailed images with unparalleled
soft-tissue contrast. However, the machine is expensive and
apt to induce claustrophobia, and the long scan times may
require sedation or general anaesthetic for younger patients.
The use of strong magnetic fields precludes scanning of
patients with certain metallic implants, but the absence of
ionizing radiation secures it a place in the arsenal of the pae-
diatric radiologist.

Expressed simply, placing the body in a strong magnetic
field causes the hydrogen nuclei of the water molecules found
throughout the body to line up. A brief radio wave is applied,
which pushes these protons out of alignment. When the pro-
tons flick back into line, they release energy, which is detected
and localised by the scanner. Areas with lots of water release
relatively more energy, and the scanner builds up a cross-sec-
tional picture of the body, depending upon the amount of
water, and therefore the amounts of energy released.

MRI was initially termed Nuclear Magnetic Resonance
(NMR). Working independently in the 1940s, Felix Bloch at
Stanford University and Edward Purcell at Harvard
University found that some nuclei in a magnetic field
absorbed radiofrequency range energy and emitted this
energy upon returning to their original state. Their discover-
ies in nuclear magnetic absorption earned them each a share
of the Nobel Prize in Physics in 1952. NMR spectroscopy
was used by physicists to investigate the properties of small
samples in high-strength magnetic fields, not to produce ana-
tomical images.

In the early 1970s, Raymond Damadian found that nor-
mal and cancerous tissue could be separated in vitro accord-
ing to different physical parameters using NMR. This raised
the possibility of non-invasive tumour characterisation, and
in 1974 Damadian constructed a scanner with the intention
of analysing the whole body.

In 1973 Paul Lauterbur, a professor of chemistry at the
State University of New York, published a paper in Nature
describing an imaging technique for the spatial localization
of two capillary tubes of water inside a narrow tube of heavy
water. The introduction of gradients allowed two-dimensional
images to be produced. Reportedly, he was eating a ham-
burger at the time when the idea occurred, and he jotted it
down on a napkin. The development of this idea resulted in
the award of the 2003 Nobel Prize in Physiology or Medicine,
shared with Sir Peter Mansfield. Mansfield is a British physi-
cist who further developed the utilisation of gradients and
showed how the signals could be mathematically analysed to
develop a useful imaging technique. He discovered how fast
imaging could be performed with the echo planar technique,
and laid the basis for functional MRI.

By 1980, Edelstein and Hutchison at the University of
Aberdeen in Scotland had developed a practical two-
dimensional imaging technique, dubbed “spin-warp imag-
ing,” and the world’s first clinical diagnostic MRI service
was started at the Aberdeen Royal Infirmary in August of that
year.

1.6  Nuclear Medicine

Nuclear medicine uses radioactive isotopes to image the
body and to treat disease. As the isotopes can be attached to
various pharmaceutical compounds, analysis of a wide range
of physiological function and anatomy is possible. Two
important applications of nuclear medicine in the field of
paediatric radiology are imaging of the renal tract and
oncology.

The 1903 Nobel Prize for Physics was shared by Henri
Becquerel and Marie and Pierre Curie for their work in
the discovery of radioactivity. Whilst investigating a pos-
sible connection between Rontgen’s X-rays and natural
phosphorescence in 1896, Bequerel discovered by chance
that uranium emitted radiation that exposed photographic
film. Marie and Pierre Curie continued his work, discov-
ering polonium (named after Marie’s native Poland) and
radium.

Unfortunately, some early applications of radioactivity
included the addition of radioactive compounds to water
as a cure-all, and to toothpaste promising ‘“radioactive
brilliance.”

The use of radioactivity in imaging required the use of
tracers with a short half-life, to limit the potential for side
effects. In 1937 iodine-131 was created, followed by the pro-
duction of technetium-99m in 1938, which remains the most
commonly used isotope in nuclear medicine. These and
many other isotopes were created using a cyclotron, an appa-
ratus that accelerates charged particles to great speed in a
vacuum chamber and fires them at a target. The cyclotron
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was invented and developed by Ernest Lawrence, later to
receive the Nobel Prize in Physics for his work (and to have
the element lawrencium named in his honour).

The use of isotopes in imaging was revolutionised in
the1950s by the invention and development of the first clini-
cally successful scintillation camera by Hal Anger at the
University of California at Berkeley. The design principle of
his gamma camera was so successful that it is still the basis
of most of those used today. The technology has evolved to
form the basis of single photon-emission computed tomogra-
phy (SPECT) and positron emission tomography (PET),
which permit cross-sectional imaging, analogous to
CT. SPECT uses standard nuclear medicine tracers, but PET
uses a different class of short-lived tracers that emit posi-
trons, also produced in a cyclotron. The necessity of an
accessible cyclotron has slowed the introduction of PET. As
of 2008 there were approximately 1500 PET centres in the
United States of America, while in the United Kingdom the
modality was only emerging as a highly specialized regional
service. The most widely used PET tracer is currently fluo-
rine-18 fluoro-deoxy-glucose (FDG), which produces
images of tissue metabolism.

The images produced in nuclear medicine are generally of
low resolution, and these can now be enhanced by combin-
ing the images with high resolution CT techniques, hence
SPECT/CT and PET/CT. The fused images produced by
these complementary techniques combine functional infor-
mation with anatomical detail, and these can be used to
improve the localization of certain disease processes and
enhance diagnostic accuracy. The primary application of
PET in children is in oncology, where it particularly useful
for the diagnosis and staging of disease, as well as for assess-
ing the response of individual treatments.

1.7  Dose Considerations and ALARA

ALARA stands for “as low as reasonably achievable,” and
this is the guiding principle where ionising radiation is
being used. The most effective way to reduce dose is to not
perform the examination at all! X-rays, fluoroscopy, CT
scans, nuclear medicine studies, and PET all use ionising
radiation, and consideration should be given as to whether
the information sought could be obtained using ultrasound

or MRI scanning. If not, then the examination should be
tailored to use the minimum radiation dose necessary to
produce diagnostic images. To an extent, the risks of rela-
tively low levels of radiation are unknown. Nonetheless, it
is prudent and responsible to minimise any chance of
potential iatrogenic injury to our patients. Children’s tis-
sues are inherently more radiosensitive than those of adults,
and children also have longer to live and develop delayed
(stochastic) effects of radiation.

Good communication between the surgeon and radiolo-
gist is vital to allow a collaborative approach to dose reduc-
tion. A close working relationship reduces errors and,
particularly in emergency situations, the surgeon will often
be present during the study.
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Head and Neck

Sandra Butler

This chapter is amply illustrated with both clinical and
radiological imaging of a selection of conditions. Many
congenital conditions are seen in the head and neck of
infants and children. Also very common in all children are
inflammatory conditions of the head and neck; only severe
clinical conditions are described here. Also described in
great detail are the wide range of head injuries from trauma,
as well as tumours of the head and neck. Finally, a selection
of acquired conditions is depicted.

2.1 Congenital Conditions

2.1.1 Craniosynostosis

Craniosynostosis is the premature fusion of one or more cra-
nial sutures. It usually occurs as an isolated condition, but in
10-20% of cases, it may be part of a syndrome. Skull growth
normally occurs perpendicular to the long axis of a suture.
Premature closure, or synostosis, of a suture instead causes
growth to occur parallel to the long axis, causing characteris-
tic abnormalities of skull shape (Fig. 2.1).

Synostosis of the sagittal suture causes the skull to expand
in its anteroposterior dimension, known as scaphocephaly
(also called dolichocephaly) (Fig. 2.2). This is the most com-
mon type of synostosis. Standard skull X-rays are usually
diagnostic, but CT scans with 3D reconstructions may be
required if corrective surgery is being considered (Fig. 2.3).

If the synostosis affects the coronal or lambdoid suture
bilaterally, the skull becomes abnormally short in the antero-
posterior dimension, with commensurate increase in skull
width, known as brachycephaly. Unilateral synostosis of the
coronal or lambdoid suture causes anterior (frontal) or poste-
rior (occipital) plagiocephaly respectively, giving the skull
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Fig. 2.1 Clinical photograph of flattened occiput in an infant due to
premature fusion of the lambdoid sutures

an asymmetrical, skewed appearance. Posterior plagioceph-
aly due to synostosis may need to be differentiated from
positional posterior plagiocephaly, increasingly seen due to
babies being nursed exclusively in the supine position.
Synostosis of the metopic suture, the vertical suture in the
centre of the frontal bone, leads to trigonocephaly. The child

R. Carachi (ed.), Atlas of Paediatric Surgical Imaging, https://doi.org/10.1007/978-3-030-32384-4_2
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Fig. 2.2 Lateral skull radiograph demonstrating scaphocephaly due to
premature closure of the sagittal suture
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Fig. 2.4 Frontal skull radiograph demonstrating hypotelorism due to
premature fusion of the metopic suture

Fig.2.3 3D reconstructed CT images of skull showing prematurely fused sagittal suture (a) and scaphocephaly (b)

has a triangular-shaped forehead that may be associated with
hypotelorism (Figs. 2.4 and 2.5).

Intrauterine premature fusion of the coronal, sagittal,
and lambdoid sutures results in a cloverleaf skull (in
German, kleeblattschdidel). In this severe type of craniosyn-
ostosis, bulging of the intracranial contents results in a
characteristic trilobed appearance of the skull and thinning
of the calvarial bones (Figs. 2.6 and 2.7). The condition is
associated with a number of syndromes. Patients usually
have intellectual impairment and proptosis.

A common secondary synostosis seen in surgical practice
occurs after ventricular shunting. In these patients, treatment

of hydrocephalus reduces the internal pressure within the
skull vault, resulting in diminished growth stretch at the
sutures and premature functional fusion of one or more cra-
nial sutures (Fig. 2.8).

2.1.2 Encephalocele

An encephalocele, also known as meningoencephalocele, is
a neural tube defect with sac-like herniation of brain tissue
and meninges through a defect in the skull. Seventy-five
percent of lesions are in the occipital region but other areas
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Fig. 2.5 Axial CT (a) and 3D reconstructed (b) images show trigonocephaly due to premature fusion of the metopic suture. Note the typical tri-

angular appearance of the frontal bone, with a prominent midline ridge

Fig. 2.6 Cloverleaf skull. Coronal reformatted CT image shows the
trilobed shape of the skull due to bulging of membranous bone between
the fused sutures

are affected (Fig. 2.9). There may be associated craniofacial
abnormalities or other brain malformations. Hydrocephalus
may also complicate this condition.

High-resolution CT may be used to delineate the anat-
omy of the bony defect, but MRI better defines the con-
tents of the extracranial mass and its connection to the
brain (Fig. 2.10). There may be associated Chiari or
Dandy-Walker malformations, or migrational abnormali-
ties of the brain. MR venography (MRV) is used to demon-
strate any venous involvement in these lesions. Nasal
encephaloceles may be difficult to assess clinically, and
here CT is used in addition to MRI to investigate the bony
anatomy. MRI is very helpful in differentiating a fronto-
ethmoidal encephalocele from a nasal dermoid cyst or
nasal glioma.

2.1.3 Anencephaly

Anencephaly is a neural tube defect that results in absence
of a major part of the brain, cranial vault, and scalp. It is
usually detected antenatally on fetal ultrasound scanning,
which, in combination with elevated maternal alpha-feto-
protein measurement, allows for reliable diagnosis.
Although the brain may appear normal initially, absence of
the cranium is demonstrable from 11 weeks gestation. The
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Fig.2.7 Lateral (a) and frontal (b) 3D reformatted CT images of head demonstrating bulging and marked thinning of the calvarium in a child with

cloverleaf skull

Fig.2.8 Lateral skull radiograph showing secondary synostosis of cra-
nial sutures as a result of ventriculoperitoneal shunt insertion

fetal brain becomes progressively more abnormal, appear-
ing absent later in gestation. The condition is incompatible
with life.

Post mortem radiographic assessment of an affected fetus
is performed to look for other associated defects that may
affect genetic counselling of the parents (Fig. 2.11).

2.1.4 Cutis Aplasia Congenita

In cutis aplasia congenita, a focal area of skin is absent at
birth. It most commonly involves the scalp, but any part of
the body can be affected. It typically presents as a solitary
defect within the scalp, although multiple lesions can occur.
The condition can be mistaken for iatrogenic injury caused
by forceps delivery or application of a fetal scalp electrode
during labour.

The majority of scalp lesions arise on the vertex, adjacent
to the midline. The defect is usually seen as a well-defined,
punched-out lesion within the scalp (Fig. 2.12). Some cases
have an associated calvarial defect, which can be demon-
strated on CT scanning (Fig. 2.13). Calvarial defects can lead
to intracranial complications such as sagittal sinus bleeding
or thrombosis and meningitis.
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Fig. 2.9 (a) Clinical photograph of posterior encephalocele. (b) Clinical photograph of anterior encephalocele. (¢) Clinical photograph of sagittal
encephalocele. (d) Clinical photograph of occipital encephalocele



Fig. 2.10 Large occipital meningoencephalocele. T2-weighted sagit-
tal MR image demonstrates a large CSF-filled sac extending from the
occipital region of the skull. The cephalocele contains some brain tis-
sue. There is associated distortion of the posterior cerebrum and
cerebellum

Fig.2.11 Anencephaly. This AP fetal radiograph shows absence of the
skull vault and brain tissue. The skull base and facial bones are present

2.1.5 Choanal Atresia

Choanal atresia is a condition characterised by anatomical
closure of the posterior nasal passage. The closure may be
unilateral or bilateral and may be bony, bony-membranous,
or membranous. This condition is associated with a number
of syndromes.
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Fig. 2.12 Clinical photograph of cutis aplasia of scalp, showing a
well-defined, punched-out lesion within the posterior scalp

Fig. 2.13 Axial CT image demonstrates focal bony deficiency in the
posterior left skull, subjacent to an area of cutis aplasia

A newborn baby breathes through the nose. In most
infants, the technique of mouth breathing is acquired slowly
during the first 3 months of life. Bilateral choanal atresia thus
results in severe dyspnoea, or apnoea during feeds. When the
condition is unilateral, the risk to life is much lower. Feeding
difficulties are experienced because of the inability to suck
and breathe at the same time.

Diagnosis can be confirmed by observing that the passage
of a nasogastric catheter is arrested at the level of the choana,
only a few centimetres into the nose. Historically, lateral
radiographs of the skull were taken after the nasal cavities
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Fig. 2.14 Historical lateral radiograph demonstrating choanal atresia.
Contrast fills the nasal passage with no evidence of drainage into the naso-
pharynx. Note the oropharyngeal tube maintaining patency of the airway

Fig. 2.15 Bilateral membranous choanal atresia. This historical axial
CT image shows a thin membrane across the posterior nasal passage
bilaterally

had been cleared of secretions and contrast medium inserted
(Fig. 2.14). Today, CT is performed to demonstrate the anat-
omy of the nasal passage. To prevent false-positive diagnosis
of membranous atresia, intranasal decongestants are admin-
istered before scanning, and gentle suction of each nostril is
performed. The imaging features of choanal atresia include
abnormal narrowing of the posterior choana on one or both
sides due to medial bowing of the maxilla, thickening of the
posterior vomer and the presence of a membranous or bony
septum extending across the posterior choana, with an air-
fluid level above the obstruction. Narrowing of either choana
below 4 mm in transverse diameter is considered diagnostic
of atresia (Figs. 2.15, 2.16, and 2.17).

2.1.6 Dermoid

Dermoids are developmental lesions that contain skin and
skin appendages, arising from islands of ectodermal tissue.
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Fig. 2.16 Right-sided membranous choanal atresia. Axial CT image
demonstrates a fluid level in the right posterior choana. Drainage of
mucus is prevented by a thin membrane. There is thickening of the right
side of the vomer and medial bowing of the right posterior maxilla

Fig.2.17 Bilateral bony choanal atresia. Axial CT image shows oblit-
eration of the posterior choana bilaterally due to a bony bar. The vomer
is thickened and there is medial deviation of the posterior maxilla bilat-
erally. Bilateral fluid collections are present in the choanae

Although congenital, they may not be diagnosed at birth.
They are slow-growing lesions and usually become apparent
in the first decade of life, presenting as painless swellings.
The commonest locations for dermoid cysts within the head
are periorbital, nasal, submental, and along the cranial
sutures.
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2.1.6.1 Orbital Dermoid Cyst
Most orbital dermoid cysts are superficial and situated in the
area of the lateral brow, adjacent to the frontozygomatic
suture. Superficial lesions may also be identified along the
medial canthus of the orbit. Deeper orbital lesions are rare
and located within the eye. They can present with proptosis.
Imaging of superficial periorbital dermoid cysts is some-
times performed with MRI to determine if there is posterior
extension into the orbit. The cysts appear as well-marginated
lesions, which may cause scalloping of the adjacent bone.
Internally, they have the signal characteristics of lipid
because of sebaceous secretions. They therefore appear
bright on T1 and T2-weighted sequences (Fig. 2.18). The
internal lipid signal nulls out (becomes dark) on fat-
suppressed sequences. The cyst contents usually do not
enhance with contrast. There may be enhancement of the
cyst wall.

2.1.6.2 Nasal Dermoid

In embryological development, a dural diverticulum that
extends from the anterior cranial fossa to the nasal tip nor-
mally regresses and disappears. Incomplete separation of the
dura from the skin can lead to dermal elements being pulled
into the regressing dural tract. If this happens, a dermal sinus

Fig. 2.18 Superficial dermoid cyst of left orbit (arrow). Axial
T2-weighted MR image shows an ovoid structure with high signal con-
tents along the lateral aspect of the left orbital wall
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tract can form along the regression path. Dermoid and epi-
dermoid cysts also can form along the path, either alone or in
combination with a dermal sinus tract. Cysts can therefore
occur anywhere along the course of the regressing dural
tract, from the nasal tip to the anterior cranial fossa.

A nasal dermoid cyst presents as a swelling along the dor-
sum of the nose or the glabella. A sinus may be present with
hairs and/or a sebaceous discharge emanating from its ostium.
Intracranial extension cannot be determined clinically.
Complications of nasal dermoid infection include meningitis,
intracranial abscess, and venous sinus thrombosis.

Preoperative MR imaging is performed to confirm the
diagnosis of a dermoid and exclude other causes of a midline
nasal mass, such as a nasal glioma or nasal encephalocele.
High-resolution MRI using very thin slices can help to iden-
tify an enhancing sinus tract. It is important to look for any
intracranial extension (Fig. 2.19). High-resolution CT scan-
ning is useful to assess for bony defects such as widening of
the foramen cecum or a bifid crista galli if intracranial exten-
sion is suspected (Fig. 2.20). Dermoid cysts are identified as
round lesions with high signal on T2-weighted MR imaging.
They demonstrate variable signal intensity on T1-weighted
imaging, depending on the cyst contents. If there is current or
recent infection, the cyst may demonstrate contrast enhance-
ment (Fig. 2.21).

2.1.7 Haemangioma

The nomenclature and classification of vascular lesions have
progressed from historical clinical descriptions such as
“strawberry birthmark™ and “salmon patch” to terminology
based on the histopathological and blood flow patterns of
these anomalies. A classification system, originally described
by Mulliken and Glowacki in 1982, has been developed by
the International Society for the Study of Vascular Anomalies
(ISSVA) and is now considered the standard. The adapted
system divides vascular anomalies into two broad categories:
proliferating vascular tumours and vascular malformations.
Vascular tumours demonstrate abnormal proliferation of
endothelial cells, whereas vascular malformations are struc-
tural abnormalities of the capillary, venous, lymphatic, and
arterial systems that grow in proportion to the child.

Haemangiomas, the most common tumour in infancy,
with an incidence of 2-3%, represent the majority of prolif-
erating vascular tumours. Infantile haemangiomas represent
about 70% of all haemangiomas. They are found on the head
and neck in approximately 60% of cases (Fig. 2.22). They
typically appear within the first 6 weeks of life and prolifer-
ate in the first year. The tumours involute between 1 and
8 years of age, with complete involution occurring by puberty
in most cases.
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Fig.2.19 Nasal dermoid tract with intracranial dermoid cyst. (a) Axial
T2 short-TI inversion recovery (STIR) MR image shows a midline der-
moid tract (arrow) extending from the glabella through the nasal bone,
with a small dermoid cyst in the foramen cecum. (b) Sagittal post-
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contrast T1-weighted fat-saturated MR image demonstrates enhance-
ment of the tract (arrow) and the intracranial dermoid cyst. The small
ovoid structure anterior to the glabella is a skin marker denoting the
position of the external punctum of the tract

Fig. 2.20 Axial CT (a) and frontal view of 3D reformation (b) show a small, midline bony deficiency in the nasal bone (arrow) due to a nasal
dermoid tract. An enlarged foramen cecum is seen posterior to the bony deficiency on the axial image

Nearly all infantile haemangiomas are managed clini-
cally without imaging, but those that might affect the airway
or disturb vision, and those that are associated with other
anomalies, may be imaged in order to assess the extent of
disease. Ultrasound and MRI are the most useful imaging
techniques.

The orbit is a common site for infantile haemangioma,
and MRI is the imaging modality of choice. MRI demon-
strates a well-demarcated, lobulated mass with intrale-
sional and perilesional flow voids, which represent ectatic

vascular channels (Fig. 2.23). The lesions are high-signal
on T2-weighted imaging, isointense to muscle on
T1-weighted images, and typically demonstrate avid con-
trast enhancement, particularly in the proliferative phase
(Fig. 2.24).

Orbital haemangiomas may be associated with cerebral
and vascular anomalies in the PHACES syndrome (Posterior
fossa anomalies, Haemangiomas of the face, Arterial abnor-
malities, Cerebral vascular anomalies, Eye abnormalities,
and Sternal or ventral developmental anomalies).



S. Butler

Fig. 2.21 Sagittal post-contrast T1-weighted, fat-saturated MR image
shows an infected nasal dermoid with intracranial extension. Note the
thick rim enhancement due to infection in both the extracranial and
intracranial components

Fig. 2.22 Clinical photograph of an extensive infantile haemangioma
affecting the right side of the face

lesion, representing vascular channels. (b) The lesion is of intermediate
signal intensity on an axial T1-weighted MR image

Fig. 2.23 Right intraorbital haemangioma. (a) Coronal T2 STIR MR
image shows a high-signal, extraconal mass in the superior and nasal
aspect of the right orbit. Note the low-signal flow voids within the
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Fig. 2.24 Axial (a) and coronal (b) post-contrast T1-weighted fat-saturated MR images show avid enhancement of a left intraorbital haemangioma

2.1.8 Hydrocephalus

Hydrocephalus is a condition characterized by increased
cerebrospinal fluid (CSF) within the ventricular system,
causing dilatation of the ventricles (ventriculomegaly).
Congenital hydrocephalus indicates that the condition is
present at birth. It may have been diagnosed antenatally by
ultrasound. Common causes of congenital hydrocephalus
include myelomeningocele with Chiari II malformation,
aqueductal stenosis, arachnoid cyst, and Dandy-Walker mal-
formation. Genetic mutations are also associated with the
condition. Acquired hydrocephalus, on the other hand,
develops after birth as a consequence of various neurological
conditions. Common causes of acquired hydrocephalus
include intraventricular haemorrhage (which most frequently
affects premature infants), meningitis (usually bacterial),
and tumours.

In infancy, hydrocephalus causes enlargement of the
head. Clinical examination reveals enlarged fontanelles and
separation of the cranial bones. Dilated scalp veins may be
evident (Fig. 2.25). Eye signs include lid retraction, failure
of upward gaze, and ultimately a picture of sunsetting of the
eyes. Subsequently, there may be sixth nerve palsy with
paralysis of the lateral rectus muscle, causing a convergent
squint. The occipitofrontal circumference (OFC) should be
measured and charted, taking account of the infant’s gesta-
tional age. Serial measurements are necessary to establish

Fig. 2.25 Clinical photograph of severe hydrocephalus in a premature
baby due to X-linked hydrocephalus. Note the dilated scalp veins



Fig.2.26 Clinical photograph showing transillumination of an infant’s
head due to the increased volume of CSF owing to hydrocephalus

the diagnosis of progressive hydrocephalus. In the past,
transillumination of the infant’s head in a darkened room
would demonstrate severe hydrocephalus (Fig. 2.26).

Over the age of 2 years, raised intracranial pressure in
children with hydrocephalus tends to produce neurological
symptoms before significant changes in head size become
manifest. These symptoms may include headaches, nausea
and vomiting, and visual problems.

Historically, the diagnosis of hydrocephalus was made
with skull radiographs, which could show widening of the
sutures (sutural diastasis) in children under the age of 2 years.
In older children, the radiographs showed a copper-beaten
appearance due to pressure from the brain on the inside of
the skull. The pituitary sella may be widened and J-shaped.
Today, cross-sectional imaging (CT and MRI) is used to
diagnose and establish the cause of hydrocephalus. Cranial
ultrasound can also be used in infants. Radiological charac-
teristics of hydrocephalus include dilated ventricles (espe-
cially the temporal horns of the Ilateral ventricles),
enlargement of the anterior and posterior recesses of the
third ventricle, and effacement of the cerebral sulci
(Fig. 2.27). Periventricular interstitial oedema resulting from
transependymal flow of CSF can be seen in acute obstructive
hydrocephalus and is manifest as hypodensity in the periven-
tricular region (Fig. 2.28).

Hydrocephalus may be treated neurosurgically by endo-
scopic third ventriculostomy (ETV) or by diverting CSF
using a ventriculoperitoneal (or occasionally ventricu-
loatrial) shunt (Fig. 2.29). CT scans are commonly requested
to establish the position of the intracranial end of a shunt
system (ideally within the ipsilateral ventricle) and to assess
for the development of acute hydrocephalus if shunt mal-
function is suspected. CT scanning is quick and relatively
easy to perform, but the accumulated dose of ionising radia-
tion from repeated exposure makes MRI a preferable modal-
ity when possible.
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Fig.2.27 Axial CT image demonstrates hydrocephalus causing dilata-
tion of all four ventricles

Fig. 2.28 Hydrocephalus. Axial CT image demonstrates low attenua-
tion (low density) (arrows) in the periventricular white matter sur-
rounding the dilated lateral ventricles, consistent with transependymal
oedema
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Fig. 2.29 Hydrocephalus. (a) Axial CT image shows dilated lateral ventricles with adjacent transependymal oedema. (b) Following insertion of
a ventriculo-peritoneal shunt, the axial CT image demonstrates decompressed ventricles with the shunt catheter in situ

2.1.9 Chiari Malformations

The Chiari malformations are a heterogeneous group of
congenital disorders that are characterised by anatomic
anomalies of the cerebellum, brainstem, and craniocervical
junction, with caudal displacement of the cerebellum (either
alone or together with the lower medulla) into the spinal
canal. There are at least four types of Chiari malformation;
types I and II are the most common.

In the Chiari type I malformation, the cerebellar tonsils are
caudally displaced below the foramen magnum. The condition
may be asymptomatic in children. Symptoms, when present,
include occipital headache (especially when straining or
coughing) and symptoms associated with brain stem compres-
sion or syrinx. MRI is the imaging modality of choice. On
sagittal MR imaging, the low-lying tonsils appear pointed or
peg-like rather than rounded, and the tonsillar sulci are verti-
cally oriented (Fig. 2.30). Cerebellar tonsils protruding more
than 6 mm below a line that joins the anterior and posterior
margins of the foramen magnum are considered abnormal in
the first decade. Cerebellar tonsillar descent greater than 5 mm
is abnormal in the second and third decades. Brain stem com-
pression may occur, secondary to the displaced tonsils. A syr-
inx is seen within the spinal cord in approximately 25% of
cases, most commonly within the cervical cord (Fig. 2.31).
Craniovertebral malformations are commonly associated.

Fig. 2.30 Chiari I malformation. Sagittal T2-weighted MR image
shows caudal descent of the cerebellar tonsils below the foramen mag-
num. The tonsils have a pointed appearance
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Fig. 2.31 Chiari I malformation with cervical cord syrinx. Sagittal
T1-weighted MR image demonstrates CSF-intensity collections within
an expanded cervical cord, consistent with a syrinx. The cerebellar ton-
sils lie below the foramen magnum and have a pointed configuration

The Chiari IT malformation is characterized by a small
posterior cranial fossa and descent of the cerebellar vermis
and tonsils, fourth ventricle and medulla through the fora-
men magnum. It is almost always seen in association with
myelomeningocele (Fig. 2.32). Sagittal MR imaging
demonstrates a small posterior cranial fossa with caudal dis-
placement of the inferior cerebellar structures and medulla
into the spinal canal. The fourth ventricle is low lying.
Cervicomedullary “kinking” is often evident. Other intracra-
nial features include posterior and inferior stretching of the
tectal plate (referred to as tectal “beaking”), callosal hypo-
genesis, and hydrocephalus (Fig. 2.33). Syrinx is present in
70-90% of cases (Fig. 2.34).

2.1.10 Dandy Walker Malformation

The Dandy-Walker malformation is a congenital abnormal-
ity of the posterior cranial fossa. The features that comprise
the classic Dandy-Walker malformation are best appreci-
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Fig. 2.32 Chiari II malformation and myelomeningocele. Sagittal
T2-weighted MR image of the spine and posterior cranial fossa in a
newborn infant shows a large lumbosacral CSF-filled sac containing
neural tissue, consistent with myelomeningocele (spina bifida). The
inferior cerebellum descends through the foramen magnum to lie poste-
rior to the cervical spinal cord

ated on MR scanning. The cerebellar vermis is hypoplastic
and rotated upwards (cephalad). There is cystic dilatation of
the fourth ventricle, which extends posteriorly to fill the
posterior cranial fossa. The posterior cranial fossa is
enlarged, and there is elevation of the torcula, transverse
sinuses and the tentorium cerebelli. The cerebellar hemi-
spheres are usually displaced anterolaterally and the brain
stem is compressed against the clivus (Fig. 2.35). There may
be associated supratentorial abnormalities, such as dysgen-
esis of the corpus callosum, occipital encephalocele, poly-
microgyria, and grey matter heterotopia. Hydrocephalus is a
common association (90% of cases). Patients usually pres-
ent in infancy with macrocephaly and symptoms related to
hydrocephalus.
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Fig. 2.33 Chiari II malformation. Sagittal T1-weighted MR image
shows typical features of the malformation including a crowded poste-
rior cranial fossa, caudal displacement of the inferior cerebellum and
medulla into the spinal canal, and a low-lying fourth ventricle. There is
beaking of the tectal plate (arrow). The third ventricle is dilated (due to
hydrocephalus) and the corpus callosum is thin

2.1.11 Sturge-Weber

Sturge-Weber syndrome is a congenital disorder character-
ised by a port-wine stain (capillary malformation of the skin)
of the upper face and scalp, usually involving the ophthalmic
division of the trigeminal nerve (Fig. 2.36), and a vascular
anomaly (angioma) of the underlying leptomeninges. Infants
with the syndrome usually develop normally until they start
to have focal or generalised seizures. In time, a spastic
hemiparesis develops on the contralateral side and develop-
mental delay becomes evident. Glaucoma may also develop
and require surgical intervention.

Intracranially, the meningeal angioma affects the pia
mater, the innermost layer of the meninges. Cortical calcifi-
cation is found in the brain immediately below the angioma,
commencing in the subcortical white matter and later involv-
ing the deep cortex. In childhood (usually after 2 years of
age), radiographs of the skull show a characteristic double
contour or “tram-track” sign of subcortical and cortical cal-
cification (Fig. 2.37). Nowadays, skull X-rays no longer play
arole in the diagnosis of Sturge-Weber syndrome.

The syndrome has classic features on CT imaging, includ-
ing dense gyriform calcification, particularly in the parieto-
occipital cortex. The cortical calcification is usually unilateral
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Fig. 2.34 Sagittal T1-weighted MR image of the spine and posterior
cranial fossa in a child with previous repair of lumbosacral myelome-
ningocele. Features of Chiari II malformation are present at the cranio-
cervical junction. Linear areas of T1-hypointense signal (similar to
CSF) within the spinal cord are consistent with syrinx

but can be bilateral in up to 20% of cases. Atrophy of the
involved cerebral hemisphere ultimately occurs and is asso-
ciated with thickening of the overlying calvarium (Fig. 2.38).
MRI is the imaging modality of choice for showing the
extent of the pial angioma. The angioma is identified as an
area of prominent leptomeningeal enhancement on a post-
contrast T1-weighted sequence. The ipsilateral choroid
plexus is usually enlarged and enhances avidly with contrast
(Fig. 2.39).



22 S. Butler

Fig. 2.35 Dandy-Walker malformation. Axial T2-weighted (a) and enlarged. The cerebellar vermis is rotated upwards, the tentorium is
sagittal T2-weighted (b) MR images show a dilated fourth ventricle elevated, and the brain stem is compressed anteriorly
extending posteriorly to fill the posterior cranial fossa, which is

- -t r—
‘M‘, b MR
Fig. 2.37 Lateral skull radiograph shows the “tram-track” appearance

of parieto-occipital subcortical calcification in a child with Sturge-
Weber syndrome

Fig.2.36 Clinical photograph of Sturge-Weber syndrome, showing an
extensive port-wine stain of the right side of the face and trunk
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Fig.2.38 Axial CT image of brain in a patient with Sturge-Weber syn-
drome, showing bilateral gyriform subcortical calcification. Both cere-
bral hemispheres are atrophic

Fig. 2.39 Sturge-Weber syndrome. Axial post-contrast T1-weighted
MR image demonstrates florid pial enhancement in the left parieto-
occipital region. The left lateral ventricle choroid plexus is enlarged and
enhances avidly
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Fig.2.40 Clinical photograph of facial angiofibromas (adenoma seba-
ceum) in a child with tuberous sclerosis

2.1.12 Tuberous Sclerosis

Tuberous sclerosis is a neurocutaneous disorder typified by
the development of multiple benign tumours in various
organs, including the skin, brain, kidneys, lungs, and bone.
Facial manifestations visible on clinical examination include
fibrous plaques of the forehead and facial angiofibromas
(formerly known as adenoma sebaceum) (Fig. 2.40). The
central nervous system lesions of tuberous sclerosis include
cortical hamartomas or tubers, subependymal nodules, and
white matter abnormalities. Patients may also develop sub-
ependymal giant cell astrocytomas, which can cause ven-
tricular obstruction and hydrocephalus. Seizures occur in
approximately 90% of patients. Infantile spasms or myo-
clonic seizures are often the presenting symptoms in infancy
or early childhood.

MRI is the preferred imaging modality for detecting
the intracranial manifestations of tuberous sclerosis.
Cortical tubers are usually identified as areas of increased
signal intensity in the cortical and subcortical regions of
the brain on T2-weighted images. Subependymal nodules
are found anywhere along the walls of the lateral ventri-
cles, but are most commonly found in the region of the
foramen of Monro. Subependymal nodules are usually
high-signal on T1-weighted images and intermediate- to
low-signal on T2-weighted images (Fig. 2.41). Calcified
subependymal nodules are well demonstrated on CT
(Fig. 2.42).

Subependymal giant cell astrocytoma (SEGA) is the term
given to an enlarging subependymal nodule, usually situated
near the foramen of Monro. The lesion demonstrates growth
on serial studies and can cause hydrocephalus. It usually
enhances with contrast (Fig. 2.43).
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Fig. 2.41 Tuberous sclerosis. Axial T2-weighted MR image demon-
strates high-signal lesions within the brain consistent with cortical
tubers, with low-signal subependymal nodules along the lateral
ventricles

Fig. 2.42 Axial CT image shows calcified subependymal nodules
(arrows) along the walls of the lateral ventricles in a patient with tuber-
ous sclerosis. Cortical tubers are identified as areas of low attenuation
within the brain parenchyma bilaterally
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Fig. 2.43 Subependymal giant cell astrocytoma (SEGA) associated
with tuberous sclerosis. Axial contrast-enhanced CT image shows a
large, enhancing, soft-tissue mass at the foramen of Monro, causing
hydrocephalus

2.1.13 Vein of Galen Aneurysmal
Malformation

Vein of Galen aneurysmal malformation (VGAM) is a rare
form of intracranial arteriovenous shunt where multiple feed-
ing arteries drain directly into an enlarged median prosence-
phalic vein, which is the embryonic precursor of the vein of
Galen. Although the condition is increasingly being diag-
nosed antenatally, it is more commonly detected postnatally
as neonates develop progressive high-output cardiac failure.

Cranial ultrasound usually detects the malformation after
cardiac investigations have failed to identify the cause of
heart failure. Sonography reveals a hypoechoic or slightly
echogenic posterior midline mass that exhibits turbulent
blood flow on colour Doppler interrogation (Fig. 2.44).
There may be ventricular dilatation due to mass effect on the
third ventricle. A more detailed evaluation of the malforma-
tion is obtained with MRI. The dilated feeding and draining
vessels appear as hypointense flow voids on T2-weighted
imaging (Fig. 2.45). In addition to demonstrating the abnor-
mality, MR imaging is used to assess ventricle size and
establish whether any pre-existing brain insult has occurred.
MR angiography is performed to delineate the vascular anat-
omy (Fig. 2.46). CT occasionally may be used to assess the
malformation (Fig. 2.47).

Cerebral angiography fully characterises the lesion and is
best performed at the time of embolisation, which is the
treatment of choice (Fig. 2.48). Embolisation therapy is usu-
ally delayed until the infant is at least 6 months old. There is
little role for surgery.
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Fig. 2.44 Vein of Galen aneurysmal malformation (VGAM). Midline

sagittal cranial ultrasound image with colour Doppler shows turbulent

blood flow in a VGAM posterior to the third ventricle
Fig. 2.46 VGAM. Reformatted image of an MR angiogram showing
multiple dilated arterial vessels

Fig.2.45 VGAM. Axial T2-weighted MR image demonstrates a large,

spherlc.al, hypointense flow \./01d Poste.rlor tp the thlrd ventricle, consis-  Fig, 2.47 VGAM. Axial contrast-enhanced CT image shows a large,
tent with a VGAM. There is mild dilatation of the lateral and third enhancing, tortuous VGAM. Multiple arterial feeders are identified.
There is hydrocephalus and parenchymal infarction within the right

cerebral hemisphere

ventricles
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Fig.2.48 (a) Intracerebral angiogram prior to embolisation shows a VGAM with dilated arterial feeders and dilated median prosencephalic vein.
(b) Post-procedure image shows embolisation material within the malformation (Courtesy of Dr. J. Battacharya)

2.1.14 Lymphatic Malformation (Cystic
Hygroma)

Lymphatic malformations are low-flow vascular malforma-
tions consisting of abnormally dilated lymphatic channels or
cysts, lined with lymphatic endothelium. They can occur at
any age but are more common in the paediatric population;
90% of cases occur before 2 years of age. Lymphatic malfor-
mations occur in lymphatic-rich regions, with 70-80%
occurring in the head and neck. They are classified as macro-
cystic, microcystic, or mixed. Macrocystic lymphatic mal-
formations are usually large, smooth, cystic superficial
masses, which can involve deeper spaces and structures.
Historically, these lesions were known as cystic hygroma.

The commonest location for a head and neck lymphatic
malformation is the posterior triangle of the neck. Clinically,
the malformation presents as a smooth soft-tissue mass
with a rubbery consistency (Fig. 2.49). Macrocystic lesions
can transilluminate. These malformations typically grow
slowly, although they can expand rapidly during an upper
respiratory tract infection or if intralesional haemorrhage
or infection occurs. In these instances, the malformation
can become life-threatening if it causes compression of
vital structures such as the airway. Because of their infiltra-
tive nature and disregard of fascial planes, lymphatic mal-
formations of the head and neck can extend inferiorly into
the axilla and mediastinum, or anteriorly into the floor of
the mouth and tongue.

Fig.2.49 Clinical photograph of a large lymphatic malformation (cys-
tic hygroma) of the lower face and neck in a newborn infant

Lymphatic malformations of the head and neck are usu-
ally imaged using MRI, which can reveal the multi-
compartmental nature of the lesion and assess its relationship
to important structures. The lesions usually appear as lobu-
lated, septated masses which are intermediate to low signal
intensity on TI1-weighted images and high signal on
T2-weighted images (Fig. 2.50). Internal fluid-fluid levels
may be seen, particularly if haemorrhage has occurred
within the lesion. This can be demonstrated with ultrasound
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Fig. 2.50 Extensive lymphatic malformation. Coronal T2 STIR MR
image of the neck and chest shows a large, infiltrative lymphatic mal-
formation involving the left side of the neck, axilla, and left side of the
thorax
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in addition to MRI (Fig. 2.51). There is usually no signifi-
cant enhancement of microcystic lymphatic malformations.
Macrocystic malformations demonstrate only rim and septal
enhancement following contrast administration, with no
central filling of the cystic elements.

2.1.14.1 Antenatal Diagnosis of Cystic

Hygroma

Cystic hygromas (macrocystic lymphatic malformations) may
be detected in the antenatal period by ultrasound and assessed
with fetal MR scanning (Fig. 2.52). If airway compromise is
suspected, the baby may be delivered by an EXIT procedure
(Ex Utero Intrapartum 7reatment), in which the head is deliv-
ered by elective caesarean section with the baby still oxygen-
ated via the placenta. This technique increases the time
available to secure an airway, by tracheostomy if necessary.

2.1.15 Thyroid Disorders

Congenital hypothyroidism is usually detected on neonatal
screening (heel prick test). The commonest cause of con-
genital hypothyroidism in the developed world is thyroid
dysgenesis (aplasia, hypoplasia, or ectopia). Ultrasound and
thyroid nuclear imaging are used in combination to estab-
lish whether any thyroid tissue is present and if it lies in a
normal or ectopic location. The lingual location is the most

Fig. 2.51 Haemorrhage within a lymphatic malformation cyst. (a)
Transverse ultrasound image of left side of neck shows a fluid-fluid
level within a large cyst. Anechoic fluid lies superficial to more echo-

genic fluid. (b) Axial T2-weighted MR image in the same patient shows
the fluid-fluid level within the cyst, which is due to haemorrhage. The
airway is patent but displaced to the right
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common site for ectopic thyroid tissue. On ultrasound, the
ectopic thyroid gland is usually located near the hyoid bone
and has normal echotexture (Fig. 2.53). Thyroid nuclear
imaging demonstrates tracer uptake within the ectopic thy-

Fig. 2.52 Right-sided cervical lymphatic malformation in a 34-week-
gestation fetus. Coronal T2-weighted image from a fetal MR study
shows the multiloculated lesion on the right side of the fetal neck

Fig. 2.53 Ectopic thyroid gland in a neonate. (a) Transverse ultra-
sound image shows absence of thyroid tissue in its expected position in
the lower neck. (b) Transverse ultrasound image of the upper neck

roid gland and no tracer uptake in the normal thyroid bed
(Fig. 2.54).

Congenital goitre is a rare cause of neck swelling in new-
borns. It usually presents as diffuse enlargement of the thy-
roid gland at birth; nodular enlargement is less common.
Infants are usually asymptomatic, although respiratory dis-
tress or stridor may occur if the enlarged gland exerts mass
effect on the airway (Fig. 2.55). Thyroid hormone produc-
tion may be increased, decreased, or normal. The condition
may be caused by abnormal thyroid hormone production,
transplacental passage of maternal antibodies, or maternal
ingestion of antithyroid medication. Some cases are heredi-
tary. Postnatal ultrasound reveals diffuse, homogeneous
enlargement of the gland.

2.1.16 Thyroglossal Duct Cyst

Thyroglossal duct cysts are the most common type of con-
genital neck lesion, accounting for approximately 70% of all
congenital neck anomalies. These midline neck swellings
occur when there is incomplete obliteration of the thyroglos-
sal duct during embryological development. The cysts can
arise anywhere along the course of the duct, from the base of
the tongue to the thyroid isthmus. They vary in size from a
few millimetres to 3 cm. The cyst moves up and down on
deglutition and especially on protruding the tongue. They are
subject to recurrent infection and can present as a thyroglos-
sal abscess, which may rupture to form a fistula. A thyroglos-
sal cyst in the suprahyoid region may occasionally cause

reveals lobulated ectopic thyroid tissue to the left of the midline at the
level of the hyoid bone
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Fig.2.54 Ectopic thyroid gland. Nuclear medicine thyroid scan using " Tc-pertechnetate shows radioisotope uptake in the lingual region, poste-
rior to a marker denoting the position of the chin. There is no radiotracer uptake in the normal thyroid bed

dysphagia, choking, or respiratory compromise, thus requir-
ing early surgical intervention.

Thyroglossal duct cysts are usually diagnosed clinically
(Fig. 2.56). Approximately 80% of cysts are situated at or
below the level of the hyoid bone; 20% are above the hyoid.
Ultrasound confirms the presence of a cyst and, more impor-
tantly, identifies the presence of normal thyroid tissue within
the neck, thus preventing inadvertent surgical removal of an
ectopic thyroid gland that could be mistaken for a thyroglos-
sal duct cyst.

On ultrasound, a thyroglossal duct cyst is identified as a cys-
tic structure in the anterior neck, either in the midline or just
off-centre (within 2 cm of the midline). It can appear anechoic
or hypoechoic, with a thin outer wall (Fig. 2.57). The cyst fluid
may contain internal echoes from proteinaceous material. An
uncomplicated thyroglossal duct cyst appears as a low-signal
structure on T1-weighted MR imaging and is hyperintense on
T2-weighted images (Fig. 2.58). The rim is non-enhancing
unless inflammation is present. The cyst wall may be thick and
irregular in the presence of haemorrhage or infection (Fig. 2.59).



30

S. Butler

Fig. 2.55 Clinical photograph of thyroid goitre in a neonate. The
infant is intubated (nasotracheal tube) to maintain the airway

2.1.17 Branchial Remnants

Branchial cleft anomalies are the second most common con-
genital lesion of the head and neck in children. They are
believed to result from incomplete obliteration of the bran-
chial apparatus, which forms the embryological precursors of
the tissues within the head and neck. The anomalies manifest
as cysts, fistulas, and sinus tracts. Branchial cysts are more
common than fistulas or sinuses and tend to occur in older
children or young adults. Fistulas usually occur in infants or
younger children. Bilateral branchial cleft anomalies occur in
2-3% of cases and are usually familial. Second branchial cleft
anomalies are most common, accounting for approximately
95% of cases. First branchial cleft anomalies account for about
1-4% of cases. Third and fourth cleft anomalies are very rare.

Approximately 75% of second branchial cleft anomalies
are cysts. Most are located in the submandibular space, but
they can occur anywhere along the course of the second bran-
chial arch tract, from the tonsillar fossa to the supraclavicular
region of the neck. Typically the cysts appear as painless,
fluctuant swellings in the lateral aspect of the neck, adjacent
to the anteromedial border of the sternocleidomastoid muscle
at the mandibular angle. They may become painful and/or

Fig.2.56 Clinical photograph of a thyroglossal cyst within the neck

Fig. 2.57 Thyroglossal duct cyst. Transverse ultrasound image of the
neck shows an ovoid anechoic structure to the right of the midline

enlarge if infected. Fistulas or sinuses are usually diagnosed
in infancy or early childhood with drainage of secretions or
pus from an ostium at the anterior border of the sternocleido-
mastoid muscle within the lower third of the neck (Fig. 2.60).

First branchial cleft anomalies typically present as a cyst,
sinus, or fistula between the external auditory canal and the
submandibular area. There may be drainage of secretions
from a tiny opening at the angle of the mandible or the exter-
nal auditory canal.
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Fig. 2.58 Sublingual thyroglossal duct cyst on MRI. Sagittal T2 STIR (a) and axial T2-weighted (b) MR images show a small midline structure

with hyperintense signal (arrow) in the sublingual region of the neck

Fig. 2.59 Infected thyroglossal duct cyst. Axial (a) and sagittal (b) post-contrast T1-weighted fat-saturated MR images demonstrate an enhancing
mass in the sublingual region, containing small, central, non-enhancing fluid collections

Ultrasound or MR imaging of branchial cleft lesions is
most rewarding when cysts or tracts are distended, and it is
worthwhile trying to perform imaging when the child’s signs
are most florid. Ultrasound shows non-infected cysts as
anechoic, rounded structures with thin walls (Fig. 2.61).
Internal echoes, consistent with debris, may be evident. The

cysts are usually hyperintense on T2-weighted MR imag-
ing. Their appearance on T1-weighted imaging is variable,
depending on the proteinaceous content of the cyst.
Uncomplicated cysts do not usually enhance with contrast.
Cysts or tracts that have been complicated by an inflamma-
tory process tend to enhance with contrast (Fig. 2.62).
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Fistulography, a technique now very rarely used, was per-
formed more frequently in the past. In this procedure, water-
soluble contrast is injected into the ostium of a sinus or
fistula via a thin catheter. Opacification of the tract is
observed using fluoroscopy (Fig. 2.63).

2.1.18 Torticollis

Torticollis is a clinical finding of lateral head tilt with or
without rotational spinal malalignment. Congenital torticol-
lis, which is seen in neonates and infants, usually results
from muscular causes (congenital absence of sternocleido-
mastoid muscle, congenital muscular torticollis) or cranio-
cervical bony anomalies (occipitoatlantal fusion, cervical

Fig. 2.60 Clinical photograph showing bilateral branchial sinus ostia
in the lower neck of a child

vertebral fusion, hemivertebrae). Congenital nystagmus and
congenital paralytic squint are rarer causes. Secondary
effects of torticollis in neonates and infants include rotation
of the head to the opposite side and plagiocephaly.

Acquired torticollis is seen in older children and adoles-
cents, often secondary to trauma, infection, inflammation, or
tumours.

Congenital muscular torticollis collectively encompasses
three types of congenital muscular disorder: fibromatosis
colli, torticollis with a palpable mass in the sternocleidomas-
toid muscle; muscular torticollis, with tightness of the ster-
nocleidomastoid muscle but no clinically palpable mass; and
postural torticollis, with neither a mass nor tightness of the
sternocleidomastoid muscle.

Unilateral contraction of the sternocleidomastoid muscle
causes tilting of the infant’s head towards the affected side
and rotation of the chin to the opposite side. A non-tender
mass may be evident within the muscle, which slowly
increases in size for a few weeks before stabilising and even-
tually resolving. The right sternocleidomastoid muscle is
more commonly affected. Birth trauma (e.g., forceps deliv-
ery) and intrauterine malpositioning (e.g., breech position)
are potential causative factors for the condition.

Fibromatosis colli is usually diagnosed clinically

(Fig. 2.64). If imaging is required to confirm the diagnosis,
ultrasound is the modality of choice. Sonography typically
reveals fusiform swelling of the sternocleidomastoid muscle,
which may be hypoechoic, isoechoic, or hyperechoic relative
to normal muscle (Figs. 2.65 and 2.66). The fusiform swell-
ing can be seen to move synchronously with the muscle dur-
ing scanning.

Fig. 2.61 Right-sided second branchial cleft cyst. (a) Longitudinal ultrasound image shows an ovoid cystic structure with hypoechoic contents
within the right side of the neck. (b) The cyst is hyperintense (bright) on an axial T2 fat-saturated MR image
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Fig.2.62 Branchial cleft cyst. Coronal (a) and axial (b) post-contrast T1-weighted fat-saturated MR images show rim enhancement of a left-sided
second branchial cleft cyst. The rim enhancement is most likely secondary to previous infection of the cyst

Fig. 2.63 Historical image of a branchial sinus fistulogram. Contrast
media injected into the ostium of a left-sided branchial sinus opacifies
the tract

Fig. 2.64 Clinical photograph demonstrates swelling of the right ster-
nocleidomastoid muscle, consistent with fibromatosis colli
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Fig. 2.65 Ultrasound appearance of right-sided fibromatosis colli in
an infant. The longitudinal image of the right sternocleidomastoid mus-
cle demonstrates fusiform swelling of the belly of the muscle. A longi-

Fig.2.66 Left-sided fibromatosis colli. Longitudinal ultrasound image
shows the upper (cranial) end of the swelling in continuity with normal
muscle

2.2 Infection/Inflammation

2.2.1 Toxoplasmosis
Toxoplasmosis is caused by the protozoan Toxoplasma gon-
dii. Tt is a common parasitic infection in humans and is usu-
ally asymptomatic. The risk of developing symptoms is very
low except for immunocompromised patients and a fetus
infected in utero. The primary infection acquired in a pregnant
woman is often asymptomatic, but it can cause severe and
incapacitating disease in the developing fetus (congenital
toxoplasmosis). Toxoplasma infection acquired by the mother
prior to conception is usually of no threat to a developing
fetus because of maternal immunity, unless the infection is
reactivated during pregnancy by immunosuppression.
Congenital toxoplasmosis has a wide range of clinical
manifestations and can be subclinical at birth. Fetal infection
usually occurs in the third trimester, but more severe infec-
tion can occur if the fetus is infected earlier in the pregnancy.
The presence of hydrocephalus, intracranial calcifications,
and chorioretinitis is considered the classic triad of congeni-

tudinal image of the normal left-sided sternocleidomastoid muscle is
shown for comparison

tal toxoplasmosis. Other clinical manifestations include
jaundice, rash, and hepatosplenomegaly. There may be
microcephaly. Some infected infants, such as those infected
in the third trimester, appear healthy at birth but are at high
risk of developing seizures, developmental delay, chorioreti-
nitis, and other symptoms months or years later.

The intracranial manifestations of congenital toxoplas-
mosis are the sequelae of a diffuse inflammatory process.
Hydrocephalus occurs because of the presence of turbid pro-
teinaceous CSF, ependymitis, and aqueductal obstruction. It
can be demonstrated in neonates using ultrasound, CT, or
MRI. Basal ganglia, periventricular, and cortical calcifica-
tions are common and best visualised on CT (Fig. 2.67).
White matter abnormalities may be present and are identified
as areas of low attenuation (hypodensity) on CT. The abnor-
mal white matter is of increased signal intensity on
T2-weighted MR images (Fig. 2.68).

Serological tests are usually performed to confirm
Toxoplasma infection.

2.2.2 Sinusitis

A degree of sinusitis occurs in most viral upper respiratory
tract infections in children, and recovery is usually spontane-
ous. Acute bacterial infection of a sinus may subsequently
develop, however, and cause severe pain, the location of
which depends on which sinus is affected. Forehead pain and
tenderness occur when the frontal sinuses are affected. When
the maxillary sinuses are involved, there is usually tender-
ness over the cheek area and some discomfort or aching in
the upper teeth and jaw. Inflammation within the ethmoid
sinuses can cause swelling of the periorbital soft tissues and
pain between the eyes. Sphenoid sinusitis is less frequent but
can cause earache, neck pain, and headache. More than one
group of sinuses can be affected, so patients usually com-
plain of pain or tenderness at various locations.

Acute paranasal sinus infection in children is often diag-
nosed clinically without the need for radiological investigation.
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Fig. 2.67 Congenital toxoplasmosis of the brain. Axial CT image
demonstrates ventriculomegaly, periventricular and peripheral calcifi-
cation, and abnormal low attenuation (hypodensity) within the cerebral
white matter
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Fig. 2.68 Congenital toxoplasmosis of the brain. Axial T2-weighted
MR image shows ventriculomegaly and abnormal increased signal
within the cerebral white matter. Hypointense signal within the basal
ganglia bilaterally is due to calcification
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Purulent rhinorrhoea, nasal congestion, headache, and facial
pain are common symptoms. Most cases will respond to
appropriate antibiotic therapy. In a few cases, where the
symptoms and signs are severe and progressive, it may be
necessary to perform cross-sectional imaging to look for
intraorbital or intracranial disease spread. There is no role for
radiographs in the evaluation of complications of sinusitis in
the paediatric patient.

Intracranial complications of sinus disease include epi-
dural and subdural empyema, meningitis, encephalitis,
parenchymal abscess, dural venous sinus thrombosis, and
venous infarction. Intracranial spread of sinus infection is
thought to occur via the valveless diploic veins of the skull,
which penetrate the dura. The frontal skull seems to be par-
ticularly susceptible to the spread of infection because of its
rich network of diploic veins and the occurrence of frontal
and anterior ethmoid sinusitis in children.

On CT scanning, epidural and subdural empyemas are
identified as low-attenuation extraparenchymal (extra-axial)
collections, which demonstrate rim enhancement following
contrast administration (Fig. 2.69). With MRI, the empyema

Fig. 2.69 Subdural empyema secondary to frontal sinusitis. Axial
contrast-enhanced CT image demonstrates left frontal and left anterior
parafalcine subdural empyemas with rim enhancement
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is usually hyperintense (bright) on T2-weighted imaging and
exhibits rim enhancement on post-contrast T1-weighted
images (Fig. 2.70). Epidural abscesses form between the
skull and dura and expand slowly because of the tight adher-
ence of dura to the bone. Subdural empyemas develop in the
space between the dura and arachnoid membrane. They can
spread more rapidly and freely within this space.

Sometimes, intracranial spread of infection can occur
from direct extension of osteomyelitis affecting the sinus
walls. An extracranial subperiosteal collection can also arise
secondary to frontal sinusitis and frontal bone osteomyelitis.
This is known as Pott puffy tumour (Fig. 2.71).

Periorbital cellulitis, an inflammatory process confined to
the preseptal soft tissues of the eye, usually results from con-
tiguous spread of infection from adjacent facial structures.
On CT scanning, there is diffuse soft-tissue thickening and
areas of enhancement anterior to the orbital septum
(Fig. 2.72). Orbital cellulitis, on the other hand, is a post-
septal infection most commonly caused by paranasal sinus-
itis, which spreads to the orbit via the perivascular pathway.
Development of an orbital subperiosteal abscess is usually
associated with ethmoid sinusitis. A contrast-enhanced CT
scan demonstrates a low-attenuation collection, usually with
an enhancing rim, between the orbital wall and the adjacent
medial rectus muscle (Fig. 2.73). There is often proptosis.

Fig. 2.71 Pott puffy tumour. Sagittal post-contrast T1-weighted fat-
saturated MR image shows a large subperiosteal collection in the fron-
tal region secondary to frontal sinusitis. Destruction of the outer table of
the adjacent frontal bone is due to osteomyelitis

Fig. 2.70 Epidural abscess and subperiosteal collection secondary to
frontal sinusitis and osteomyelitis. (a) Axial T2-weighted MR image
shows a small, hyperintense left frontal epidural collection and a hyper-
intense subperiosteal collection. (b) Sagittal post-contrast T1-weighted

fat-saturated MR image shows rim enhancement of the epidural empy-
ema and enhancement of the soft tissues of the forehead around the
subperiosteal collection. The frontal bone between the two collections
is low-signal owing to osteomyelitis from frontal sinusitis
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Complications of orbital cellulitis include thrombosis of
the superior ophthalmic vein or cavernous sinus, meningitis,
and intracranial abscess.

2.2.3 Root Abscess

A dental abscess occurs when there is bacterial invasion of
the pulp space of a tooth. It is usually the result of advanced
dental caries in children. The buildup of infection activates
pain fibres within the pulp space, causing severe pain. The
infection ultimately spreads down the root canal and into the
periapical bone surrounding the root of the tooth, resulting in
a periapical abscess.

On orthopantomography (OPT), a periapical abscess
appears as a well-defined lucency adjacent or distal to the

Fig. 2.72 Right periorbital cellulitis. Axial contrast-enhanced CT
image demonstrates swelling of the right orbital preseptal soft tissues

dental root tip, usually less than 1 cm in width (Fig. 2.74).
There may or may not be surrounding sclerosis. It should be
noted that an early dental abscess (within the first 10 days)
might not demonstrate any radiographic findings. The
abscess can spread to the adjacent soft tissues, causing cel-
lulitis and facial swelling, and is usually associated with cer-
vical lymphadenopathy (Fig. 2.75). Sometimes an abscess
may perforate into the oral cavity or maxillary sinus, or
extend into the adjacent bone, causing osteomyelitis
(Fig. 2.76).

2.2.4 Mastoiditis

Acute mastoiditis, a disease of young children, is a compli-
cation of untreated otitis media. It is most frequently due to

bacterial infection, with Streptoccoccus pneumoniae and
Haemophilus influenzae accounting for most cases. Affected
children typically present with retroauricular redness and
swelling with concurrent (or recent) otitis media (Fig. 2.77).

A post-contrast CT scan of the petrous temporal bones
and brain is performed to confirm the diagnosis and identify

Fig. 2.74 Periapical dental abscess. Orthopantomogram (OPT) shows
lucency around the root of the right lower first molar tooth (arrow), in
keeping with a periapical dental abscess

Fig. 2.73 Right orbital cellulitis with subperiosteal collection. Axial
contrast-enhanced CT image (a) and coronal reconstruction (b) show a
low-attenuation subperiosteal collection (arrow) containing a locule of

gas within the medial aspect of the right orbit. The subperiosteal abscess
demonstrates rim enhancement, and sinusitis is seen in the adjacent eth-
moid sinus
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Fig. 2.77 Acute mastoiditis. Clinical photograph demonstrates swell-

Fig. 2.75 Submandibular abscess secondary to dental abscess. Axial ing of the right post-auricular soft tissues

contrast-enhanced CT image demonstrates a rim-enhancing collection
within the soft tissues below the right side of the mandible. The infec-
tion has spread from a dental abscess (same patient as Fig. 2.74)

Fig. 2.76 Sinusitis and intracranial empyema secondary to dental has spread into the left-sided paranasal sinuses. (b) Axial contrast-
abscess. (a) Coronal reconstructed CT image reveals bone destruction — enhanced CT image of brain in the same patient reveals left-sided sub-
and a collection around the root of an upper left molar. This collection  dural empyemas from intracranial spread of the infection
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Fig. 2.78 Left coalescent mastoiditis. Axial CT image demonstrates
destruction of the lateral wall and septa of the opacified left mastoid
(arrow). There is associated retroauricular soft tissue swelling. The
right mastoid air cells are also opacified

any intracranial complications. Middle ear and mastoid
opacification on CT scanning with no evidence of bony
resorption or destruction is classified as incipient mastoiditis.
Coalescent mastoiditis, on the other hand, is the term used
when imaging demonstrates erosion of the mastoid septa or
mastoid walls (Fig. 2.78). Recognised complications of
acute mastoiditis include bony destruction or osteomyelitis,
subperiosteal abscess, and deep neck abscess (Fig. 2.79).
Intracranial complications include epidural empyema, sub-
dural empyema, brain abscess, meningitis, dural venous
thrombophlebitis (sigmoid sinus thrombosis) and carotid
artery spasm or arteritis (Fig. 2.80). MR imaging may be
required to further evaluate any suspected intracranial com-
plication (Figs. 2.81).

2.2.5 Parapharyngeal Abscess

A parapharyngeal abscess is a deep neck abscess that usually
occurs following the spread of oropharyngeal infections such
as tonsillitis, peritonsillar abscess, or dental infection. It also
may be due to the spread of infection from one of the other
neck spaces or following a penetrating injury to the neck
(Fig. 2.82). It is exceedingly painful. Clinically, the abscess
interferes with swallowing, and speech becomes “thick.” In
more severe cases, there may be dyspnoea, stridor, neck
stiffness, drooling of secretions, and difficulty in opening the
mouth. The tonsillar area is swollen and red, and the oedema-
tous uvula is often displaced to the opposite side (Fig. 2.83).

Fig. 2.79 Right mastoiditis with abscess formation. Axial contrast-
enhanced CT image shows bony destruction and a collection within the
right mastoid. The collection communicates with a subperiosteal abscess

Fig. 2.80 Left mastoiditis complicated by adjacent subperiosteal and
epidural abscesses. Axial contrast-enhanced CT image shows a rim-
enhancing subperiosteal collection overlying the left mastoid.
Intracranially, there is a rim-enhancing low-attenuation epidural empy-
ema, which is displacing the adjacent sigmoid sinus
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Fig.2.81 Right mastoiditis complicated by thrombophlebitis. Coronal
post-contrast T1-weighted fat-saturated MR image demonstrates
thrombus within the right sigmoid sinus (white arrow) and an adjacent
epidural abscess (green arrow)

This condition requires urgent diagnosis and treatment, as
compression of the airway can be fatal. Radiological confir-
mation of the diagnosis is usually performed with CT. On a
contrast-enhanced CT study, a parapharyngeal abscess
appears as a peripherally enhancing lesion with a low-
attenuation centre (Fig. 2.84). Complications of parapharyn-
geal space infections include airway obstruction, spread of
infection to other deep neck spaces or the mediastinum,
thrombophlebitis of the internal jugular vein (Fig. 2.85), and
mycotic aneurysm with possible rupture of the carotid artery.

2.2.6 Sialadenitis/Sialolithiasis/Sialectasis

Sialadenitis is inflammation of the salivary glands. It may be
acute or chronic. In the acute form, the gland is swollen and
painful to touch, and the overlying skin is red. A purulent
exudate may be visible at the duct orifice. Acute sialadenitis
is usually the result of bacterial infection; Staphylococcus
aureus is a common causative organism. A calculus within
the gland duct (sialolithiasis) is often a predisposing factor.
The most common viral cause of acute sialadenitis is mumps,
which frequently causes bilateral parotid swelling.
Ultrasound may be performed in cases of acute sialadeni-
tis. The affected gland appears enlarged, with reduced paren-

Fig. 2.82 Lateral radiograph of the neck demonstrating surgical
emphysema and swelling of the prevertebral soft tissues following a
penetrating neck injury

Fig. 2.83 Clinical photograph of a parapharyngeal abscess pointing in
the fauces of the mouth

chymal echogenicity (compared with the unaffected glands),
and demonstrates increased vascularity.

Sialolithiasis is the development of a calculus within the
salivary gland or duct. It is rare in children; when present, it
usually affects the submandibular gland. It presents with
recurrent swelling and pain in the submandibular region at



2 Head and Neck 41

Fig.2.84 Left parapharyngeal abscess. Axial contrast-enhanced CT image (a) and coronal reconstructed CT image (b) show a well-defined, rim-
enhancing, low-attenuation fluid collection (arrow) in the left parapharyngeal space. The airway is patent but displaced to the right

Fig. 2.85 Parapharyngeal abscess complicated by thrombophlebitis
and mediastinal abscess. Coronal reformatted contrast-enhanced CT
image demonstrates thrombus and gas within the right internal jugular
vein, as well as a gas-containing collection in the right superior
mediastinum

mealtimes because the calculus obstructs the submandibular
duct and prevents saliva flow. The calculus may be palpable
or even visible if it is near the duct orifice (Fig. 2.86). Not all
stones are I‘adiopaque. Conventional I‘adiography can detect Fig.2.86 Clinical photograph of calculus at the orifice of the left sub-
approximately 80-90% of submandibular stones. Oblique ™Mandibular gland duct
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Fig.2.87 Intraoral dental radiograph showing a radiopaque calculus in
the submandibular area

Fig. 2.88 Historical radiograph of submandibular sialogram. Contrast
has been injected through a fine catheter inserted into the submandibu-
lar duct. The filling defect within the duct (arrow) is consistent with an
intraductal calculus

views may be required to project the calculus away from the
mandible and teeth (Fig. 2.87).

Sialography is a procedure in which a small amount of
water-soluble contrast is injected directly into the gland duct
and images are obtained with fluoroscopy. It can be used to
demonstrate an intraductal calculus. The calculus is seen as a
filling defect within the duct (Fig. 2.88). Sialography is con-
traindicated if there is associated acute sialadenitis, since it
can make the infection worse.

Ultrasound can be used to diagnose sialolithiasis and can
visualise non-radiopaque calculi. A calculus appears as a
hyperechoic line with posterior shadowing, though very
small stones may not demonstrate posterior acoustic shad-
owing. If the submandibular gland is acutely obstructed at
the time of scanning, the gland will appear enlarged, and the
ducts proximal to the stone will be dilated.

Fig.2.89 Axial CT image shows a row of calculi within the right sub-
mandibular gland duct

CT or MRI can also be used to investigate suspected sial-
olithiasis (Fig. 2.89). These modalities (especially MRI) also
give information about the gland itself.

Sialectasis refers to cystic dilatation of the salivary gland
ducts. It can be seen in children who suffer from recurrent
parotitis. In this condition, periodic parotid inflammation
occurs over a period of years, usually associated with non-
obstructive sialectasis. The aetiology of the condition is
unknown. Recurrent parotitis is characterised by episodic
painful swelling in the parotid region during mastication and/
or swallowing. There is often associated fever and malaise.

Parotid sialography was the conventional radiographic
technique for confirming sialectasis, typically showing mul-
tiple punctate and globular pools of contrast material within
the gland, which persist on delayed radiographs (Fig. 2.90).
Sialography has now been superseded by sonography, which
is noninvasive and equally sensitive. In recurrent parotitis,
the gland may or may not be enlarged. Multiple small,
hypoechoic areas are seen within the gland parenchyma,
probably reflecting both sialectasis of the peripheral ducts
and surrounding lymphocytic infiltration, which is a recog-
nised histological feature of the disease.

2.2.7 Cervical Lymphadenitis

Reactive cervical lymphadenitis is a condition characterised
by inflammation of one or more lymph nodes in the neck. It



2 Head and Neck

Fig. 2.90 Parotid gland sialectasis. Historical radiograph of parotid
sialogram demonstrates multiple globular and punctate pools of con-
trast in dilated parotid ducts and ductules

is common in children and is usually seen in response to
infection. Acute bilateral cervical lymphadenitis is usually
caused by a viral upper respiratory tract infection (e.g., ade-
novirus, rhinovirus, enterovirus) or streptococcal pharyngi-
tis. Acute unilateral cervical lymphadenitis is predominantly
caused by Staphylococcus aureus or group A streptococcus
infection of oropharyngeal origin.

A child with cervical lymphadenitis usually presents with
a painful neck mass (Fig. 2.91).

Ultrasound is the imaging modality of choice. Reactive
lymph nodes maintain their normal architecture, appearing
as ovoid, hypoechoic structures with a preserved echogenic
hilum; colour Doppler typically shows central vascularity
(Fig. 2.92). The nodes may be matted together, appearing as
a conglomerate mass.

The major complication of cervical lymphadenitis is
abscess formation. As the inflamed lymph node undergoes
suppuration, the centre of the node demonstrates hetero-
geneous decreased echogenicity with progressive necrosis
and loss of the echogenic hilum. Nodal vascularity is
decreased on colour Doppler assessment. Reactive
oedema of the perinodal soft tissues is usually present. In
the later stages of suppuration, the nodal abscess appears
as a heterogeneous, hyperechoic or hypoechoic mass with
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Fig. 2.91 Clinical photograph of left cervical lymphadenitis

a thick rim, which exhibits increased vascularity on colour
Doppler (Figs. 2.93 and 2.94).

Tuberculosis and atypical mycobacterial infection are other
causes of reactive cervical lymphadenitis. The posterior trian-
gle and deep upper cervical lymph nodes are usually involved.
Affected nodes are firm and usually non-tender (unlike other
causes of lymphadenitis). Ultrasound reveals a matted,
hypoechoic nodal mass, occasionally with calcification, and
inflammatory changes in the adjacent soft tissues (Fig. 2.95).

2.2.8 Cerebral Abscess

Infections of the brain usually arise from haematogenously
transmitted septic emboli. Less frequently, transdural spread
may occur from adjacent sinus infection. Direct introduction
of infection through trauma or surgical intervention occurs in
a very small number of cases. If untreated, the initial period
of parenchymal infection or cerebritis will progress to
abscess formation; the affected area of the brain liquefies and
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Fig. 2.92 Reactive cervical lymph nodes. (a) Longitudinal ultrasound image of a group of enlarged cervical lymph nodes. The nodes maintain
their normal architecture and echogenic hila. (b) Colour Doppler image shows preserved vascularity within the centre of the nodes

Fig.2.93 Necrotic lymph node mass. (a) Ultrasound image demonstrates a heterogeneous, conglomerate lymph node mass with liquefaction. (b)
Colour Doppler image shows peripheral vascularity

Fig. 2.95 Atypical mycobacterium infection of a posterior cervical
Fig. 2.94 Longitudinal ultrasound image shows an established lymph ~ lymph node. Longitudinal ultrasound image shows multiple tiny foci of
node abscess with echogenic and anechoic contents increased echogenicity within the lymph node, consistent with intrano-
dal calcification
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Fig. 2.96 Left frontal cerebral abscess. Axial contrast-enhanced CT
image shows a large, low-attenuation fluid collection with a thin
enhancing wall in the left frontal lobe of the brain. There is surrounding
brain oedema and some distortion of the left lateral ventricle

becomes surrounded by a capsule of granulation tissue and
collagen. Symptoms of cerebral abscess include headache,
lethargy, reduced level of consciousness, vomiting, and sei-
zures. Focal neurologic deficits may be evident.

CT or MRI can be used in the investigation of suspected
brain abscess in children. In the emergency setting, CT is
more likely to be performed. On CT scanning, a brain abscess
appears as a round or oval-shaped area of low attenuation
(low density), with a thin wall that enhances with intravenous
contrast (Fig. 2.96). There is surrounding low-density brain
oedema. An established brain abscess is of high signal inten-
sity on T2-weighted MR imaging and has a hypointense wall,
whereas on T1-weighted imaging, the abscess is of low signal
intensity and the wall is of similar signal as the adjacent brain.
The abscess wall enhances with contrast (Fig. 2.97).

2.3 Trauma

2.3.1 Head Injuries/Skull Fractures

Head injuries are the most common injuries in infants and
young children. Injury severity is related to the mechanism
of the trauma, which varies with the age of the patient. The
vast majority of head trauma in children is mild, requires no

Fig. 2.97 Right frontal cerebral abscess. (a) Axial T2-weighted MR
image shows a high-signal abscess with a low-signal wall in the supe-
rior right frontal lobe. There is marked surrounding brain oedema. (b)

Axial post-contrast T1-weighted MR image demonstrates enhancement
of the abscess wall
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specific treatment, and has no sequelae. Only a small propor-
tion of children with head trauma will have an intracranial
injury. It is important to identify these individuals so that
appropriate management occurs.

Radiology plays a vital role in the diagnosis and charac-
terisation of head injuries in children. CT scanning is the
imaging modality of choice because it can detect intracranial
lesions that require urgent surgical intervention, such as
extradural or subdural haematoma. For this reason, skull
radiography is now rarely performed.

The most common type of skull fracture, linear fracture,
is usually localised to the parietal or frontal region of the
skull. These fractures are frequently the result of low-energy
blunt trauma involving a wide area of the skull. The fracture
extends through the entire thickness of the skull bone
(Fig. 2.98). When the fracture is non-displaced, it heals
spontaneously and no treatment is required. Complications
may occur, however. For example, extradural haematoma
(Fig. 2.99) can occur if the fracture involves a vascular chan-
nel; venous sinus thrombosis (Fig. 2.100) may follow a frac-
ture in a venous sinus groove, or suture diastasis can follow
a fracture involving a suture.

A depressed skull fracture occurs following a high-impact
injury such as a blow from a golf club. The fracture is usually
comminuted. Most depressed fractures occur in the fronto-
parietal region, where the skull is relatively thin. CT accu-
rately defines the degree of bony displacement (Fig. 2.101).
A fracture is clinically significant and requires elevation
when the bone fragment is depressed deeper than the adja-
cent inner table of the skull. A depressed fracture may be
compound if it is associated with a deep skin laceration or
involves the paranasal sinuses.

Fig. 2.98 Axial CT image demonstrates an undisplaced right parietal
bone fracture (arrow) and adjacent scalp swelling

S. Butler

2.3.2 Pond Fracture

The “pond” or “ping-pong” skull fracture is a depressed frac-
ture of the infant skull caused by inner buckling of the skull.
A fracture line is not visible radiologically. The fracture can
occur following blunt trauma to the infant skull. The use of
forceps during delivery has also been implicated in this type
of fracture. Additionally, it may occur spontaneously owing
to pressure on the fetal skull by a maternal bony prominence
(sacral promontory or pubis), a uterine fibroid, or a fetal
hand in utero. Clinical examination reveals a shallow depres-
sion of the infant skull contour (Fig. 2.102).

On a tangential skull radiograph, a pond-type fracture is
visible as an inward depression of the skull; CT scanning
demonstrates a smooth indentation of the calvarium with the
absence of a distinct fracture line (Fig. 2.103). The perios-
teum and dura are usually intact.

2.3.3 Extradural Haemorrhage

Extradural haemorrhage, also known as epidural haema-
toma, is a haemorrhage into the space between the dura
mater and the inner surface of the skull. It is usually caused
by trauma and is often associated with a skull fracture. In
young children, the haematoma is more commonly the result
of a tear in the dural veins. In older children and adolescents,
a middle meningeal artery tear is the most common cause. A
diagnosis of extradural haemorrhage is usually suggested
when a distinct lucid interval after injury is followed by a
rapid reduction in the level of consciousness.

Fig.2.99 Axial CT image shows an acute extradural haematoma com-
plicating a right parietal bone fracture
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Fig. 2.100 Right occipital skull fracture complicated by thrombus in ~ CT image (b) shows a filling defect in the adjacent right transverse
the adjacent transverse sinus. Axial CT image (a) shows an undisplaced ~ sinus, consistent with thrombus
fracture in the right occipital bone. Subsequent axial contrast-enhanced

Fig. 2.102 Clinical photograph of a pond fracture on the right side of
the head

Fig. 2.101 Axial CT image shows a comminuted right frontal bone
fracture with depressed bone fragments
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Fig.2.103 Left-sided ping-pong (pond) skull fracture. (a) AP skull radiograph in a newborn infant demonstrates a shallow depression of the left
skull contour. (b) Axial CT image shows a shallow depression in the left parietal bone. No fracture line is demonstrated

On CT, an extradural haemorrhage appears as a lentiform or
biconvex-shaped area of increased attenuation (increased den-
sity) in the extraparenchymal (extra-axial) space between the
brain and the skull. Because the dura is anchored at the sutures,
extradural haematomas usually do not cross cranial sutures. A
skull fracture and overlying scalp swelling are often present
(Fig. 2.104). A large extradural haematoma can displace the
adjacent brain and cause contralateral midline shift (Fig. 2.105).

2.3.4 Subdural Haemorrhage

Subdural haemorrhage, also known as subdural haematoma,
is a collection of blood in the potential space between the
dura and arachnoid mater of the meninges around the brain.
The haemorrhage is believed to result from stretching and
tearing of bridging cortical veins as they cross the subdural
space to drain into an adjacent dural sinus. Subdural haemor-
rhage may occur following birth trauma, non-accidental
injury, or accidental head injury. It may follow a relatively
innocuous head injury in patients who have an underlying
bleeding disorder (such as haemophilia) or who are on anti-
coagulant therapy. Infants with a subdural haemorrhage may
present with seizures, irritability, or lethargy. Older children
usually present with a reduced level of consciousness and
pupillary abnormalities.

On CT scanning, an acute subdural haemorrhage appears
as a crescent-shaped, high-attenuation (high-density) extra-
parenchymal (extra-axial) collection overlying the cerebral
hemisphere (Fig. 2.106). Unlike extradural haematomas,
subdural haemorrhages are not limited by sutures, but they
are limited by dural reflections such as the falx cerebri and
the tentorium. Within 1-3 weeks, the subdural haemorrhage
becomes isodense to the adjacent brain cortex and is referred
to as a subacute haemorrhage (Fig. 2.107). After approxi-
mately 3 weeks, the density of the haematoma becomes less
than that of the brain and closer to that of CSF (Fig. 2.108).
It is then known as a chronic subdural haematoma. A large
subdural haematoma can displace adjacent brain structures,
compress the ipsilateral lateral ventricle, and cause midline
shift.

2.3.5 Cerebral Contusion and Diffuse Axonal
Injury

Cerebral contusions—bruises of the brain—are usually the
result of a rapid acceleration or deceleration injury in which
the brain comes into forcible contact with the rougher edges
of the inner table of the skull. Common locations for this
type of injury are the antero-inferior temporal and orbito-
frontal regions of the brain.
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adjacent brain. (b) The same CT image viewed on bone window setting

Fig.2.104 Extradural haematoma associated with a parietal skull frac-
shows an undisplaced fracture (arrow) within the left parietal bone

ture. (a) Axial CT image shows a high-attenuation, biconvex haema-
toma overlying the left cerebral hemisphere. There is mass effect on the

Fig. 2.106 Acute subdural haematoma. Axial CT image shows a
crescent-shaped area of high-density haemorrhage overlying the left
cerebral hemisphere

Fig. 2.105 Large extradural haematoma. Axial CT image shows a
large, left-sided extradural haematoma, limited posteriorly by the left
lambdoid suture. There is significant mass effect on the left cerebral
hemisphere and left-to-right midline shift




50

Fig. 2.107 Subacute subdural haematoma. Axial CT image shows an
isodense (to brain) extra-axial collection overlying the right frontal
lobe, causing localised mass effect on the adjacent brain. The haema-
toma is limited medially by the falx. A thinner, hypodense, chronic sub-
dural haematoma is seen on the left side

Fig. 2.108 Bilateral chronic subdural haematomas. Axial CT image
shows hypodense extra-axial collections overlying both cerebral
hemispheres
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CT is used to detect haemorrhagic cerebral contusions in
the acute phase because it is very sensitive to the presence of
acute blood within the brain. Acute intracerebral contusions
are identified as areas of increased attenuation (high density)
within the cortex or subcortical white matter, often with sur-
rounding oedema. They can vary in size from tiny petechial
foci to larger bleeds (Figs. 2.109 and 2.110).

Diffuse axonal injury (DAI) is a shearing injury resulting
from rotational forces on the skull, causing stretching and
disruption of nerve fibre tracts. This type of injury has a pre-
dilection for axons at the grey—white-matter junction.
Shearing injuries can also be found in the deep white matter,
corpus callosum, basal ganglia, and the brain stem.

CT is relatively insensitive for detecting diffuse axonal
injury unless the lesions are overtly haemorrhagic (Fig. 2.111).
MRI is the modality of choice in the assessment of DAL By
using sequences that are sensitive to blood products, micro-
haemorrhages can be identified as foci of hypointense signal
(Fig. 2.112). Non-haemorrhagic lesions are visible as areas of
increased signal on a fluid-attenuated inversion recovery
(FLAIR) sequence (Fig. 2.113). Acute DAI lesions are bright
on diffusion-weighted imaging and dark on the apparent dif-
fusion coefficient (ADC) map because of restricted diffusion
caused by acute cell death and cytotoxic oedema (Fig. 2.114).

Fig. 2.109 Cerebral contusion. Axial CT image demonstrates a small,
haemorrhagic cerebral contusion in the left frontal lobe. There is a
smaller contusion peripherally in the right temporal lobe, adjacent to a
skull fracture
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Fig. 2.110 Large frontal cerebral contusion. Axial CT image shows a Fig. 2.112 DAL Axial susceptibility-weighted MR image, which is
large parenchymal haemorrhage in the right frontal lobe, adjacent to a  ¢engitive for blood products, demonstrates tiny foci of low signal inten-
compound fracture of the right frontal sinus. There is blood within the sity (arrow) in the left frontal lobe, in keeping with tiny hacmorrhages
frontal sinuses and a right frontal subdural haematoma

Fig. 2.111 Diffuse axonal injury (DAI). Axial CT image shows a
tiny focus of haemorrhage in the right basal ganglia, most likely sec-
ondary to axonal shearing injury. There is also a small left frontal
haemorrhage

Fig. 2.113 Non-haemorrhagic DAI. Coronal T2 fluid-attenuated
inversion recovery (FLAIR) sequence shows abnormal increased signal
in the subcortical white matter of the left frontal lobe, consistent with
axonal shearing injury
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2.3.6 Cervical Spine Injury

Cervical spine injuries are less common in children than in
adults, but the anatomy of the developing cervical spine
predisposes children to upper cervical spine injury.
Younger children in particular tend to have more injuries
in the area from the occiput to the C3 vertebra. The preva-
lence of upper cervical spine injury relates to physiologi-
cal differences in the paediatric cervical spine. Younger
children have a relatively higher fulcrum of motion at the
C2-C3 level (compared to C5-C6 in adults) and a rela-
tively large head. Developmental features such as ligamen-
tous laxity, physiologic anterior wedging of vertebral
bodies, shallow facet joint articulations, and weak neck
muscles are other factors that contribute to injury in the
immature cervical spine.

Initial imaging of the cervical spine may be performed
with radiographs or CT scanning, depending on the clinical
situation. An adequate cervical spine radiograph series
must include two images: a lateral cervical spine X-ray
incorporating the base of the skull and the junction of C7
and T1, and an anteroposterior cervical spine X-ray includ-
ing C2 to T1. An open-mouth view of the odontoid process
is advised if the child can cooperate, but this is often diffi-
cult in young children. If the radiographs obtained are sub-
Fig. 2.114 Acute DAL Axial diffusion-weighted image shows abnor- optimal, CT scanning with multiplanar reformatting may
mal increased signal across the splenium of the corpus callosum. be required (Fig. 2.115). CT scanning of the cervical spine

Smaller areas of abnormal signal are present in the medial left thalamus N R . ; ..
and the genu of the corpus callosum should be considered in any child with a head injury who

Fig. 2.115 (a) Inadequate lateral cervical spine radiograph, in which  through the posterior vertebral body of C6, with facet subluxation. This
the cervical spine is visualised only down to the C5 vertebra. (b) injury cannot be identified on the suboptimal lateral radiograph
Sagittal reformatted CT image in the same patient reveals a fracture
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has risk factors for a cervical spine injury, such as low
Glasgow Coma Scale or focal peripheral neurology.

2.3.6.1 Atlanto-axial Ligamentous Injury

The atlantal transverse ligament extends between the tuber-
cles of the lateral masses of C1 (atlas) and supports the pos-
terior odontoid process of C2 (axis). Traumatic atlanto-axial
subluxation or dislocation usually results from a hyperflex-
ion neck injury, causing disruption of the ligament. The
injury may be associated with a fracture of the odontoid pro-
cess (also known as the dens) or a Jefferson burst fracture.
Disruption of the ligament results in anterior displacement of
C1 on C2. Posterior displacement is extremely rare.

On a lateral cervical spine radiograph, atlanto-axial sub-
luxation or dislocation is diagnosed when there is widening
of the atlantodental interval (ADI) of more than 5 mm. The
ADI is measured between the anterior cortex of the odontoid
(dens) and the posterior cortex of the anterior arch of CI1. It
measures 5 mm or less in normal healthy children. The injury
also interrupts the smooth lordotic curve of the spinolaminar
line, which is a line drawn along the anterior part of the spi-
nous processes of the cervical spine and denotes the posterior
margin of the spinal canal. Prevertebral soft tissue swelling
may be evident (Fig. 2.116). The anterior movement of the
C1 vertebra reduces the anterior-posterior (AP) diameter of
the spinal canal. Spinal cord injury may occur if the cord is
compressed between the odontoid process and the posterior
arch of C1. This is appreciated on MR scanning (Fig. 2.117).

Conditions such as rheumatoid arthritis, Morquio syn-
drome, and Down syndrome may be associated with verte-
bral anomalies and ligamentous laxity. Consequently,
affected patients may be predisposed to atlanto-axial sublux-
ation and instability. Whilst these patients are usually asymp-
tomatic, they are at increased risk of developing neurological
injury with minor neck trauma. In Grisel syndrome, a non-

Fig. 2.117 Atlanto axial dislocation. (a) Sagittal reformatted image of
cervical spine CT study demonstrates anterior displacement of the C1
arch with respect to the dens. The ADI is increased and the distance
between the spinous processes of C1 and C2 is widened. The spinal

traumatic cause of atlanto-axial subluxation, inflammation
of the adjacent soft tissues of the neck causes laxity of the
transverse ligament.

Fig.2.116 Atlanto-axial dislocation. Lateral cervical spine radiograph
demonstrates anterior movement of C1 relative to C2 and widening of
the atlantodens interval (ADI, green line). There is interruption of the
spinolaminar line (white curve), with the spinous process of C1 (arrow)
lying anterior to the line. Prevertebral soft tissue swelling is present

canal diameter is compromised, owing to anterior displacement of the
posterior arch of C1. (b) Spinal cord compression is confirmed on a
T2-weighted sagittal MR image (area of increased signal within the
proximal cervical cord)
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2.3.6.2 Fractures of the Atlas

A Jefferson or burst fracture of the C1 ring is caused by an
injury along the axis of the cervical spine, in which the
occipital condyles are driven into the lateral masses of Cl1.
Fractures usually occur through the anterior and posterior
arches of C1. The fracture is manifest as asymmetry between
the odontoid process and the lateral masses of C1 on the
open-mouth odontoid view. These fractures are stable if the
atlantal transverse ligament is intact. A distance of 6 mm or
more between the lateral mass of C1 and the odontoid pro-
cess is suggestive of ligamentous disruption. CT demon-
strates the fracture line, which usually involves both the
anterior and posterior arches. If there is injury to the atlantal
transverse ligament, the ADI will be increased (>5 mm) on
sagittal reconstructed images.

2.3.6.3 Odontoid Fractures

Odontoid fractures in children younger than 7 years of age
occur most commonly through the cartilaginous synchon-
drosis (between the odontoid process and the body of C2).
On lateral radiographs or sagittal reconstructions of CT
images, this fracture is characterised by anterior displace-
ment and anterior tilting of the odontoid process. There is
associated prevertebral soft-tissue swelling.

Fig. 2.118 Hangman’s fracture. (a) Lateral cervical spine radiograph
demonstrates anterior subluxation of C2 on C3, pars fracture and
increased distance between the spinous processes of C1 and C2. (b)

S. Butler

2.3.6.4 Traumatic Spondylolisthesis of C2
(Hangman'’s Fracture)

A hangman’s fracture is a fracture through both neural arches
of the C2 vertebra, usually involving the pars interarticularis
(the part of the lamina located between the superior and infe-
rior articular facets). It is the result of a hyperextension injury
of the cervical spine. The pars fractures may be visualised on
a lateral cervical spine radiograph. Anterior subluxation of
C2 on C3 due to horizontal tearing of the C2—C3 disc space,
and increased distance between the spinous process tips of
C1 and C2 are associated findings (Fig. 2.118). CT scanning
provides more detailed evaluation of the injury (Fig. 2.119).

2.3.6.5 Subaxial Injuries (C3-C7)
Subaxial injuries are usually seen in older children and may
be secondary to sports-related injuries or motor vehicle
accidents. Wedge compression fractures occur with flexion
and axial loading, resulting in loss of vertebral height. CT is
performed to detect any retropulsed bone fragment. MRI
may be required to define any associated ligamentous disrup-
tion or spinal cord contusion.

Bilateral facet dislocation is an unstable injury, often
associated with spinal cord trauma. Radiographs show dis-
placement of adjacent vertebrae and dislocation of facet

Sagittal reconstructed CT image shows widening of the C2-C3 inter-
vertebral disc space due to horizontal tearing of the disc
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Fig. 2.119 Hangman’s fracture. (a) Axial CT image shows a fracture
through the left pars interarticularis and a fracture through the right
pedicle of C2. (b) Left parasagittal reconstructed CT image shows the
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left-sided pars fracture of C2. (¢) Right parasagittal reconstructed CT
image shows the fracture of the right pedicle of C2, with the fracture
line extending into the vertebral body

Fig.2.120 Fracture dislocation at C7/T1. (a) Midline sagittal reformat-
ted CT image of the cervical spine demonstrates a horizontal fracture
through the inferior aspect of the C7 vertebral body and a further fracture

joints. The facet dislocations and any associated facet frac-
tures are well demonstrated on CT scanning (Fig. 2.120).

2.4 Tumour

2.4.1 Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a disease character-
ised by idiopathic proliferation of histiocytes, producing
local or systemic manifestations. The extent of the disease is
variable both clinically and radiologically, ranging from self-
healing lesions to life-threatening disseminated disease. The
diagnosis is based on clinical and radiological findings,
along with histopathological analysis of biopsy material.
LCH can affect any organ of the body. In children, those
most frequently affected are the bones (80% of cases), skin
(33%), and pituitary gland (25%), followed by the liver,

through its spinous process. There is anterior displacement of C7 relative
to T1. Left (b) and right (¢) parasagittal reformatted CT images show
that the inferior articular facets of C7 are dislocated anteriorly

spleen, haematopoietic system, lungs, lymph nodes, and cen-
tral nervous system (excluding the pituitary). Any bone
within the paediatric skeleton can be affected by LCH, but
there is a predilection for flat bones, with the skull most fre-
quently involved, followed by the mandible.

LCH lesions in the skull may present as painful areas of
soft-tissue swelling. They may also be asymptomatic and noted
incidentally by a parent. The lesions have a varied appearance
on skull radiographs. They can be solitary or multiple and typi-
cally appear round or ovoid, with well-defined margins giving
a “punched out” appearance (Figs. 2.121 and 2.122). A double-
contour or bevelled-edge appearance may be seen when there
is greater destruction of the inner than the outer table.
Occasionally the bony lesions may enlarge, increase in num-
ber, and coalesce to form what is referred to as the “geographi-
cal skull.” LCH skull lesions may be associated with an
extracranial soft-tissue mass. The bony lesions and any
associated scalp soft-tissue swelling are better demonstrated on
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Fig. 2.121 Langerhans cell histiocytosis (LCH). Lateral skull radio-
graph shows a well-defined lytic lesion in the frontal region of the skull

Fig. 2.122 LCH. Lateral skull radiograph shows multiple well-
demarcated lytic skull lesions

CT scanning (Figs. 2.123 and 2.124). CT will also detect any
associated epidural soft-tissue component (Fig. 2.125).

LCH also can affect the mandible or maxilla. Destruction
of the alveolar bone around the teeth produces the radiologi-
cal appearance of “floating teeth” (Fig. 2.126).

Fig.2.123 LCH. (a) Axial CT image demonstrates a lytic lesion in the
left parietal bone. (b) The greater destruction of the inner than the outer
table results in the bevelled appearance of the lesion as seen on the 3D
reformatted image

2.4.2 Congenital Cervical Teratoma

Teratomas are tumours containing all three germ layers
(ectoderm, mesoderm, and endoderm). After the sacrum, the
neck region is the second most common location for fetal
and neonatal teratomas. Congenital cervical teratomas aris-
ing from the lateral neck region account for approximately
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3% of teratomas in childhood and infancy. In the head and
neck, teratomas also may arise from the nasopharynx and the
brain.

Cervical teratomas usually develop during the second tri-
mester of pregnancy. They are considered benign tumours and
can be mature or immature. On antenatal ultrasound, a tera-

Fig. 2.124 Axial contrast-enhanced CT image demonstrates an extra-
cranial soft-tissue mass in association with an LCH lytic bone lesion
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toma usually appears as a heterogeneous solid and cystic mass
in the cervical region. It may be irregular and multiloculated.
Calcification, which is present in approximately 50% of cases,
is considered a pathognomonic feature. There may be associ-
ated polyhydramnios because of oesophageal obstruction.
Antenatal MRI allows better delineation of the complex
tumour mass arising from the fetal neck. The tumour usually
demonstrates heterogeneous signal on both TI- and

T2-weighted sequences, depending on the amount of cystic,

Fig.2.126 “Floating tooth” appearance in association with LCH. Axial
CT image demonstrates the loss of alveolar bone around an upper left
deciduous molar tooth (arrow)

Fig. 2.125 (a) Axial contrast-enhanced CT image shows thickening and enhancement of the dura subjacent to an LCH bone lesion. (b) Coronal
post-contrast T1-weighted MR image demonstrates the extent of the dural thickening and enhancement in association with the LCH lesion
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solid, and fat components (Fig. 2.127). Calcification, if pres-
ent, may be seen on particular sequences and is pathogno-
monic for teratoma. Because of their tendency to rapidly
increase in size, neck teratomas can cause oesophageal and/
or airway obstruction. Antenatal MR scanning is often per-
formed to assess patency of the airway prior to delivery.
Airway compromise may require the infant to be delivered
by an EXIT procedure (Ex Utero Intrapartum Treatment),
which preserves uteroplacental circulation whilst establish-
ing a safe airway.

Fig. 2.127 Congenital cervical teratoma on antenatal MR study. The
coronal T2-weighted image demonstrates a heterogeneous mass arising
from the fetal neck

S. Butler

Postnatally, pre-operative delineation of the tumour extent
and its relationship to neighbouring structures is important in
order to achieve complete surgical resection of the mass.
This is usually performed with MR imaging (Fig. 2.128).

24.3 Lymphoma

Lymphomas account for approximately 10-15% of all
childhood cancers in developed countries and are the third
most common malignancy after leukaemias and brain
tumours. The aetiology of lymphoma is unknown, but
potential risk factors include immunosuppression (e.g.,
post-transplantation) and previous chemotherapy.

Lymphomas may present as masses wherever lymph
nodes are present in the body. In children and young adults,
the cervical lymph nodes are the most common site of
involvement in Hodgkin’s lymphoma (Fig. 2.129). The cer-
vical nodes may also be involved in non-Hodgkin’s lym-
phoma. Enlarged cervical lymph nodes are a common
manifestation of inflammatory disease in children, and at
times it may be extremely difficult to decide whether enlarged
cervical nodes are due to infection or to lymphoma.
Clinically, reactive lymph nodes tend to be mobile, soft, and
painful. Non-mobile, firm, and painless nodes are concern-
ing for lymphoma.

Ultrasound is usually the first imaging procedure per-
formed on a child presenting with enlarged neck lymph
nodes. Various ultrasound features have been described for
differentiating reactive lymphadenitis from lymphomatous
nodes. Ultrasound features of lymphomatous nodes include
nodal enlargement, round shape, absent or eccentric echo-
genic hilum, hypoechoic parenchyma, and a tendency for
nodes to aggregate into a mass. Displacement of hilar vascu-
lature and areas of absent nodal vascularity may be identified

Fig. 2.128 Congenital cervicofacial teratoma on post-natal MR imaging. T2-weighted coronal (a) and axial (b) images show a complex lesion
containing cystic and solid elements arising from the right side of the face and neck
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Fig. 2.129 Clinical photograph of enlarged left-sided cervical lymph
nodes due to lymphoma

Fig.2.130 Lymphomatous cervical node on ultrasound. The abnormal
enlarged lymph node is round and hypoechoic, with loss of its central
echogenic hilum and absence of normal vascularity on colour Doppler

on colour Doppler (Fig. 2.130). Some of these ultrasound
features can be seen with reactive, benign lymph nodes,
however, so lymph node biopsy is required to achieve a
definitive histological diagnosis. Once the diagnosis of lym-
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Fig. 2.131 Hodgkin’s lymphoma. Axial contrast-enhanced CT image
demonstrates a conglomerate lymph node mass within the right side of
the neck

phoma is confirmed, the extent and sites of disease must be
established to assess prognosis and plan treatment.

On CT scanning, lymphomatous neck nodes may be dis-
cretely enlarged or appear as a large soft-tissue mass due to
nodal aggregation (Fig. 2.131). The nodes enhance with
intravenous contrast. Central low attenuation (low density)
within affected nodes implies intra-nodal necrosis. On MR
imaging, affected lymph nodes show low to intermediate sig-
nal intensity on T1-weighted imaging and intermediate to
high signal intensity on T2-weighted imaging (Fig. 2.132).
Because of their high cellularity, lymphomatous lesions
restrict water diffusion and appear hypointense (dark) on an
apparent diffusion coefficient (ADC) map obtained with
diffusion-weighted MR imaging (Fig. 2.133).

The use of positron emission tomography co-registered
with CT (PET-CT) is now established in the assessment of
paediatric Hodgkin’s lymphoma. The tracer used is '*F-labelled
fluoro-2-deoxyglucose (*®F-FDG). Lymphomatous lesions
demonstrate strong (avid) *F-FDG uptake (Fig. 2.134).
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Fig. 2.132 Hodgkin’s lymphoma. Coronal T2 STIR MR image shows
enlarged intermediate- to high-signal cervical lymph nodes bilaterally,
along with extensive mediastinal disease

Fig. 2.133 Apparent diffusion coefficient (ADC) map from diffusion-
weighted MR imaging shows hypointense (dark) signal in right-sided
cervical lymphomatous nodes
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Fig. 2.134 Lymphoma. Coronal PET-CT image shows avid uptake of
BE-FDG in the right cervical lymph nodes and a smaller area of uptake
in the left cervical chain

2.4.4 Brain Tumours

Childhood brain tumours are the second most common pae-
diatric malignancy after leukaemia. CT is the imaging
modality most often used in the diagnosis of paediatric
intracranial neoplasms, as patients often present acutely with
concerning symptoms of raised intracranial pressure. MRI,
with its multiplanar imaging capability, is the modality of
choice for determining the exact extent of the tumour and its
relationship to surrounding structures. It is therefore used in
the staging of tumours. Spinal MR scanning is often per-
formed at the same time to assess for disease spread (‘““drop
metastases”).

2.4.4.1 Infratentorial Tumours

The posterior cranial fossa is a common location for paediat-
ric brain tumours. Posterior fossa tumours include medullo-
blastoma, astrocytoma, ependymoma, and brain stem glioma.
Patients often present with clinical signs of hydrocephalus
and raised intracranial pressure. The most common symp-
toms include headache, nausea, and vomiting.

2.4.4.1.1 Medulloblastoma

Medulloblastoma is the most common malignant posterior
fossa tumour encountered in children in most series. Due to
the rapid growth and malignant features of the tumour,
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Fig.2.135 Medulloblastoma. (a) Axial CT image reveals a dense midline mass within the cerebellar vermis, compressing the fourth ventricle and
causing hydrocephalus. (b) The mass enhances diffusely following contrast administration

patients usually present with a short duration of rapidly
developing symptoms, most commonly nausea, vomiting,
and headache due to obstructive hydrocephalus. Truncal
ataxia and papilloedema are common clinical signs.

The tumour is usually located in the cerebellar vermis.
Anteriorly, it can impinge on the fourth ventricle, causing
partial or complete obstruction of CSF flow. The tumour can
extend posteriorly into the cisterna magna and down into the
upper spinal canal. It may also extend laterally through the
foramen of Luschka into the cerebellopontine angle cistern.
Leptomeningeal spread via CSF pathways can result in intra-
cranial tumour spread. Drop metastases to the spinal sub-
arachnoid space and cauda equina are present in
approximately 40% of cases at presentation, so spinal MR
imaging is required.

On unenhanced CT, a typical medulloblastoma appears as
a well-defined, hyperdense midline lesion within the cerebel-
lar vermis (Fig. 2.135). Perilesional oedema is often present,
as well as hydrocephalus due to mass effect on the fourth
ventricle. With contrast administration, the tumour usually
enhances diffusely, although patchy enhancement may occa-
sionally occur.

The MRI appearance of medulloblastoma can vary. The
most common appearance on T1-weighted imaging is that of
a hypointense lesion (compared with the surrounding brain)
within the cerebellar vermis. On T2-weighted images, the
lesion can be hypointense or isointense and cystic compo-

nents may be present, which are seen as hyperintense areas.
Tumour enhancement may be uniform or patchy following
gadolinium administration (Fig. 2.136). Leptomeningeal dis-
ease spread is identified as enhancing nodules on the surface
of the brain. Spinal leptomeningeal spread or drop metasta-
ses appear as enhancing foci along the surface of the spinal
cord and the cauda equina (Fig. 2.137).

2.4.4.1.2 Cerebellar Astrocytoma

Most cerebellar astrocytomas in children are of a specific
histological type known as juvenile pilocytic astrocytoma,
which is a low-grade tumour. The tumours can arise from the
cerebellar vermis or the cerebellar hemisphere. Patients usu-
ally present with symptoms of raised intracranial pressure.
Cerebellar signs may be present. Cerebellar astrocytomas
can be cystic, solid, or solid with a necrotic centre.
Approximately 50% of paediatric cerebellar astrocytomas
are cystic with a mural nodule attached to the cyst wall.

The typical appearance of a cerebellar astrocytoma on CT
is that of a large vermian or hemispheric tumour that is pre-
dominantly cystic. The solid part of the tumour is usually
isodense to hypodense (compared with adjacent brain) on
unenhanced scans. Contrast enhancement is often heteroge-
neous. When the tumour is cystic with a mural nodule, the
cyst is round or oval and the nodule is round, ovoid, or
plaque-like. The nodule demonstrates intense contrast
enhancement (Fig. 2.138).
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Fig.2.136 Medulloblastoma. (a) Axial T2-weighted MR image shows
a lesion of intermediate signal intensity in the cerebellar vermis, com-
pressing the fourth ventricle. (b) Axial post-contrast T1-weighted
image shows inhomogeneous contrast enhancement within the mass

The MR appearance of cerebellar astrocytomas is
variable. Solid and cystic elements are identified, as on
CT. In general, solid components appear as low signal
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Fig. 2.137 Metastatic medulloblastoma. Sagittal post-contrast
T1-weighted MR image demonstrates thick, irregular contrast enhance-
ment along the surface of the spinal cord, consistent with spinal meta-
static disease

intensity masses on T1-weighted images and as high sig-
nal intensity lesions on T2-weighted imaging. The cystic
component is usually of higher signal intensity than the
solid component on T2-weighted sequences. Any solid
or mural components will enhance with gadolinium
(Fig. 2.139).

2.4.4.1.3 Infratentorial Ependymoma

Infratentorial ependymomas develop from the floor or roof
of the fourth ventricle and grow into the ventricular lumen.
They tend to spread beyond the ventricle by extending
through the foramina of Luschka and Magendie.
Leptomeningeal spread is less common at presentation than
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Fig. 2.138 Cerebellar pilocytic astrocytoma. Axial contrast-enhanced
CT image shows a well-defined cystic lesion in the left cerebellar hemi-
sphere with an enhancing mural plaque. The tumour compresses the
fourth ventricle, causing hydrocephalus

Fig. 2.139 Pilocytic astrocytoma of cerebellar vermis. (a) Axial
T2-weighted MR image shows a well-defined high-signal mass in the
cerebellar vermis, with a hyperintense cystic centre. The fourth ventri-
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with medulloblastoma. Patients usually present with symp-
toms of raised intracranial pressure and ataxia.

On CT scanning, an ependymoma appears as an isodense
to hyperdense fourth ventricular mass. Punctate calcification
is present in up to 50% of cases (Fig. 2.140). Small cysts may
also be seen. The tumour enhances heterogeneously with
intravenous contrast.

On MRI, ependymomas appear slightly hypointense rela-
tive to brain on T1-weighted imaging. T2-weighted images
show a mass that is usually isointense to grey matter. Foci of
T2 hyperintensity (due to cysts or necrosis) or hypointensity
(due to calcification or haemorrhage) may be evident. The
lesion enhances heterogeneously with gadolinium. The
tumour may extend through the foramen of Magendie and
the foramen magnum into the subarachnoid space behind the
proximal cervical cord. Extension of the tumour through the
foramen of Luschka into the cerebellopontine angle cistern
is also a characteristic feature of ependymomas (Fig. 2.141).
Drop metastases may be present on spinal MRI.

2.4.4.1.4 Brain Stem Gliomas

Brain stem gliomas classically present with cranial nerve
palsies and ataxia. They are broadly categorised as either dif-
fuse or focal. Diffuse pontine gliomas are poorly circum-
scribed, large lesions that have an extremely poor prognosis.
Smaller, focal lesions have a better prognosis.

cle is partially compressed. (b) Axial post-contrast T1-weighted MR
image demonstrates contrast enhancement around the periphery of the
cystic component
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Fig.2.140 Ependymoma. (a) Axial CT image shows a dense mass arising from the fourth ventricle, containing a tiny fleck of calcification. There
is hydrocephalus involving the lateral and third ventricles. (b) The tumour enhances following contrast administration

Fig. 2.141 Ependymoma with extension through the foramen of men of Luschka to fill the right cerebellopontine angle. (b) Axial post-
Luschka. (a) Axial T2-weighted MR image shows an isointense mass  contrast T1-weighted MR image shows that the mass is poorly
arising from the fourth ventricle and extending through the right fora-  enhancing
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Fig.2.142 Diffuse pontine glioma. Axial contrast-enhanced CT image
shows a low-attenuation lesion expanding the pons. The enhancing basi-
lar artery lies anterior to the swollen pons. The fourth ventricle is effaced
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With its multiplanar capacity and the lack of artefact from
the bony structures of the skull base, MRI is the study of
choice when imaging brain stem tumours. If CT is per-
formed, a diffuse pontine glioma will appear as a hypodense
lesion that diffusely expands the pons (Fig. 2.142). On MR
scanning, diffuse gliomas are seen as infiltrating masses,
which are hypointense on T1-weighted imaging and hyperin-
tense on T2-weighted images (Fig. 2.143). The lesion has ill-
defined boundaries. Tumour expansion causes an increase in
the AP diameter of the brainstem and posterior displacement
of the fourth ventricle. Anterior growth of the lesion can
encase the basilar artery. The tumours generally do not
enhance with contrast.

Focal pontine gliomas occupy less than 50% of the trans-
verse area of the pons. They may be poorly or sharply mar-
ginated. If peripheral in origin, they may grow exophytically
into the fourth ventricle or the cerebellopontine angle cis-
tern. Solid components of the lesion can enhance
heterogeneously.

2.4.4.2 Supratentorial Tumours

Supratentorial tumours are more common than infratentorial
tumours in children less than 2 years of age and older than
10 years. A comprehensive review of paediatric supratento-
rial tumours is beyond the scope of this chapter, which
describes a selection of the more common tumours. Young

Fig. 2.143 Diffuse pontine glioma. (a) Axial T2-weighted MR image demonstrates a high-signal mass within the pons. (b) Sagittal post-contrast
T1-weighted MR image shows that the tumour does not enhance with contrast
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children with a supratentorial tumour may present with vom-
iting, lethargy, and macrocrania. Older children may present
with seizures, visual disturbances, or endocrine dysfunction,
depending on the site of origin of the tumour.

2.4.4.2.1 Astrocytomas

Astrocytomas, the most common cerebral hemisphere
tumours of childhood, are a heterogeneous group that can
vary from low-grade to high-grade. There is no characteristic
location for the tumours, although they tend to develop deep
within the hemispheres, usually involving the basal ganglia
or thalamus. They are often large at the time of diagnosis.
The presenting signs and symptoms depend on tumour
location. Seizures, focal neurologic deficit, headache, and
vomiting are common presenting symptoms.

Hemispheric astrocytomas have variable imaging
appearances on CT and MRI. They can be solid, solid with
a necrotic centre, or cystic. Although typically found deep
within the hemisphere, they can occur in the central white
matter or in the cortex. On unenhanced CT scans, the solid
portion of the tumour tends to be isodense to hypodense
relative to the adjacent brain parenchyma. Following con-
trast administration, the solid portion may enhance com-
pletely, partially, or not at all. On MRI, astrocytomas appear
as large hemispheric lesions which are low signal compared

with brain on TIl-weighted imaging and high signal on
T2-weighted images. Low-grade tumours tend to be homo-
geneous, well-circumscribed, free of haemorrhage, and
associated with mild perilesional oedema. On the other
hand, higher-grade tumours tend to be heterogeneous
(owing to areas of necrosis or haemorrhage within the
lesion), and they are associated with extensive perilesional
oedema. Solid components may enhance completely, par-
tially, or not at all (Fig. 2.144).

2.4.4.2.2 Craniopharyngioma

Craniopharyngiomas, which are relatively benign tumours,
account for approximately half of tumours that arise in the
sellar/suprasellar region in children. Presenting symptoms
include headache, visual field defects, anterior pituitary dys-
function, and hypothalamic dysfunction. A craniopharyngi-
oma is typically a lobulated lesion with single or multiple
cysts that often encases the circle of Willis. Calcification is
commonly present.

On CT scanning, a craniopharyngioma is identified as a
suprasellar lesion that is usually cystic and at least partially
calcified. Calcification can occur as a thin rim around a cys-
tic component or as larger foci within the solid portion of the
tumour. The solid component and cyst wall generally
enhance with intravenous contrast (Fig. 2.145).

Fig. 2.144 Right parietal pleomorphic astrocytoma. (a) Axial
T2-weighted MR image demonstrates a heterogeneous lesion in the
right parietal lobe, containing solid and cystic areas. There is significant

perilesional oedema. (b) Axial post-contrast T1-weighted MR image
shows heterogeneous contrast enhancement within the solid portion of
the mass
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Fig. 2.145 Craniopharyngioma. (a) Axial CT image demonstrates a calcified and cystic lesion in the suprasellar region. There is hydrocephalus
affecting the lateral ventricles. (b) Following contrast administration, there is rim enhancement of the cystic component

On MR imaging, craniopharyngiomas appear as multilobu-
lar, multicystic suprasellar masses. The cystic fluid signal can
be variable on T1-weighted images, depending on the protein
content of the fluid. The solid component can appear heteroge-
neous because of small cysts and calcification. The cystic and
solid components are both high-signal on T2-weighted imag-
ing, although the cystic elements tend to have higher signal
intensity than the solid component. The solid portion of the
tumour enhances heterogeneously with contrast. The thin cyst
walls nearly always enhance (Fig. 2.146).

2.4.4.2.3 Pineal Region Tumours
Pineal region masses may compress the tectal plate and cause
a defect in upward gaze known as Parinaud syndrome, or they
may cause obstructive hydrocephalus if the cerebral aqueduct
is compressed. Most tumours arising from the pineal gland
are classified into germ cell and pineal parenchymal tumours.
Germ cell tumours represent more than half of pineal tumours;
of these, germinoma is the most common type. Pineal germi-
nomas are ten times more common in males than in females.
On CT, a germinoma appears as an isodense to hyper-
dense, well-circumscribed mass in the pineal region that
engulfs the physiological calcification within the pineal
gland and enhances with contrast (Fig. 2.147). Hydrocephalus
may be present. On MR imaging, the tumour is isointense to

Fig. 2.146 Craniopharyngioma. Axial post-contrast T1-weighted MR
image demonstrates enhancement of the solid part of the tumour and
rim enhancement of the cystic components
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Fig. 2.147 Pineal germinoma. Axial contrast-enhanced CT image
shows an enhancing lobulated mass engulfing the pineal calcification.
There is hydrocephalus involving the lateral and third ventricles

hypointense relative to grey matter on T1- and T2-weighted
imaging. Cystic elements may be visible. The tumour
enhances intensely after contrast administration (Fig. 2.148).
Spinal imaging is required because CSF seeding and spinal
drop metastases can occur.

2.4.4.2.4 Choroid Plexus Tumours

Choroid plexus tumours (papillomas and carcinomas) are
rare tumours arising from the epithelium of the choroid
plexus. They are often found in infants and young children.
The tumour cells produce CSF, resulting in hydrocephalus.
The most common site of origin is the lateral ventricle.

A choroid plexus papilloma on CT scanning typically
appears as a lobulated, isodense or mildly hyperdense intra-
ventricular mass with occasional punctate foci of calcification.
It is usually located in the trigone region of the lateral ventricle
(Fig. 2.149). The tumour enhances homogeneously with con-
trast. On MRI, the tumour typically appears as a lobulated
intraventricular mass that is isointense to brain on T1-weighted
images and isointense to hyperintense on T2-weighted imag-
ing. Small vascular flow voids may be seen within the tumour.
Foci of haemorrhage or calcification are occasionally present.
The lesion demonstrates uniform intense enhancement follow-
ing contrast administration (Fig. 2.150).

Fig.2.148 Pineal germinoma. Axial (a) and sagittal (b) post-contrast T1-weighted MR images show an enhancing pineal gland tumour, which is
compressing the cerebral aqueduct, causing hydrocephalus
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Fig. 2.149 Choroid plexus papilloma. Axial CT image shows a lobu-
lated mass in the left lateral ventricle, with density similar to brain. Foci
of calcification are present posteriorly within the mass. The ventricles
are dilated
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Choroid plexus carcinomas usually appear much more
aggressive than papillomas on imaging studies. They are
irregular in contour and heterogeneous in appearance, with a
variable enhancement pattern. Cysts and haemorrhage are
often present within the tumour. They nearly always grow
through the ventricular wall into the adjacent brain and cause
vasogenic oedema.

Choroid plexus tumours can spread via the CSF path-
ways, so spinal imaging is required because of the possibility
of spinal metastases.

2.4.5 Orbital Sarcoma

Rhabdomyosarcomas are the most common soft tissue tumour
in children. They are malignant tumours with skeletal cell
morphology although they do not arise from muscle directly.
Primary orbital rhabdomyosarcomas account for approxi-
mately 25-35% of head and neck rhabdomyosarcomas and
about 10% of all rhabdomyosarcomas in children. The orbit
can also be involved secondarily by spread of rhabdomyosar-
coma from other sites, such as the nasopharynx or infratem-
poral fossa. The most common histological type involving the
orbit is the embryonal form. Primary orbital rhabdomyosar-

shows that the mass enhances intensely. There is dilatation of the ven-

Fig. 2.150 Choroid plexus papilloma. (a) Axial T2-weighted MR
image shows a lobulated mass within the right lateral ventricle. A large
feeding vessel is visible. (b) Axial post-contrast T1-weighted image

tricles due to hydrocephalus
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coma most often occurs in the first decade of life. It is an
aggressive, fast-growing tumour that presents with rapidly
progressive proptosis or globe displacement. Conjunctival
and palpebral swelling may also be present. Most tumours are
extraconal or both intraconal and extraconal in location. The
tumour frequently invades adjacent bones and soft tissues.
CT and MR imaging both have important roles in the stag-
ing and follow-up of orbital rhabdomyosarcomas, providing
complementary information. CT is particularly valuable for
demonstrating bone involvement, whereas MRI is sensitive
for detecting intracranial extension of the tumour. On CT
imaging, an orbital rhabdomyosarcoma usually appears as a
well-defined, irregular, ovoid extraconal mass with density
similar to muscle (Fig. 2.151). Eyelid thickening is frequently
present. The tumour usually enhances with contrast. The
tumour mass displaces or encases the extraocular muscles.

Fig.2.151 Left orbital rhabdomyosarcoma. Coronal reconstructed CT
image demonstrates a soft-tissue mass superiorly within the left orbit,
displacing the left globe inferiorly. The density of the mass is similar to
the adjacent extraconal muscles

Larger tumours tend to have less well-defined margins and
are more likely to erode or destroy adjacent bone. On MR
imaging, an orbital rhabdomyosarcoma is isointense relative
to muscle on T1-weighted images, and usually hyperintense
on T2-weighted images. The tumour enhances uniformly
with contrast (Fig. 2.152). Intraorbital structures may be
encased by the mass, and the globe is often distorted or dis-
placed. Invasion into the paranasal sinuses or intracranial
compartment may be seen with aggressive tumours.

2.4.6 Retinoblastoma

Retinoblastoma is the most common intraocular tumour in
children. Most patients present before 4 years of age.
Bilateral disease occurs in 30% of cases. Lesions may be
unifocal or multifocal. Patients with a genetic form of retino-
blastoma are at increased risk of developing intracranial
tumours in the pineal or suprasellar region, a phenomenon
known as “trilateral retinoblastoma.”

Retinoblastoma is usually diagnosed by ophthalmologic
examination, which reveals a white pupillary reflex (leuko-
coria) instead of the normal red reflex. The diagnosis can be
confirmed with ultrasound. Solitary or multiple intraocular
masses may be identified on ultrasound. Retinoblastoma is
characterised as an echogenic soft-tissue mass within the
globe (Fig. 2.153). Calcification may be seen within the
lesion. The lesions are usually hypervascular on colour
Doppler assessment (Fig. 2.154). Ultrasound can also dem-

Fig. 2.152 Left orbital rhabdomyosarcoma. (a) Axial T2-weighted MR image shows an isointense to hyperintense lesion in the superior aspect
of the left orbit. (b) Coronal post-contrast T1-weighted MR image demonstrates enhancement of the tumour
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onstrate associated retinal detachment and vitreous spread.
The vitreous may have echogenic debris from haemorrhage
or tumour seeding. Tumour extension is poorly delineated
with ultrasound.

MR imaging is used for staging because it can provide
detailed information regarding the tumour, the retrobulbar
structures, and the brain. Retinoblastoma lesions are usually
hyperintense to vitreous on TI1-weighted imaging and
hypointense on T2-weighted images (Fig. 2.155). The lesions
demonstrate moderate to marked enhancement with contrast.
Calcification, if present, may be identified with certain
sequences. Vitreous seeding may be identified as T1 hyperin-
tense and T2 hypointense foci within the vitreous cavity.
Retinal detachment with subretinal exudates also can be
visualised. Staging of retinoblastoma should include evalua-
tion of intraocular extension (to choroid or sclera), extraocu-

Fig. 2.153 Retinoblastoma. Transverse ultrasound image demon-
strates an irregular, echogenic soft-tissue structure posteriorly in the left
globe. Small foci of hyperechogenicity within the tumour represent
calcification
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lar spread (optic nerve or orbital invasion), or intracranial
extension (leptomeningeal or brain metastases).

CT is now seldom used for the diagnosis and staging of
retinoblastoma. When performed, the tumour appears as an
enhancing, intermediate-density soft-tissue mass or masses.
CT readily depicts tumoral calcification (Fig. 2.155c¢).

iy

Fig.2.154 Retinoblastoma. Colour Doppler ultrasound image demon-
strates hypervascularity within the tumour

[\

Fig. 2.155 Retinoblastoma lesion within the right globe. The lesion (arrow) is low-signal on an axial T2-weighted MR image (a) high-signal on

an axial T1-weighted image (b) and calcified on an axial CT image (c)
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2.5 Acquired Conditions
2,5.1 Intraventricular Haemorrhage

Intraventricular haemorrhage (IVH) is a complication seen
more often in premature than term infants. The germinal
matrix is a highly vascular structure, which is found in the
caudothalamic groove between the thalamus and the head of
caudate in premature infants. It is the classic site of haemor-
rhage in preterm infants. The haemorrhage is attributed to
the intrinsic fragility of the germinal matrix vasculature and
fluctuations in cerebral blood flow. Haemorrhage within the
germinal matrix may rupture through the ependymal lining
into the lateral ventricle. The germinal matrix begins to invo-
lute towards the end of the second trimester. As involution
progresses, the risk of haemorrhage decreases.

Intracranial haemorrhage in preterm infants is usually
diagnosed on cranial ultrasound. Papile and colleagues
(1978) classified intraventricular and periventricular haem-
orrhage into four grades, depending on severity: Grade I
haemorrhage refers to subependymal (germinal matrix)
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haemorrhage only. Grade 2 haemorrhage is extension of the
subependymal haemorrhage into the lateral ventricle, with-
out ventricular dilatation. Grade 3 haemorrhage is intraven-
tricular haemorrhage with ventricular dilatation. In grade 4
haemorrhage, there is intraventricular haemorrhage within a
dilated ventricle and periventricular haemorrhage due to
periventricular venous infarction.

On cranial ultrasound, an acute grade 1 subependymal
haemorrhage appears as a hyperechoic area along the inferior
aspect of the frontal horn of the lateral ventricle and medial to
the head of caudate in the coronal plane (Fig. 2.156). On para-
sagittal sections, the haemorrhage is identified as a hyperechoic
area in the caudothalamic groove. In grade 2 haemorrhage, the
intraventricular blood is seen as echogenic material filling part
or all of a non-dilated ventricle (Fig. 2.157). In grade 3 haemor-
rhage, there is echogenic blood within the ventricle and ven-
tricular dilatation (Fig. 2.158). The periventricular haemorrhage
associated with grade 4 haemorrhage is identified as an irregu-
lar echogenic area in the brain parenchyma adjacent to the lat-
eral ventricle. It is usually associated with intraventricular
haemorrhage and ventricular dilatation (Fig. 2.159).

Fig. 2.156 Bilateral grade 1 subependymal haemorrhages. (a) Coronal ultrasound image shows bilateral hyperechoic foci along the inferior
frontal horns of the lateral ventricles. (b) Left parasagittal ultrasound image shows the hyperechoic haemorrhage within the caudothalamic groove

Fig. 2.157 Grade 2 intraventricular haemorrhage. Coronal (a) and parasagittal (b) ultrasound images show hyperechoic haemorrhage filling the
left lateral ventricle. The ventricle is not dilated
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In contrast to preterm infants, intraventricular haemor-
rhage is uncommon in term infants. Potential sources of
intraventricular haemorrhage in term infants include choroid

Fig. 2.158 Grade 3 intraventricular haemorrhage. Parasagittal ultra-
sound image demonstrates hyperechoic blood (arrow) within a dilated
left lateral ventricle
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plexus haemorrhage, vascular malformation, tumour, exten-
sion of haemorrhagic venous infarction, coagulopathy, and
extension of thalamic haemorrhage.

2.5.2 Porencephalic Cyst

Porencephaly is a cystic area within the brain that communi-
cates with the ventricle and/or subarachnoid space.
Encephaloclastic porencephaly is the sequela of an insult
that can occur in utero, in premature newborn infants, or in
early infancy. Aetiologies include cerebral ischaemia, haem-
orrhage, trauma, and infection. The damaged area evolves
over time into a fluid-filled cavity.

On ultrasound, a porencephalic cyst appears as a
hypoechoic parenchymal cyst that communicates with a ven-
tricle or the subarachnoid space. There is often ipsilateral
ventricular dilatation (Fig. 2.160). MRI demonstrates a well-
defined cyst that follows CSF signal intensity on all
sequences. The cyst is lined by white matter and does not

Fig.2.159 Grade 4 haemorrhage. Coronal (a) and parasagittal (b) ultrasound images show a large intraventricular haemorrhage within a dilated
left lateral ventricle. There is also echogenic haemorrhage in the surrounding parenchyma, due to periventricular venous infarction
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Fig. 2.160 Evolution of an encephaloclastic porencephalic cyst. (a)
Coronal ultrasound image in a preterm infant demonstrates a resolving
periventricular haemorrhage adjacent to the frontal horn of the left lat-
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eral ventricle. (b) Coronal ultrasound image obtained a few weeks later
shows that the haemorrhage has been replaced by a CSF space, which
communicates with the ventricle
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Fig.2.161 Left frontal porencephalic cyst. Coronal T1-weighted MR
image shows a CSF space communicating directly with the left lateral
ventricle

enhance with contrast. Communication with the ventricle
and/or subarachnoid space is typical (Fig. 2.161).

2.5.3 Paediatric Stroke

Although stroke is often thought of as an adult disease, it is
unfortunately an important cause of morbidity and mortality
in infants and children. By definition, perinatal stroke occurs
before 29 days after birth, and childhood stroke occurs
between ages 29 days and 18 years.

Stroke is a neurological injury caused by occlusion or
rupture of cerebral blood vessels. It can be ischaemic, haem-
orrhagic, or both. Ischaemic stroke is usually caused by arte-
rial occlusion, but it also can be caused by occlusion of
cerebral veins or venous sinuses. Haemorrhagic stroke is the
consequence of bleeding from a ruptured cerebral artery or
bleeding into the site of an acute ischaemic stroke. Acute
ischaemic stroke accounts for approximately 50% of all
strokes in children. Recognised risk factors for acute isch-
aemic stroke in children include cerebral arteriopathy (e.g.,
moyamoya disease), congenital and acquired heart disease,
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Fig. 2.162 Left temporal lobe haemorrhage secondary to a ruptured
arteriovenous malformation (AVM). Unenhanced axial CT image
shows acute haemorrhage within the left temporal lobe of the brain. A
subsequent intracerebral angiogram revealed an underlying AVM

haematological disorders (e.g., sickle cell disease), and CNS
infection (meningitis, encephalitis).

The clinical presentation of stroke depends on the age of
the child and may not be specific. Infants with perinatal
strokes usually present with focal seizures or lethargy in the
first few days after birth. Infants and toddlers tend to present
with nonspecific features such as lethargy, irritability, feed-
ing difficulty, apnoeic spells, and hypotonia. Older children
manifest more specific neurological signs similar to those in
adults, including hemiparesis, gait disturbance, speech diffi-
culties, and headache.

An unenhanced CT scan of the head should be performed
in any child suspected of having stroke to exclude a haemor-
rhagic cause for the stroke and to assess for any neurosurgi-
cal emergency (Fig. 2.162). Cerebral venous sinus thrombosis
may be evident as areas of increased attenuation (increased
density) within the venous sinuses or within cortical veins.
An acute ischaemic stroke may be detected on an unen-
hanced CT scan as a low-attenuation (low-density) area
within a vascular territory, but the scan may show no abnor-
mality if it is performed within the first few hours after the
onset of symptoms. MRI is a more sensitive imaging modal-
ity for the early detection of stroke, as diffusion-weighted
imaging can detect a hyperacute infarct before changes are
visible on T2-weighted imaging. MR angiography and
venography should also be performed to assess vessel
patency and blood flow.
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Fig. 2.163 Acute infarct in the left middle cerebral artery (MCA) ter-
ritory. (a) Apparent diffusion coefficient (ADC) image from diffusion-
weighted MRI shows hypointense signal in the left MCA territory,

Fig. 2.164 Sequelae of right middle cerebral artery (MCA) territory
infarct. Axial T1-weighted MR image shows cystic change in the right
MCA territory after a previous infarct. Dilatation of the right lateral
ventricle is secondary to the parenchymal loss

consistent with an acute infarct. (b) Axial T2-weighted MR image dem-
onstrates increased signal within the infarcted territory, as well as local-
ised brain swelling with effacement of cerebral sulci

On MRI, an acute ischaemic infarct demonstrates restricted
diffusion due to cytotoxic oedema and appears hypointense
(dark) on the apparent diffusion coefficient (ADC) image
(Fig. 2.163a). The infarct is of increased signal intensity on
T2-weighted imaging and low signal on T1-weighted images.
There is usually localised brain swelling (Fig. 2.163b). Over a
period of weeks, the brain swelling settles and encephaloma-
lacic cystic change appears in the infarcted area (Fig. 2.164).
The parenchymal loss is associated with ipsilateral widening
of adjacent subarachnoid and ventricle CSF spaces.
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The Chest

Robert Carachi and Rasem Keilani

3.1 Introduction

This chapter deals with the congenital anomalies found in
the chest and includes a large section on cardiac anomalies.
It also has extensive sections on infection, trauma, and
tumours of the chest wall and the mediastinum. The final
section covers acquired conditions and problems encoun-
tered with shunts, central lines, and chest drains.

3.2  Congenital

3.2.1 Tracheomalacia (Fig. 3.1)

Tracheomalacia is the condition where the normal struts of
cartilage that maintain the trachea patent are either mal-
formed, as in the case in a number of infants with trachea-
oesophageal fistula, or are compressed by vessels. This
allows collapse of the trachea. The infant may suffer attacks
of apnoea that require resuscitation. This is often associated
with prematurity. It is also found in association with tra-
cheooesophageal fistula, in which the cartilages are mal-
formed. Once extubated post-operatively, the baby may get
“sudden death-like attacks” due to a segment of tracheoma-
lacia of the trachea and/or bronchus collapsing. Imaging can
be difficult but flexible endoscopy can establish the
diagnosis.

3.2.2 Chest Deformities (Pectus Excavatum/
Carinatum)

3.2.2.1 Pectus Excavatum (Funnel Chest)
Pectus excavatum, or funnel chest, is depression of the lower
sternum. No treatment is required in cases of minor depres-
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Tracheobronchial tree

Fig.3.1 Diagram of tracheomalacia

sion, whereas severe deformity may be associated with
kyphosis and may impair heart and lung function. Cosmetic
correction is delayed until after the age of 4. The intercostal
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cartilages are divided or resected, and the sternum is partially
transected and elevated. The cause is not known, although
some people have attributed the pectus excavatum to abnor-
mal attachments of the diaphragm to the sternal ridge
(Fig. 3.2a).

3.2.2.2 Pectus Carinatum

Pectus carinatum (pigeon chest) is a condition in which there
is a marked sternal prominence that rarely causes aclinical
upset but may rarely require surgery for cosmetic reasons
(Fig. 3.2b).

Fig.3.2 (a) Pectus excavatum. (b) Pectus carinatum. (¢) Cervical ribs. (d) Poland Syndrome. (e) Sternal cleft. (f) Sternal cleft operation. (g) Chest
X-ray showing a bifid right rib
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Fig. 3.2 (continued)

3.2.2.3 Harrison'’s Sulcus

Harrison’s sulcus is a depression of the bony component of
the chest wall that runs in a transverse fashion beneath both
pectoral muscles. This is seen predominantly in children
who have asthma or rickets but at times may be idiopathic.
No treatment is necessary. This sulcus is most prominent in
children under the age of 10, but as they grow older and
develop more musculature and subcutaneous fat, it becomes
less of a cosmetic problem.

3.2.2.4 Cervical Rib

Cervical rib is an extra rib seen as part of the association with
Tracheo-oesophageal fistula (Fig. 3.2¢). It can also occur
independent of such associations. Symptoms include vascu-
lar and or nerve root compression from the rib or its fibrous
attachments.

3.2.2.5 Poland Syndrome

Congenital absence of the breast, often seen in males, and
absence of the sternal portion of pectoralis major, is known
as Poland Syndrome (Fig. 3.2d).

3.2.2.6 Sternal Cleft

Absence of part of the sternum, or sternal cleft, is a rare con-
dition and can be part of a spectrum of the pentalogy of
Cantrell and Ectopia cordis (Fig. 3.2e, f).

3.2.2.7 Other Chest Wall Deformities

The 11th and 12th ribs are often designated as floating ribs.
This is a variation of normal anatomy and may be confused
with an abnormal abdominal wall mass. Reassurance is all
that is necessary. The xiphoid process may assume a variety
of shapes, some of which involve eversion of the process and
produce a prominent lump beneath the skin in the midline. At

times, this may be deviated to one side or another. This varia-
tion of the normal anatomy causes no problems and very
rarely is surgery indicated. Reassurance of the parents is all
that is necessary. In association with tracheo-oesophageal
fistula and oesophageal atresia in the VACTERL (vertebral
defects, anal atresia, cardiac defects, tracheo-esophageal fis-
tula, renal anomalies, and limb abnormalities) group of
anomalies, an extra set of ribs may be present. This is an
interesting radiological finding but has little clinical signifi-
cance. Chest wall deformities such as fused ribs or enchon-
dromata may be due to previous thoracotomies. Very rarely
is cosmetic surgery necessary to correct this. Another com-
plication of thoracotomy is a “winged” scapula due to dam-
age to the long thoracic nerve of Bell. Some children have a
flattening of the lower portion of the chest wall after repair of
a congenital diaphragmatic hernia. This is partly due to the
congenital abnormality caused by the deficiency of the dia-
phragm on that side, and partly due to the repair, which cre-
ates considerable tension on the edges of the diaphragm and
pulls the chest wall inward. This deformity becomes less of a
problem as the child grows older (Fig. 3.2g).

3.2.3 Oesophageal Atresia, Stenosis,
Tracheooesophageal Fistula

Oesophageal atresia has been known for centuries. Successful
treatment of the condition has only been achieved—first by a
staged procedure in 1939 and then by primary anastomosis
in 1941 (Fig. 3.3a). Since then, major improvement in man-
agement of the condition has occurred and survival is
expected unless the infant has other major anomalies.
Oesophageal atresia has an incidence of approximately
1:3000 deliveries. The classical case, which accounts for
practically 85% of infants with oesophageal atresia, is that
the proximal oesophagus lies blindly in the upper part of the
posterior mediastinum and the distal oesophagus communi-
cates with the posterior wall of the trachea as a tracheoo-
esophageal fistula (TOF). In 10% of infants there is no
tracheooesophageal fistula, and in these infants the gap
between the proximal and distal oesophagus is greater. The
remaining infants have variations of this pattern, and there
may be proximal and distal tracheooesophageal fistulae
(Fig. 3.3b, ¢).

Oesophageal atresia may be diagnosed antenatally. It is
looked for in ultrasound examination, particularly in patients
who have polyhydramnios, which almost invariably accom-
panies the oesophageal atresia anomaly in the infant.
Ultrasound examination can detect the dilated proximal
blind end of the oesophagus. At birth the baby has attacks of
choking, coughing and cyanosis, and “excess salivation”:
saliva dribbles from the mouth because there is no passage to
the stomach. The swallowed secretions or feed regurgitate
and are often aspirated into the respiratory tract. These signs,
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Fig.3.3 (a) Diagram of oesophageal atresia and TOF. (b) Lateral view
of oesophageal atresia and TOF. (¢) Contrast showing oesophageal atre-
sia and TOF with spillage into the trachobronchial tree leading to aspi-
ration pneumonia. (d) Oesophageal atresia and TOF. Nasogastric tube
coiled in pharynx. (e) Oesophageal atresia with TOF fistula. (f)
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Oesaphageal atresia with TOF. (g) Oesophageal atresia with no fistula,
gasless abdomen and 13 pairs of ribs. (h) Tracheo oesophageal fistula
diagram of oesophageal atresia and TOF. (i) Contrast showing tra-
cheooesophageal fistula. TOF. (j) Colonic interposition for long gap
oesophageal atresia
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Fig. 3.3 (continued)
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Fig. 3.3 (continued)
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particularly in an infant of low birth weight, make one sus-
pect the diagnosis. Many neonatal units routinely try to pass
an orogastric tube into the stomach of all low-birth-weight
babies, at birth, to aspirate the gastric contents. The tube is
held up 10 cm beyond the lips in infants with oesophageal
atresia (Fig. 3.3d-f).

Diagnosis is confirmed by passage of a radio-opaque tube
as far as possible into the oesophagus and then taking a chest
X-ray that includes the upper part of the abdomen with the
field. This shows the hold-up of the radio-opaque tube at the
level of the atresia. The inclusion of the upper abdomen
shows if there is gas in the stomach, indicating that the infant
must also have a tracheooesophageal fistula, the air having
passed down the trachea through the tracheooesophageal fis-
tula and onward to the stomach and bowel (Fig. 3.3g—i).

Infants with oesophageal atresia must be carefully exam-
ined. In addition to low birth weight, babies with oesopha-
geal atresia frequently have other anomalies. These may be
in the alimentary tract, such as duodenal atresia or imperfo-
rate anus, or in other systems such as the cardiovascular, uri-
nary, or skeletal systems. A group of infants have the
so-called VACTERL association (vertebral, anal, cardiac,
tracheo-oesophageal, renal, and limb anomalies). The dis-
ease does not usually have a hereditary or familial aspect, but

Fig. 3.4 (a) Enlarged thymic
shadow. (b) Thymic shadow.
(¢) Ultrasound showing
normal thymic tissue. (d)
Thymolipoma

families occasionally have more than one child affected. The
outcome of treatment of infants with oesophageal atresia is
dependent on the number and severity of associated abnor-
malities. Infants without other anomalies have a very high
survival rate but may have oesophageal dysmotility or prob-
lems with oesophageal stricture at the anastomotic level.
Usually this is amenable to balloon dilatation, which some-
times has to be repeated on a number of occasions. Later, the
child has more chance of having dysphagia with a food bolus
obstructing the oesophagus, but this can be avoided by
encouraging the child to masticate food fully before swal-
lowing it (Fig. 3.3j).

3.2.4 Thymus

The thymus is a gland in the neck that is part of the lympho-
reticular system. It is large at birth and can get bigger when
stimulated. It occasionally causes airway obstruction because
of its size. It eventually shrinks as the child grows older. At
birth it can be seen as a prominent shadow and can be mis-
taken for a tumour. Thymic tumours may arise in it later in
life and is associated with Myasthenia Gravis. Eighty per-
cent of benign tumors can undergo calcification (Fig. 3.4).
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3.2.5 Vascular Ring (Fig. 3.5a, b)

Several aberrations can occur in the formation of the large
arteries in the superior mediastinum. Among the most com-
mon are double aortic arch, right aortic arch with left liga-
mentum arteriosum, anomalous right subclavian artery, and
anomalous innominate artery. In all these situations, the
trachea and oesophagus may be compressed by vessels that
run normally in front of them and abnormally behind them.
The term “vascular ring” has been used to describe a vari-
ety of such vascular abnormalities. The clinical manifesta-
tions of aortic arch anomalies vary with the severity of
encroachment of the abnormal vessel on the trachea, bron-

Fig. 3.5 (a) Vascular ring.
(b) Diagram of vascular ring.
(¢) Vascular ring surrounding
lower trachea. (d) Vascular
ring with contrast

chus, or oesophagus (Fig. 3.5¢, d). The features vary con-
siderably in severity. The typical picture is of an
underdeveloped infant with feeding difficulties and with
constant laryngeal or tracheal stridor, wheezing, and cough.
The child may find relief with extreme extension of the
neck. When symptoms are delayed until later infancy, dys-
phagia may be obvious. There may be repeated severe
respiratory infections. Patients with a double aortic arch
tend to have signs at an earlier age than patients with other
types of vascular rings. The diagnosis is confirmed by fluo-
roscopy visualising the tracheal compression, and during a
barium swallow, when indentations of the oesophagus by
the aberrant vessels can be visualised. It is frequently pos-
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sible to identify the precise anomaly by this technique.
Tracheobronchoscopy and further investigations by digital
subtraction angiograph will better define the pathology.

3.2.6 Cystic Fibrosis (Fig. 3.6)

Cystic fibrosis of the pancreas is so named because it was
first thought to be primarily a pancreatic disorder. It is now
known that the primary defect is in a transmembrane protein
of chloride ion channels of all body exocrine glands includ-
ing sweat, intestinal, mucous and salivary glands, and liver.
The gene that codes for this protein is located on chromo-
some 7, and the most common of the more than 400 so far
described is at the AF 508 locus and accounts for about 74%
of cases in Caucasians. Transmission of the autosomal
recessive gene defects results in an incidence of 1 in 2000 in
Caucasian and 1 in 90,000 in Oriental live births.

Although the gene defect is present in all nucleated body
cells, it is only in those cells where the gene needs to be acti-
vated for normal cell function that abnormalities are recog-
nised. It is not surprising, given the range of gene defects,
that the disease has variable clinical manifestations. The pan-
creas is abnormal in more than 90% of the cases. A constant
change is fibrosis with atrophy of the exocrine parenchyma.
Cystic dilatation of acini and ducts is common but not invari-

Fig. 3.6 Bronchiectasis in cystic fibrosis patient

able. Islet tissue, however, is rarely involved until later child-
hood or adolescence. Mucous glands throughout the body
are grossly distended and they secrete an abnormal viscid
mucus. Stagnation of mucus in the smaller bronchioles usu-
ally leads to infection, which in turn stimulates further mucus
secretion. Infected sticky secretions spread throughout the
bronchial tree leading to a chronic obstructive suppurative
lung disease. The liver shows a focal type of biliary cirrhosis,
most marked under the capsule, which may progress to pro-
duce portal hypertension.

The symptoms tend to occur in a more or less ordered
fashion and the diagnosis is not often unduly difficult. In
about 10% of patients the illness presents in the neonatal
period in the form of meconium ileus in which inspissated
meconium causes intestinal obstruction. The most common
presentation, however, is in the form of an intractable respi-
ratory infection dating from the early weeks or months of
life. Indeed, cystic fibrosis of the pancreas should always be
suspected when a respiratory infection in infancy fails to
respond promptly to adequate antibiotic therapy. In the early
stages of the disease, radiographs of the chest may show only
increased translucency of the lung fields; later heavy intersti-
tial markings appear; then multiple soft shadows represent-
ing small lung abscesses. In other cases, there may be lobar
consolidation, empyema, or pyoneumothorax. In children
who survive the early months of life, the respiratory picture
may become that of bronchiectasis, increasing emphysema,
and clubbing of the fingers. Sputum culture in such cases
will most often show the predominant organism to be the
staphylococcus aureus and pseudomonas aeruginosa. The
frequency of pulmonary colonisation with Pseudomonas
cepacia in adults with cystic fibrosis has recently increased
and has been correlated with increased morbidity and mor-
tality rates. Pulmonary colonisation by Pseudomonas cepacia
is generally refractory to antibiotic treatment, and sensible
precautions, such as avoiding contacts between Pseudomonas
cepacia-colonised CF individuals and non-colonised chil-
dren, should be taken.

In a minority of cases the respiratory infection is less
prominent than the presence of semi-formed, greasy, bulky,
and excessively foul-smelling stools. These features coincide
with the introduction of mixed feeding. After the first year of
life, the history of abnormal and frequent stools occurring in
association with abdominal distension and generalised tissue-
wasting may simulate coeliac disease. The differential diag-
nosis, however, can almost always be made on clinical
grounds alone. In cystic fibrosis, a careful history will elicit
that signs first appeared in the early weeks of life, whereas
coeliac disease rarely presents before the age of 6 months.
The excellent, often voracious appetite in a child with cystic
fibrosis contrasts sharply with the unhappy anorexia of the
coeliac child. Chronic respiratory infection of some degree,
often severe, is an invariable accompaniment of cystic fibro-
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sis, but it is not a feature of coeliac disease. Furthermore, the
diagnosis of cystic fibrosis may be suggested by a history that
previous siblings have the disease.

If the affected infant survives the first year, childhood
often seems to bring a period of improvement in the chest
condition. All too frequently, however, the approach to
puberty is associated with corpulmonale. Less commonly, in
about 10% during the second decade, biliary cirrhosis and
portal hypertension develop, and may lead to massive gastro-
intestinal haemorrhage. In recent years, as an increasing pro-
portion of sufferers from cystic fibrosis survive,
insulin-dependent diabetes mellitus has been found in some
as they approach puberty. A feature of these cases has been
the absence of marked ketoacidosis. A further important
manifestation, which seems to present in a majority of males
who survive into adulthood, is aspermia and sterility. This
has been shown to be due to absence of the vas deferens.
Women have only slightly reduced fertility, associated with
abnormal tubal ciliary movement and cervical mucus.

Some children with cystic fibrosis can develop distal
small bowel obstruction. In this disorder, viscid mucofaecu-
lent material obstructs the bowel and causes recurring epi-
sodes of abdominal pain, constipation, and acute or subacute
intestinal obstruction. The cardinal sign is a soft, mobile,
non-tender mass palpable in the right iliac fossa.

In the new-born infant destined to later develop the man-
ifestations of cystic fibrosis, there is a markedly raised
albumin content in the meconium. A simple test strip
impregnated with a suitable reagent is available to detect an
albumin level in meconium in excess of 20 mg/g (BM test
Meconium: Boehringer). This method is not sufficiently
reliable to serve as a screening test for cystic fibrosis. In
neonates, there is a reliable method of screening, which is
based on the serum concentration of immunoreactive tryp-
sin (IRT). Serum IRT levels are abnormally high (>80 ng/
ml) during the first few months of life, although in older
children they fall to subnormal values. Screening for com-
mon gene defects using DNA probes for the more common
gene defects can now be used for prenatal diagnosis, for
carrier detection, and for help in diagnosis. Heterozygote
identification from DNA analysis on buccal cells obtained
by a mouth wash can help to determine whether a couple
are at risk of having an affected fetus. Knowledge of the
underlying gene defect in the affected child might help
guide subsequent gene therapy. Prenatal diagnosis by cho-
rionic villus biopsy obtained at 9-12 weeks post-concep-
tion will allow termination of an affected fetus.

3.2.7 Cystic Pulmonary Adenomatoid
Malformation

Cystic pulmonary adenomatoid malformation (CPAM)
may be a single or multicystic mass in pulmonary tissue in

which there is a proliferation of bronchial structures at the
expense of alveoli. The cysts are lined by cuboidal or
columnar epithelium, which may appear to be of alimen-
tary tract origin. The disease is considered a focal pulmo-
nary dysplasia, or some prefer to designate it a hamartoma.
In some cases, there is skeletal muscle in the cyst walls.
The abnormality more often affects the lower lobes and is
detected on X-ray of an infant with respiratory distress
(Fig. 3.7).

3.2.8 Congenital Lobar Emphysema,
Bronchogenic Cyst, Pulmonary Cyst

Congenital lobar emphysema (CLE), a postnatal over-
distension of one or more lobes of a histologically normal
lung, is thought to result from cartilaginous deficiency in the
bronchial tree. The left upper lobe is the one usually affected;
it expands across the superior mediastinum and compresses
the left lower lobe, causing the infant increasing respiratory
distress. Treatment of the disorder when the baby is severely
compromised is lobectomy. Less severely affected infants
may be helped by maintained positive airway pressure until
the bronchi stabilise and gas exchange can occur freely
(Fig. 3.8a—¢).

3.2.8.1 Bronchogenic Cyst

Bronchogenic cyst is a discrete cyst of non-functioning
pulmonary tissue, the cysts being lined by ciliated colum-
nar epithelium and often including smooth muscle, glands,
and cartilage. There is no communication with the
tracheo-bronchial tree, and symptoms may be caused by
pressure on the trachea or bronchi. X-ray shows a soft tis-
sue swelling, which can be better visualised by CT scan.
Treatment is excision and is usually a simple procedure
(Fig. 3.8f=h).

3.2.8.2 Pulmonary Cyst

A pulmonary cyst occurs in the lung tissue parenchyma,
and if it is infected or contains blood as a result of haemor-
rhage it can be a space-occupying lesion and cause pres-
sure symptoms. A fluid level may be seen on a plain X-ray.
This can be a solitary cyst or part of a cystic disease that
can affect other parts of the lung, liver, pancreas, or kidney
(Fig. 3.81).

3.2.9 Sequestration of the Lung (Fig. 3.9)

Pulmonary sequestration of the lung may be intralobar,
extralobar, or complete, depending upon whether the seg-
ment of lung tissue that has no communication with the
main bronchial tree is within a lobe of the lung, is outside
the lung although still attached to it, or is completely sep-
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Fig. 3.7 (a) Operative
photograph of CPAM. (b)
CPAM type 3. (¢) Cystic
Pulmonary Adenomatoid
Malformation CPAM CT
scan. (d) Operative
photograph of CPAM

arated from the lung. In the case of the extralobar and
complete types of sequestration, the arterial blood supply
is from the aorta and the venous return to the hemiazy-
gous vein, whereas in the intralobar variety there may be
a pulmonary artery supply with venous return by a pulmo-
nary vein. The extralobar and complete sequestrations are
most often on the left side, sometimes in association with
a diaphragmatic hernia. Radiographic interpretation may
be difficult without bronchography to demonstrate the
absence of communication with the bronchial tree, and
barium studies should demonstrate communication to the
oesophagus or stomach. Symptoms occur only if infection
is superimposed.

3.2.10 Congenital Diaphragmatic Hernia
of Bochdalek (Fig. 3.10a, b)

The primitive, pleural, and peritoneal spaces communicate
freely through the pleuro-peritoneal canal. Between the 8th and
the 10th weeks these canals are obliterated by fusion of the dor-
sal pleuro-peritoneal membrane with the ventral septum trans-
versum. Failure of closure of the pleuro-peritoneal can result in
the congenital diaphragmatic hernia (CDH) of Bochdalek, com-
monly left-sided. During this process the bowel, returning to the
abdomen, finds its way, together with the liver, into the chest
and is partly responsible for the poor development of the lung,
with consequent pulmonary hypoplasia.
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Fig. 3.8 (a) Congenital lobar emphysema. (b) Congenital lobar sema.(e) Congenital lobaremphysema, operative view. (f) Bronchogenic
emphysema diagram. (¢) Congenital lobar emphysema with mediasti- cyst extrapulmonary. (g) Bronchogenic cyst extrapulmonary. (h)
nal shift. (d) CT scan cross section of chest in congenital lobar emphy-  Bronchogenic cyst extrapulmonary. (i) Lung cyst

Fig. 3.9 (a) Sequestration of
the lung. (b) Sequestration of
the lung with vascular
imaging arising from below
the diaphragm
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Fig.3.10 (a) Diagram of the diaphragm with orifices for hernia for- CDH post repair showing hypoplastic left lung and pneumothorax
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In pulmonary hypoplasia, there is a low ratio of lung
weight to body weight. The severity of pulmonary hypopla-
sia is a major factor inthe survival of neonates with congeni-
tal diaphragmatic hernia. In a series of 13 babies with
congenital diaphragmatic hernia who died, the ipselateral
lung weighed 3.7 g, while the contralateral lung weighed
13.3 g. A normal lung of the new-born should weigh 35 g.
Histologically, the developmental arrest appears to occur
between 10 and 12 weeks in a left-sided congenital hernia,
whereas it is a little later, 12—14 weeks, in right-sided con-
genital diaphragmatic hernia.

Within hours of birth, the infant develops respiratory dis-
tress, which worsens as air enters the bowel lying in the
chest. If left alone, this progresses to death from mediastinal
compression and cardiac tamponade. Physical examination
reveals a tachypnoeic, tachycardiac, cyanotic mottled baby
with a bow-shaped chest and a scaphoid abdomen
(Fig. 3.10c, d).

The trachea will be deviated to the side opposite the her-
nia and the apex beat will be displaced. The clinical findings
may be confused with those of dextrocardia in a left sided
hernia (Fig. 3.10e, f).

Investigation should include an X-ray comprising all the
chest and abdomen. Gas-filled loops of bowel are seen in the
chest (Fig. 3.10g—i).

3.2.11 Retrosternal Hernia (Morgagni)

Retrosternal hernia is an anteriorly placed hernia, with the
defect between the sternal and costal attachments of the dia-
phragm (Fig. 3.11a, b). The transverse colon is the most
commonly seen content of this hernia, which can be the
cause of intestinal obstruction or even respiratory symptoms
due to compression of the chest contents (Fig. 3.11c—e).

3.2.12 Hiatus Hernia (Gastro-oesophageal
Reflux)

Vomiting in some infants becomes more troublesome than
the mouthful of regurgitation, which is commonplace. This
may be due to gastro-oesophageal reflux, which occurs
more frequently and more easily in the infant who has a
transverse oval abdominal cavity, as compared to the adult
vertical oval abdominal cavity; a consequence is altered
angulation between the oesophagus and stomach. Although
apparently large amounts of vomit may be produced, if the
infant continues to gain weight satisfactorily, there is no rea-
son for major concern. When persistent, treatment with
thickened feeds and the addition of Gaviscon therapy may
help (Fig. 3.12a).

Fig.3.11 (a, b) Morgagni. (¢) Morgagni hernia Barium enema. (d) Morgagni. (e) Morgagni hernia reduced colon
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Fig.3.12 (a) Para

oesophageal hernia diagram.
(b) Hiatus hernia with gas in
the fundus of the stomach
lying in the chest. (¢) Hiatus
hernia with GOR with an
oesohagitis and a long
oesophageal stricture
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When X-ray demonstrates a para-oesophageal hernia, an
earlier operation is indicated because spontaneous cure is
unlikely. In contrast, 80% of cases of sliding hiatus hernia of
infancy cure spontaneously. A small sliding hiatus hernia is a
common phenomenon in infants. The majority of these
infants do not have significant symptoms but continue to
thrive satisfactorily. Sliding oesophageal hiatus hernia occurs
when the cardia and the fundus of the stomach rise into the
thorax through a loose hiatus, giving the illusion of a con-
genitally short oesophagus (Fig. 3.12b).

A para-oesophageal hernia is associated with an oesopha-
gus of normal length. The cardia is still in the abdomen, but
part of the fundus of the stomach prolapses alongside the
oesophagus. Both types produce vomiting, which can predis-
pose to “asthma” attacks, haematemesis, failure to thrive,
regurgitation, rumination syndromes, and athetoid neck
movements (Sandifer’s syndrome), all of which are associ-
ated with severe gastro-oesophageal reflux. Where symp-
toms and signs persist, fundoplication is performed for the
sliding hiatus hernia. The para-oesophageal hernia does not
have the 80% spontaneous cure rate of the sliding hiatus her-
nia and requires an operation to reduce the hernial content to
the abdominal cavity and repair the defect in the hiatus.
Investigations should include a barium swallow and a meal
specifically for reflux, flexible oesophagoscopy, and pH
monitoring (Fig. 3.12c).

The Barret oesophagus, where there is a presence of ecto-
pic gastric mucosa in the oesophagus, is a particularly diffi-

Oesophagus
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hiatus herina

Diaphragm

Stomach

cult problem to treat in childhood. The use of antacids and
other drugs such as Cimetidine, Cisapride, and Gaviscon all
play a part in the symptomatic management of this condi-
tion. The long-term results of a Barret oesophagus are diffi-
cult to assess because of reports that have described areas of
dysplasia in the ectopic mucosa, which could give rise to
malignancy in long-term follow-up. These patients have to
be kept under surveillance and have endoscopy and biopsies
carried out on a regular basis.

3.2.13 Oesophageal Web (Fig. 3.13)

As a congenital anomaly, oesophageal web can present as an
obstruction to swallowing and can be part of the spectrum of
oesophageal atresia. If the web is incomplete, then it could
present as a stenosis of the oesophagus. Occasionally Ectopic
tissue, which may have pancreatic tissue or even respiratory
and cartilaginous rings, is occasionally found upon excision.

3.2.14 Oesophageal Diverticulum (Fig. 3.14)

Oesophageal diverticulum can be congenital or can follow a
repair of an oesophageal atresia. It can also be caused by
ingestion of a foreign body, oesophagitis, or even traumatic
instrumentation injury. If large, it can hold secretions and
food and cause vomiting and obstruction.
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Fig. 3.13 Congenital oesophageal web

3.2.15 Cardiac Anomalies

Developmental abnormalities of the cardiovascular system
come a close second in terms of frequency to those of the
nervous system. Remarkable though surgical advances in the
correction of cardiac anomalies have been in recent years, it
must be realised that some cases are still inoperable. The
main efforts of the paediatric cardiologist and surgeon are
now directed towards the malformations that so often cause
death during early infancy. The marked fall in the incidence
of rheumatic fever in the more prosperous countries has now
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Fig. 3.14 Oesophageal/tracheal diverticulum after a leak from a TOF
repair

resulted in congenital heart disease causing more morbidity
than rheumatic heart disease.

The aetiological factors in congenital heart disease are
only vaguely perceived at the present time. However, they
may be divided into four causative categories: (1) environ-
mental, (2) chromosomal, (3) genetic, and (4) multifacto-
rial. It is known that certain environmental factors
operating in early pregnancy can result in malformations,
e.g., rubella embryopathy, heavy consumption of alcohol,
maternal diabetes, phenylketonuria, and systemic lupus
erythematosus. In most cases, however, no specific cause
can be detected. Genetic influences seem not to be of great
importance, although the relatives of affected children are
more often similarly abnormal than would be expected to
occur by chance. The risk that a sibling of an index patient
also has congenital heart disease is of the order of 1 in 50,
against a frequency of about 1 in 100 in the community at
large. There are, however, single families in which the risk
is much greater. In addition, cardiac malformations are
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well recognised to frequently accompany several syn-
dromes, e.g., trisomy 21 (atrioventricular septal defect,
ventricular septal defect, atrial septal defect, tetralogy of
Fallot), trisomy 18 (ventricular septal defect, patent ductus
arteriosus, double outlet right ventricle, single umbilical
artery), trisomy B (ventricular septal defect, atrial septal
defect, dextrocardia, single umbilical artery), 45 XO
Turner’s syndrome (coarctation of the aorta, aortic steno-
sis), Noonan’s syndrome (pulmonary stenosis, hypertro-
phic cardiomyopathy), Marfan’s syndrome (defects of the
aorta), polydactyly (ventricular septal defects), and tripha-
langeal thumbs (arterial septal defects in the Holt-Oram
syndrome).

No classification of congenital heart disease is entirely
satisfactory. It is convenient to subdivide the malformation
into those that cause central cyanosis due to shunting of
blood from the right to the left side of the heart, and those
in which cyanosis is absent. The separation is not absolute.
Less severe forms of anomalies such as Fallot’s tetralogy
may not cause cyanosis during the early months of life.
Children with anomalies such as patent ductus arteriosus or
ventricular septal defect, where there is a left to right shunt,
may later develop cyanosis if pulmonary hypertension
causes a reversal of the shunt through the defect. In every
child with central cyanosis, care must be taken to avoid
making a diagnosis of congenital heart disease in the rare
case of congenital methaemoglobinaemia. The possible
combinations and variations of cardiac malformations are
so numerous that precise diagnosis frequently demands an
extremely high standard of clinical expertise, plus skilled
investigations.

Improvements in ultrasound techniques over the last
decade have led to a steady increase in the use of these risk-
free non-invasive methods and a decrease in the need for
diagnostic cardiac catheterisation and angiocardiography
which, being invasive, do carry some risk. With two-
dimensional echocardiography providing detailed anatomi-
cal data and m-mode adding functional information, together
with the addition of Doppler ultrasound to assess valvular
function and colour-flow Doppler giving detail of flow direc-
tion and velocity, the cardiologist is in most cases able to
make an accurate assessment of the nature and severity of
complex lesions and plan management. The value of risk-
free echocardiography in the sick new-born need not be
emphasised.

Ultrasound techniques, however, have not rendered car-
diac catheterisation and angiocardiography obsolete, and
they are sometimes essential. Interestingly, as their need in
diagnosis has lessened, they are acquiring an increasing
role in the interventional manoeuvres that allow some
lesions to be treated without recourse to conventional sur-
gery. Balloon atrioseptostomy is long established in the

palliation of certain cyanotic lesions, particularly transpo-
sition of the great arteries. Balloon dilatation of pulmonary
valve stenosis is now the preferred treatment for that
lesion, and the technique may be applied to aortic valve
stenosis and coarctation of the aorta. Devices to occlude
the ductus arteriosus at catheterisation are increasingly
employed, and similar devices to close atrial and ventricu-
lar septal defects are being developed. Stenting of stenosed
pulmonary and other vessels is now possible by catheter
techniques.
3.2.15.1 Cyanotic Congenital Heart Disease
3.2.15.1.1 Transposition of the Great
Arteries (Fig. 3.15a)

This is the most common type of cyanotic congenital heart
disease presenting in the neonatal period. Boys are affected
2-3 times more than girls. No definite aetiological factors
have been identified. Emergency palliative treatment is fre-
quently required to save the infant’s life.

The aorta arises from the right ventricle and the pulmo-
nary artery from the left ventricle. The venae cavae and the
pulmonary veins drain normally to the right and left atria
respectively. Thus, the fundamental physiological derange-
ment in complete transposition is that the systemic and pul-
monary circulations are separate. This causes few if any
problems in the fetus because the entire venous return is nor-
mally distributed through the right atrium and ductus veno-
sus. After birth there is a major problem with functional
closure of the ductus venosus and arteriosus so that oxygen-
ated pulmonary venous blood is unable to reach the systemic
circuit and the systemic venous return cannot reach the lungs
for oxygenation. This results in severe systemic arterial
desaturation. In transposition of the great arteries, unless
there is a coexisting shunt at atrial or ventricular level or
through the ductus arteriosus, life cannot be sustained.

Affected infants fail to thrive and are usually markedly
cyanosed from birth. Dyspnoea may be present at rest with
subcostal recession, and it is more obvious during feeds.
Finger clubbing may develop early in life. The precordium is
seen to be prominent and palpation reveals the notable left
parasternal impulse of right ventricular hypertrophy. Thrills
are absent. There may be no murmurs, but a loud systolic
murmur may be heard best at the left lower sternal border.
The pulmonary second sound is not remarkable. Cardiac
enlargement of gross degree develops rapidly, and infants
develop congestive cardiac failure. The characteristic cardiac
silhouette in posterio-anterior radiographs shows an enlarged
heart with a narrow supracardiac shadow, rather like an egg
lying on its side. Lung vascularity may be increased. The
crucial initial investigation in infants with cyanosis is the
demonstration by arterial blood gas analysis of systemic
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Fig. 3.15 (a) Transposition of the great arteries. (b) TAPVD 1. (¢)
Tetralogy of Fallot Chest X-ray. Transposition of the great arteries. (d)
Two-dimensional echocardiogram of tetralogy of Fallot. The right and
left ventricle are separated. (e) Chest X ray of ventricular septal defect.

arterial hypoxaemia. In those infants without major intercir-
culatory mixing, the arterial PO, is in the range of
12-25 mmHg and even with associated ameliorating shunts
the PO, rarely exceeds 40-50 mmHg.

The electrocardiogram shows right axis deviation with
right ventricular or biventricular hypertrophy, and there may
be a P pulmonale. Real-time echocardiography will reveal
the aorta arising from the right ventricle and the pulmonary
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(f) ASD. (g) Two-dimensional echocardiogram of ASD. (h) Patent duc-
tus arteriosus scan. (i) Coarctation of the aorta “Figure 3 sign”. (j)
Pericardial effusion

artery from the left. Cardiac catheterization will reveal that
the catheter leaves the right ventricle by the aorta. The pul-
monary artery blood has an oxygen concentration above that
in the aorta. Various other shunts can be demonstrated
according to their site.

Most infants go into cardiac failure in the early months of
life with increasing dyspnoea, cyanosis, cardiomegaly, and
hepatomegaly. This is frequently precipitated by intercurrent
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respiratory infection. If untreated, 90% of children with
complete transposition die by 1 year of age, and 95% by
5 years of age.

3.2.15.1.2 Total Anomalous Pulmonary Venous
Drainage (Fig. 3.15b)

All the pulmonary veins, as well as the venae cavae, enter the
right atrium. There must, of course, be an atrial septal defect
for life to continue at all. There are several possible anatomi-
cal variations. Most commonly, the pulmonary veins form a
common vessel that empties into a persisting left superior
vena cava, less often into the right superior vena cava. The
pulmonary veins may also unite to form a common trunk that
drains directly into the right atrium or into the coronary
sinus. Rarely, the pulmonary veins drain beneath the dia-
phragm into the inferior vena cava, or even into the portal
vein.

These infants fail to thrive, are cyanotic, and become dys-
pnoeic on slight exertion. They are extremely prone to respi-
ratory infections. Cardiac pulsation is forceful over the left
parasternal area, that is, over the right ventricle and its out-
flow tract. The precordium may bulge. Auscultation often
reveals triple or quadruple rhythm, and there is usually a
blowing systolic murmur. The electrocardiograph shows
right axis deviation, severe right ventricular hypertrophy, and
a P pulmonale. Radiographs show right atrial and right ven-
tricular enlargement with pleonaemic lungs. In the common
type of anomaly with a persisting left superior vena cava, the
supracardiac shadow is very broad, giving rise to the so-
called “cottage-loaf,” “Figure-of-eight,” or ‘“snowman”
heart. Echocardiography will usually confirm the diagnosis.
Cardiac catheterisation reveals the same oxygen concentra-
tion in the right atrium, right ventricle, pulmonary artery, and
femoral artery; the pressures in the right ventricle and pul-
monary artery are above normal. The diagnosis can also be
confirmed by selective angiocardiography when opaque
medium is injected into the pulmonary artery and pulmonary
venous return to the right atrium is demonstrated.

Most affected infants develop right heart failure early with
progressive dyspnoea, cardiomegaly, and hepatomegaly.

3.2.15.1.3 Fallot’s Tetralogy (Fig. 3.15¢, d)

Fallot’s tetralogy is the most common type of cyanotic con-
genital heart disease in children over the age of 1 year. Males
and females are equally affected. As with many congenital
cardiac anomalies, precise aetiology is unknown.

The classical tetrad consists of pulmonary stenosis (rarely
atresia), ventricular septal defect with right-to-left shunt,
dextroposition (or rightward deviation) of the aorta, which
receives blood from both ventricles, and right ventricular
hypertrophy. There are many variations, depending upon the
degree and type of pulmonary stenosis, the size of the ven-
tricular septal defect, and the degree of overriding of the

aorta. In most instances the pulmonary stenosis is infundibu-
lar, there being a long, narrow separate infundibular cham-
ber; in others, it is a valvular stenosis. In some cases, there is
a right-sided aortic arch, a matter of importance to the car-
diac surgeon.

Clinical presentation is dominated by the degree of right
ventricular outflow tract obstruction. Cyanosis may be
marked from early childhood, although it is often absent in
the first few months of life. It may be quite slight in less
severely disabled children. Cyanosis is associated with
stunting of growth, clubbing of the fingers, and polycythae-
mia. Affected children usually show marked breathlessness
on exertion and take frequent rests in a very characteristic
squatting position. The most severely affected infants with
severe pulmonary stenosis have episodes of deep cyanosis,
dyspnoea, unconsciousness, and convulsions. These hyper-
cyanotic attacks occur typically on waking in the morning,
but may be precipitated by crying, defaecation, eating,
exercise, and hot weather. These are accompanied by
marked metabolic and respiratory acidosis due to the severe
degree of hypoxia. It has been postulated that these spells
are due to infundibular spasm or shutdown. It has also been
demonstrated that some of the haemodynamic conse-
quences of an increase in infundibular stenosis can be alle-
viated by a beta-adrenergic blocking agent. The heart is not
enlarged, and the apex beat may be difficult to locate. Right
ventricular pulsation, however, can be readily felt over the
left parasternal area, where there is often a systolic thrill. In
most cases a loud systolic murmur is heard down the left
sternal border, but this may be slight or absent when pul-
monary stenosis is severe. The second pulmonary sound is
often quiet and may be single. The characteristic radio-
graphic appearances show a small heart with concavity in
the region of the pulmonary artery and the apex raised
above the left diaphragm (coeuren sabot). The lungs are
oligaemic due to diminished pulmonary blood flow. The
electrocardiogram shows marked right axis deviation and
right ventricular hypertrophy.

Echocardiography will confirm the diagnosis. Cardiac
catheterisation reveals a high right ventricular pressure, and
the presence of an infundibular chamber or a valvar stenosis
can be demonstrated. The catheter may leave the right ven-
tricle through the overriding aorta. Angiocardiography shows
simultaneous filling of the pulmonary artery and the aorta. It
is also associated with other anomalies such as the VACTERL
anomalies.

Fallot’s tetralogy is not compatible with long life, and
the child’s exercise capacity gets progressively more lim-
ited. Indeed, only half of the children with this anomaly
survive their third birthday without surgical intervention.
Severely affected infants who have hypoxic episodes
require early operation to ensure survival. There is a ten-
dency to develop brain abscess in this disease, especially
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after a Blalock-Taussig shunt. It often follows a respiratory
infection, but the mechanism of its production is not under-
stood. It should be suspected whenever an affected child
develops neurological manifestations. These may also be
due to severe anoxia or thrombosis, e.g., sudden hemiple-
gia. The investigation of these complications necessitates
lumbar puncture, computed axial tomography (CAT scan),
or investigation by nuclear magnetic resonance (NMR) in
addition to electroencephalography.

3.2.15.1.4 Tricuspid Atresia

Tricuspid atresia is a relatively rare condition, but it must be
considered in the differential diagnosis of every child with
cyanotic congenital heart disease. There is little sex differ-
ence in the incidence of the condition.

The basic defect is the absence of communication between
the right atrium and the right ventricle, so that all blood
entering the right atrium from the venae cavae must cross an
atrial septal defect to mix in the left atrium with blood from
the pulmonary veins. There are several variations. Most often
there is a patent ductus arteriosus, which diverts some of the
blood entering the aorta from the left ventricle into the lungs.
In some cases, there are ventricular septal defects allowing
some blood from the left ventricle to enter the undeveloped
right ventricle; in these cases, the great vessels are trans-
posed, and there is then always a large ventricular septal
defect. The pulmonary valve which, in such cases, forms the
exit from the left ventricle, may or may not be narrowed.
Thus, in all cases of tricuspid atresia there is complete sys-
temic and pulmonary venous admixture. If there is substan-
tial pulmonary blood flow, cyanosis may be slight.

As arule, cyanosis is marked from birth with dyspnoea on
feeding, failure to thrive, and early clubbing of the digits.
Anoxic attacks of unconsciousness may occur. The heart is
frequently but little enlarged, and the pulsation often felt in
the left parasternal region arises from the left ventricle. There
is a loud systolic murmur at the left sternal border. The sec-
ond pulmonary sound may be quiet and single. The cardiac
contour on radiographs may simulate that seen in Fallot’s
tetralogy, but oblique films will reveal underdevelopment of
the right ventricle. An important diagnostic clue is to be
found in the electrocardiogram, which shows left axis devia-
tion and left ventricular hypertrophy. This may be associated
with a P pulmonale due to high pressure in the right atrium.
Echocardiography will confirm the diagnosis.

The overall prognosis without treatment for patients with
tricuspid atresia is poor. Few affected infants survive for
more than 1 year. Cardiac failure occurs with progressive
dyspnoea, hepatomegaly, and oedema.

3.2.15.1.5 Other Types of Cyanotic Congenital Heart
Disease

There are numerous other types of cyanotic congenital heart

disease, but each occurs only infrequently. In single ventri-

cle, the child is underdeveloped and unduly dyspnoeic.
Cyanosis is variable in degree. Cardiomegaly is gross. A sys-
tolic thrill and murmur are found, sometimes also a mid-
diastolic murmur. The electrocardiogram may show a left
ventricular hypertrophy pattern. This difficult diagnosis has
been rendered easier by echocardiography, which reveals
only one A-V valve, one large ventricular chamber, and one
diminutive one.

In persistent truncus arteriosus, a common arterial
trunk drains both ventricles, thus giving origin to the sys-
temic pulmonary and coronary circulations. Pulmonary
arteries may arise from the common truncus or the blood
flow to the lungs may depend entirely on the bronchial
arteries, so that the degree of oxygen unsaturation is very
variable. There may also be pulmonary hypertension in
some patients. The presenting clinical features are there-
fore largely dependent on the volume of pulmonary blood
flow and the presence or absence of associated significant
truncal valve insufficiency. Thus, cyanosis may be severe or
slight. Cardiomegaly is marked. A systolic or continuous
murmur may be found. The second pulmonary sound is
single. The chest X-ray may show absence of a pulmonary
conus but a large aortic shadow, which can be seen by echo-
cardiography. The electrocardiogram shows left ventricular
or biventricular hypertrophy. Precise diagnosis in these
anomalies is often possible without cardiac catheterisation
or angiocardiography, although the use of cross-sectional
sector echocardiography and colour Doppler has greatly
increased the ability to make the diagnosis of truncus
non-invasively.

In Ebstein’s malformation, the posterior and septal
cusps of the tricuspid valve arise from the wall of the right
ventricle near the apex so that part of the right ventricle is, in
fact, incorporated within the right atrium. There is, in addi-
tion, tricuspid incompetence. It is exceedingly rare. In severe
cases, symptoms occur in the first months of life. The child
is dyspnoeic on exertion, cyanosed to a variable degree, and
poorly developed. Death ultimately takes place from right
heart failure. On examination of the child, the neck veins are
distended. Auscultation reveals triple or quadruple rhythm,
and there may be both presystolic and soft systolic murmurs.
The radiograph shows a huge atrium and the lung fields are
often oligaemic. The electrocardiogram shows a large
notched P wave and some degree of right bundle branch
block. These patients are subject to atrial extrasystoles and to
attacks of paroxysmal tachycardia. Cardiac catheterisation is
dangerous, but echocardiography will establish the diagno-
sis. There is no effective medical treatment for the malforma-
tion, although patients suffering symptomatic arrhythmias
should benefit from appropriate drug therapy. Surgery pro-
vides the only possibility of radically ameliorating the hae-
modynamic problems. As with other cyanotic malformations,
the spectrum of severity varies and surgical intervention may
not be required for many years.
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3.2.15.1.6 Acyanotic Congenital Heart Disease
with Left-to-Right Shunts

Defects in the interventricular septum can occur as isolated
anomalies or in association with many other defects.
Undoubtedly isolated ventricular septal defect is the most
common form of congenital heart disease. The pathophysi-
ology of ventricular septal defect is determined by the size
of the defect and the state of the pulmonary vascular resis-
tance. These two features govern the direction and magni-
tude of flow through the defect, and thus the clinical
features and symptomatology. The site of the defect within
the septum has little influence, but the size of the defect is
dominant. The defect may be small and relatively benign,
or large and associated with a reduction in life expectancy.
When the ventricular defect is large, pressures in the sys-
temic and pulmonary circuits remain equal (as in the nor-
mal fetus) or nearly equal. This results in a very high
pulmonary blood flow (pleionaemic lungs), and in some
cases in the development of pulmonary vascular obstruc-
tion. In babies with large ventricular septal defects, the sud-
den drop in pulmonary vascular resistance that follows the
first few breaths of life in the normal new-born is less
marked. Subsequently, in some infants, the normal involu-
tion of the muscular media of the fetal-type pulmonary
arterioles fails to occur to any extent. As life goes on, the
medial and intimal changes in these arterioles may increase
progressively, with growing pulmonary vascular obstruc-
tion, until the left-to-right shunt is reversed due to severe
pulmonary hypertension (Eisenmenger’s syndrome). The
other serious complication of large ventricular septal
defects is congestive cardiac failure, which usually occurs
within the first 6 months of life, but almost never in the
early neonatal period. Infective endocarditis may affect
small as well as large ventricular septal defects, but this is
not a very common complication during childhood. Surgical
closure of defects does not eliminate the chance of con-
tracting the infection. The risk can be minimised by using
antibiotic prophylaxis before dental extractions or
tonsillectomy.

Ventricular septal defects are rarely clinically detectable
at birth, since it takes a few weeks for the pulmonary vascu-
lar resistance to fall from the high intra-uterine levels. Thus,
it is rare for a ventricular septal defect to be diagnosed at
routine postnatal examination on the first day of life.

3.2.15.1.7 Small Ventricular Septal Defects
(Fig. 3.15e)

This child is symptomless and normally developed. The
heart is normal in size and minimally enlarged. A palpable
systolic thrill in the left parasternal area is associated with a
harsh systolic murmur maximal at the fourth left interspace.
The electrocardiogram is normal or shows slight left ven-
tricular preponderance. Most patients seem to remain
trouble-free for many years.

3.2.15.1.8 Large Ventricular Septal Defects Without
Pulmonary Hypertension

The child is often underdeveloped and sooner or later
develops undue dyspnoea on exertion. There is often
marked susceptibility to respiratory infections. The heart
is enlarged with a forceful apex beat. A systolic thrill and
loud pansystolic murmur are maximal at the left sternal
border at the level of the fourth interspace. Radiographs
show left or biventricular enlargement and pleionaemic
lungs. The electrocardiogram shows left ventricular hyper-
trophy. Cardiac catheterisation reveals a higher concentra-
tion of oxygen in the blood in the right ventricle than in the
right atrium, and the catheter may be induced to traverse
the septal defect to enter the left ventricle. In some cases,
the pressures in the right ventricle and pulmonary artery
may be elevated due to the large volume of blood being
shunted across the defect from the powerful left ventricle.
However, in this “dynamic” type of pulmonary hyperten-
sion, there is no true pulmonary vascular obstruction. Until
recently the definitive diagnosis of isolated ventricular
septal defect depended upon cardiac catheterisation and
angiocardiography. Now the diagnosis can be made with
certainty, in the majority of cases, using cross-sectional
echocardiography and colour Doppler. Therefore, echocar-
diography is invaluable in differentiating isolated defects
from more complex anomalies, and should be performed
in all symptomatic infants suspected to have ventricular
septal defect.

3.2.15.1.9 Large Ventricular Septal Defects
with Peripheral Pulmonary Hypertension
(Eisenmenger’s Syndrome)

In this type of case, symptoms are usually present from
early infancy: failure to thrive, dyspnoea on exertion such
as feeding, and repeated respiratory infections. When the
pulmonary hypertension is severe, and especially if there
is some overriding of the aorta, the right-to-left shunt so
occasioned may cause constant or intermittent cyanosis to
be present. Cardiomegaly may not be marked, but palpa-
tion reveals not only a powerful apical thrust but also
excessive pulsation over the right ventricle and its outflow
tract in the left parasternal area. There is no thrill and any
systolic murmur is short. The second heart sound at the
pulmonary area is loud and booming and usually single.
Radiographs confirm the presence of enlargement of the
main pulmonary artery and hilar branches with translu-
cent peripheral lung fields. The electrocardiogram indi-
cates biventricular hypertrophy or right ventricular
hypertrophy, and there may be tall P waves due to enlarge-
ment of both atria. Cardiac catheter studies will show high
pressures in the right ventricle and in the pulmonary
arteries.

The natural history of ventricular septal defects has been
considerably clarified in recent years and it is now clear
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how variable may be the outcome of such lesions. The
majority of children with isolated ventricular septal defects
live normal lives both in terms of duration and quality.
Approximately 50-60% of these defects close spontane-
ously. This usually happens during the first 5 years of life,
but spontaneous closure can occur at any age. Infants with
large defects and dynamic pulmonary hypertension may die
during the first 6 months of life in congestive cardiac fail-
ure with hepatomegaly, pulmonary oedema, and crepita-
tions, or from intercurrent bronchopneumonia. In other
cases, the infant who was in congestive cardiac failure due
to a large septal defect with torrential pulmonary blood
flow survives only to develop later progressive pulmonary
vascular obstruction. He may then become an adult with
severe cyanosis, polycythaemia, and dyspnoea. Another
outcome in some cases of large ventricular septal defects is
the development, in time, of acquired infundibular stenosis
due to narrowing of the right ventricular outflow tract by
muscular hypertrophy. By the second or third decade, the
left-to-right shunt is replaced by a right-to-left shunt due to
severe subvalvular pulmonary stenosis, and the clinical pic-
ture becomes indistinguishable from that of Fallot’s tetral-
ogy. Rarely, the development of infundibular obstruction is
associated with spontaneous closure of the ventricular sep-
tal defect, and the picture alters radically to that of an iso-
lated pulmonary stenosis. Yet another unfavourable
development, in some cases of ventricular septal defect, is
prolapse of the right coronary aortic cusp into the left ven-
tricle with consequent aortic regurgitation. This most com-
monly occurs toward the end of the first decade. At first a
faint, high-frequency diastolic murmur appears in addition
to the systolic murmur of the ventricular septal defect. Over
time, the classical signs of aortic regurgitation replace
those of the septal defect. This complication greatly wors-
ens the prognosis, and death may ensue either from conges-
tive cardiac failure or infective endocarditis. It is
recommended that surgical treatment be offered as soon as
significant aortic regurgitation is recognised.

3.2.15.1.10 Atrial Septal Defect (Fig. 3.15f)

Atrial septal defects are traditionally divided into “primum”
and “secundum” types. The more common is a failure of clo-
sure of the ostium secundum, which is in the upper part of
the interatrial septum. This defect is not uncommonly associ-
ated with partial anomalous pulmonary venous drainage in
which one or both veins from the right lung enter the right
atrium. Much less common, but more serious and arising at
an earlier stage of embryogenesis, is failure of closure of the
ostium primum in the lower part of the septum. The base of
this defect commonly involves the mitral and tricuspid valves
so that one or both maybe rendered incompetent. Furthermore,
there is a high ventricular septal defect in many of these
cases (atrioventricular septal defect).

3.2.15.1.11 Ostium Secundum Defect (Fig. 3.159g)

These children are usually symptomless save for undue sus-
ceptibility to respiratory infection. Girls are more often
affected than boys, and they frequently have a somewhat
characteristic slender asthenic body build. The sternum may
be unduly prominent, with accompanying Harrison’s
grooves. The heart varies in size from normal to very large,
but right ventricular pulsation is excessive over the left para-
sternal area. A soft systolic murmur is best heard at the sec-
ond or third left interspace, and the second pulmonary heart
sound is wide and persistently split. A mid-diastolic murmur
may be heard at the tricuspid area when the atrial septal
defect is large, with a greatly excessive pulmonary blood-
flow. The X-ray shows a large pulmonary conus and pleionae-
mic lungs. Echocardiography is usually diagnostic.

The electrocardiogram shows partial right bundle-branch
block (RsR pattern). There may be prolongation of the P-R
interval or right ventricular hypertrophy. An increased oxy-
gen concentration is demonstrable in the right atrium during
cardiac catheterisation; a level about 95% suggests the pres-
ence of an anomalous pulmonary vein which has, in fact,
been entered by the catheter from the right atrium. The cath-
eter frequently crosses the atrial septal defect into the left
atrium, but this can happen in a normal heart through the
foramen ovale and is not by itself a significant occurrence.
The precise site of the atrial septal defect can be determined
by angiocardiography although this information is not essen-
tial before operation.

3.2.15.1.12 Ostium Primum Defect (Atrioventricular
Septal Defect)
The child in this situation usually fails to grow normally
from infancy. There may be episodes of cardiac failure, and
respiratory infections are often severe. Cardiomegaly is asso-
ciated not only with a powerful right ventricular thrust in the
left parasternal area, but also with a displaced heaving apex
beat due to left ventricular hypertrophy. When there is mitral
regurgitation, a pansystolic murmur is heard at the apex and
propagated into the axilla. A palpable systolic thrill is usu-
ally detected. There may be an apical mid-diastolic murmur.
The pulmonary second sound is loud and widely split. The
most characteristic electrocardiographic changes are left axis
deviation, partial right bundle-branch block, and right ven-
tricular hypertrophy. When mitral regurgitation is marked,
there may be evidence of hypertrophy of the left or both ven-
tricles. Heart block may be present when there is a complete
atrioventricular septal defect. The diagnosis can be con-
firmed by echocardiography.

In ostium secundum defects of large size, increasing car-
diomegaly is associated with a growing limitation of exercise
tolerance. This can be aggravated by the late development of
peripheral pulmonary vascular obstruction. An increased
susceptibility to rheumatic fever may lead to superimposed
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mitral stenosis (Lutembacher Syndrome). Patients with
smaller defects may, however, live to a good age. In ostium
primum defects, the expectation of life is considerably
curtailed.

3.2.15.1.13 Patent Ductus Arteriosus (Fig. 3.15h)
Isolated patent ductus arteriosus results in shunting of blood
from one side of the circulation to the other. The shunt vol-
ume depends on the length and internal diameter of the duct
and on the systemic and pulmonary vascular resistances. As
pulmonary resistance is usually much lower than systemic,
the blood flow is from the aorta through the ductus to the
pulmonary artery, and the lungs are pleonaemic. In a minor-
ity of cases where the ductus is very wide, the pulmonary
and right ventricular systolic pressures may be so elevated as
to approach systemic levels with the development of pulmo-
nary vascular obstruction. This entirely alters the picture,
and, indeed, in severe cases the blood flow may be right-to-
left through the ductus with consequent cyanosis
(Eisenmenger’s syndrome). This type of peripheral pulmo-
nary vascular obstruction must be distinguished from the
“dynamic” pulmonary hypertension commonly found in the
larger pulmonary arteries in cases of patent ductus arteriosus
and due only to the torrential flow of blood reaching them
from the aorta. The former situation is irreversible, whereas
“dynamic” pulmonary hypertension can be completely
relieved by simple closure of the ductus.

In the vast majority of cases, patent ductus arteriosus pro-
duces no cardiac symptoms during childhood. The special
problems associated with patent ductus arteriosus in the pre-
term infant with the respiratory distress syndrome have
already been considered in this chapter. However, even the
child without symptoms is frequently rather underdeveloped
for his age, and the dramatic growth spurt and increase in
physical activity that is sometimes seen after successful clo-
sure of the ductus reveals, in retrospect, a degree of previous
incapacity. The diagnostic physical sign is a continuous
(machinery) murmur, loudest during systole but extending
into diastole, maximal at the pulmonary area and well con-
ducted under the left clavicle. It may be associated with a
systolic thrill at the second left interspace. The murmur is
caused by turbulent flow through the ductus itself. The pulses
are collapsing in type due to a large pulse pressure. The heart
may or may not be enlarged. X-ray will reveal prominence of
the main pulmonary artery with increased lung vascularity.
There may also be enlargement of the left ventricle. The
electrocardiogram is often normal but may show some left
ventricular preponderance. In young infants, the diastolic
component of the murmur is not always audible.

When the patent ductus is complicated by peripheral pul-
monary hypertension, a vastly different clinical picture pres-
ents itself. The child is markedly underdeveloped, highly
susceptible to respiratory infections, and unduly breathless

on exertion. Cardiomegaly is marked with a very large pul-
monary artery, and the presence of combined ventricular
hypertrophy can be demonstrated on radiographs, echocar-
diograms, and electrocardiograms. The lung roots show
severe engorgement, but the periphery of the lung fields on
radiographs are characteristically clear and translucent. The
typical continuous murmur is no longer audible, being
replaced by foreshortened systolic murmur. The second pul-
monary sound, which tends to be obscured in a typical case
of patent ductus, is now loud and booming. A systolic thrill
is not always palpable. A large pulse pressure with collaps-
ing pulses are still the rule. When the shunt is reversed from
right to left, the presence of cyanosis makes differentiation
from transposition of the great vessels with patent ductus a
difficult matter without echocardiography.

Most cardiologists would not consider cardiac catheteri-
sation a necessary investigation for patients with typical
clinical findings of a patent ductus arteriosus. However,
cross-sectional echocardiography will help rule out other
structural malformations.

Other causes of continuous murmur may create confu-
sion. A congenital aortopulmonary fenestration will be dif-
ferentiated from patent ductus by ultrasound examination.
More typically, the communication is large and does not
cause a continuous murmur. A venous hum is usually best
heard in the supraclavicular fossae. When it is loud, it may be
transmitted below the clavicle. Hence it may be misdiag-
nosed as being from a patent ductus arteriosus. The murmur
of a venous hum varies with position, whereas that of the
patent ductus is constant.

Even a simple patent ductus arteriosus cardiac enlarge-
ment sooner or later develops. Death takes place from car-
diac failure or infective endocarditis before middle age.
When pulmonary hypertension complicates the picture,
death is likely to occur in infancy or early childhood from
cardiac failure or pneumonia.

3.2.15.2 Acyanotic Congenital Heart Disease
Without Shunts

3.2.15.2.1 Pulmonary Stenosis

This defect occurring alone is usually due to fusion or mal-
formation of the semilunar cusps. Infundibular stenosis in
which there is a narrow infundibular chamber between the
valve and the right ventricular cavity may also occur alone,
but is more often associated with other anomalies (see
Fallot’s tetralogy). Fixed stenosis of the infundibulum co-
existing with valvar stenosis is rare. Uncomplicated pulmo-
nary stenosis is a common condition.

Most affected children are symptomless, and they are
often well developed with somewhat highly coloured cheeks
and lips. Slight cyanosis is seen only in a few very severe
cases. Palpation reveals a powerful right ventricular thrust
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over the left parasternal area and a systolic thrill at the sec-
ond left interspace. At this area there is a harsh systolic mur-
mur of ejection type that is conducted into the neck, under
the left clavicle, and through to the back. The second pulmo-
nary sound is quiet and usually single because the low pres-
sure in the pulmonary artery makes the valve closure
inaudible. Radiographs reveal post-stenotic dilatation of the
pulmonary artery and translucent oligaemic lung fields. The
electrocardiogram shows right ventricular hypertrophy; there
may be a pulmonale and partial right bundle-branch block.
Cardiac catheterisation demonstrates a high right ventricular
pressure, with a steep pressure gradient between the ventri-
cle and the pulmonary artery. Withdrawal tracings differenti-
ate clearly between valvular and infundibular stenosis. Both
cross-sectional and M-mode echocardiography techniques
may appear normal in the presence of mild stenosis. If the
valve is thickened, it should be detected on cross-sectional
examination. Doppler studies will provide a satisfactory
assessment of the gradient across the stenosed valve.

Mild degrees of pulmonary stenosis are compatible with
long life, but the more severe cases end in cardiac failure
before middle age. Apart from the risk of infective endocar-
ditis, they do not die prematurely. Routine prophylaxis is
therefore indicated throughout life in all patients, irrespec-
tive of the site or severity of stenosis.

3.2.15.2.2 Aortic Stenosis

Most cases of aortic stenosis include fusion of the cusps of
the aortic valve. Less commonly there is a fibrous ring round
the left ventricular outflow tract (subaortic stenosis). In rare
instances the stenosis is supravalvar with a discrete ring of
narrowing of the aorta. This defect has sometimes been asso-
ciated with single or multiple constrictions along the major
branches of the pulmonary artery. In some of the cases with
supra-aortic stenosis, there have also been present character-
istic facies, mental retardation, and an association with the
severe form of idiopathic hypercalcaemia of infancy, and this
syndrome is called William’s syndrome. Isolated aortic valve
stenosis is always congenital. When seen in association with
a mitral lesion it may be either congenital or rheumatic. A
chromosomal abnormality (deletion chromosome 7 for the
elastin gene) has recently been identified in some instances
of this syndrome.

This defect is more common in boys. Most are symptom-
less, but in a few, anginal pain develops on effort. The danger
of sudden death during exertion is well known although it is,
in fact, an uncommon event. Affected children are usually
well grown. The maximal cardiac impulse is at the apex,
although the heart is not commonly enlarged. A systolic thrill
is palpable at the second right interspace and also along the
carotid arteries and in the suprasternal notch. A harsh sys-
tolic murmur is best heard in the aortic area, and there may

be a short, soft diastolic murmur. The pulse is anacrotic and
of small volume. The pulse pressure is low. The heart may
appear quite normal in radiographs. The electrocardiogram
often shows left ventricular hypertrophy in these cases. The
pressure gradient across the aortic valve can be assessed by
Doppler ultrasound and confirmed by left heart catheterisa-
tion when operation is considered to be a possibility. The
non-invasive technique is free of risk and may be repeated at
intervals.

3.2.15.2.3 Coarctation of the Aorta (Fig. 3.15i, j)
Coarctation of the aorta is a relatively common anomaly, and
one so amenable to surgical correction that palpation of the
femoral arteries should form part of the physical examina-
tion of every patient of any age. The common site of narrow-
ing of the aorta is just beyond the origin of the left subclavian
artery and of the ligamentum arteriosum. The earlier classifi-
cation into “adult” and “infantile” types should be aban-
doned. As most lesions are found in preductal position, and a
small minority in postductal location, is has become fashion-
able to describe coarctation as preductal and postductal
respectively: Those opposite the ductal mouth are described
as “paraductal” coarctation. About 2% of coarctations are
associated with Turner’s (XO) syndrome, while around 15%
of patients with Turner’s syndrome have coarctation.

Isolated severe coarctation of the aorta may occasionally
cause heart failure with pulmonary oedema in the young
infant. The onset of cardiac failure is almost always within
the first 3 months of life, but many infants present in the first
week of life. Coarctation of the aorta is the most common
structural anomaly causing heart failure in the first week of
life in a cyanotic infant. In the vast majority of cases, how-
ever, the child is well developed and symptomless. The mur-
mur, which maybe discovered during routine medical
examination or during an intercurrent illness, is systolic in
time. It is well heard at the aortic area, in the suprasternal
notch, and in both interscapular areas. The apex beat is force-
ful due to left ventricular hypertrophy, but it may not be
displaced for many years. The femoral pulses are absent or
only weakly felt in comparison with the radial or branchial
pulses. A marked blood-pressure difference can be shown
between the arms and legs, and in time hypertension is estab-
lished in the upper extremities, head, and neck. In adoles-
cence, dilated and tortuous collateral vessels may be visible
around the scapulae. Thus, the combination of weak or
absent femoral pulses and an arm/leg pressure gradient is
virtually diagnostic of aortic coarctation.

Radiographs may show no abnormality during childhood,
but left ventricular enlargement ultimately develops. An
over-penetrated film may reveal a notch in the aortic shadow
at the site of the coarctation, and the narrow aortic arch
above, with some dilatation of the aorta below this notch,
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produces an outline somewhat like the shape of the numeral
three (3). Notching of the inferior borders of the ribs by the
enlarged intercostal arteries is seen in later childhood. The
electrocardiogram may reveal left ventricular hypertrophy,
but in the young infant with a severe degree of aortic obstruc-
tion, the ECG will show right ventricular hypertrophy
because blood supply to the abdomen and lower limbs may
be via the ductus arteriosus from the pulmonary artery.
Cross-sectional echocardiography will usually demonstrate
a coarctation and is invaluable in demonstrating any associ-
ated abnormality.

Coarctation presenting with heart failure in infancy is a
lethal condition. Those who survive infancy may live into late
middle age. Some die suddenly from a cerebrovascular acci-
dent. Most die in cardiac failure before the age of 40 years. A
few develop rheumatic fever or infective endocarditis.

3.2.15.2.4 Hypoplastic Left Heart Syndrome

This syndrome comprises a wide variety of related anoma-
lies associated with hypoplasia of the left ventricle and of the
ascending aorta and aortic arch. Other constant findings
include a large pulmonary artery, dilatation and hypertrophy
of the right ventricle, and a patent ductus arteriosus. The
hypoplastic aortic arch may show a preductal coarctation, or
that part of the arch between the left subclavian artery and
entrance of the ductus arteriosus may be atretic and repre-
sented only by a solid core of tissue. Other common anoma-
lies include atresia (R hypoplasia) of the mitral and/or aortic
valves. Severe endocardial fibro-elastosis may affect the left
ventricle (only when the mitral valve is patent) or the left
atrium. In cases where there is atresia of the aortic or mitral
valve, it is obvious that the right side of the heart needs to
maintain both the systemic and pulmonary circulations, and
the pulmonary return to the left atrium has to be shunted
across to the right side of the heart so that the right atrium
becomes a mixing chamber for both oxygenated and venous
blood. If the mitral valve is atretic and the aortic valve atretic
or hypoplastic, and if there is no ventricular septal defect, the
right ventricle alone is the propelling force for both pulmo-
nary and systemic circuits. This explains the dilated pulmo-
nary artery, while the patent ductus arteriosus, which appears
to continue into the large descending aorta, permits a retro-
grade flow of blood into the arch of the aorta, thus supplying
the brachiocephalic and coronary arteries. It will be readily
understood that this syndrome is incompatible with life.
Furthermore, there are frequently associated non-cardiac
abnormalities.

The hypoplastic left heart syndrome is the most common
cardiac cause of death in the neonatal period, and it ranks
next only to transposition of the great arteries as a cause of
death in all infants with congenital heart disease. The actual
life span of affected infants depends on the severity of the

obstructive valvar lesions. When the aortic or mitral valves
are atretic, life is usually sustained for only a few days,
whereas when the valves are hypoplastic, survival is longer
and may extend for a few weeks. The clinical presentation is
with the rapid development of severe dyspnoea, hepatomeg-
aly, gross cardiomegaly, and oedema. Cyanosis is common,
and in cases with a right-to-left flow through a patent ductus
the lower half of the body may show a more severe degree
than the head and arms. Some of those babies may initially
be seen in severe cardiovascular collapse. Hypotension is
common, as is the inability to maintain normothermia.
Hypoglycaemia and a disseminated intravascular coagulopa-
thy may occur in severely ill infants. Cardiac murmurs are
inconstant, as are the electrocardiographic changes. Precise
diagnosis is now established by echocardiography, which
shows a very small left ventricle, a small or absent aortic
root, and the mitral valve echo is absent or greatly reduced.
In most cases cardiac catheterisation, which carries great
risk, can be avoided.

3.2.15.2.5 Duct-Dependent Anomalies

In a number of congenital cardiac malformations, continued
patency of the ductus arteriosus is essential for survival. In
such life-threatening situations, the continuous infusion of
prostaglandins PGE1 and PGE2 can prevent closure of the
ductus until appropriate investigations, followed by surgical
management, have been achieved.

In pulmonary atresia with intact ventricular septum, pul-
monary atresia with ventricular septal defect, severe pulmo-
nary stenosis, Fallot’s tetralogy, and tricuspid atresia, where
deepening cyanosis from birth is a common clinical feature,
the continuous intravenous or intra-arterial infusion of pros-
taglandin can be life-saving.

3.2.16 Abnormal Vessels (Fig. 3.16)

Abnormalities of the great vessels in the neck and the chest
can cause obstruction of the airway and the oesophagus by
wrapping themselves around these structures as they exit
from the root of the heart. Abnormalities of the subclavian
vessels can cause severe airway obstruction in the neonate,
especially if the trachea has a degree of tracheomalacia. This
can be missed prior to a surgical procedure, such as thora-
cotomy for an oesophageal atresia; if missed, when it is time
post-operatively to extubate the neonate, there is collapse of
the airway due to the anomalous subclavian vessel passing in
front of the trachea. Other abnormalities include the right
sided aortic arch which can make surgery difficult and deter-
mine which side of the chest needs operated in anoesopha-
geal atresia. This can be diagnosed preoperatively by taking
a penetrated view of the neck in a chest X-ray.
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Fig.3.16 (a) Aberrant left subclavian artery and right sided aortic arch. (b) Barium meal showing aberrant subclavian artery. (¢) Aberrant subcla-

vian artery

Fig.3.17 (a) Dextrocardia.
(b) Levocardia and situs
inversus

3.2.17 Dextrocardia, Situs Inversus (Fig. 3.17)

Dextrocardia, situs inversus involves malpositioning of
organs such that the organs appear as a mirror image of nor-
mal placement, and can be complete or incomplete. Situs
inversus can cause confusion in acute appendicitis, and it
also predisposes the patient to malrotation and volvulus. It
can also be part of a spectrum where asplenia occurs.

3.2.18 Pulmonary Agenesis/Hypoplasia
(Fig. 3.18a)

Agenesis of the lung is rare. Bilateral pulmonary agenesis is
extremely rare and incompatible with life. When one lung or
one lobe is absent, the patient is usually symptomless,
although the heart is displaced into one hemithorax. In these
cases, there may or may not be a bronchial bud present. The
diagnosis is frequently made during a routine medical exam-

ination and can be confirmed radiologically. There is no spe-
cific treatment and the prognosis is good since the other lung
is normal (Fig. 3.18b).

Bilateral pulmonary hypoplasia is often associated with
oligohydramnios, which during prenatal life is commonly
secondary to fetal urological abnormalities. Severe bilateral
pulmonary hypoplasia is typically found in Potter’s syn-
drome, where it is associated with renal agenesis and is fre-
quent in babies with diaphragmatic hernia. The degree of
pulmonary hypoplasia varies in this latter group from being
severe with arrest of development estimated at 10—12 weeks
in some infants with large left-sided diaphragmatic hernia, to
minor degrees that do not interfere with function (Fig. 3.18c).

3.2.19 Haemangioma (Fig. 3.19)

In the neck or thoracic cavity, haemangioma can cause
obstruction to the airways, especially with thrombocytopenia
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Fig. 3.18 (a) Bilateral pulmonary hypoplasia with gross distension of the abdomen. (b) Left pulmonary agenesis. (c¢) Bilateral Pulmonary

Hypoplasia in a CDH

Fig. 3.19 Phleboliths

(KassebackMerritSyndrome). Bleeding into the tissues
causes sudden enlargement and airway obstruction.

3.2.20 Lymphangioma (Fig. 3.20a, b)

Lymphangiomacan be infiltrative in all the tissues in the neck
and cause superior mediastinal syndrome.

3.2.21 Eventration (Fig. 3.21)

Eventration results in a thinning of the diaphragm either due
to congenital absence of the musculature or secondary to

paralysis from surgical trauma with injury to the phrenic
nerve. It is sometimes difficult to differentiate from congeni-
tal diaphragmatic hernia with a sac. Paradoxical movement
is noted on screening.

3.2.22 Foregut Duplication (Fig. 3.22a)

Duplication of the foregut can arise anywhere from the
mouth to the second part of the duodenum. It often presents
as a cystic mass with or without a communication with the
lumen of the foregut. In 30% of cases there is an association
with abnormalities of the cervical spine. It can contain gas-
trointestinal or even respiratory epithelium (Fig. 3.22b—d).

3.2.23 Conjoined Twins

A rare conditionin which uniovular twins are still joined
together. These twins are thoracopagus and omphalopagus,
meaning joined at the thorax and abdomen, respectively
(Fig. 3.23a—c). Imaging is important to determine which
internal organs are shared, e.g., the heart, liver etc.

3.3 Infection/Inflammation

3.3.1 Oesophagitis (Fig. 3.24a, b)

Oesophagitis is often due to gastric reflux (GOR), especially
associated with a Hiatus hernia. It causes heartburn, dyspha-
gia, and occasionally vomiting and bleeding. It can be asso-
ciated with a Barratts oesophagus, which could predispose to
malignancy of the oesophagus later in life. The lining of the
oesophagus is often inflamed, and contrast studies show an
irregularity of the lining with fissures.
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Fig.3.20 (a) Antenatal MRI
scan of a congenital
lymphangioma affecting the
chest wall. (b)
Lymphangioma of the
mediastinum

Fig.3.21 (a) Eventration of the left side of the diaphragm. (b) Chest X-ray of left sided eventration
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Fig. 3.22 (a) Foregut duplication cyst. (b) Foregut duplication cyst scan of the chest. (¢) Foregut duplication cyst with cervical vertebral abnor-
malities. (d) Lateral chest X-ray Foregut duplication cyst with dye in the oesophagus showing it displaced
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Fig. 3.23 (a) Conjoined twin. (b) Conjoined twin thoracoomphalopagus chest CT. (¢) Conjoined twin chest CT
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Hiatus hernia

Diaphragm

3rd part of
duodenum

Refluxed barium in
lower oesophagus

Fundus of stomach

Body of stomach

Fig. 3.24 (a) Oesophagitis (GOR). (b) Oesoghagitis in gastrooesophageal reflux

Oesophagitis can also be caused by caustic soda inges-
tion, other foreign bodies, batteries, fish bones, or trauma
from endoscopes. The end result may be a very tight oesoph-
ageal stricture.

3.3.2 Tuberculosis (Fig. 3.25a—¢)

The incidence of infection by human-type tubercle bacilli
has fallen abruptly in Britain in the past 30 years. This has
been due to (1) earlier diagnosis of phthisis in adults; (2)
the detection by mass radiography of previously unknown
sources of infection; and (3) the efficiency of modern anti-
tuberculous drugs in rendering patients non-infective
within a relatively short period. The routine vaccination of
tuberculin-negative children aged 11-13 years with BCG
has also played a part. It would, however, be a grave error
to regard the disease as having been defeated, and cases

still occur too frequently to permit complacency. In some
of the underdeveloped countries of the world, tuberculosis
remains a major public health problem and is the most
common cause of death. On the other hand, bovine tubercu-
losis, which until about 50 years ago was very common in
the form of abdominal tuberculosis, cervical tuberculosis,
and disease of bone and joints, has disappeared from
Britain. Indeed, there is evidence to suggest that in indige-
nous British children, cervical adenitis is nowadays more
often due to infection by atypical or “anonymous” myco-
bacteria than by the “typical” mycobacterium tuberculosis.
However, intrathoracic tuberculosis is almost always
caused by the human type of M. tuberculosis, and must be
regarded as a major problem deserving close study and
understanding by the physicians of all countries. Countries
in which significant numbers of the population are affected
by human immunodeficiency virus (HIV) have seen a
marked resurgence of tuberculosis.
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Endotracheal
tube

Miliary mottling
of lungs

Electrode

Anterior medial
pneumothorax

Nasogastric tube

Fig. 3.25 (a) Radiograph of chest showing large primary tuberculous  enlarged paratracheal glands. (d) Tuberculosis. (e) Tuberculosis old. (f)
focus in upper left lobe. Early calcification is present. (b) Chest radio-  Tuberculosis with empyema of the left chest and calcified glands in the
graph showing tuberculous cavity in right lower lobe. (¢) Primary tuber-  neck. (g) Tuberculosis

culous complex showing a GHON’s focus in right midzone with
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Fig. 3.25 (continued)

3.3.2.1 Intrathoracic Tuberculosis

3.3.2.1.1 Sources of Infection

By far the most usual source of tuberculous infection in
infancy and childhood is the adult contact who suffers from
“open” phthisis. In Britain, known cases of adult tuberculo-
sis are quickly rendered non-infectious by appropriate drug
treatment; the danger is undiagnosed or unsuspected adults.
Infrequently, a child can be infected from a tuberculous ani-
mal such as a dog, and this possibility should not be over-
looked (Fig. 3.25d, e).

3.3.2.1.2 Pathology

When patients of any age inhale tubercle bacilli for the first
time, the bacilli produce a small caseous focus in the lung
parenchyma. This is called “the primary focus,” or Ghon’s
focus. It is usually single, occasionally multiple, and most

often situated subpleurally, and in 45% of cases in the right
upper lobe. From the primary focus, which is usually large
enough to be visible to the naked eye, there is a peribronchial
lymphangitis spreading toward the bronchopulmonary and
tracheobronchial glands on the same side. These become
enlarged and caseous, ultimately undergoing softening.
Indeed, in primary tuberculosis the lung parenchyma lesion
is small, almost trivial, while the regional lymph glands are
heavily involved. This is in contrast to adult-type phthisis, in
which the tissues have earlier been sensitised by primary
tuberculosis, and where the lung parenchyma may show
extensive infiltration, caseation, cavitation, and fibrosis,
while the regional lymphadenitis is slight or absent. The pri-
mary focus, lymphangitis, and hilar adenitis constitute “the
primary tuberculous complex.” In more severe examples, the
disease may spread upward, involving the paratracheal and
the supraclavicular glands (Fig. 3.25f, g).
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In the majority of cases, the primary complex heals by
calcification in the primary focus and regional lymph nodes.
These are visible on radiographs, but ultimately the calcium
is absorbed so that no trace of the infection may remain. In
others, especially infants and young children, the caseous
hilar nodes exert local effects upon the adjoining bronchi,
which are thin-walled and pliable. Most often the enlarged
glands completely obstruct a primary or secondary bron-
chus, and the distal lobe or segment becomes airless.
Histologically it shows resorption atelectasis and possibly
low-grade tuberculous inflammation. Whereas in some
cases the bronchial occlusion is brought about by extrinsic
compression, in many cases the caseous glands erode their
way through the bronchial wall, so that the mucous mem-
brane is perforated and tuberculous granulation tissue can
then be seen to fill the lumen. The right middle lobe is most
often affected. This type of atelectasis or absorption col-
lapse may completely resolve, but not infrequently it leaves
behind bronchial narrowing and distortion, or a “dry” bron-
chiectasis that may become the seat of severe pyogenic
infection many years later.

3.3.2.2 Acute Miliary Tuberculosis

This classical form of the disease arises from erosion of
some part of the primary complex into a blood vessel and the
discharge into the circulation of a large dose of tubercle
bacilli. Like tuberculous meningitis, this is most likely to
occur within the first 6 months after the primary infection.
All the organs of the body are studded with small miliary
tubercles that are usually visible to the naked eye. Erosion of
a caseous gland into a branch of the pulmonary artery
explains those uncommon cases where the miliary spread is
confined to the lungs.

3.3.2.3 Acute Tuberculous Pneumonia

This rapidly progressive form of pulmonary tuberculosis
may be lobar or lobular in distribution. Once common as
“galloping consumption,” it has become rare and is almost
confined to young children. Cavitation, spontaneous pneu-
mothorax, and tuberculous empyema were common compli-
cations, but they have virtually disappeared in Britain since
the advent of the antituberculous drugs.

3.3.2.4 Clinical Aspects of the Primary
Tuberculous Infection

The child with an intrathoracic primary infection may be
symptomless or severely ill. When symptoms do appear, they
coincide with the development, by the tissues, of an allergic
sensitivity toward tuberculoprotein. This takes about
6-8 weeks to develop and may be demonstrated by means of
a tuberculin skin test. In some patients, spontaneous mani-
festations of this allergic state appear in the form of phylc-
tenular conjunctivitis or erythema nodosum, and these
conditions should always be presumed to indicate tubercu-
lous infection in children until they are proved to be other-

wise caused. In some children, who are usually over the age
of 5 years, the development of pleurisy with effusion makes
the diagnosis easy.

In most cases, the symptomatology tends to be non-
specific and of a type common in other non-tuberculous
ailments, including loss of energy, lethargy, undue irrita-
bility, anorexia, and a general loss of well-being. An irreg-
ular fever (37-38 °C) in the later afternoons is common.
Less often there may be brisk sustained fever. Loss of
weight or failure to gain are usual but not invariable. Local
symptoms caused by the effect pressure from caseous
mediastinal glands on surrounding structures are most
severe in infants. Whereas in the school child cough may
be relatively unimpressive, in the infant glandular pressure
on the main bronchi frequently gives rise to spasmodic
outbursts of coughing that closely simulate pertussis. In
fact, the bronchi may be sufficiently narrowed by extrinsic
pressure that a loud wheeze—*“the asthmatoid wheeze”—
may be heard. Physical examination of the chest is rarely
helpful unless there is absorption collapse or obstructive
emphysema. The diagnosis of primary intrathoracic tuber-
culosis must depend largely upon the ease with which the
physician’s suspicions are aroused. In some instances, of
course, the child is brought to the doctor because of known
recent contact with a tuberculous adult. The possibility of
such contact, within or outside the family circle, should
always be the subject of direct enquiry in the case of an
unwell child in whom a satisfactory diagnosis has not been
reached.

3.3.2.5 Diagnostic Tests

Tuberculin skin tests are, of all tests, the most useful in the
diagnosis of primary tuberculosis. A positive reaction before
the age of 3 years is evidence of active infection. After this
age, a positive test may only indicate previous infection not
now necessarily active, but in an ill child it obviously merits
further investigation. The most reliable test is the Mantoux
intradermal reaction using suitable dilutions of Old
Tuberculin (OT) or purified protein derivative (PPD). The
“tine” test is convenient in domiciliary practice, but less reli-
able. When large numbers of patients need to be tested, the
Heaf test, which makes multiple punctures with a test-gun
through undiluted OT or PPD, is useful. False negative
results with all tests may be found in children who are over-
whelmed by miliary tuberculosis and in those who are con-
valescent from measles. Apart from these exceptions, a
negative tuberculin test, properly performed with active
material, excludes tuberculosis. It must be remembered,
however, that these tests lose some of their value in children
who have been immunised with Bacille Calmette Guerin
(BCG).

In the child with an active tuberculous infection, the
standard Mantoux test is likely to give an area of induration
exceeding 6 mm in diameter, with a larger area of
erythema.
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A chest radiograph may fail to reveal any abnormality in
early primary tuberculosis. Most often, however, unilateral
enlargement of the hilar glands is visible, but as this could be
due to diseases other than tuberculosis, the chest radiograph
by itself cannot justify a diagnosis of primary tuberculosis.
Only very rarely is the primary focus in the lung parenchyma
visible, although it can be large enough to be seen. It is quite
exceptional for the primary focus to cavitate. When the pri-
mary complex heals by calcification it will become radio-
logically obvious, although no longer responsible for
symptoms. It must be stressed that the diagnostic value of the
radiograph is limited in primary tuberculosis, in marked con-
trast to adult-type phthisis where the lung parenchyma is
heavily involved.

Gastric washings should be examined by direct staining,
culture, and guinea-pig inoculation. They are of limited use-
fulness in diagnosis in view of the time-lag usually involved,
but successful isolation of tubercle bacilli allows their sensi-
tivities toward the anti-tuberculous drugs to be tested, and
this information is valuable.

The erythrocyte sedimentation rate (ESR), preferably
determined by the Westergren technique, is not of direct
diagnostic value, but a raised ESR helps to confirm the
presence of active disease, and serial estimations are valu-
able in assessing progress during treatment.

Enough has been said to make it clear that a diagnosis of
active primary tuberculosis can rarely be established on the
basis of a single test, and certainly not on the X-ray appear-
ances. However, when all the findings are weighed together—
clinical history, possible adult contact, results of tuberculin
tests, radiographs, and ESR—it is almost always possible to
arrive at a correct diagnosis.

3.3.2.6 Extrathoracic Tuberculosis

3.3.2.6.1 Sources of Infection

Cervical and abdominal tuberculosis were once common in
Britain as a consequence of the ingestion of milk from tuber-
culous cows, but as we have already pointed out, bovine
tuberculosis no longer exists in this country. However, bovine
strains of tubercle bacilli are still isolated from immigrant
patients of Asian and African origin, and it is, of course, not
unknown for cervical tuberculosis to arise from the entry of
human strain of tubercle bacilli. Primary infection of the
skin, conjunctiva, or within the mouth following tooth
extraction may also occur, and in such cases there is fre-
quently a history of contact with an adult case of phthisis.
The organisms presumably find entry through a minor break
in the skin or mucous membrane.

3.3.2.6.2 Pathological Course

The primary tuberculous complex behaves in the same basic
fashion regardless of its site. In cervical tuberculosis, the pri-
mary focus is in the tonsil, although it can only be seen under
the microscope. There has often been preceding chronic sep-

sis in the tonsils. The affected cervical lymph nodes become
caseous. They may later liquefy and coalesce, at the same
time becoming adherent to the skin and surrounding tissues.
If rupture occurs, the classical “collar stud” abscess extend-
ing through a fascial plane, or one or more sinuses discharg-
ing through the skin (scrofula), may develop. In abdominal
tuberculosis the primary focus is in the small intestine. This
is a solitary microscopic lesion, not to be confused with the
secondary tuberculous enteritis, which may complicate
advanced cases of adult type phthisis.

Mesenteric lymph nodes are massively involved, and rup-
ture into the peritoneal cavity leads to the once common pic-
ture of tuberculous peritonitis. The possibility of cutaneous,
conjunctival, or buccal primary tuberculosis should be con-
sidered when solitary but chronic enlargement of lymph
nodes appears in unusual sites, e.g., pre-auricular, subman-
dibular, or inguinal. In all types of extrathoracic tuberculosis,
haematogenous spread may occur, although less acutely than
in the intrathoracic disease. In the case of bovine infections,
bone and joint lesions were at one time common complica-
tions that resulted in long periods of invalidism or crippling,
and even in death.

3.3.2.6.3 Clinical Aspects of Extrathoracic Tuberculosis
The general symptoms tend to be common to all types of
primary tuberculosis. They vary from none at all to listless-
ness, anorexia, undue fatiguability, low-grade fever, and loss
of weight. When the cervical glands are involved, the first
sign is a painless, firm, mobile mass at the angle of the jaw.
Later, the glands become matted together, adherent to the
skin, and no longer freely movable. Liquefaction is indicated
by palpable fluctuation. Healingis by fibrosis and calcifica-
tion, which become radiologically visible. The differential
diagnosis from other causes of cervical adenitis can be made
by tuberculin skin testing.

3.3.3 Acute Bronchitis (Fig. 3.26a—c)

Most cases of acute bronchitis are caused by an extension
downwards of an upper respiratory viral infection, or they
form part of the clinical spectrum of diseases such as mea-
sles, influenza, whooping cough, and typhoid fever.
Secondary bacterial infection by pneumococci, H. influen-
zae, or staphylococci infrequently aggravates the damage to
the bronchial tree.

The usual history is of a preceding upper respiratory ill-
ness with sudden worsening of a cough, malaise, and
anorexia. Most children are not very ill, although infants may
become dyspnoeic and toxic.

The cough is initially unproductive, but later sputum may
be coughed up by the older child or vomited during spasms
of coughing by the infant. Physical signs over the lungs con-
sist of rhonchi and crepitations that vary considerably in
severity and do not have a close correlation with the severity
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Fig. 3.26 (a) Acute bronchiolitis. (b) Diagram of acute bronchiolitis. (¢) Acute bronchitis with air entrapment

of the illness. Recovery usually begins after a week, and seri-
ous sequelae such as bronchiectasis are rare.

3.3.3.1 Acute Bronchiolitis of Infancy

This is a disease that is seen only in infancy. It occurs in epi-
demic form every 2 or 3 years during the winter months. The
great majority of cases are due to respiratory syncytial virus
(RSV) which is, indeed, the most common cause of lower
respiratory tract infections in infants and young children,
although other viruses, including parainfluenza and adenovi-
rus, can cause similar symptoms.

There is normally a preceding history of upper respira-
tory catarrh and slight cough. The infant then becomes
acutely ill with inspiratory difficulty, resulting in visible
subcostal and intercostal recession, but there is also marked
expiratory difficulty and wheezing or grunting. Severe
spasms of coughing may so interfere with feeding as to lead
to dehydration. This is further aggravated by tachypnoea
and increased insensible loss of water from the lungs.
Hypoxia is reflected in agitation and restlessness, and there
may be cyanosis. Tachycardia is marked, but the tempera-
ture rarely rises above 38 °C (101 °F) and may, in fact, be
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normal. Bilateral obstructive emphysema causes the chest
to be held in the inspiratory position and the percussion
note is hyper-resonant. The breath sounds are diminished
and there may be rhonchi or numerous crepitations.
Radiographs of the chest show increased lung markings
due to interstitial infiltrations and, often, over-inflation with
increased translucency of the lungs. In the most distressed
infants the PO, of arterial or arterialised capillary blood
may be found to be dangerously low, and in these circum-
stances the PCQO, is likely to be raised with a low blood
pH. This respiratory acidosis and hypoxaemia may further
be associated with a metabolic acidosis.

It is now possible for the virologist to rapidly confirm the
presence of respiratory syncytial and other viruses in the
nasopharyngeal secretions by means of immunofluorescent
antibody techniques.

3.3.4 Lobar Pneumonia, Bronchopneumonia
(Fig. 3.27a, b)

3.3.4.1 Acute Bacterial Pneumonia
An aetiological classification of the bacterial pneumonias
would be of more practical value to the clinician, who is now

~_ ——tRound opacity in R
upper lobe due to
pneumonia

-Normal L lung

-Heart
Diaphragm

Fig. 3.27 (a) Upper lobe pneumonia (circular). (b) Upper lobe pneumonia diagram. (¢) Lower lobe pneumonia. (d) Pneumonia
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armed with effective antibacterial drugs, than the traditional
subdivision into bronchopneumonia and lobar pneumonia.

Unfortunately, sputum is rarely obtainable from young
children, and bacteria grown from the nose or throat are not
necessarily those present in the lung. Nonetheless, it is often
possible, from a knowledge of the epidemiology of the com-
mon pulmonary infections in a region, to hazard a shrewd
guess as to the probable bacterial cause in the individual
patient with pneumonia. This is also influenced by the age of
the patient.

3.3.4.2 Bacterial Pneumonia in Infancy

In Britain today the most common bacterial causes of pneu-
monia during the first year of life are Staph aureus and hae-
mophilus influenzae. Pneumonia is frequently preceded by a
viral infection of the respiratory tract, which presumably
damages the mucous membranes and permits its penetration
by bacteria. Pneumococcal pneumonia, which was the com-
mon type in the pre-antibiotic era, has become relatively rare
in the young infant. Occasional cases are caused by strepto-
cocci and coliforms.

The striking features in the staphylococcal cases are mas-
sive consolidation, destruction of tissue, abscess formation,
and the frequent appearances of emphysematous bullae.
When these rupture into the pleural cavity, the result is pyo-
pneumothorax. In pneumococcal cases the lobular areas of
consolidation rarely suppurate, and empyema has become a
rare condition.

An upper respiratory infection frequently precedes pneu-
monia. The infant then becomes acutely ill, fevered, irritable,
and restless. Feeds are taken reluctantly. Dyspnoea is associ-
ated with inspiratory dilatation of the alae nasi and expira-
tory grunting. There may be subcostal recession. Cough is
severe and may precipitate vomiting. Diarrhoea may occur.
Meningism is relatively uncommon. Early in the illness there
may be only a few crepitations over the lungs. In staphylo-
coccal cases, dullness on percussion over the affected areas,
with bronchial or diminished breath sounds, becomes quickly
obvious. The presence of consolidation can be confirmed
radiologically. As the disease progresses, radiographs fre-
quently reveal emphysematous bullae (pneumatoceles).
Abscess formation may occasionally be demonstrable with
fluid levels in the cavities.

3.3.4.3 Bacterial Pneumonia in the Older Child
(Fig. 3.27¢, d)

The great majority of cases of bacterial pneumonia in the
older child are caused by pneumococci, which are invariably
sensitive to benzylpenicillin. Although type-specific sera are
available for many of the 32 types of pneumococci, they are
now rarely used.

Post-mortem studies of pneumonia in older children are
now fortunately exceedingly rare. The classical four stages—

congestion, red hepatization, grey hepatization, and resolu-
tion—are well known. Complications such as empyema,
pyopericardium, lung abscess, and bacterial endocarditis are
also rarely seen today.

The onset is sudden, with high fever, malaise, and cough.
Pain in the chest or abdomen on the affected side is common,
but rarely as severe as in adults. Meningism is not infrequent,
especially when the upper lobes are involved. A rigor is not
common in the child, and a convulsion may herald the onset
of the illness. Tachypnoea is the rule, but severe dyspnoea or
cyanosis is uncommon. Circumoral pallor, inspiratory dilata-
tion of the alae nasi, and an expiratory grunt frequently con-
stitute a characteristic clinical picture. The movement of the
affected side of the chest is diminished. Pleural friction is
inconstant and usually transient. Dullness on percussion is
the most definite sign, while bronchial breath sounds and
fine crepitations are found in typical cases. In many children,
the physical signs are remarkably slight in contrast to the
segmental or lobar area of consolidation revealed by radiog-
raphy. The white cell count is raised, but in childhood is of
little prognostic significance.

3.3.4.4 Primary Atypical Pneumonia

Primary atypical pneumonia is relatively rare in children.
Many cases so diagnosed are, in fact, examples of aspiration
pneumonia secondary to upper respiratory catarrh, but there
are undoubtedly cases of primary viral pneumonia.

Most cases are due to a virus-like agent that is a myco-
plasma: Mycoplasma pneumoniae. Some cases are in fact
examples of psittacosis or ornithosis due to contact with sick
parrots or budgerigars. The causal organism in the case of
psittacosis is Chlamydia psittaci. Another example of atypi-
cal pneumonia occurs secondary to Coxiella burnetii infec-
tion, the agent that causes Q fever.

There is infiltration of the bronchiolar walls, alveolar
septa, and interstitial tissues by mononuclear cells. The alve-
oli are often free of exudate, but may be filled with a mixture
of fibrin and mononuclear cells.

The incubation period is 10-21 days. The onset is charac-
terised by headache, shivering, malaise, and fever. Cough
develops subsequently, and blood staining of the sputum
may be observed. There may be remarkably few physical
signs over the lungs, often only a few localised crepitations,
but the radiograph shows patchy consolidation confined to
one or two lobes. Leucocytosis is absent. The somewhat
delayed onset of cough contrasts with the situation in the
much more common aspiration pneumonia, where cough has
often preceded the constitutional upset. The nature of the
causal organisms can be determined by sending a first speci-
men of blood to the virologist at the onset of the illness, and
a second specimen 10-14 days later. A rising antibody titre
will be found for the specific agent. In the case of myco-
plasma infections, an early diagnosis is available from the
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application of immunofluorescent antibody techniques to the
sputum or nasopharyngeal secretions.

3.3.4.5 Interstitial Plasma Cell Pneumonia

This type of lung infection is a common cause of death in
early infancy in some central and northern European coun-
tries. It is, however, rarely seen in Britain or the USA, except
in association with such conditions as HIV infection, hypo-
gammaglobulinaemia, cytomegalic inclusion body disease,
and various malignant diseases when given immunosuppres-
sive treatments such as radiotherapy, steroids, and cytotoxic
drugs. The infective agent is a protozoan pneumocystis
carinii.

The alveoli are filled with an apparently acellular exudate
that shows a honeycomb appearance in sections. In the
infant, the alveolar septa are infiltrated by plasma cells, but
these are conspicuous by their absence in cases associated
with hypogammaglobulinaemia. When special staining
methods are used, the alveolar exudate is seen to be com-
posed of parasites.

The predominant feature is progressively severe dyspnoea
and cyanosis, which contrast with the paucity of physical
signs over the lungs. Radiographs show a characteristic sym-
metrical ground glass opacity spreading outward from the
lung roots. Areas of lobular collapse may give a finely mot-
tled appearance, and emphysema is common. Interstitial
emphysema or spontaneous pneumothorax may occur. The
organism may be identified during life in material obtained
by lung puncture or in tracheal and bronchial secretions
obtained by intubation and bronchoscopy.

3.3.5 Pneumonia Staphylococcal/Candida
Infection

See Sect. 3.3.4, Fig. 3.28.

3.3.6 Pleural Effusion/Chylothorax (Fig. 3.29)

In childhood, serious effusions into the pleural cavity are
usually tuberculous, and they develop within 8—12 weeks
of the primary infection. Rarely, the primary cause may be
acute rheumatism, neoplasm, hydatid cyst, or chylous
leakage. In tuberculosis cases, it is frequently possible to
isolate tubercle bacilli from the fluid by culture or guinea-
pig inoculation. Hydrothorax is seen in the nephrotic syn-
drome and cardiac failure; it is not, of course, inflammatory
in origin.

The onset is often insidious with general loss of weight
and slight fever. It may be more acute with pain in the chest,
hypochondrium, or shoulder. Pleural friction may be audi-
ble but is usually transient and disappears as the effusion

increases. When fluid has collected in the pleural space
there is marked dullness to percussion, and the affected side
of the chest shows diminished movement. In large effusions,
the mediastinum is shifted toward the opposite side, and
even the intercostal spaces may be filled in. In such cases
there may be dyspnoea at rest. Above the fluid level the per-
cussion note may have a “boxy” quality—skodaic reso-
nance—due to compensatory emphysema of the un-collapsed
portion of the lung. Auscultation over the effusion may
reveal greatly diminished breath sounds and vocal reso-
nance. In children, however, the breath sounds are some-
times well heard and bronchial in quality, so that
consolidation is wrongly suspected. The posteroanterior
radiograph shows a uniform opacity with a curved upper
border. When air is also present, the fluid line is horizontal.
Lateral and oblique films are necessary to define interlobar
effusions. Thoracocentesis is necessary to confirm the diag-
nosis and to determine the nature of the fluid. In tuberculous
cases the fluid is straw-coloured, and the cells are mostly
lymphocytes, whereas in hydrothorax the cells are mostly of
endothelial origin. The tuberculin skin test is of great diag-
nostic value.

3.3.7 Empyema/Hydatid Disease (Fig. 3.30a-c)

Over the past decade, the aetiology of empyema—a purulent
collection with the pleural cavity—has vastly altered.
Whereas empyema used to be either pneumococcal or strep-
tococcal, the great majority of cases today are staphylococ-
cal in origin and they are mostly encountered within the first
year of life. Rarely, a pneumococcal empyema is seen in an
older child in whom the diagnosis of lobar pneumonia has
been delayed.

When an empyema complicates an acute staphylococcal
pneumonia in an infant, or lung sepsis in cystic fibrosis, it is
only part of the continuing septic process, so that the patient’s
temperature may show no significant alteration from its pre-
vious pattern. The physical signs in the chest are essentially
those described in pleurisy with effusion, and the frequency
with which bronchial breath sounds are heard in young
infants can readily mislead the physician into thinking that
they indicate consolidation alone. It is not always easy to
detect the shift of the mediastinum that accompanies fluid in
the pleural cavity in the case of a gravely ill dyspnoeic infant.
Radiography and ultrasonography should be used to help in
diagnosis, and if not responding to conservative treatment,
aspiration should be performed. A neglected empyema can
lead to alarmingly rapid deterioration and death, or it can
become encysted.

Hydatid disease is highly infectious, often lodges in the
liver and lungs, and presents as a cyst or multiple cysts of
varying sizes (Fig. 3.30d-g).
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Fig.3.28 (a) CT scan of candida pneumonia. (b) Candida pneumonia. (¢) Mycobacterial pneumonia. (d) Staphylococcal pneumonia

3.3.8 Pericardial Effusion/Abscess

Pericardial effusion, if significant, produces low cardiac out-
put and Tamponade. Diagnosis is made clinically: on auscul-
tation the heart sounds are muffled and distant, and an echo
quickly demonstrates the presence of fluid in the pericardial
space with a constricted heart (Fig. 3.31).

3.3.9 Bullous Emphysema (Fig. 3.32)

The most common type of emphysema during infancy and
childhood is obstructive emphysema. It may involve one
lobe when a primary bronchus is partially obstructed to a
degree that permits the entry of air into the alveoli but
obstructs its egress during expiration (check valve). This is
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seen in primary tuberculosis but may also be caused by an
inhaled foreign body. In lobar obstructive emphysema the
lobe is over-distended with air. There is usually an “asth-
matoid” wheeze at the open mouth, with hyperresonance
and diminished breath sounds over the affected side of the
chest. The mediastinum is displaced toward the opposite
side and the ribs may even be separated. The radiograph
confirms this, and shows increased translucency in the
emphysematous lobe, which may in fact herniate across
the mid-line.

Check-valve obstruction in the bronchioles results in gen-
eralised bilateral obstructive emphysema. This can occur
temporarily in acute bronchiolitis, or in a chronic form that
can lead to corpulmonale in cystic fibrosis. Generalised
emphysema is uncommon in asthma during childhood.
Radiographs reveal hypertranslucency in both lung fields,
flattening and diminished excursions of the diaphragm, and
the ribs tend to be horizontally placed instead of being
“tiled.”

Bullous emphysemais seen most often in staphylococ-
cal pneumonia when multiple bullae or pneumatocoeles
develop. If these rupture into the mediastinum, a rapidly
fatal interstitial emphysema, without or with spontaneous

Fig.3.29 Pleural effusion/Chylothorax

Empyema

Fig.3.30 (a, b) Empyema. (c) Diagram of empyema. (d, e) Hydatid cyst. (f) Multiple hydatid cysts in the liver. (g) Hydatid cyst (d—g: Courtesy of Dr. Nour)
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Fig. 3.31 Pericardial effusion

Fig. 3.32 Bullous emphysema of the right lung

pneumothorax, results. Subcutaneous emphysema with
palpable crackling under the skin may arise from intersti-
tial emphysema or from perforation of the trachea, phar-
ynx, or oesophagus. It may also complicate thoracentesis.
Interstitial emphysema and pneumothorax may also com-
plicate attempts at resuscitation of the new-born by tra-
cheal intubation and the administration of air or oxygen
under pressure.

3.3.10 Lung Abscess (Fig. 3.33)

This is an infective process and often is a complication of
a pneumonic process that has gone untreated. It may also

be the result of an inhaled foreign body or a peanut aspira-
tion. The lung parenchyma is destroyed and an abscess
with pus in an air-filled cavity can be seen on X-ray with
a fluid level. It can also be part of a clinical picture of
bronchiectasis. Multiple abscesses of different sizes are
usually the result of a septicaemia in an immunocompro-
mised host.

3.3.11 AxillaryGland (BCG) (Fig. 3.34)

An enlargement of one or more axillary glands in the axilla
may occur following a Bacillus Calmette—Guérin (BCG)
vaccination.

3.3.12 Bronchiectasis (Fig. 3.35a, b)

Bronchiectasis is almost always an acquired disease. Two
factors are commonly present: (1) bronchial occlusion with
absorption atelectasis; and (2) infection that is usually due to
pyogenic bacteria such as pneumococcus, haemophilus, and
staphylococcus, but may sometimes be tuberculous. The dis-
eases most commonly preceding bronchiectasis are broncho-
pneumonia, measles, pertussis, cystic fibrosis, inhaled
foreign body, or primary tuberculosis. A very few cases may
be related to some congenital weakness in the bronchial
walls, structural abnormality of the lung such as sequestered
lobe, or ciliary dyskinesis (Fig. 3.35c, d).

Bronchiectasis is nowadays much less common due to
the use of antibiotics. It is mainly encountered in children
from poorer sections of communities who live in over-
crowded conditions that expose them to repeated respira-
tory infections, who have poorer nutrition, and, moreover,
are less likely to receive an adequate convalescence after
acute illnesses such as measles and pneumonia. The bron-
chiectatic patient of a bygone era reached a pitiful state in
which putrid breath made him a burden to his fellows and
himself. Sputum was abundant and malodorous. Exertion
precipitated distressing outbursts of coughing and dys-
pnoea. The fingers and toes were grossly clubbed.
Cachexia was marked. Death finally resulted from empy-
ema, brain abscess, corpulmonale, or amyloid disease
(Fig. 3.35e, f).

The clinical presentation today is very different. The
child is usually brought to the physician because of per-
sistent cough, dating often from an acute respiratory ill-
ness some months or years previously. In a few male
cases, the bronchiectasis is a feature of congenital hypo-
gammaglobulinaemia. In others it is part of the clinical
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Fig.3.33 (a, b) Lung
abscess

Fig.3.34 Axillary mass

spectrum of cystic fibrosis. Purulent sputum is obtainable,
but it is usually neither abundant nor malodorous.
Haemoptysis, common in the adult, is a rare sign in the
child. He is, however, likely to suffer from periodic epi-
sodes of fever and malaise, with aggravation of his cough,
due to the retention of infected secretions within the bron-
chiectatic area of the lung. Nonetheless, his general con-
dition is often remarkably good, and clubbing of the
fingers is usually quite slight. Physical signs over the
lungs are variable. There may be an impaired percussion
note, diminished breath sounds, and mediastinal shift to
the affected side. After the dilated bronchi have been emp-
tied of pus by postural drainage, the breath sounds may
become bronchial or amphoric with whispering pectorilo-
quy. In some cases, there are numerous crepitations over
the diseased lobe. Chronic sinusitis is an almost invariable
accompaniment, and although the causal relationship of
one to the other is not clear, ciliary damage may be the
common factor (Fig. 3.35g).
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Radiographs may reveal cavities in the saccular type
of bronchiectasis, whereas in the more common cylindri-
cal type there are only heavy linear markings or, some-
times, no obvious abnormality. Confirmation of the
diagnosis and estimation of the extent of the process can
be obtained from well-planned bronchography.

Bronchoscopy is frequently informative and imperative

when there is suspicion of a foreign body. Sputum should
be cultured from time to time to assist in the choice of
suitable antibiotics. The most common predominating
organism is H. influenzae. When staphylococci or pseu-
domonas are isolated, the probability of cystic fibrosis is
high. In male children it is wise always to measure serum
gamma globulin values.

Cystic
bronchietasis
R. lower lobe

Heart

Collapse and
bronchietasis
L. lower lobe

Fig.3.35 (a) Bronchiectasis. (b) Bronchiectasis diagram. (¢) Bronchiectasis CT. (d) Bronchiectasis signet ring formation. (e) Bronchiectasis with
mucus plugging. (f) Bronchiectasis of the right upper lobe. (g) Bronchiectasis
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Fig.3.35 (continued)
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3.3.13 Aspiration Pneumonia/Meconium
Aspiration (Fig. 3.36)

3.3.13.1 Aspiration Syndrome: Absorption
Collapse (Atelectasis) of the Lungs
Resorption of air from a pulmonary segment or lobe is com-
mon in young children due to complete bronchial occlusion
(“stop valve”). The thin-walled bronchi and bronchioles can
be compressed by enlarged lymph nodes in tuberculosis,
measles, pertussis, and malignant reticulosis. The narrow
lumens can be blocked by mucopus, inhaled foreign bodies,
or stomach contents, and by mucosal oedema due to allergy
in asthmatic subjects.

The atelectatic portion of the lung occupies a smaller vol-
ume than normal. This causes compensatory emphysema of
the other lobes of the lung, mediastinal shift to the affected
side, a rise in the level of the diaphragm, and by some falling
inwards of the chest wall.

The features will largely depend upon the primary dis-
ease. It is important to remember that while the inhalation of
a foreign body produces immediate respiratory distress with
coughing, choking, gagging, stridor, and cyanosis, it is pos-
sible for this short episode to pass unobserved in the case of
a toddler. There may be quite a long “silent” interval before
secondary bacterial infection in the obstructed bronchus pro-
duces symptoms. Foreign bodies composed of vegetable
matter, e.g. peanuts, result in early severe bronchitis with
fever, cough, and dyspnoea, whereas metallic or plastic sub-
stances may remain in situ for long periods without giving

Fig.3.36 Meconium aspiration

rise to obvious trouble. A segment of atelectasis may be
obscured clinically by compensatory emphysema, and the
condition becomes obvious only when posterio-anterior
radiographs are examined. When a lobe or whole lung is col-
lapsed there is diminished movement of the affected side of
the chest with impaired resonance, diminished breath sounds,
and tracheal or mediastinal shift toward the affected side.
Collapse of an upper lobe can be differentiated from consoli-
dation on the radiograph by the fact that in the former the
lower border is convex, whereas in the latter it forms a
straight line. A collapsed lower lobe is visualised as a jib-
shaped shadow. The airless right middle lobe is seen in the
lateral view as a triangular shadow.

3.3.14 Asthma (Fig.3.37)

Asthma is a common disease and affects more than 10% of
children. Yet it remains commonly under-diagnosed and
under-treated.

The existence of an allergic basis to true bronchial
asthma cannot be doubted. This disease is caused by hyper-
responsiveness of the large and small airways of the tra-
cheobronchial stress to various allergens. Rarely, attacks
can be traced to exposure to one specific allergen, but in
other cases there appears to be a plethora of possible anti-

Fig.3.37 Overinflated chest in acute asthma
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gens. One of the difficulties in interpretation lies in the fact
that symptomless and apparently normal individuals may
quite commonly react to skin tests with a variety of foreign
antigens. An important observation concerns the role of
house-dust mites, Dermatophagoides pteronyssinus and
farinae, as causes of allergic asthma. Several workers have
now expressed the view that house-dust allergy promoted
by these mites is the most common cause of allergic asthma
in children in the United Kingdom. House dust from floors
and even more from the surfaces of mattresses may contain
500 or more Dermatophagoides per gram. There is over-
whelming evidence that smoking, and some evidence that
passive smoking, produce a rapid reduction in lung func-
tion. Also, a child may show evidence of allergy to domes-
tic pets and exposure to seasonal pollens. In children,
asthma is rarely precipitated by food or drink, but if so,
avoidance is indicated. The role of exercise-induced asthma
is very important, especially in children who are expected
to take part in regular games at school. It is also certain that
emotional disturbances of a quite ordinary kind can pre-
cipitate attacks of asthma in some individuals, and psycho-
therapeutic approaches have been shown to be of value as
an adjunct to standard drug treatment. That there is a
genetic influence is also clear enough frequency with which
obtained family history includes asthma or other allergic
conditions such as eczema and hay fever. Many children
with asthma have earlier suffered from atopic eczema, and
they may continue to suffer from flexural eczema—the pru-
rigo-asthma syndrome. They usually have raised total
serum IgE concentrations and give positive reactions to
skin tests of one or more of the common inhalant allergens.
Asthmatic attacks are often precipitated by intercurrent
respiratory viral infections. In some children this may be a
manifestation of sensitisation to viral antigens, but the pic-
ture is confused by our not infrequent inability to distin-
guish true asthma from “wheezy” bronchitis, where the
sole aetiological role may be played by virus and bacteria.
This difficulty is particularly great in the young infant in
whom a diagnosis of asthma is frequently impossible until
time has elapsed. Although wheeze is not synonymous with
asthma, asthma is common and alternative diagnoses are
rare. Gastro-oesophageal reflux with aspiration may cause
episodes of wheezing.

The typical acute asthmatic attack is rarely seen before
the second birthday. It frequently starts during the night
when the child is awakened by expiratory respiratory dis-
tress. He looks frightened as well as distressed. He can be
heard to wheeze with each forced expiration and may show
some cyanosis. The chest is held in the full inspiratory posi-
tion and the prolonged expiratory phase can be seen to
involve the use of the accessory muscles of respiration. The

percussion note is hyper-resonant and there is diminution of
the areas of cardiac and liver dullness. Air entry to both lungs
is greatly reduced so that the breath sounds are almost inau-
dible in some patients. The expiratory phase is prolonged,
and there may be many rhonchi. Coarse crepitations are
more common in very young children. The sputum is com-
posed of sticky mucus. Microscopic examination reveals
many eosinophils and mucus in the shape of spirals. The
blood may also show a mild eosinophilia.

Many asthmatic children become completely free from
bronchospasm between attacks. In others, expiratory diffi-
culty and wheezing become established as a more or less
permanent disability. The sternum may become unduly
prominent with the development of Harrison’s sulci through
the years. In some children, chronic respiratory infection still
further aggravates the situation. Occasionally bronchial
obstruction from tenacious mucus results in segmental or
lobar atelectasis. This usually resolves spontaneously, and
bronchiectasis is a rare complication. It should also be
remembered that some children with asthma present only
with a persistent nocturnal cough, which may respond to the
appropriate anti-asthmatic therapy. Some children with
severe asthma grow slowly, especially in middle childhood,
and most of these have a delayed bone age. The vast major-
ity, however, will eventually attain normal height. Asthma
may endanger life during childhood, and it has been reported
that in the United Kingdom approximately 1 in 21,000 asth-
matic children die from the disease each year. Under-
recognition and under-treatment of asthma contribute to
these unnecessary deaths.

34 Trauma

Trauma is the most common cause of death in childhood. In
the post-neonatal period to the age of 1 year, only 3% of
deaths are due to injury or poisoning. From ages 1 to 4 years,
however, 26% of deaths are caused by injury and poisoning,
35% from ages 5 to 9, and 44%, in boys, from ages 10 to
14 years. Many other children survive injuries, but go
through life handicapped and often have severe physical and
deep psychological scars. It is important that children are
brought up in an environment in which it is safe and healthy
for them to play and grow whilst allowing them to gain
enough experience in living. Many injuries can be prevented,
and it is the realisation of the dangers in the home and on the
roads that has encouraged people, through bitter experience,
to introduce legislation to prevent these hazards. The intro-
duction of new toys using mercury/alkaline batteries has
introduced a new hazard of severe burns and perforation of
the oesophagus when these are accidentally swallowed.



3 The Chest

The infant’s mobility between the ages of one and two
brings with it many falls and accidents. From the ages of 2 to
5, the child’s world continues to expand rapidly, and the dan-
ger of accidents increases. More time is spent out of doors
playing with other children, exploring and investigating their
environment. A different set of dangers arises as the child
begins school.

Trauma to the respiratory tract is uncommon because of
the protection afforded by the compliant thoracic cavity.
Infants and children are at risk from inhalation of foreign
bodies. Children have a habit of putting objects in their
mouth that may be inhaled inadvertently and cause, at worse,
choking and death if prompt treatment is not instituted, or an
episode of choking with subsequent persistent respiratory
signs and symptoms. A misdiagnosis of asthma may be
made, and the clue is the history of the acute choking epi-
sode. Inhalation of peanuts is dangerous; X-ray appearances
vary from overdistension of the lung due to air-trapping, to
collapse, where the foreign body obstructs the lumen and air
is absorbed from the obstructed lobe or lung. Bronchoscopy
and removal of the inhaled foreign body should be performed
as an emergency. Intrapulmonary trauma occasionally occurs
in infants who have suffered accidental trauma in falls or
traffic accidents. Pulmonary contusion improves in most
without active treatment. More severe injury to the lung is
rare, but a torn bronchus or haemothorax may require urgent
closure or drainage. The paediatric patient’s thoracic cage is
so much more resilient than the more rigid adult and can
withstand remarkable trauma with relatively minimal
damage.

3.4.1 Oesophageal Perforation/Stricture

(Fig. 3.38)

This condition can be caused by (1) ingestion of caustic
soda; (2) traumatic injury during rigid or flexible endoscopy,
especially in a diseased oesophagus; or (3) complications
following repair of a TOF. When it happens, there is an
immediate chemical mediastinitis and the patient is pyrexial
and goes rapidly into a shocked state. If the perforation is in
the thoracic oesophagus, then a pneumothorax and pleural
effusion results, whereas if it occurs in the abdominal
oesophagus, one gets a pneumoperitoneum and peritonitis.
Dye studies will confirm the site of perforation.

3.4.2 Pneumothorax (Fig. 3.39a-d)

Establishing respiration in the neonatal period is a major
change that most infants successfully achieve with rapid
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Fig. 3.38 Perforated oesophagus tube right pleural

uniform aeration of the lungs. In some infants, particularly
the preterm who may have a surfactant deficiency, the lungs
do not aerate evenly and the baby may generate patchy
areas of high intra-alveolar pressures with resultant emphy-
sematous ballooning of alveoli; this may rupture through
the visceral pleura and result in a pneumothorax. This is a
more common complication in infants and requires resusci-
tation and intermittent positive pressure ventilation. When
air continues to leak into the pleural cavity, a tension pneu-
mothorax ensues with displacement of the mediastinum
and compression of the contralateral lung (Fig. 3.39e, f).
When the pneumothorax is small, the lung falls away
from the chest wall (“relaxation collapse”), but there will be
no signs directly referable to the pneumothorax. A tension
pneumothorax with a strongly positive intrapleural pressure
(“compression collapse”) causes severe pain, dyspnoea, cya-
nosis, and circulatory collapse. There is hyperresonanceover
the affected side and the breath sounds are distant or inaudi-
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ble. The mediastinum and trachea may be displaced to the
opposite side. When there is fluid as well as air in the pleural
cavity, gurgling or splashing may be heard as the child’s
position is moved. Transillumination or a radiograph will
confirm the diagnosis, although in the infant there may be
difficulty in differentiating pneumothorax from a large dia-
phragmatic hernia or giant emphysematous bulla. Screening
with a contrast swallow usually resolves the difficulty.

3.4.3 Pulmonary Haemorrhage/
Contusion/Pulmonary Interstitial
Emphysema (Fig. 3.40)

When premature neonates are vitaminK-deficient they are
susceptible to haemorrhage and can have a pulmonary haem-
orrhage. This is a very serious condition. The first indication
is a change in the vital signs and blood in the endotracheal

Mediastinum
shifted to R

Tension
pneumothorax

Fig. 3.39 (a, b) Pneumothorax. (¢) Pneumothorax diagram. (d) Tension pneumothorax right side. (e) Pneumothorax in a post-op patient with
Marfan’s Syndrome. (f) Post-operative pneumothorax after sub-pulmonic CCAM removed
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Fig.3.40 Pulmonary interstitial emphysema

tube (ET) on suctioning. During routine toiletry of the ET
tube, an X-ray shows opacity of the lung. Trauma can also be
the cause of a pulmonary contusion from direct injury, like
an excessive force applied to the rib cage.

Severe asphyxia can cause pulmonary interstitial emphy-
sema (PIE), and there is an urgent need to ventilate and on
occasion commencement of ECMO. Sometimes the cause
can be a viral or microbial pathogen.

3.4.4 Chylothorax/Pleural Effusion/
Haemothorax (Fig. 3.41)

Sudden compression of the thorax can produce traumatic
asphyxia. The mechanism by which this occurs is a retrograde
pressure wave moving up to superior vena cava and valveless
great veins to cause interstitial haemorrhage in the skin of the
head, neck, and shoulders. Subconjunctival haemorrhage and
submucous petechiae as well as a purple skin suffusion may
be evident. This skin suffusion must be differentiated from
cyanosis, which may result from additional intrathoracic dam-
age. Post-traumatic flail chest is rarely seen in childhood.

3.4.5 Diaphragmatic Hernia (Fig. 3.42)

Traumatic diaphragmatic hernia is often caused by a poly-
trauma accident. The ruptured diaphragm can be missed in a
patient with a severe head injury. The split diaphragm picked
up on a routine X-ray allows the small and large intestines
into the chest with compression of the lung and mediastinal
displacement.

Fig.3.41 Chylothorax, pleural effusion, haemothorax

Fig.3.42 Ruptured diaphragm post fundoplication, operative view

3.4.6 Foreign Bodies (Fig. 3.43a—-¢)

Children frequently place objects in their mouth and occa-
sionally accidentally swallow them. Most pass down the ali-
mentary tract and out of the anus in 24-48 h, but occasionally
the coin, pin, or toy may stick in the oesophagus. This causes
discomfort and inability to swallow freely. The offending
foreign body may be removed by passing a catheter beyond
the foreign body, inflating a balloon on the distal end of the
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Fig. 3.43 (a) Peanut inhalation foreign body in right main bronchus.  body aspiration in right upper bronchus with a collapsed lobe. (e)
Note trapped air in right lung. (b) Foreign body aspiration in right bron- ~ Foreign body in oesophagus—Tlateral chest X-ray
chus. (¢) Foreign body aspiration in right lower bronchus. (d) Foreign
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catheter, and then withdrawing the catheter and the object
proximal to it. If this fails, removal is performed under direct
vision through an endoscope while the child is under anaes-
thesia (Fig. 3.43d, e).

3.4.7 Fractured Ribs/Sternum (Fig. 3.44)

3.4.7.1 Penetrating Wounds of the Chest

These uncommon childhood injuries may follow impale-
ment by a spike when falling off a fence or out of a tree. Life
is threatened as soon as the pleural cavity is opened, and sur-
vival may be complicated by a haemothorax or an empyema.
Wounds of the heart or great vessels are usually rapidly fatal,
but prompt resuscitation and surgery may achieve a success-
ful outcome.

3.4.7.2 Fracture of the Ribs

Broken ribs are usually caused by a crush injury or fall. They
usually heal without any problems within 2-3 weeks. Early
analgesia is necessary, but pain soon disappears. Liver dam-
age with right-side injury or splenic damage with left should
be excluded.

3.4.7.3 Fractures of the Sternum
This rare entity, if isolated, requires no treatment.

3.4.8 Surgical Emphysema (Fig. 3.45a, b)

Surgical emphysemas are caused by nonpenetrating injuries
to the chest. They vary from simple contusions of the chest
wall to gross damage to the lung, thoracic duct, heart, and
aorta. Localised contusion, which resolves in 2—-3 weeks, is
the most common visceral injury. Children with flexible tho-

&S

Fig. 3.44 Multiple fractured ribs. Evidence of healing old fractures
posteriorly

Fig. 3.45 (a) Surgical emphysema in the neck. Lateral view plain X-ray. (b) Surgical emphysema
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racic cages may have severe visceral injuries without frac-
ture, but ribs can be broken by crushing or direct blows. Such
injuries can be complicated by subcutaneous surgical emphy-
sema where the child may “blow up like a Michelin Man,”
and on palpation one can detect crepitus beneath the skin.

3.4.9 Pneumomediastinum (Fig. 3.46)

Air present in the mediastinum results from trauma external
to the lung parenchyma or tracking of air from a ruptured
bulla with air forced to the hilum and then into the neck. This
causes swelling and the “Michelin man” appearance. In neo-
nates on a ventilator, air can occasionally track retromedias-
tinally and then retroperitoneally to rupture the peritoneal
lining and create a pneumoperitoneum. This can be confus-
ing as it can be mistaken for necrotizing enterocolitis (NEC)
or a spontaneous perforation of the bowel.

3.4.10 ET Tube Problems (Fig. 3.47)

This section deals with the misplacement of Endotracheal
tubes and the consequences.

Fig.3.46 Pneumomediastinum

Fig. 3.47 (a) Et tube down right main bronchus causing collapse of upper lobe and over inflation of lower lobe. (b) Et tube down right main
bronchus causing collapse of upper lobe and over inflation of lower lobe. ET down right main bronchus



132

R. Carachi and R. Keilani

3.4.11 Non-accidental Injury (NAl)/Battered
Baby Syndrome

John Caffey, in 1956, published an article entitled “Some
Traumatic Lesions in Growing Bones other than Fractures
and Dislocations,” in which he claimed that this was the least
well-known and the most abused subject in the entire field of
paediatrics and radiology. Since that time, more people have
come to realise that many children are injured non-
accidentally, and awareness of this condition has increased.
An injury in a child that does not fit in with the explanation
given should be suspect. Subdural and retinal haemorrhages
produced by severe shaking, metaphyseal fractures of the
long bones, and displacement of the epiphysis may occur
with twisting of the arms and legs. An infant may be brought
to hospital because of swelling of a limb or with a history of
screaming when the limb is touched, or because of failure to
move the limb. A history of trauma is usually unobtainable.
Examination may reveal evidence of old bruising suggestive
of previous child abuse. The typical lesion seen on X-ray is a
small metaphyseal fracture that can easily be overlooked.
Early recognition is of great importance because it may well
prevent more serious injuries to these children. A full skele-
tal survey should be carried out in order to detect other inju-
ries that have occurred in the past. Some infants and children
present with head injuries, others with burns or scalds. Injury
to internal organs can result from blows to the chest or abdo-
men. The first concern of the doctor is the safety of the child.

If there is suspicion of deliberate injury, admit the child to
hospital. The accusation that parents or others have injured a
small child is a very serious one, and may lead to prosecu-
tion. Social Work and legal enquiries should be initiated only
by senior members of the hospital staff and the situation
requires delicate but firm handling.

3.5 Tumours

This section can be divided into (1) Tumours of the chest
wall; (2) Mediastinal tumours; (3) Pulmonary parenchymal
tumours and pleural tumours; and (4) Hamartoma of the
oesophagus.

3.5.1 Thoracic Wall Tumours (Fig. 3.48a—c)

Chest wall tumours are in the main malignant, but the benign
conditions are a spectrum of thefollowingpathology: lipoma,
neurofibroma, haemangioma, lymphangioma, mesenchymal
hamartoma and others like fibrous dysplasia of the bone,
chondroma, osteoma, fibromatosis, fibrous Dysplasia of the
bone, aneurysmal bone cysts, and Langerhans cell histiocyto-
sis are all interosseous lesions within the rib and cause cortical
expansion with a lytic centre. The following benign condi-
tions, on the other hand—chondroma, osteoma, and osteo-

chondroma—are all well-defined lesions and expansile masses
often with a diffuse stippling calcification within the tumour.

Mesenchymal hamartoma is an expansile mass occurring in
the neonatal period. On a plain X-ray it shows sclerotic margins
and cortical erosion and destruction. It has a soft tissue compo-
nent and is a hard mass on palpation. It usually presents as a
single mass in a rib, though multiple ribs on the same side may
be involved, and it is positioned laterally or on the posterior
aspect of the ribs. This is a benign, self-limiting condition that
disappears with time and needs treatment only if the patient is
symptomatic. Beware of large excisions, as long-term results
can have a crippling effect on the patient (Fig. 3.48d—f).

Malignant chest wall tumours arise from the skeleton or
the soft tissues. Ewings sarcoma and PNET tumours consti-
tute about 50%, and rhabdomyosarcomas 20%. Other malig-
nant rare conditions include fibrosarcoma, osteogenic
sarcoma, synovial sarcoma, and neuroblastoma deposits
from metastatic disease.

Ewings sarcoma is an aggressive, systemic disease often
presenting late with spread. The most common site is the rib,
then the clavicle, sternum, scapula, and other soft tissues
around the chest. To plan treatment, utilize CT scans, MRI
scans, and bone scans to determine the extent of the disease
and whether pleural effusions, nodules, or metastases are
present (Fig. 3.48g, h).

3.5.2 Mediastinal Tumours: Lymphoma,
Leukaemia, Teratoma,
Ganglioneuroma, Pneumoblastoma

Mediastinal tumours as shown in the figure arise at specific
areas in the chest and the location can give one a rough idea
about the pathology. Some 65-75% are malignant, and 40%
occur in children under 2 years of age.

Anterior mediastinal tumours account for 44%, and 80%
of these are malignant. These include lymphomas, germ cell
tumours, and thymic tumours (Fig. 3.49a).

Middle mediastinal tumours account for 20%, and these
are mainly of lymphatic origin: mainly leukaemia, non-
Hodgkin’s lymphoma, and Hodgkin’s disease (Fig. 3.49b-).

Posterior mediastinal tumours account for 36% and are
mainly neurogenic and rarely germ cell tumours. Mediastinal
neurogenic tumours arise from the sympathetic chain that
runs from the thoracic inlet to the diaphragm. Intraspinal
extension can occur and must be looked for in the MRI scan.

3.5.3 Pulmonary Parenchymal Tumours
and Pleural Tumours

Pulmonary parenchymal tumours are rare in children and are
mostly malignant. Primary benign conditions in the chest
include pseudo tumours, which are inflammatory in nature,
and pulmonary hamartoma.
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Fig.3.48 (a) Diagram of tumour locations in the chest. (b) Chest mes-
enchymal hamartoma. (¢) Chest mesenchymal hamartoma. (d)
Mediastinal cystic hygroma. (e) Mediastinal cystic hygroma. (f)
Hamartoma of the rib. (g) Ewing’s Sarcoma: a homogenous mass with

destruction of the posterior end of the third rib. There is a pleural effu-
sion and pleural metastases. (h) Neuroblastoma metastases in the tho-
racic spine causing scoliosis and spinal cord damage
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Fig. 3.48 (continued)
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Endobronchial lesions include bronchial adenoma, and
80% of these are carcinoids that are slow-growing but can
cause bleeding and over the years grow relentlessly, killing
the patient.

Other conditions include papillomas that have a viral
aetiology.

Other metastatic lesions include Wilmstumours, neuro-
blastoma, and osteogenic sarcomas. Pleuropulmonary
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Fig. 3.49 (a) Ganglioneuroma in paravertebral area. (b) Mediastinal
lymphoma. (¢) Lymphoma with positive nodes on CT. (d) Mediastinal
Lymphoma diagram. (e) Tracheal compression in ALL. (f) Lymphoma
compressing the great veins. (g) Tracheal compression in acute leukae-
mia, lymphoma. (h) Chest X-ray of acute leukaemia. (i) Leukaemia/

blastoma, another rare tumour of the parenchyma of the
lung, may present in childhood (Fig. 3.49j—o).

Pleural tumours are rare and are mostly metastatic from a
Ewings sarcoma. Primary tumours are also rare and include
pleuropulmonary  blastoma, rhabdomyosarcoma, and
mesothelioma.

Intrathoracic tumours are rarely primary in childhood.
Lymphomas arising in the thymus compress surrounding

Mediastinal
lymphoma

Heart

d

Lymphoma CT. (j) Neuroblastoma. (k) Multiple lung metastes from
Wilms tumour. (I) Echocardiogram of the heart showing a Wilms
tumour thrombus in right atrium prolapsing into right. (m) Canon ball
metastatic deposit on left side of chest. (n) Mediastinal teratoma in a
neonate. (0) Operative specimen of mediastinal teratoma
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Fig. 3.49 (continued)

structures and cause cough, dyspnoea, stridor, venous disten-
sion, oedema of the face and arms, and dysphagia. Teratomata
or dermoid cysts arise in the anterior mediastinum and can be
demonstrated in lateral or oblique radiographs. Calcification is
uncommon in these tumours, which are usually benign. The
ganglioneuroma is a solid encapsulated benign tumour that
may arise in the posterior mediastinum from one of the dorsal
sympathetic ganglia. It may reach a large size before giving
rise to symptoms, or may present with symptoms or signs due
to noradrenalin secretion. Neuroblastoma may also develop in
this situation. Radiographs in all these cases will reveal the
paravertebral mass to be in the posterior mediastinum.
Bronchogenic carcinoma is excessively rare in childhood, but

bronchial adenoma sometimes causes bronchial obstruction
with obstructive emphysema or absorption collapse. The diag-
nosis is suggested by haemoptysis, which is not otherwise
common in children. It should be confirmed by CT scan.
Ultrasound can differentiate cystic from solid lesions.

3.5.4 Hamartoma of the Oesophagus
(Fig. 3.50)

This rare abnormality presents as a polyp in the upper
oesophagus. It elongates and can even obstruct the airways if
it finds itself into the pharynx.
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Fig. 3.50 (a, b) Oesophageal hamartoma. (¢) Oesophageal hamartoma specimen
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3.6 Acquired Conditions

3.6.1 Achalasia of the Cardia (Fig. 3.51)

This condition is caused by loss of ganglion cells in
Auerbach’s plexus. There is an incomplete or absent relax-
ation of the lower oesophageal sphincter with dilatation and
absent peristalsis of the oesophagus, resulting in a megao-
esophagus. Contrast studies demonstrate this condition with
failure of the passage of food into the stomach.

3.6.2 Caustic Burns of the Oesophagus
(Fig. 3.52a, b)

Ingestion of caustic soda causes an intense burn of the lining
of the oesophagus, which is stratified squamous epithelium,
as well as the whole wall of the oesophagus. This results in

chemical damage and an inflammatory response with the
development of a fibrous stricture. This can be localised, or it
can extend from the mouth, through the oesophagus, and into
the stomach (Fig. 3.52c—e).

3.6.3 Microcardia (Fig. 3.53)

A small heart seen on an X-ray is usually caused by constric-
tion of the whole heart muscle in a shocked state, often from
hypovolaemia. It may also be seen in extreme states of
dehydration.

3.6.4 Cardiomegaly (Fig. 3.54)

This condition can be due to heart failure. The heart contour
measures more than 50% of the width of the chest X-ray. The

Fig.3.51 (a) Achalasia of the cardia. (b) Achalasia
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Fig.3.52 (a) Oesophageal stricture with reflux and oesophagitis. (b) Long oesophageal stricture from caustic soda ingestion. (¢) Mid oesophageal
stricture. (d) Oesaphageal stricture secondary to ingestion of caustic soda. (e) Oesaphageal stricture
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heart cannot cope with the fluid overload and becomes
dilated and inefficient. It can be caused by septicaemia, viral
myocarditis, or in the case of cardiomyopathies from hyper-
strophy of the hear and associated heart failure.

Fig.3.53 Microcardia

3.6.5 Lung Collapse (Fig. 3.55)

Collapse of the lung may be due to extrinsic causes such
aspneumothorax, pleural effusions, empyema, chylothorax,
and congenital diaphragmatic hernia. It can also result from
intrinsic causes such as a mucus plug or a foreign body
obstructing the airway with reabsorption of the air in the
lung parenchyma and collapse.

3.6.6 Surgical Complications: Shunts, Lines,
Chest Drains

See Fig. 3.56a—f.

3.6.7 Extracorporeal Membrane
Oxygenation/Liquid Ventilation

The extracorporeal membrane oxygenation (ECMO) proce-
dure bypasses the lungs and provides support for the patient
by oxygenating the blood extracorporeally through a mem-
brane oxygenator. It is very helpful in neonates with meco-
nium aspiration or pulmonary interstitial emphysema (PIE),
and in pulmonary hypoplasia, especially in congenital dia-
phragmatic hernia, using a liquid ventilation to help expand
and encourage the parenchyma to develop and grow
(Fig. 3.57).

Fig. 3.54 (a) Dilated cardiomyopathy. (b) Cardiomegaly
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Fig. 3.55 (a) Collapse of right lower lobe. (b) Left lower lobe collapse

i = -

Fig. 3.56 (a) Misplaced internal jugular line. (b) Right pleural effu- floated into pulmonary trunk. Removal by interventional cardiologist.
sion. Complication of central line perforated internal jugular at base  (e) Ventriculo atrial shunt for hydrocephalus misplaced. (f) Chest drain
causing TPN to go into the pleural space. (¢) UVC in the left atrium  pulled out

dislodged. (d) Central line removal with fracture of tubing and line
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Fig.3.56 (continued)
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Fig.3.57 ECMO patient on liquid ventilation dye in both lungs visible
showing hypoplasia

3.6.8 Oesophageal Varices (Fig. 3.58)

Bleeding from oesophageal varices may be sudden and pro-
fuse and cause exsanguination of the patient. Rapid and ade-
quate transfusion is necessary. Emergency endoscopy should
be undertaken to establish this diagnosis, and injection of
varices with sclerosant agents may be commenced. If this is
impossible, then control of the bleeding may be achieved by
giving intravenous infusions of vasopressin or somatostatin.
Tamponading of the oesophageal and gastric varices may be
possible with the Sengstaken tube. Insertion of this tube
should be done by someone experienced in proper position-
ing of the balloons, and it should be done under imaging
control. The oesophageal balloon is blown up to a pressure
of 40 mmHg. This pressure will have to be released intermit-
tently to prevent pressure necrosis. This measure should only
be undertaken in an attempt to resuscitate the patient prior to
more definitive treatment, which may include surgical tran-
section of the oesophagus or hemitransection of the stomach
(Tanner’s operation). Emergency portocaval or splenorenal
shunting is rarely necessary in children. Most patients with
portal hypertension and variceal bleeding can be managed
by repeated injections of sclerosants into the varices, thus
allowing collaterals to develop and improve the drainage
from the portal tract.

145

Fig. 3.58 Oesophageal varices

3.6.9 Tracheal Stenosis (Fig. 3.59)

This condition may be congenital and part of a tracheal agen-
esis, which is incompatible with life if it is extensive and the
whole of the trachea is involved. Tracheal stenosis may result
from traumatic intubation, and scarring from tracheostomy.

3.6.10 Chiladiti Syndrome (Fig. 3.60)

Chiladiti syndrome is characterised by abnormal anatomical
interposition of the transverse colon between the liver and
the diaphragm. Loops of bowl] are visualised beneath the dia-
phragm on standard routine chest X-ray could be misinter-
preted as air under the diaphragm from a perforated viscus.
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Fig. 3.59 Trachial stenosis bronchography

Fig. 3.60 (a, b) Chiladiti syndrome (Barium study)

Further Reading

Caffey J. Some traumatic lesions in growing bones other than fractures
and dislocations: clinical and radiological features: the Mackenzie
Davidson Memorial lecture. Br J Radiol. 1957;30(353):225-38.
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4.1 Introduction

This chapter presents a lot of clinical detail of neonatal con-
genital causes of intestinal obstruction. In the older child,
there are descriptions of acute appendicitis, intussusception,
and trauma to abdominal viscera. The main abdominal
tumours, abdominal lymphoma, teratoma, neuroblastoma,
nephroblastoma, nephroblastoma and liver tumours are also
discussed and illustrated. Some sections in this chapter are
illustrated by only a figure and legend because they are rare.

4.2 Congenital

4.2.1 Gastroschisis (Fig. 4.1a, b)
This condition, which in the past was confused with exom-
phalos, has a very different clinical picture and should be
regarded as a separate entity. The gastroschisis typically
arises as a small punched-out lesion in the anterior abdomi-
nal wall lateral to the umbilicus, predominantly on the right.
There is most commonly a bridge of skin between the defect
and the umbilical cord which is usually intact. Through this
defect protrudes intestinal contents, small bowel, large
bowel, and at times even an ectopic testis or an ovary. After
delivery there is a risk that the vascular pedicle of the pro-
lapsed bowel will twist and compromise the intestinal blood
supply. Babies with gastroschisis tend to be light for their
gestational age and smaller than babies with exomphalos
major. They very rarely have associated abnormalities that
are life threatening. Malrotation of the intestines is not an
uncommon complication with the bowel not properly posi-
tioned when it re-enters the abdominal cavity.

Postnatal plain radiography, ultrasound, and cross-
sectional imaging have little place in the diagnosis of ante-

R. Allen (D<)
Royal Hospital for Children, Glasgow, UK
e-mail: ruth.allen@ggc.scot.nhs.uk

© Springer Nature Switzerland AG 2020

rior abdominal wall defects, but they may play a part in the
assessment of complications such as obstruction and pulmo-
nary hypoplasia. Anterior abdominal wall defects are usually
identified antenatally on ultrasound.

4.2.2 Exomphalos/Hernia into the Cord
(Fig. 4.2a, b)

This defect involves the umbilical cord. There may be a thin
walled sac covering the intestines, liver, or other abdominal
organs that are visible. The defect varies from a few centime-
tres in diameter (exomphalos minor) to a swelling the size of
a large grapefruit and may involve the whole of the anterior
wall (exomphalos major). The latter may contain all or part
of the liver. The umbilical cord arises from the apex of the
cordal base of the sac. In most cases the sac is intact but in
may be damaged during delivery and not clearly obvious.
Introduction of maternal plasma a-fetoprotein screening and
fetal ultrasound examinations has increased prenatal diagno-
sis. A detailed ultrasound examination can usually differenti-
ate exomphalos from gastroschisis. Infants with exomphalos
major are large at birth and 50% may have other underlying
abnormalities including congenital defects of the heart, kid-
neys, or gastrointestinal tract. The mortality in this group is
high because of the associated malformations.

Postnatal plain radiography, ultrasound, and cross-sectional
imaging have little place in the diagnosis of anterior abdomi-
nal wall defects although they may play a part in the assess-
ment of complications such as obstruction and pulmonary
hypoplasia (Fig. 4.2c). Anterior abdominal wall defects are
usually identified antenatally on ultrasound

4.2.3 Hiatus Hernia (Fig. 4.3)
Vomiting in some infants can be more troublesome than the
mouthful of regurgitation, which is commonplace. This may

be due to gastro-oesophageal reflux, occurring more
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a

Fig. 4.1 (a) Gastroschisis—Fetal MRI with bowel herniation through
anterior abdominal wall defect, very suggestive of a gastroschisis
because the individual loops of bowel can be seen floating freely. (b)

frequently and easily in the infant which has a transverse
oval abdominal cavity (compared to the adult vertical oval
abdominal cavity) that alters angulation between the oesoph-
agus and the stomach. Vomiting may be of apparently large
amounts, but if the infant is continuing to gain weight satis-
factorily, there is no reason for major concern.

Where fluoroscopic studies demonstrate a para-
oesophageal hernia, spontaneous resolution is unlikely,
whereas with the sliding hiatus hernia of infancy, 80%
resolve without treatment. Both types produce vomiting,
which can predispose to “asthma” attacks, haematemesis,
failure to thrive, regurgitation, rumination syndromes, and
athetoid neck movements (Sandifer’s syndrome), all of
which are associated with severe gastroesophageal reflux. A
para-oesophageal hernia is associated with an oesophagus of
normal length. The cardia is still in the abdomen but part of
the fundus of the stomach prolapses alongside the oesopha-
gus. A small sliding hiatus hernia is common in infants and
occurs when the cardia and the fundus of the stomach rise
into the thorax through a loose hiatus, giving the illusion of a
congenitally short oesophagus. The majority of these infants
do not have significant symptoms but continue to thrive and
will settle to have an oesophago-gastric junction below the
diaphragm with no persistent hernia.

Gastroschisis soon after delivery. The bowel is thickened and matted
and looks dry and dusky. The umbilical cord can be seen to the left of
the abdomen

The Barret oesophagus, (the presence of ectopic gastric
mucosa in the oesophagus), is a particularly difficult
problem to treat in childhood. There are areas of dysplasia
in the ectopic mucosa which could give rise to malignancy
in long-term follow-up. These patients have to be kept
under surveillance and have endoscopy and biopsies car-
ried out on a regular basis to ensure that no malignancy
supervenes.

A cystic mass, which may contain a fluid level and gas-
eous dilation of the oesophagus, may be appreciated on both
plain radiography and cross-sectional imaging. Contrast flu-
oroscopy is used to assess the orientation and extent of the
herniation and to provide information on oesophageal and
gastric emptying.

4.2.4 Malrotation/Volvulus

Plain abdominal radiography is a nonspecific test in the
assessment of children with suspected malrotation and
should not be used to diagnose or exclude this entity.
Radiographs may be completely normal in up to 20% of
patients. The classical signs of proximal bowel obstruction
are rarely present and, most often, findings are nonspecific.
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Fig. 4.2 (a) Exomphalos antenatal MRI scan showing a protuberance
on the abdominal wall suggestive of an exomphalos minor as the liver
is not herniated yet. (b) Exomphalos/hernia into the cord. (c¢) Plain

Fig. 4.3 Sliding hiatus hernia. See Chap. 3
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abdominal X-ray in a neonate. An omphalocele is seen as a rounded soft
tissue mass, with distended loops of bowel within the sac

They may be misleading, misinterpreted as the double bubble
of duodenal atresia, or, if there is generalised gaseous disten-
tion (a nonspecific appearance particularly in sick acidotic
neonates), as a more distal obstruction.

Upper gastrointestinal contrast examinations are cur-
rently the investigation of choice in the diagnosis and assess-
ment of malrotation and volvulus (Fig. 4.4a, c¢). In the bilious
vomiting infant, the vast majority of the studies (around
80%) will be normal, but this is accepted due to the morbid-
ity and mortality of undiagnosed malrotation and volvulus.
The rotation of the bowel and thus the mesenteric attach-
ments are implied by orientation of the first and second parts
of the duodenum and the duodenal loop and the position of
the duodenal-jejunal flexure, which should be to the left of
the spine at the same level as the pylorus. As with all investi-
gations, contrast examinations are not 100% specific or sen-
sitive. Problems may arise when the position of the DJ
flexure either cannot be assessed or is not in a normal posi-
tion due to gaseous distension of the surrounding bowel. The
ligamentous attachments of the bowel are more mobile than
is often appreciated.
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No assumptions should be made from the position of the
intra-peritoneal bowel on contrast follow-through, as this is
mobile and cannot be used to imply the mesenteric attach-
ments. The position of the caeccum may also imply mesen-
teric attachments and can be assessed on either follow-through
or enema examinations; however, when a contrast examina-
tion has been non-diagnostic the position of the caecum may
be of limited value unless grossly abnormal, as the ligamen-
tous attachments are more mobile than at the DJ flexure.

The classical appearance of volvulus is the corkscrew of
unobstructed volved/twisted bowel; however, it should be
recognised that volvulus can also present as complete
obstruction, and this finding should be assumed secondary to
volvulus until proven otherwise.

Ultrasonography may directly demonstrate volved bowel
and mesentery—often beautifully defined on colour Doppler
with the mesenteric vessels twisted in a “whirlpool.” It can
also be used to assess rotation by evaluating the relationship

Fig.4.4 (a) Volvulus with complete duodenal obstruction. (b) Diagram
of a malrotation with a superimposed volvulus of the midgut, causing
extrinsic duodenal obstruction. (¢) Barium meal showing failure of
rotation of the duodenum thus lying on the right side of the midline with
an associated volvulus. (d) Volvulus seen on a colour Doppler ultra-
sound scan showing the whorled-like appearance of the base of the

mesentery with the superior mesenteric vessels twisted. (e) Abnormal
orientation of stomach in patient with organoaxial gastric volvulus. (f)
Fluid level in a dilated stomach in a patient with gastric volvulus. (g)
Volvulus of the sigmoid colon seen on a plain X-ray of the abdomen.
Note the distension of the sigmoid colon in the centre of the abdominal
cavity
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of the third part of the duodenum to the aorta and superior
mesenteric artery (SMA), demonstrating its retroperitoneal
course on compression ultrasound. The assessment of the
relationship between the superior mesenteric vein and artery
(at the junction of the superior mesenteric vein [SMV] with
the portal vein) has also been quoted as a means of assessing
rotation, although it is recognised that the position of these
vessels is variable, and that rotation cannot be reliably
assessed on this finding alone.

The stomach and sigmoid colon are two other areas of the
gastrointestinal tract that can be affected. Imaging by plain
X-ray or by contrast will demonstrate this abnormality
(Fig. 4.4e-g).

4.2.5 Duodenal Atresia/Web/Stenosis

Abdominal plain films in duodenal atresia classically dem-
onstrate a “double bubble” appearance with a dilated gas-
filled stomach and first part of the duodenum (Fig. 4.5a, b).
This has often been appreciated and diagnosed on antenatal
ultrasound, with polyhydramnios and a fluid-filled “double
bubble” appearance in the fetal abdomen. Contrast studies
are of limited value and are rarely required (Fig. 4.5¢). In the
presence of non-complete obstruction there is a variable
amount of distal gas, and barium/contrast studies may be
indicated to delineate the site and anatomy of the obstruction
and to assess rotation. Unexpected duodenal obstruction
should be assumed to be secondary to malrotation and volvu-
lus unless proven otherwise (Fig. 4.5d).

Ultrasound and cross-sectional imaging can be used to
delineate extrinsic causes of an obstruction, including annu-
lar pancreas and a preduodenal portal vein.

4.2.6 Biliary Atresia

Investigation is necessary in infants with persistent jaundice.
Biliary atresia is an uncommon disease, but is the most impor-
tant cause of obstructive jaundice in infancy. The history is
important with particular attention focused on the stools—
have they been normally pigmented or pale acholic stools
since birth? Investigations include: Haematological and liver
function tests, screening for infection and metabolic causes,
ultrasound examination, radionuclide studies, and in some
cases percutaneous liver biopsy (Fig. 4.6a, b).

In addition, some centres perform endoscopic retrograde
cholangio-pancreatography (ERCP), percutaneous trans-
hepatic cholangiography, laparoscopy, duodenal intubation
and aspiration. Despite all these tests, however, laparotomy
and exploration may be necessary to establish the diagnosis.
The aetiology of biliary atresia has been the subject of much

research and speculation, but it is not simply a congenital
malformation nor an obliterative ascending cholangitis, as
the end result is obliteration of the bile ducts, progressive
fibrosis of the liver, and death in the first 2 years of life unless
surgical intervention is undertaken. The liver fibrosis results
in portal hypertension and oesophageal varices, and ascites
becomes a marked feature of the later stages. Biliary atresia
is the primary pathology in about half of children developing
end-stage liver disease.

An Ultrasound scan (USS) is the initial imaging technique
employed in the assessment of neonates with obstructive cho-
lestasis. Intrahepatic duct dilation is not a feature in these
cases. An abnormal hyperechogenic triangular area >4 mm
diameter the “triangular cord sign” may be demonstrated at
the porta hepatis, cranial to the portal vein bifurcation and
corresponding to the fibrous remnant of the duct. This has a
98% specificity for the diagnosis. The gallbladder may be
absent, atretic, or abnormal on a fasted scan, but the presence
of a gallbladder does not exclude the diagnosis. Other associ-
ated biliary abnormalities, including choledochal cysts, can
also be demonstrated on ultrasound. Although MR cholangi-
ography can be used, it is recognised as less accurate in this
population and has not superseded USS.

Hepatobiliary scintigraphy (99mTc-DISIDA) or “HIDA”
scanning with phenobarbital pre-treatment (to enhance hepa-
tocellular function aiding differentiation from hepatitis) is
used to demonstrate biliary obstruction with absence of
excretion of the isotope into the intestine.

Transhepatic and percutaneous or intraoperative cholan-
giography may be required to assess the type and anatomy of
the obstruction.

4.2.7 Choledochal Cyst

Idiopathic dilation of the common bile duct (Choledochal
cyst) is rare in childhood. They often present with intermittent
abdominal swelling, pain, and jaundice. Investigation reveals
the cystic dilatation of the hepatic or common bile duct.

As with biliary atresia, ultrasonography is the initial
imaging of choice. The anatomy and association of the
lesions with the biliary tree and thus the type of cyst can be
defined (Fig. 4.7a).

MR cholangiography has replaced more invasive cholan-
giography methods in the assessment of these lesions and
can demonstrate their connections beautifully and assist sur-
gical planning (Fig. 4.7b—d).

Hepatobiliary scintigraphy can be used to demonstrate
accumulation of the radioisotope within the cyst and obstruc-
tion of passage into the intestine. In neonates with obstructive
features and a choledochal cyst the presence of an associated
biliary atresia should always be considered.
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Fig. 4.5 (a) Plain X-ray of a neonate with duodenal atresia showing a
double bubble: one bubble in the dilated stomach and the other in
a dilated proximal duodenum at the level of the obstruction. There is a
nasogastric tube in situ. The rest of the abdomen is gasless. (b) Duodenal
atresia seen in an erect film showing the fluid air interface of the two
bubbles of gas. (¢) Duodenal atresia. This is a historic figure showing
contrast in the stomach, which is grossly dilated, and in the duodenum.
A nasogastric tube is in situ to aspirate the contrast. This study is no
longer recommended. (d) A contrast study showing a duodenal steno-
sis/web with incomplete obstruction and contrast passing distally. The
duodenum is large, as is the stomach, due to the obstruction. There is

also an antral web seen, which is not causing obstruction. (e) Anatomical
diagram of biliary atresia (f) Plain X-ray of the abdomen showing an
incomplete duodenal web. Note the very distended stomach and duode-
num with paucity of gas distally. At times the web, when incomplete,
may have only a pinhole opening and be dragged on as a “windsock”
effect. The ampulla of water may be caught up and even open on the
surface of this membrane. (f, g) A plain X-ray of the abdomen showing
a double bubble suggestive of duodenal stenosis because of gas passing
distally. In an atresia this can sometimes happen due to the accessory
duct of the pancreatic duct that can bypass the atresia. (g) Abdominal
X-ray duodenal web
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Fig. 4.5 (continued)

4.2.8 Small Bowel Atresia

If the obstruction is high in the small bowel, the infant starts
vomiting, and the vomitus becomes bile-stained within 24 h
of birth. If the obstruction is lower, abdominal distension
occurs and the vomiting may not commence until the second
or third day of life. The infant fails to pass any normal meco-
nium. In small bowel atresia there is no sex preponderance.
Diagnosis of atresia is sometimes made prenatally when
ultrasound examination shows dilated loop(s) of bowel in the

fetal abdomen. Postnatally, failure to pass meconium and
vomiting suggest the obstruction. X-ray of the abdomen
shows dilated bowel with fluid levels and a lack of gas in the
distal bowel (Fig. 4.8b).

Plain abdominal radiography in proximal small bowel
atresia/jejunal atresia may present as a “triple bubble” with a
distended stomach, duodenum, and proximal jejunum
(Fig. 4.82). In more distal atresia the distended gas-filled
bowel fills the abdomen, but with no gas demonstrated over
the rectum (Fig. 4.8c, f).
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Fig. 4.6 (a) Biliary atresia. A HIDA scan showing concentration of ~ scan—indicates hepatic uptake and bladder uptake (urinary excretion of
isotope in the liver and no isotope in the small bowel. There is isotope  tracer). The study shows no excretion of isotope into gut and abnormal
in the bladder from renal excretion. (b) Nuclear medicine study—HIDA  retention in the liver. There is artefact from isotope in the nappy
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Fig. 4.7 (a) Ultrasound of the abdomen. A single sagittal view set ~Choledochal cyst; different view of b. (d) A preoperative study show-
obliquely demonstrating fusiform dilatation of the common bile duct, a  ing contrast injected through the gallbladder demonstrates an enlarged
type 1 choledochal cyst. (b) A coronal reconstruction of an MRCP dem-  biliary system and a choledochal cyst causing obstruction and tapering
onstrating fusiform dilatation of a type 1 choledochal cyst. (¢) to afine stream in an attempt to enter into the duodenum
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Fig. 4.7 (continued)

Fig. 4.8 (a) Clinical photograph—Atresia of small bowel. Note the
discrepancy in size. There is a fine atretic fibre joining the two making
this atype 1 atresia (b) Plain X-ray showing a jejunal atresia. Nasogastric
tube in situ. (¢) Plain X-ray of the abdomen showing gross neonatal
abdominal distension. The distended loops make it difficult to tell if

they are small or large bowel. (d) Plain radiograph showing a high jeju-
nal atresia (e) Small bowel atresia proximal ileal type III. Water-soluble
contrast enema, demonstrating a small unused colon also called a
microcolon. (f) Plain X-ray showing a jejunal atresia. (g) Plain radio-
graph showing a triple bubble of a high Jejunal atresia
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Fig. 4.8 (continued)

Contrast examinations may be of use if there is concern
regarding malrotation/volvulus as a cause of small bowel
obstruction, but otherwise add little to the assessment of
proximal small bowel atresia.

In a distended gas-filled abdomen, a contrast enema is
required to assess the position and appearance of the colon and
identify the level of obstruction. In a distal atresia the colon is
unused and small, a so-called “microcolon” (Fig. 4.8e).

4.29 Meconium lleus/Meconium Plug
Syndrome

Neonatal ileal obstruction occurs in one in ten infants with
cystic fibrosis. The meconium in the lower ileum is dry green
putty-like sticky material. Neonatal obstruction arising from
impacted meconium presents a serious problem in early life.
In meconium ileus, the middle or lower ileum above the
obstruction is often distended and may be complicated by
volvulus of this large obstructed loop. This can result in per-
foration; meconium peritonitis and secondary atresia of the
small bowel may develop. This may occur antenatally and
present as a complicated meconium ileus at birth with
marked abdominal distension (Fig. 4.9a).

Abdominal distension and vomiting are early features and
within a day or 2 a ladder pattern and visible peristalsis can
be seen. The putty-like mass in the ileum may be palpated in
the lower abdomen. Radiography reveals distended loops of
small bowel without fluid levels due to the inspissated meco-
nium which may give a mottled or granular or ground-glass
appearance. Provided there is no associated atresia, gastro-
grafin enemata can often be used to treat as well as diagnose
meconium ileus (Fig. 4.9b, c).

4.2.9.1 Meconium Plug (Fig. 4.9d)
A firm plug may delay the passage of the first stools by hours
or days and the infant may present with signs of intestinal
obstruction. An underlying condition should always be con-
sidered in this situation, be it Hirschsprung’s disease, septi-
caemia, dehydration, or cystic fibrosis. It is usually in the
spectrum of small left colon syndrome.

Plain abdominal radiography will show dilated gas-filled
loops of bowel in keeping with the distal obstruction.

Contrast enema in meconium ileus on the other hand, will
demonstrate a microcolon, often with filling defects second-
ary to the viscid meconium. Contrast may be refluxed into
the dilated plugged terminal ileum. Recognising whether
meconium ileus is simple and may respond to the relatively
hyperosmolar contrast and washouts and repeating the enema
may be of use, or complicated by atresia and/or perforation,
often with peritoneal calcification.

4.2.10 Colonic Atresia/Small Left Colon
Syndrome (Fig. 4.10a)

Colonic atresia usually presents a few days later than an
obstruction higher up, e.g., duodenal or ileal atresia. There is
gross distension with bile-stained meconium. It can be con-
fused with other conditions, such as Hirschsprung’s disease
and anorectal anomalies. Colonic atresia can occur anywhere
along the colon and is not specifically related to so-called
vulnerable ischaemia areas (water shed) seen in the region of
the splenic flexure of the colon.

Small left colon syndrome can be confused with a long
segment Hirschsprung’s disease and can occur in small-for-
dates babies and the infants of mothers who are diabetic.
The diagnosis is made by a contrast enema showing a small
calibre descending colon. The size ratio of rectum to sig-
moid is normal. Biopsies may be necessary to exclude
aganglionosis.

Plain abdominal radiography cannot distinguish distal
small- from large-bowel obstruction and a contrast enema is
required to assess the level of obstruction and appearance of
the colon (Fig. 4.10b, c).
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Fig.4.9 (a)Plain X-ray of the abdomen with calcification. Complicated ~ a patient with meconium ileus. Note the small size of the colon. (d)
meconium ileus. (b) Contrast enema showing redundant loops of a dis-  Barium enema in meconium plug syndrome showing contrast in the
used microcolon with meconium plugs seen in the lumen. Proximal — unused colon and proximal dilatation from the obstruction

gaseous dilatation can be seen. Meconium ileus. (¢) Contrast enema in
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Fig. 4.10 (a) Barium enema showing a colonic atresia at the transverse colon. (b) Contrast enema in a small left colon syndrome. (¢) Contrast
study in small left colon syndrome. Note the proximal colonic dilatation and reflux into the small bowel

4.2.11 Meckel’s Diverticulum

Meckel’s diverticulum is found in about 2% of all post-
mortem examinations in general hospitals. Most of these
people have lived their allotted span without any symptoms
and it is purely a chance finding. Remnants of the vitello-
intestinal tract may, however, lead to dramatic surgical catas-
trophe in the first few years of life. In the early weeks of
intrauterine life, the apex of the mid-gut loop has a wide
communication with the yolk sac. This opening is narrowed
to form the vitello-intestinal duct, and the duct and its accom-
panying artery and veins are normally obliterated. Vestiges

of the duct or its vessels or cysts within it may persist. A
vitello-intestinal fistula is rare and occurs when the vitello-
intestinal duct fails to close. Small intestinal contents are dis-
charged at the umbilicus. In Meckel’s diverticulum the duct
closes at the umbilical end but remains open at the intestinal
end. The diverticulum, which may be half an inch to 2 in.
long, arises from the antemesenteric border of the ileum one-
to-three feet proximal to the ilecaecal valve, and generally
has a small mesentery containing patent remains of the vitel-
line vessels. It may terminate in a thin cord attached to the
umbilicus. The cord represents the fibrous remnants of the
vitelline duct or its vessels, and may occasionally acquire a
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new attachment elsewhere. The umbilical portion of the duct
may remain to form a vitello-intestinal cyst. Although the
vitelline duct is embryologically related to the ileum, its
remnant is not necessarily lined throughout with ileal
mucosa. In 25-30% of diverticulae there is heterotopic tis-
sue—agastric, duodenal, colonic, or pancreatic. Complications
from a Meckel’s diverticulum can present in many ways,
such as abdominal pain simulating appendicitis, intestinal
obstruction, intestinal haemorrhage, intussusception, umbili-
cal fistula, umbilical cysts or polyps, perforation, or as an
incidental finding at operation. Plain radiography of the
abdomen is rarely helpful. A Technetium (Tc) isotope scan
can demonstrate around 30% of cases (Fig. 4.11a, b).
Although most textbooks refer to Meckel’s diverticulitis, this
is a rare clinical condition, the signs and symptoms of which
are usually indistinguishable from appendicitis and are diag-
nosed at operation. Perforation of a Meckel’s diverticulum
may result in peritonitis and haemorrhage. Intestinal obstruc-
tion is the most serious complication of Meckel’s diverticu-

lum. A volvulus may occur around the fibrous adhesion with
loss of viability of the bowel. Intestinal haemorrhage arises
from peptic ulceration from the heterotopic gastric mucosa.
There may be a sudden passage of blood-stained stool in a
young child without previous symptoms. Bleeding may be
copious and while the first stool may be dark in colour, sub-
sequent stools are usually bright red. The red cell count may
fall to alarmingly low levels in a short space of time. Bleeding
from a Meckel’s diverticulum may be unaccompanied by
pain, or there may be mild discomfort, in sharp contrast to
the colic that accompanies bleeding in intussusception.
There are usually scant abdominal signs. The ulcer may per-
forate soon after the onset of bleeding, and there may be evi-
dence of peritonitis. There are no distinguishing features to
intussusception where the lead point is a Meckel’s diverticu-
lum. As in idiopathic intussusception, the clinical picture is
one of recurring abdominal colic with pallor, vomiting dur-
ing paroxysms of pain, and the presence of blood and mucus
in the stools.

Fig.4.11 (a) Meckel’s diverticulum Tc Scan. (b) Meckel’s diverticulum Tc scan. (¢) Meckel’s diverticulum operative photo. (d) Meckel’s diver-
ticulum operative photo
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The diagnosis of Meckel’s diverticulum by radiological
methods is neither easy nor reliable. The diagnosis may be
suggested by the presence of a calcified enterolith on plain
radiography. While the diverticulum may be visualised as an
outpouching of the ileum by bowel ultrasound, cross-
sectional imaging, and contrast examinations, it cannot be
reliably excluded by these methods, which do not replace
laparoscopy. The diagnosis should be considered in atypical
cases of intussusception where a pathological lead point is
suspected (Fig. 4.11c¢).

When a Meckel’s diverticulum is suspected as a cause of
gastrointestinal haemorrhage and is therefore assumed to
contain gastric mucosa, a Tc99pertechnate radio-isotope
scan may indicate the diagnosis by demonstrating a focal
“hotspot” in the mid-abdomen. Other methods of radiologi-
cal diagnosis in the presence of ongoing severe haemor-
rhage include contrast and CT angiography and red cell
scans.

4.2.12 Hirschsprung'’s Disease

In 1887 Harold Hirschsprung of Copenhagen described the
clinical features of the condition that now bears his name.
The primary pathology is lack of ganglion cells in the bowel
for variable lengths from anus proximally. Aganglionosis is
the alternative name for the condition. The proximal nor-
mally innervated colon is greatly hypertrophied and dilated
as it tries to press the contents through the distal aganglionic
bowel, which causes a functional obstruction. The rectum
and rectosigmoid have a narrow calibre. The narrow segment
may be short or long; short-segment aganglionosis is where
the deficiency extends from the anus proximally into the rec-
tum but not beyond the sigmoid colon; in long-segment
aganglionosis, lack of ganglion cells extends more proxi-
mally and occasionally extends into small bowel (Fig. 4.12a).

Although the child appears to be healthy at birth, they are
likely to have a delay in passage of meconium, develop
abdominal distension and vomiting, and demonstrate failure
to thrive. Constipation is usual, and in babies older than
1 month, constipation becomes an increasing problem; in
early infancy, however, diarrhoea secondary to enterocolitis
may supervene. Over 95% of term babies pass meconium
within the first 24 h after birth and the remainder pass it
within the next 24 h. Some patients show less well-defined
clinical signs. There may be intermittent constipation and
abdominal distension in the neonatal period, which is
relieved by conservative measures. Gradually, constipation
becomes more stubborn and there is marked enlargement of
the abdomen. Peristaltic waves may be seen to pass along the
dilated and hypertrophied transverse colon going from right

to left. Faecal masses are usually palpable through the
abdominal wall. Rectal examination may reveal an empty
rectum with faeces at its upper limit, or there may be a pal-
pable mass of faeces in the sigmoid colon, which can be pal-
pated through the rectal wall. There may be faecal
incontinence, soiling, or spurious diarrhoea. If untreated,
growth in these patients is usually retarded and puberty may
be delayed. The abdominal distension may be accentuated if
enterocolitis becomes superimposed and may be relieved by
the passage of quantities of foul-smelling faeces. Fluid loss
may be an acute problem. Another common complication is
ulceration of the mucosa and occasionally perforation. Rectal
examination in the neonate by insertion of the little finger
into the rectum may reveal meconium present and on removal
an explosive evacuation of meconium or faeces and air
results in a decrease in the abdominal girth. X-ray of the
abdomen reveals dilated coils of bowel with lack of gas in
the rectum. Clinically and radiologically the condition is a
neonatal obstruction. A barium enema may show the narrow
rectum and an expanded rectosigmoid with proximal dila-
tion, but this appearance may not present until the infant is
2-3 weeks of age. Diagnosis is confirmed by a rectal suction
biopsy. The rectal biopsy should be performed at least 2 cm
above the anal margin because the terminal rectum and anal
canal do not have ganglion cells even in the normal individ-
ual. A false diagnosis may be made if the biopsy is taken too
low. The biopsies are usually given directly to the patholo-
gist, who in addition to the above looks for the presence of
increased nerve fibres using acetylcholinesterase staining as
auseful adjunctinthe histological diagnosis of Hirschsprung’s
disease.

Plain abdominal radiography may show gaseous disten-
tion of bowel, often with no gas in the rectum, but essentially
non-specific for distal obstruction. In older children there
may be faecal loading. Radiographs may demonstrate com-
plications including the thumb printing of Hirschsprung’s
enterocolitis and perforation.

A contrast enema, if required, should be performed on
unprepared bowel to assess the dimensions of the distal
bowel and rectum and to assess for a transition zone, mark-
ing the transition of the un-innervated, contracted bowel to
innervated bowel with normal diameter (Fig. 4.12d). Possible
difficulties in interpretation include very-short-segment dis-
ease, where the un-innervated bowel is either bypassed by
the catheter or the reduced diameter of the rectum, compared
to the sigmoid, is not appreciated. In complete or total
colonic Hirschsprung’s, the contrast demonstrates microco-
lon with no focal transition point. Enterocolitis is a serious
complication with a high mortality. It is diagnosed clinically.
Enemas are not advised because of the risk of perforation
(Fig. 4.12e—g).
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Fig.4.12 (a) Diagram of Hirschsprung’s disease (b) Plain X-ray of the  ease. The dilated loop has ganglion cells and the distal collapsed bowel
abdomen showing distended loops of bowel and a gasless pelvis in  is aganglionic. (e) Contrast enema showing transition zone in
Hirschsprung’s disease. (¢) Neonatal plain X-rays AP and lateral show-  Hirschsprung’s disease, (f) Contrast enema showing a low transition
ing an obstructed bowel and a gasless pelvis in Hirschsprung’s disease, ~ zone in short segment Hirschsprung’s disease, (g) Contrast enema in
(d) Contrast enema showing a transition zone in Hirschsprung’s dis-  Hirschsprung’s disease demonstrating enterocolitis
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Fig.4.12 (continued)

4.2.13 Anorectal Anomalies/Currarino
Syndrome/Congenital Pouch Colon

In the 5-week embryo, the urogenital sinus and hind-gut
empty into a common cavity—the cloaca—separated from
the exterior by the cloacal membrane. By the downgrowth of
a mesodermic fold (urorectal septum) the separation of the
urogenital tract from the rectum is normally completed by
the seventh week. For a time, there is a small opening
between the rectum and the urogenital tract known as the
cloacal duct. The urorectal septum also divides the cloacal
membrane into the urogenital membrane anteriorly and the
anal membrane posteriorly, and these become the external
openings. A small invagination—the proctodeum—develops
in the region of the future anus and the proctodeum and rec-
tum join by rupture of the anal membrane during the eighth
week. Rectal and anal anomalies and associated malforma-
tions are due to arrests in development in the seventh and
eighth weeks of fetal life. A range of anomalies occur in the
anorectal region, and some of these will be illustrated
(Fig. 4.13a, b).

Anorectal anomalies are a spectrum of malformation
from high to low lesions. In high anomalies the bowel termi-
nates about the pelvic floor muscles, while in low lesions the
bowel comes through the pelvic floor muscles normally and
then terminates by a fistula to the perineum. Low lesions are
more common. High lesions are frequently one of a number
of anomalies in the baby, and there is an isolated defect of
low anomalies in only one-third, while two-thirds are other-
wise normal.

There are also less frequent intermediate anomalies in
which the bowel comes into the pelvic floor muscles and ter-
minates as a fistula to the bulbous urethra in the male and to
the vulva in the female. All these lesions should be detected
on the initial neonatal examination and the baby referred for
investigation and diagnosis of the specific type at a specialist
neonatal surgical unit. Because of the different pelvic anat-
omy of the male and female, the anomalies vary with sex in
high lesions. Males have a fistula from the rectum to the ure-
thra or bladder, and this may result in meconium being passed
per urethra. In females the genital tract is interposed between
the alimentary and urinary tracts so that the fistulous com-
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Fig. 4.13 (a) Anorectal anomaly - anatomical diagrams for high and
low lesions in the male and female pelvis. (b) Sacral agenesis imperfo-
rate anus. (¢) Anorectal anomaly showing distance from the atresia to
the foreign body attached to the perineum suggestive of a low anomaly.

D

(d) Imperforate anus — contrast examination outlines bladder and rec-
tum. (e) Imperforate anus — clinical picture with anal membrane. (f)
Currarino syndrome. Sacral abnormality (scimitar sacrum), anal steno-
sis, and a presacral mass
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Fig. 4.13 (continued)
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Fig.4.13 (continued)

munication is from the rectum to the vagina. This may be
high in the vagina and not visible but is more often low and
may be seen. The low lesions usually have a fistula to the
perineum. In the male this may be close to the scrotum or
even onto the median raphe of the scrotum, whereas in the
females it is to the perineum or entroitus. The uncommon
intermediate types usually communicate with the bulbous
urethra in the male and the vestibule in the female.
Investigations of the infant with an imperforate anus should
commence with a thorough general examination because of
the frequency of other anomalies. Ultrasound examination of
the urinary tract and to the perineum may help determine
whether the infant has a high or a low lesion. At 24 h of age,
once adequate time has allowed air to pass through the bowel
to the rectum, X-rays of the abdomen and pelvis, in particular
a lateral film with the baby inverted, are taken. If air is present
below a line drawn from the pubis to the coccyx, the baby has
a low lesion, and if above, a high lesion (Fig. 4.13b, c).

4.2.13.1 Anal Stenosis

The anus is in its normal position, but the anal canal shows a
degree of stenosis and is less distensible than normal. This
condition may be missed at birth and can present weeks,
months, or even years later with chronic constipation and

faecal soiling. There is delay in the passage of meconium
and subsequently the infant has to press excessively to defae-
cate ribbon-like stools through the narrow canal. This condi-
tion will be missed completely if rectal examination is
omitted. Repeated dilatation is necessary, the size of dilators
being gradually increased until the little finger can be
inserted. The infant may then be sent home and the mother
given a supply of finger cots and instructed to continue dila-
tation for several months. Failure to continue dilatation may
lead to retention of faeces and subsequently to rectal inertia,
a secondary megarectum, and overflow incontinence.

4.2.13.2 Anal Membrane

A membrane occludes a normally situated anal canal.
Meconium may be seen shining through the membrane,
which bulges when the infant cries (Fig. 4.13e).

4.2.13.3 Covered Anus

This more common anomaly is often described as a low ano-
rectal anomaly as the rectum comes down through the pelvic
floor before coming to the malformed part. There is no evi-
dence of the anus in the normal position. In a baby boy a
raised ridge of skin or a narrow tract filled with meconium
runs forward in the perineal raphe as far as the posterior
aspect of the scrotum, where a speck of meconium may be
seen at the abnormal orifice—the rectoperineal fistula.

4.2.13.4 Rectal Atresia

The anus looks apparently normal, but the rectal pouch ends
blindly in the hollow of the sacrum. This is a rare anomaly
that causes failure to pass meconium. The baby presents with
low intestinal obstruction. Diagnosis is made on rectal
examination.

4.2.13.5 Currarino Syndrome (Fig. 4.13f)
This syndrome is discussed fully in Chap. 8.

4.2.13.6 Congenital Pouch Colon

Congenital pouch colon (CPC) is a rare form of high ano-
rectal malformation (ARM) in which part of or the entire
colon is replaced by a pouch with a fistula to the genitouri-
nary tract. According to the Saxena-Mathur classification,
CPC is divided into five types. A single erect plain
abdominal radiograph could be the most valuable single
investigation to diagnose and classify CPC and to preopera-
tively plan the surgical strategy without the necessity of an
invertogram [1].

Depending on the method of presentation, plain abdomi-
nal radiography may demonstrate distal bowel obstruction or
associated vertebral anomalies. A prone horizontal beam
“shoot through” film with a marker place on the perineum at
the anal pit can help to identify the level of atresia in relation
to the ischial bones.
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Sonography is sometimes employed in this setting as it
may demonstrate the distal pouch fistulae and associated
abnormalities (including renal and spinal). It can be difficult
to assess the exact level of the pouch in relation to other
structures on ultrasound.

Prior to closure and repair, the anatomy of associated fis-
tulae can be demonstrated by combined cystourethrography
and distal contrast loopogram Fig. 4.13d. Cross-sectional
imaging with MRI is less often performed, but can also dem-
onstrate anatomy, fistulae, and associated anomalies.

4.2.14 Duplication of the Gastrointestinal
Tract

Duplications are spherical or elongated hollow structures
lined with some form of alimentary mucous membrane and
intimately adherent to the alimentary tube. The duplication is
always on the mesenteric border of the gut and the contents
are clear, colourless, and mucoid in consistency. They may
vary in size and shape, being saccular or tubular, and not
infrequently communicate with the bowel.

Duplications below the diaphragm may present in four
ways: (1) They may grow in size and cause intestinal obstruc-
tion; (2) an increase in tension within the cyst may cause
abdominal pain; (3) the duplication may encroach on vessels
in the mesentery and cause necrosis, sloughing, and bleeding
in the adjacent bowel; and (4) a duplication lined with gastric
mucosa may develop peptic ulceration and may perforate
into the peritoneal cavity, into the adjoining bowel or into the
pleural cavity.

Radiography may demonstrate a space-filling shadow
and a barium series may show indentation of the lumen.
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Ultrasound and cross-sectional imaging may be required to
delineate the lesion. It can be difficult to differentiate dupli-
cations from omental and mesenteric cysts (Fig. 4.14a).

Plain abdominal radiography may show a soft tissue mass
or the sequelae of obstruction caused by the duplication.
Contrast examinations most commonly demonstrate extrin-
sic compression but may identify direct communication to
the duplicated lumen.

Ultrasonography demonstrates a mass, usually echolu-
cent and fluid-filled, but occasionally containing haemor-
rhage, solid contents, or gas if there is direct communication
to a gas-containing viscus such as colon or rectum. The
sonographic appearance of the wall of the duplication cyst,
with inner echogenic mucosa and outer hypoechoic muscle
(so called “gut signature”), confirms the diagnosis.

CT and particularly MR imaging are alternative second-
line modalities when ultrasonography is inconclusive or has
not provided enough information for surgical planning. The
duplication cyst contents are usually high-signal on
T2-weighted sequences.

4.2.15 Lymphangioma/Lymphangiectasia

These arise from congenitally misplaced lymphatic tissue
very similar to the cystic hygromas that occur in the neck.
They vary greatly in size, are thin-walled, rounded or lobu-
lated, and contain serous lymph fluid. The cysts may be
small and lie in the substance of the omentum, or they may
largely replace this structure. There is a slowly enlarging
abdominal swelling with little associated discomfort. Cysts
are usually mobile from side to side as they attach to the
mesentery of the small bowel.

RHSC Yorkhill L17-5/PAED EXTRAA

Fig.4.14 (a) Ultrasound showing duplication of bowel. (b) Ultrasound showing gastric duplication
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The imaging of lymphangioma/lymphangiomatous mal-
formations is as variable as the range of lesions themselves.

Plain abdominal radiography is of varying use depending
on the position of the lymphangioma. It may demonstrate a
soft tissue mass or obstruction due to extrinsic compression.

Sonography is the modality of choice for simple lymph-
angioma cysts, demonstrating positions, relationships and a
thin simple wall (unlike the “gut signature” of the wall of
duplication cysts), usually containing echolucent fluid. They
may be unilocular “simple” or multiloculated. The presence
of haemangiomatous components, and of complications
including haemorrhage, intussusception, and volvulus may
also be appreciated.

For more complex lesions and retroperitoneal and dis-
seminated disease, cross-sectional imaging, particularly
MR imaging, is required. The signal of the cyst content can
vary depending on whether it is serous chylous or haemor-
rhagic but is usually high-signal on T2-weighted sequences
with low cellularity on diffusion-weighted imaging
(Fig. 4.15).

4.2.16 Mesenteric Cysts/Omental Cyst

Mesenteric cysts may arise in any part of the mesentery or
mesocolon. They are very often due to malformed lymphatic

Fig.4.15 Fetal MRI demonstrating a large lymphangioma
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tissues and occur commonly at the jejunum or ileum. The
cysts lie between the peritoneal leaves of the mesentery and
may obstruct adjacent intestine.

The imaging of lymphangioma/lymphangiomatous mal-
formations is as variable as the range of lesions themselves.

Plain abdominal radiography is of varying use depending
on the position of the lymphangioma. It may demonstrate a
soft tissue mass or obstruction due to extrinsic compression
(Fig. 4.16a, b).

Sonography is the modality of choice for simple lymph-
angioma cysts, demonstrating positions, relationships, and a
thin simple wall (unlike the “gut signature” of the wall of
duplication cysts), usually containing echolucent fluid. They
may be unilocular (“simple”) or multiloculated. The pres-
ence of haemangiomatous components, and of complica-
tions including haemorrhage, intussusception, and volvulus
may also be appreciated.

For more complex lesions and retroperitoneal and dis-
seminated disease, cross-sectional imaging, particularly
MR imaging, is required. The signal of the cyst content can
vary depending on whether it is serous chylous or haemor-
rhagic but is usually high-signal on T2-weighted sequences
with low cellularity on diffusion-weighted imaging.

4.2.17 Inguinal Hernia

Plain abdominal radiography is not used in the initial diagno-
sis of suspected inguinal or femoral hernia; however, the her-
nia orifices must always be visualised and assessed on
radiography, particularly in the assessment of an acute abdo-
men, as the presence of gas in herniated bowel loops may be
diagnostic when the presentation is secondary to obstruction
or herniation of bowel (Fig. 4.17a—d).

Ultrasound may be used to visualise herniated mesentery
and gasless loops of bowel and differentiate from other struc-
tures such as thickened spermatic cord or hydrocele.

4.2.18 Femoral Hernia

Plain abdominal radiography is not used in the initial diagno-
sis of suspected inguinal or femoral hernia; however, the her-
nia orifices must always be visualised and assessed on
radiography, particularly in the assessment of an acute abdo-
men, as the presence of gas in herniated bowel loops may be
diagnostic when the presentation is secondary to obstruction
or herniation of bowel.

Ultrasound may be used to visualise herniated mesentery
and gasless loops of bowel and differentiate from other struc-
tures such as thickened spermatic cord or hydrocele.
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Fig. 4.16 (a) Plain X-ray of a chylous cyst in the mesentery causing
intestinal obstruction. (b) Crossectional imaging of a mesenteric cyst.
(c) Operative picture of a large clear mesenteric cyst. Intimately adher-

4.2.19 Hydrocele (Fig. 4.18)

Sonography is the imaging modality of choice for the assess-
ment of scrotal pathology. A scrotal hydrocele or hydrocele
of the spermatic cord will be demonstrated as an echolucent
fluid collection. The main indication for imaging is to iden-
tify an underlying cause or other pathology particularly in
the painful scrotum.

4.2.20 Situs Inversus (Fig. 4.19)

Plain abdominal radiography, as well as demonstrating integ-
rity of the diaphragms and position of the cardiac shadow,
will often determine the situs of the abdominal organs by the
position of the stomach bubble (including the course of a
nasogastric tube if in situ) and the outline of the stomach.

ent to the small bowel. (d) Operative specimen of resected small bowel
and a chylous mesenteric cyst

Sonography of the abdomen can demonstrate the position and
presence of the upper abdominal solid organs and the abdominal
systemic venous anatomy. It is important to determine the pres-
ence and normal appearance of the spleen and inferior vena cava
(IVC), as abnormalities of these may indicate a heterotaxy.

Abdominal situs can also be demonstrated on cross-
sectional imaging but this is rarely required to make the diag-
nosis. See Chap. 3.

4.2.21 Split Notochord Syndrome
(Fig. 4.20a, b)

This condition is rare and can be mistaken for Spina Bifida
because the lesion on the back involves a disrupted spine
with herniation of bowel through the back. This condition is
discussed fully in Chap. 6.
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Fig.4.17 (a) Plain X-ray AP
showing bowel loops filled
with air in the right groin.
Obstructed inguinal hernia in
a neonate. (b) Plain X-ray,
lateral view of obstructed
inguinal hernia. (c) Plain
X-ray showing bilateral
inguinal obstructed hernia in
the Inguinal scrotal region.
(d) Plain X-ray of a
strangulated right inguinal
hernia
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Fig. 4.18 Clinical picture of a neonate with bilateral hydrocoeles and
an umbilical hernia. The bilateral hydroceles indicate a persistent patent
processus vaginalis

Fig.4.20 (a) Split notochord syndrome. See Chap. 6. (b) Split notochord syndrome. See Chap. 6
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Fig. 4.21 Plain X-ray showing conjoined twins sharing abdominal
contents

4.2.22 Conjoined Twins

The conjoined twins illustrated in Fig. 4.21 are attached
through the abdomen and often share common organs, e.g.,
the liver. Separation can be difficult. The term used for this
type of conjoined twins is omphalopagus and it occurs in
about 34% of conjoined twins. Other conjoined twins are
joined at the chest (thoracopagus or xiphopagus, in 40% of
cases), the buttocks (pygopagus, in 18%), the ischium (ischi-
opagus, 6%), and the head (craniopagus, 2%).

4.2.23 Congenital Polycystic Kidneys (Fig. 4.22)

This condition is discussed fully in Chap. 5.

4.3 Infection/Inflammation

4.3.1 Necrotising Enterocolitis/Pneumatosis
Intestinalis

Necrotising enterocolitis (NEC) is a severe disease of the
gastrointestinal tract. Prematurity with low birth weight are
the most commonly associated factors and occur in 90% of
babies with this disease. Term infants are affected to a lesser
extent and constitute about 10% of the affected group.
Hypovolaemia and hypoxia result in damage within the
mucosa cells initiating the NEC. It is multifactorial in ori-
gin, resulting in loss of integrity of the gut mucosal barrier
with passage of bacteria into the wall of the bowel.
Prematurity, respiratory distress syndrome (RDS), congeni-
tal cardiac malformations, umbilical vessel catheterisation,
exchange transfusions, hypoglycaemia, polycythaemia,
post-operative stress, and hyperosmolar feeds have all been

Fig.4.22 Autosomal recessive polycystic kidneys. See Chap. 5

implicated in the aetiology. Scholander in 1963 proposed
the diving reflex as a mechanism which causes shutdown of
visceral blood flow, especially in the superior mesentery
artery resulting in ischaemic changes in the mucosa.
Bacterial infection has been implicated in NEC and from
time to time one sees some confirmation of this because of
the clustering of the disease in neonatal units. There are pro-
tective antibodies in breast milk that decrease but do not
completely protect babies at risk from NEC. The incidence
of this disease varies from country to country. There is a
very low incidence in Japan and a high incidence in the
United States. The severity of the disease is variable, from a
minor form that is managed entirely in the Neonatal Units,
to a fulminating type of the disease with perforation, perito-
nitis, and death. Initially, one sees a preterm infant with
signs of sepsis, vomiting of feeds, abdominal distension,
and frequently the passage of blood or mucus in the stools.
Clostridial infections have been associated with some out-
breaks of NEC. If the disease continues to progress, perito-
nism develops and this is often appreciated first by observing
abdominal distension. Examination of the abdomen may
show signs of inflammation, redness, oedema of the abdom-
inal wall with localised or generalised tenderness, and if the
baby has a patent processus vaginalis, free fluid or even gas
or meconium is occasionally seen in the scrotum. If a perfo-
ration has occurred, then one loses the area of superficial
dullness of the liver on percussion of the abdomen. Palpation
may reveal crepitus from the intramural gas, which can be
palpated among the coils of distended loops of bowel,
(intramural gas is an important sign of NEC). A plain X-ray
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of the abdomen may show the pneumatosis intestinalis (gas
within the bowel wall) and gas in the portal vein within the
liver. This sign is often ominous and is associated with mor-
tality. The extent of the NEC may be localised to an area of
the bowel, very often the colon, but in extensive disease the
whole of the gastrointestinal tract may be involved. The dif-
ferential diagnosis early in this disease may be difficult, and
one should consider diagnoses such as Septicaemia from
other causes, volvulus neonatorum, Hirschsprung’s enteri-
tis, and infarction of the bowel.

Plain radiography remains the modality of choice in the
radiological assessment and monitoring of necrotising
enterocolitis (Fig. 4.23a). The assessment of these films
includes:

e Bowel gas pattern—an abnormal pattern including dila-
tion of bowel loops, which may be focal or generalised.
These findings are nonspecific, but a persisting asymmet-
ric pattern—“fixed abnormal loops”—is a concerning
finding and may indicate focal necrosis or peritonitis.

e Intramural gas—the presence of intramural gas is highly
associated with necrotising enterocolitis, but it is not pres-
ent in all cases and therefore its absence does not exclude
NEC. The amount of gas present does not relate directly
to the severity of disease; intramural gas may present as
linear gas outlining the bowel wall or a “mottled” appear-
ance “enface,” and can be generalise or localised. Any
part of the bowel can be affected, but the most commonly
affected is the distal small/proximal large bowel in the
right iliac fossa.

e Portal venous gas—in the setting of NEC, this is intramu-
ral gas that has entered the veins of the bowel wall and
passed into the portal venous system. It appears as branch-
ing radiolucencies (Fig. 4.23b, c).

Horizontal beam films (either decubitus or lateral shoot
through, depending on the clinical status of the infant) may
demonstrate free intraperitoneal gas and affect the timing of
emergency intervention (Fig. 4.23d-f).

Ultrasonography provides complementary real-time
assessment of the bowel, detailing bowel wall thickness,
appearance, peristalsis, and vascularity. It may be more
sensitive than plain radiography in assessing intramural,
portal venous, and small amounts of free intraperitoneal
gas. In addition, extraluminal findings and complications
(peritoneal free fluid and collections) can be demonstrated
(Fig. 4.23c).

Fluoroscopic contrast examinations are usually employed
outside of the acute presentation of NEC to assess the bowel
prior to reversal of bowel defunctioning or to assess chronic
complications such as stricture (Fig. 4.23e).

4.3.2 Appendicitis

There is marked variation in the anatomy of the appendix.
The appendix is attached to the posterior medial quadrant of
the caecum. In childhood, the appendix lies in a retrocaecal
position in 70% of patients. Obstructive appendicitis is com-
mon in childhood, the obstruction being caused by a kink, a
faecolith, or the scar of a previous attack of inflammation.
When inflammation occurs, there is an accumulation of
purulent exudate within the lumen, and a closed loop obstruc-
tion is established. Blood supply to the organ is diminished
by distension or by thrombosis of the vessels, and gangrene
occurs early in children. Fluid is poured into the peritoneal
cavity as a result of irritation, and within a few hours this
fluid is invaded by bacteria from the perforated appendix or
from organisms translocating the inflamed but still intact
appendix. Peritoneal infection may remain localised by
adhesions between loops of intestine, caecal wall, and pari-
etal peritoneum. Appendicitis may present as uncomplicated
acute appendicitis, appendicitis with local peritonitis, an
appendix abscess, or diffuse peritonitis.

The onset of symptoms is vague and initially may be of a
general nature. Only a third of younger patients are seen in
hospital within 24 h of onset of abdominal symptoms, and
the appendix has ruptured in a high percentage of these
young patients before admission. The diagnosis is made late
in many cases. One reason for delay in diagnosis is failure to
suspect appendicitis in a child under 4 years of age, and
another is the poor localisation of pain by the younger child.
Although often not severe, the pain appears to come inter-
mittently, and irritability, vomiting, and diarrhoea may result
in the mistaken diagnosis of gastro-enteritis. Psoas spasm
from irritation of the muscle by the inflamed appendix may
cause flexion of the hip resulting in a limp, thus distracting
attention from the abdomen and directing it to the hip joint.
Vomiting occurs in most patients. The child is usually pyrex-
ial, but the temperature is only moderately elevated to
between 37 and 38.5 °C. Temperatures higher than this usu-
ally suggest upper respiratory tract infections or, occasion-
ally, diffuse peritonitis from appendicitis. A history of
constipation is uncommon, and in many patients, there is a
history of diarrhoea. The clinical features in the older child
are similar to those in the adult. Abdominal pain is usually
followed by nausea and vomiting. The pain begins centrally
and later shifts to the right iliac fossa. If the appendix is ret-
rocaecal, abdominal pain and tenderness may be slight. If the
child has a pelvic appendix, then tenderness may again be
slight, or absent, or elicited only on rectal examination.
Anorexia is a common accompanying sign.

The child with acute appendicitis is usually anorexic, list-
less, and does not wish to be disturbed. There is often a
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Fig. 4.23 (a) Plain X-ray of the abdomen of a premature baby with
severe necrotizing enterocolitis. (b) Necrotising enterocolitis. Plain
X-ray showing pneumatosis and perforation, free gas. (¢) Ultrasound
showing thickened loops of intestine with intramural gas and free fluid.
(d) Plain X-ray of the abdomen in a premature baby with necrotizing
enterocolitis and pneumatosis intestinalis. Note the gas in the area of
the liver indicating portal venous gas. (e) Barium study in necrotizing
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enterocolitis showing a ragged colon, with early signs of spasm and
stricture formation. Note how featureless the colon looks. (f) Plain
X-ray with free gas and little evidence of gas in the abdomen intralumi-
nally suggestive of necrotising enterocolitis, (g) Pneumatosis, (h)
Pneumatosis intestinalis, (i) Pneumoperitoneum, (j) NEC with portal
venous gas. (k) Post-operative pneumatosis with distended loops of
bowel, free gas, and a nasogastric tube in situ
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Fig.4.23 (continued)
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Fig.4.23 (continued)
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characteristic fetid odour from the tongue, which is furred.
The child is usually irritable, crying, and uncooperative. A
low-grade pyrexia is usual, but the temperature seldom
exceeds 38.5 °C. Inspection alone, while attempting to gain
the child’s confidence, may be very informative. The most
important physical sign on abdominal examination is the
area of maximum tenderness located in the right iliac fossa
and the presence of rebound tenderness. Plain X-ray of the
abdomen may prove useful to exclude other pathology in
suspected acute appendicitis. Differential diagnosis includes
numerous other disorders, the most common of which is
upper respiratory tract infection. Presence of a common cold,
sinusitis, acute tonsillitis, or pharyngitis may all be associ-
ated with acute non-specific mesenteric lymphadenitis. This
is the most common condition to be differentiated from acute
appendicitis. The presence of enlarged glands elsewhere in
the body accompanied with an upper respiratory tract infec-
tion may suggest this condition. Fever may be absent, but
temperatures can be very high. The presence of abdominal
tenderness is not as acute as that in appendicitis. It is usually
more generalised and not localised to the right iliac fossa,
and there is no rebound tenderness. The presence of a cough,
an increased respiratory rate, and a runny nose may suggest
a respiratory infection. Constipation can cause abdominal
pain, nausea, and vomiting, with tenderness over the dis-
tended caecum. It can be easily mistaken for acute appendi-
citis. Faecal masses may be felt per abdomen or on digital
rectal examination. Usually following a suppository, satis-
factory evacuation of the colon and rectum will bring rapid
relief in patients whose symptoms are caused by
constipation.

Pyelonephritis and infection of the kidney and renal pel-
vis can usually be differentiated by a higher temperature, pus
cells in the urine, and tenderness over one or the other kidney
in the renal angle.

Intestinal obstruction may be due to incarceration of a
hernia, secondary to anomalies, e.g., a volvulus around a
vitello-intestinal remnant, or adhesions following previous
abdominal operations. Vomiting, abdominal colic, abdomi-
nal distension, and constipation are the usual signs. After a
thorough clinical examination, plain X-ray of the abdo-
men may be carried out to differentiate intestinal obstruction
from appendicitis.

Primary peritonitis is an uncommon diagnosis and almost
always affects the female. There is a diffuse infection of the
visceral and parietal peritoneum, usually due to a pneumo-
coccus. With the peritonitis there is exudation of fluid to the
peritoneal cavity. Mesenteric lymph nodes are swollen.
Diffuse abdominal pain, vomiting, dehydration, and a high
fever are the main features, and diarrhoea may be present
initially, but is usually followed by constipation.

Severe abdominal pain and vomiting may occur during
passage of a renal calculus.

Hydronephrosis due to blockage of the pelviureteric
junction by stricture, stone, or aberrant vessel may present
with abdominal pain and nausea. The pain and tenderness
are maximal in the flank. Red or white cells may be found in
the urine.

Haemolytic Uraemic Syndrome may present with acute
abdominal pain and may be confused with acute appendici-
tis. The presence of fragmented red blood cells on a blood
film and the presence of oliguria are also suggestive of this
disease.

Crohn’s disease is an unusual diagnosis in childhood, but
the incidence is increasing in Western countries. It can pres-
ent with all the symptoms of acute appendicitis, and at opera-
tion the terminal ileum is found to be acutely inflamed and
thickened. A biopsy reveals the diagnosis, and a barium meal
and follow-through very often indicate the presence of other
areas of the affected gut. In torsion of the right cord or testis
confusion with acute appendicitis may occur whereas this is
less likely with torsion of the left testis. Routine examination
should always include the inguinal regions and the scrotum.

Inflammation of Meckel’s diverticulum and intussuscep-
tion in older children may simulate acute appendicitis. Other
medical conditions that should be considered are diabetes
mellitus, cyclical vomiting, and Addison’s disease. The onset
of menstruation may simulate appendicitis, and many girls
have recurring attacks of lower abdominal pain, sometimes
for a year before menstruation actually begins. Pain associ-
ated with torsion of an ovary or an ovarian cyst may also
present with signs similar to those of acute appendicitis.

It is not uncommon for both adults and children to har-
bour threadworms (pinworms) without noticeable symp-
toms. Many symptoms and signs have been ascribed to the
presence of threadworms, including weight loss, poor appe-
tite, nausea, vomiting, and chronic abdominal pain.

Carcinoid tumour in the appendix is rare in childhood, but
the tumour may obstruct the lumen of the appendix and lead
to obstructive appendicitis. It is far more common to find this
as an incidental finding on histopathology of the removed
appendix. When it is present in the tip of the appendix, no
further follow-up is necessary in these cases. In older chil-
dren, if a carcinoid exists in the caecal region there is a
chance of invasive disease with subsequent evidence of the
carcinoid syndrome.

Plain abdominal radiography is rarely diagnostic in the
assessment of suspected appendicitis and is usually normal.
Subtle signs have been described, including blurring of the
psoas shadow and of the properitoneal fat line; however; they
are rarely diagnostic. A dilated loop of bowel in the right
iliac fossa or developing small bowel obstruction may indi-
cate appendicitis or the development of an associated inflam-
matory mass. The presence of a calcified appendicolith,
which has been described in around 10-15% of cases, is
diagnostic (Fig. 4.24a, b).
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Fig. 4.24 (a) Acute appendicitis. Plain X-ray showing small bowel dilated loops. (b) Appendicitis. Plain X-ray showing faecolith in right iliac
fossa. (¢) Ultrasound in acute appendicitis

In the paediatric setting, ultrasound is the imaging modal-
ity of choice for the diagnosis and assessment of appendici-
tis and its complications. Graded compression of the right
iliac fossa may demonstrate the inflamed appendix as a dis-
tended blind ending non-compressible structure, >6 mm in

diameter, arising from the caecum. Associated inflammation
of the mesenteric fat, localised ascites, mesenteric lymph-
adenopathy and the presence of an echogenic, calcified fae-
colith provide corroborating evidence. The appendix must
be positively identified and may not be visualised due to a
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retrocaecal position. Following perforation, ultrasound may
be falsely reassuring. Complications of appendicitis, includ-
ing an inflammatory mass and intraperitoneal and retroperi-
toneal abscess formation, may also be diagnosed on
ultrasound.

Cross-sectional imaging by computerised tomography is
usually reserved for the assessment of complications includ-
ing abscess and collections when they have not been satisfac-
torily assessed by ultrasound.

4.3.3 Pancreatitis

Pancreatic disorders are uncommon in childhood, except that
which is part of the generalised disease of cystic fibrosis
(mucoviscidosis). Pancreatitis presents as an acute abdomi-
nal emergency, but the signs and symptoms are less dramatic
than in adults. Abdominal pain and vomiting are the most
consistent signs. Abdominal tenderness is more marked in
the upper abdomen. A high index of suspicion is necessary
by the clinician so that blood is taken for serum amylase esti-
mation. In pancreatitis the level is considerably elevated, as
is the urinary amylase. Ultrasound examination of the abdo-
men may show the swollen oedematous pancreas. The most
common aetiology in Scotland is mumps, but many cases are
idiopathic. Traumatic pancreatitis is infrequent but may be
followed by development of a pancreatic pseudocyst. This
can be followed by repeated ultrasound examination, and the
majority will settle without the necessity of drainage into the
stomach or bowel. Familial pancreatitis can affect succeed-
ing generations or siblings.

Plain abdominal radiographs are not employed in the
diagnosis or assessment of pancreatitis. The calcification of
chronic pancreatitis is rarely demonstrated in the paediatric
population.

Ultrasound is the initial modality of choice. It is used to
identify possible causes of pancreatitis such as biliary abnor-
malities or calculi, and in the acute setting may demonstrate
generalised or focal swelling and hypoechogenicity of the
pancreatic gland in around 50% of cases. Prominence of the
pancreatic duct and peripancreatic fluid can also point
towards the diagnosis and can be appreciated particularly
with high-resolution linear transducers. Contrast enhance
ultrasound has been used to assess for pancreatic necrosis,
and pancreatic pseudocysts may be demonstrated within or
adjacent to the pancreas and are usually solitary, unilocular,
and anechoic.

Cross-sectional imaging by CT and MRI can be used to
assess complications of pancreatitis in the paediatric popula-
tion. Magnetic resonance imaging using T2-weighted and T1
post contrast imaging can be very useful in the assessment of
patients and can allow monitoring of patients with pseudo-
cysts, particularly older patients who can cooperate without

anaesthesia. This allows repeated follow up without the con-
cern of repeated ionising radiation doses associated with CT
scanning. MR cholangiography can provide assessment of
morphology and dilation of the biliary and pancreatic ducts
(Fig. 4.25).

4.3.4 Crohn’s Disease

Crohn’s disease may affect any part of the gastrointestinal
tract but most commonly the terminal ileum and proximal
colon. The lesions are basically chronic granulomatous and
inflammatory with a tendency towards remissions and
relapses. The histological changes are transmural, i.e., affect-
ing all layers of the bowel wall with oedema and ulceration
of the mucosa, fissures, submucosal fibrosis, and many
inflammatory foci of mononuclear and giant cells.
Perforation, haemorrhage, and fistula formation are uncom-
mon complications in childhood (Fig. 4.26a).

In Crohn’s disease the diarrhoea is much less severe than
in ulcerative colitis; it is often intermittent and there may be
little or no obvious blood or mucus in the stools. Crohn’s
disease presents with less specific signs and symptoms than
ulcerative colitis, hence the delay in diagnosis often found in
Crohn’s disease.

General manifestations commonly include anaemia, loss of
weight, growth failure, pubertal delay, erythematous rashes,
and a low-grade fever. Other associated features are: erythema
nodosum, pyoderma, iridocyclitis, arthralgia or arthritis, spon-
dylitis, finger clubbing, anal skin tags, fissures, and fistulae.
Quite frequently the disease presents with oral ulceration, and
this may progress to extensive involvement of the buccal
mucosa, which becomes oedematous and granulomatous
sometimes years before there is evidence of intestinal involve-
ment. Crohn’s disease shows a segmental lesion, while ulcer-
ative colitis is diffuse. The appearances vary from a “cobblestone
appearance” due to thickened oedematous mucosa to narrow-
ing of the lumen with the so-called “string sign.” There may be
fistulous tracts to adjacent loops of bowel. Biopsy of a perirec-
tal lesion or even of the involved buccal mucosa may reveal
diagnostic granulomatous changes. Colonoscopy and biopsy
may provide an immediate diagnosis.

Plain abdominal radiographs are useful to assess for com-
plications including obstruction, perforation, and toxic dila-
tion, but have no routine role in the diagnosis or assessment
of inflammatory bowel disease. Bowel wall thickening and
“thumb printing” may be appreciated on plain films but are
non-specific findings (Fig. 4.26b).

Assessment of the small bowel to determine extent of dis-
ease, bowel wall thickening, ulceration, and stricture formation
can be challenging in the paediatric population. Ultrasound,
including examination of the bowel wall with a high-resolution
linear probe, can provide information about disease activity and
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Fig. 4.25 T2 MRI scan in acute pancreatitis also showing a solitary
gallstone in the gallbladder

complications, but can rarely assess the entire bowel. In younger
children, barium follow-through examination, with screening
and spot films of the terminal ileum, remains the most feasible
examination, but is recognised to have significant intra-observer
radiation, incurs a radiation burden, and does not provide
extraluminal information (Fig. 4.26c¢).

Conventional cross-sectional imaging is of limited value,
except in the assessment of extraluminal complications such
as inflammatory mass or collections. In children who are
able to cooperate, however, MR enterography has become
the modality of choice for intra- and extraluminal assessment
of the bowel, because of both the information obtained and
the lack of ionizing radiation incurred. A variety of bowel
preparation protocols exist, but they involve oral or nasogas-
tric (NG) administration of contrast such as mannitol or
polyethylene glycol. Protocols include the administration of
an antispasmodic such as hyoscine and gadolinium con-
trast or diffusion weighted imaging. Enteroclysis is rarely
performed in the paediatric population (Fig. 4.26d).

Imaging assessment of perianal and perirectal disease,
abscess, and fistula formation is performed by MRI, utilising
high-resolution multiplanar sequences with and without gad-
olinium contrast administration and requiring no preceding
bowel preparation. The sequences can be angled to the pelvic
floor and levator complex, allowing detailed information of
the course and extent of fistula disease.

4.3.5 Ulcerative Colitis

Boys and girls are equally affected. The mean age of onset is
about 10 years. There is no clear-cut inheritance pattern, but
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ulcerative colitis is more common in first-degree relatives
than in the general population.

The mucous membrane of part or all of the colon, and
sometimes of the terminal ileum, becomes hyperaemic,
oedematous, and ulcerated. The lesion is continuous rather
than patchy and usually involves only the mucosal and sub-
mucosal layers. The earliest lesion in many cases is a crypt
abscess. Granuloma formation is rare. In some cases, oedema
may give rise to pseudopolypoid nodules. Ulceration may
extend through the muscularis, and perforation of the colon
can occur. Usually perforation is preceded by toxic megaco-
lon with dilatation of an ulcerated segment of the large
bowel. Carcinoma is a common late complication. Hepatic
complications such as sclerosing cholangitis and chronic
active hepatitis can occur with ulcerative colitis in
childhood.

The onset is sudden, with diarrhoea and the frequent pas-
sage of small stools containing blood and mucus. This tends
to be most severe during the early morning but may also be
nocturnal. There may be abdominal pain, anorexia, weight
loss, or poor weight gain. Tenesmus is common.

Hypochromic anaemia due to chronic blood loss is almost
invariably present. Hypoproteinaemic oedema may develop.
Associated extraintestinal manifestations of the disease are
more common in children than in adults. They may include
erythema nodosum, aphthous stomatitis, conjunctivitis, iri-
docyclitis, haemolytic anaemia, arthralgia or arthritis, pyo-
derma gangrenosum, and finger clubbing. Colonoscopy may
allow the examination of the whole colonic mucosa and thus
the extent of the disease. Ulcerative colitis frequently runs an
acute course in the child. The cumulative risk of carcinoma
of the colon is 20% per decade after the first decade of the
illness. Dysplastic changes in the colonic epithelium are con-
sidered to be pre-malignant.

Plain abdominal radiographs are useful to assess for com-
plications including obstruction, perforation, and toxic dila-
tion, but have no routine role in the diagnosis or assessment
of inflammatory bowel disease. Bowel wall thickening and
“thumb printing” may be appreciated on plain films but are
non-specific findings.

Assessment of the small bowel to determine extent of dis-
ease, bowel wall thickening, ulceration, and stricture forma-
tion can be challenging in the paediatric population.
Ultrasound, including examination of the bowel wall with a
high-resolution linear probe, can provide information about
disease activity and complications, but can rarely assess the
entire bowel. In younger children, barium follow through
examination, with screening and spot films of the terminal
ileum, remains the most feasible, but is recognised to have
significant intra-observer radiation, incurs a radiation bur-
den, and does not provide extraluminal information
(Fig. 4.27a).
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Fig.4.26 (a) Barium meal and follow through showing multiple stric-  men of Crohn’s disease. (d) Long segment Crohn’s disease seen on a
tures and pseudocyst of the wall of the small intestine in Crohn’s dis-  contrast study of the intestine. (e) Crohn’s disease. An MRI scan show-
ease. (b) Crohn’s disease. (¢) Pathology specimen of resected ileum in  ing diseased bowel with stricture formation and spiculation of the wall
Crohn’s disease. The bowel is thickened. B1 resected operative speci-  of the bowel
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Fig. 4.27 (a) A contrast study showing features of a toxic megacolon
in a patient with ulcerative colitis. (b) Ulcerative colitis. A contrast
study showing a featureless colon with no haustrations. (¢) Ulcerative

Conventional cross-sectional imaging is of limited value,
except in the assessment of extraluminal complications such
as inflammatory mass or collections. In children able to
cooperate, however, MR enterography has become the
modality of choice for intra- and extraluminal assessment of
the bowel, because of both the information obtained and the

colitis. Contrast showing spiculation of the wall of the colon suggestive
of intense inflammation becoming transmural. (d) Lead pipe appear-
ance of the whole of the colon in a patient with ulcerative colitis

lack of ionizing radiation incurred. A variety of bowel prepa-
ration protocols exist but involve oral or NG administration
of contrast such as mannitol or polyethylene glycol. Protocols
include the administration of an antispasmodic such as hyo-
scine and gadolinium contrast. Enteroclysis is rarely per-
formed in the paediatric population (Fig. 4.26¢).
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Imaging assessment of perianal and perirectal disease,
abscess, and fistula formation is performed by MRI, utilis-
ing high-resolution multiplanar sequences with and with-
out gadolinium contrast administration and requiring no
preceding bowel preparation. The sequences can be
angled to the pelvic floor and levator complex, allowing
detailed information of the course and extent of fistula
disease.

4.3.6 Lymphoid Hyperplasia of the Colon

This is uncommon in children but can present with recurrent
abdominal pain and/or rectal bleeding. Radiologically the
lymphoid hyperplasia is characterised by small uniform
umbilicated polypoid lesions involving all or part of the
colon. A fleck of barium in the centre of the polyp represents
umbilication at the apex of the lymphoid nodule, and is
unique for lymphoid hyperplasia. This benign lesion proba-
bly represents the normal response of lymphoid tissue in
children to a variety of stimuli. Biopsy proof of the nature of
the nodule may be required.

On fluoroscopic barium follow-through examination, the
prominent lymph node follicles are seen as round, regular,
smooth filling defects with no evidence of ulceration, and are
particularly visible on screening of the terminal ileum.
Normal small bowel features (valvulae conniventes) are
maintained.

4.3.7 Psoas Abscess

Plain abdominal radiography is rarely useful in the diagnosis
of psoas abscess. Plain films may show loss of psoas shadow
and obscuring of the ipsilateral sacroiliac joint, although
these findings may only be appreciated in retrospect. Only in
the presence of a very large abscess is a mass, or mass effect
appreciated.

In neonates and children, unlike adults, the retroperito-
neum, including the iliopsoas muscle, can often be visual-
ised on ultrasound. Depending on its composition, there may
be swelling, hyperaemia on colour Doppler and echogenicity
of the muscle with a fluid-containing abscess, of variable
echogenicity (but usually hypoechoic). An echolucent ipsi-
lateral joint effusion may be appreciated and does not neces-
sarily indicate a concomitant septic arthritis but may be
reactive.

Cross-sectional imaging, usually by contrast-enhanced
CT in the acute phase, demonstrates a rim-enhancing lesion
with a non-enhancing, low attenuation centre, and provides

information on bony involvement, which is seldom appreci-
ated on ultrasound.

Image-guided drainage (by ultrasound or CT) is now the
mainstay of treatment.

4.3.8 Hydatid Disease

Tapeworms: Taenia saginata—beef tapeworm; Taenia
solium—pork tapeworm; Hymenolepis species—dwarf
tapeworm; taenia echinococcus (Hydatid cyst). Ingestion
of raw or inadequately cooked beef or pork can result in
human infection. Humans are the definitive host for both
the beef (T. saginata) and pork (T. solium) tapeworms.
Although the infections may be asymptomatic, epigastric
discomfort, increased appetite, dizziness, and loss of
weight sometimes occur. These features may be more
marked in children and debilitated persons. Diagnosis is
based on the passage of gravid segments through the anus.
The differentiation can be made by a microscopical study
of the number of lateral branches in the gravid uterus of
each segment, the uterus of T. solium having about ten
branches and that of T. saginata about 20. With T. solium
infection a major danger is the ingestion of eggs from an
infected person (heteroinfection) or self-ingestion of eggs
(autoinfection). This can give rise to cysticercosis, where
cysticerci develop almost anywhere including the brain,
skin, muscle, and eye.

Taenia Echinococcus (Hydatid Cyst). The definitive host
of Taenia echinococcus is the dog, wolf, fox, or jackal.
Humans and sheep may become the intermediate host by
swallowing the ova from the dog, which is especially likely
in sheep-rearing countries such as Australia. The adult worm
in the dog is very small (0.5 cm) but the ingested ovum when
swallowed by humans liberates a six-hooked onchosphere
into the small intestine. This penetrates to the tissues, usually
the liver but sometimes lung, bones, kidneys, or brain to
form a hydatid cyst. This has a three-layered wall—an outer
layer of host fibrous tissue, a laminated middle layer, and an
inner germinal layer that produces many daughter and grand-
daughter cysts.

These cysts present clinically with local pressure effects.
The liver may be greatly enlarged and there may be a palpa-
ble rounded swelling over which the classical “hydatid thrill”
can be elicited. Ultrasound and CT scanning can reveal the
cystic nature of the lesions. Eosinophilia may be marked.
The diagnosis may be confirmed by complement fixation,
haemagglutination or latex-slide agglutination tests, but the
hydatid ELISA test and improved immunoelectrophoresis
tests are likely to prove more specific (Fig. 4.28).
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Hymenolepis (Dwarf tapeworm). Mild infestations due to
Hymenolepis (dwarf tapeworm) cause no symptoms, but
heavy infestations can sometimes cause diarrhoea, irritabil-
ity and fits. Diagnosis is made by finding the typical ova in
the faeces.

A range of sonographic appearances are recognised. Type
1 cysts are simple and echolucent apart from fine internal
debris (hydatid sand). In type II cysts, the inner membrane of
the cyst separates with an “undulating” appearance. Type III
refers to multiloculated lesions with “daughter” cysts. Type
IV are complex heterogenous masses. Type V show evidence

Fig. 4.28 CT of the liver showing multiple large Hydatid cysts in a
patient on medical treatment

of calcification. Types I and III may not be distinguished
from other causes of simple cyst or tumoral mass on imaging
alone.

On CT the cystic components are low attenuation, compa-
rable to water, and any calcification will be well demon-
strated. On MRI the cyst wall is low signal on both T1- and
T2-weighted imaging, with high signal contents on
T2-weighted imaging.

4.3.9 Ascaris

On sonography the gall bladder and biliary tree initially
appear like cholangitis, with a thick-walled dilated gall-
bladder and dilated echogenic intrahepatic biliary ducts.
The ascaris flukes may be visualised within the biliary tree
and gall bladder as echogenic structures and casts, and may
be seen to move in real time. On CT and MR cholangiogra-
phy the flukes are rarely visualised except in heavy infec-
tion, where filling defects in the biliary tree may be
appreciated.

The figures shown here show ascaris in the intestine after
presenting with an intestinal obstruction (Fig. 4.29a, b).

4.3.10 Polyps

Inflammatory polyps can be caused by infections like
Schistosomiasis and pseudopolyps by non-specific inflam-
matory conditions. These may be demonstrated as incidental
findings on contrast enemas and follow through as luminal
filling defects, but imaging plays little part in their assess-
ment or follow-up (Fig. 4.30a, b).

Fig.4.29 (a) Ascaris. A preoperative picture of an enterotomy made for bowel obstruction due to a bolus of Ascaris infestation. (b) Ascaris worms
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Fig. 4.30 (a) Gastric polyp in the antrum of the stomach seen on a
barium meal. (b) Rectal polyp prolapsed outside the anus on a long
pedicle. These polyps are called juvenile rectal polyps. They are soli-

4.3.11 Stomach

Although gastritis may be demonstrated as thickening and
poor coating of the stomach, and duodenum and irregular
ulceration may also be visualised, contrast examinations
are no longer part of the assessment of these conditions.

4.4 Trauma

4.4.1 Foreign Bodies (Fig. 4.31a—j)

Abdominal radiography remains the mainstay of glass and
metallic foreign-body assessment. It allows assessment of
the position and consequences of ingestion, including
obstruction and occasionally perforation. Cross-sectional
imaging is rarely required, and MRI will be contraindicated
in the presence of ingestion of a metallic body.

Particular care should be taken in the presence of battery
ingestion and the ingestion of more than one magnet/magnetic
toy, where mucosal damage and obstruction can be greater
than first appreciated.

tary and are composed of inflammatory tissue, and can be also hamar-
tomatous in nature but not malignant. They sometimes autoamputate
themselves and are found in the nappy

Occasionally foreign bodies may be inserted via the ure-
thra into the bladder and are best imaged by sonography.

4.4.2 Liver (Fig.4.32a-¢)

Trauma to the liver after a severe impact injury following a
fall, a car accident, or a non-accidental injury can be severe
and life-threatening. A bruise may or may not be present
externally as the abdominal wall in a child is very flexible.
Liver injury may involve major tears with a hemoperito-
neum or occasionally haemobilia with blood loss and
shock. Imaging is best by CT scanning and follow-up by
ultrasound.

4.4.3 Spleen (Fig. 4.33a-d)

Splenic injuries can occur following trauma, and if the
spleen is pathologically enlarged, e.g., congenital heredi-
tary splenocytosis or in malaria, minor injury can also
cause severe disruption with blood loss. Bleeding can



4  Abdomen 187

Fig. 4.31 (a) Foreign body in abdomen: needle. (b) Foreign body: Foreign body. Hair bezoar in a patient who compulsively swallowed
safety pin. (¢) Foreign body: key. (d) Foreign body in stomach. (e) hair, causing intestinal obstruction. (h) Foreign body: screw. (i) Foreign
Foreign body: button battery. (f) Foreign body: multiple small nails. (g)  body: button battery. (j) Foreign body: locket
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Fig.4.31 (continued)

occur intracapsular, retroperitoneally, or intraperitoneally.
CT is the best modality to identify the lesion and extent of
severity. Follow up is by ultrasound to make sure healing
has occurred. Isotope scans later on may be used to assess
the function of the spleen to ensure it is still viable, as
some cases of autosplenectomy caused by damage to the
splenic vessels at the time of injury have been reported.

4.4.4 Renal (Fig.4.34)

This is discussed fully in Chap. 5.

4.4.5 Pancreas/Pancreatic Pseudocyst

Ultrasound examination of the abdomen may show the
swollen oedematous pancreas. Traumatic pancreatitis is

Fig.4.32 (a) Major trauma. CT scan showing major disruption of the liver with a large haematoma in the right lobe of the liver and capsular tear.
(b) Trauma with liver injury and hemoperitoneum. (¢) CT scan showing a fracture of the liver with capsular tear and subcapsular haematoma
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Fig. 4.33 (a) CT scan with contrast. Fall from a horse. The child sustained a shattered spleen. (b) Longitudinal MPR reconstruction showing
shattered spleen. (¢) MPR of shattered spleen. (d) Ultrasound follow up of shattered spleen. No free fluid. Almost normal scan

Fig. 4.34 CT scan demonstrating both fracture kidney and spleen fol-
lowing a road traffic accident

infrequent but may be followed by development of a pan-
creatic pseudocyst. This can be followed by repeated
ultrasound examination, and the majority will settle with-
out the necessity of drainage into the stomach or bowel.
Familial pancreatitis can affect succeeding generations or
sibs. It is a rare disorder of unknown aetiology
(Fig. 4.35a—c).

4.4.6 Visceral

Abdominal trauma, accidental or non-accidental, may cause
injury to the abdominal viscera. A plain X-ray of the abdo-
men and a serum amylase should be done to exclude the
presence of traumatic or idiopathic pancreatitis and a
pneumoperitoneum.

Computerised tomography is the imaging method of
choice for the assessment of abdominal and pelvic trauma in
the acutely injured child. It allows accurate and comprehen-
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Fig.4.35 (a) CT scan showing a hemoperitoneum and a fracture of the body of the pancreas. (b) Pancreatic pseudocyst is seen as a soft issue mass
with the transverse colon spread around it and pushed downwards. (¢) MRI showing a pancreatic pseudocyst

sive assessment and quantification of solid organ injury,
intra-, and retroperitoneal haemorrhage, including vascular
injury and hollow viscus injury/perforation. Associated
bony and extra-abdominal injuries can also be assessed
(Fig. 4.36).

Although haemodynamically unstable children may be
examined with sonography, its value is limited as its sensitivity
and specificity for both hemoperitoneum and solid organ injury
are lower than CT and it does not provide information on hol-
low viscus injury or associated skeletal or thoracic injury.
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Fig.4.36 Pneumoperitoneum

4.5 Tumour

4,5.1 Sacrococcygeal Teratoma

Sacrococcygeal teratoma may be diagnosed on antenatal
sonography as a cystic or solid mass, usually at the distal
portion of the spine. Most are diagnosed in the second tri-
mester, although they have been described on ultrasound as
early as 13.5 weeks. The earlier the mass is visualized in
pregnancy, with the presence of fetal hydrops from arteriove-
nous shunting and cardiac failure, the worse the prognosis.

The classification of sacrococcygeal teratomas (American
Academy of Pediatrics surgery section survey) is usually
determined by imaging, whether pre- or post-natal. Type I
are mainly external with little or no internal components,
Type II are predominantly external but extend into the presa-
cral space, Type III are external and internal with extension
into the abdominal cavity. Type IV are entirely internal
(Fig. 4.37a).

Antenatal MRI using fast T2-weighted sequences also
demonstrates the lesions, with the cysts high signal and the
solid elements of mixed or low T2 signal. The lesion may
contain flow voids and calcification (Fig. 4.37d).

Postnatally, plain films may be useful to assess the integ-
rity and appearance of the sacrum and the presence of calci-
fication. Spina bifida and meningocele are the primary

differential. Both sonography and magnetic resonance imag-
ing can be used postnatally for assessment, typing, surgical
planning, extension (including intraspinal extension) and
follow-up before and after treatment. On sonography the
mass is heterogeneous with cystic and solid elements and
may be entirely cystic (in around 15%). The solid elements
may be vascular. Intrapelvic and intraabdominal components
are difficult to define fully on ultrasound and are better
assessed on MRI. MRI may also help to differentiate a truly
solid tumour from a microcystic one, both of which may
appear echo-bright. Secondary findings due to mass effect
(e.g., renal tract or bowel obstruction) may also be demon-
strated on imaging (Fig. 4.37c—e).

4.5.2 Nephroblastoma (Wilms’ Tumour)

Plain abdominal radiographs may demonstrate a large flank
mass, obscuring the psoas outline with occasional calcifica-
tion (in around 9%). Excretory urography is no longer part of
tumour assessment (Fig. 4.38a).

Sonography demonstrates a heterogeneous solid mass
which may contain anechoic haemorrhage, necrosis, or cyst
formation, with echogenic areas of calcification and/or fat.
The mass is often well circumscribed and tends to assume a
spherical configuration with a surrounding claw of renal tis-
sue. Tumour thrombus may be demonstrated extending into
the renal vein and IVC (Fig. 4.38b).

Cross-sectional imaging using CT or MRI is used for fur-
ther staging, including assessment of mass and adenopathy.
On CT the mass is heterogeneous and may contain low atten-
uation fat, calcification, and haemorrhage (Fig. 4.38c). At
MRI, the mass is low-signal intensity on T1 and high-signal
on T2 imaging, enhancing heterogeneously with gadolinium,
but with less intense enhancement than the surrounding renal
parenchyma (Fig. 4.38e—f).

4.5.3 Neuroblastoma/Ganglioneuroma

Due to the multiple potential locations of both primary
tumour and metastases, the imaging appearances can vary
widely in position and appearance.

Radiographs may show a soft tissue mass containing cal-
cification in around one-third, and may show destruction of
associated bony structures and bony metastasis (Fig. 4.39a).

On sonography and cross-sectional imaging, tumour mass
and associated lymphadenopathy engulfs and invades sur-
rounding structures. Sonographically, neuroblastoma is het-
erogeneous and echogenic. Focal echogenic calcification is
common (Fig. 4.39b).

Chest, abdominal, and pelvic imaging is required as part
of staging. CT imaging is most commonly performed for
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Type | : Predominanty external, attached to the coccyx

Type IV : Entizely presacral

Fig. 4.37 (a) Diagram showing Classification of Sacrococcygeal
Teratoma Type 1, Type 2, Type 3, Type 4. (b) Clinical Photograph of
Type 2 Sacrococcygeal Teratoma soon after delivery showing ulcer-
ation and bleeding of the teratoma. Note the large veins on the surface.
(c) Plain X-ray lateral view showing the soft tissue mass with deformity

of the sacrum and coccyx. Note a catheter in the bladder. Sacrococcygeal
teratoma. (d) Sacrococcygeal teratoma. Lateral view of another tera-
toma with calcification in the mass. (e) MRI scan showing large sacro-
coccygeal teratoma with cystic spaces. The tumour extends into the
pelvis, making it a type 3 tumour
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extension, (d) CT scan showing a bilateral nephroblastoma, (e) MRI
(Wilms’) arising from the upper pole of left kidney. (b) Intravenous  scan in coronal plane of a left-sided nephroblastoma. (f) MRI axial
urogram showing deformity of the pelvicalyceal system. A large plane showing a nephroblastoma in the left kidney. The central portion
nephroblastoma arising from the left kidney crossing the midline. (¢)  looks necrotic

CT scan showing nephroblastoma in cross section with extrarenal

Fig. 4.38 (a) Intravenous urogram showing a nephroblastoma
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assessment of thoracic and lung metastasis, and either modal-
ity may be used for abdominal and pelvic imaging. Cross-
sectional imaging is used to define extent of disease, invasion
of surrounding structures, and vascular involvement. Most
tumours are heterogeneous in appearance, enhancing with
contrast. In some cases (particularly perinatal 4S disease),
there may be diffuse infiltration of soft tissue and solid
organs (Fig. 4.39c—f).

Bony metastasis may be widespread and can be demon-
strated well on whole body fat saturated/T2-weighted (e.g.,
STIR) imaging.

Nuclear scintigraphy can be used to assess both tumour
and metastasis. A catecholamine analogue (metaiodobenzyl-
guanidine, or MIBG, labelled with iodine 123) shows uptake
in both the primary tumour and metastasis in around 70% of
cases. Technetium-99mMDP scintigraphy can also be used
to assess bony metastases (Fig. 4.39¢g, h).

4.5.4 Hepatoblastoma

On plain abdominal radiography, hepatomegaly or a right
upper quadrant mass may be appreciated, which may contain
calcification. On sonography, the hepatoblastoma is usually

i

Fig.4.39 (a) Plain X-ray showing calcification in the left adrenal in an
older child, a ganglioneuroma. (b) Neuroblastoma CT scan. (¢) A series
of MRI images showing an extra adrenal neuroblastoma arising from
the organ of Zukerkandl. (d) MRI scan showing a suprarenal neuroblas-

well circumscribed and may be lobulated. The sonographic
appearances may vary significantly depending on the patho-
logical type of the tumour, although most commonly echo-
genic they may be homogenous or heterogeneous with
calcification, necrosis, and haemorrhage (Fig. 4.40).

Cross-sectional imaging also demonstrates a well-
circumscribed mass which, as on sonography, may vary in
attenuation and MRI signal. On contrast CT and MRI the
tumour enhances, less than the surrounding liver paren-
chyma. Demonstration of the hepatic vasculature is impor-
tant for assessment and staging.

4.5.5 Haemangioma: Liver (Fig. 4.41)

A hypoechoic liver mass with or without hydrops may be
demonstrated on antenatal sonography.

Plain radiographs of the abdomen may show hepatomeg-
aly or a mass, and in some cases, evidence of fine calcifica-
tions. In the case of larger lesions, chest radiography may
demonstrate evidence of secondary congestive cardiac
failure.

On sonography, small multifocal lesions are uniform and
hypoechoic. Larger lesions may be heterogeneous with

toma. (e) Scan showing vascular entrapment of the renal vessels. High-
risk neuroblastoma. (f) Scan showing high-risk neuroblastoma. (g)
I-MiBG scan Stage IV neuroblastoma. (h) I-MiBG scan Stage IV
neuroblastoma
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Fig. 4.39 (continued)
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Fig. 4.39 (continued)

Fig. 4.40 MRI scan showing an extensive tumour arising from the
liver. Hepatoblastoma

197

haemorrhage, necrosis, and calcification. In some cases,
there may be diffuse infiltration of liver parenchyma. Larger
lesions are highly vascular, with visible feeding vessels,
enlarged hepatic artery and vein, and high flow on colour
Doppler. Doppler flow can be variable with arterial and
venous components, and in larger lesions there may be
Doppler evidence of AV shunting.

On CT, enhancement patterns are similar to those seen in
adult haemangiomata with centripetal “filling in” of the
lesion. MRI is the more commonly used modality in the pae-
diatric population, particularly the neonate. Lesions are low
signal on T1 (with the exception of areas of haemorrhage)
and markedly hyperintense on T2-weighted imaging.
Vascular flow voids are demonstrated in or adjacent to the
lesion. There is intense contrast enhancement with centripe-
tal filling on dynamic imaging.

Angiography is now reserved for cases where embolic
treatment is planned.

Liver haemangioma can also be imaged on scintigraphy,
including red cells scans and sulphur colloid labelled techne-
tium. These scans are no longer part of the routine diagnosis
and assessment of lesions.

4.5.6 Haemangioendothelioma

A hypoechoic liver mass with or without hydrops may be
demonstrated on antenatal sonography.

Plain radiographs of the abdomen may show hepatomeg-
aly or a mass, and in some cases, evidence of fine calcifica-
tions. In the case of larger lesions, chest radiography may
demonstrate evidence of secondary congestive cardiac fail-
ure (Fig. 4.42a).

On sonography, small multifocal lesions are uniform and
hypoechoic. Larger lesions may be heterogeneous with
haemorrhage, necrosis, and calcification. In some cases,
there may be diffuse infiltration of liver parenchyma. Larger
lesions are highly vascular, with visible feeding vessels,
enlarged hepatic artery and vein, and high flow on colour
Doppler. Doppler flow can be variable with arterial and
venous components, and in larger lesions there may be
Doppler evidence of AV shunting (Fig. 4.42b, c).

4.,5.7 Polyposis Coli/Polyps (Fig. 4.43a)

Intestinal polyps: A solitary rectal polyp is a common cause
of bleeding from the rectum. This low polyp is easily felt on
digital rectal examination. The polyp is a granulomatous
hamartoma of the mucous membrane, which becomes
pedunculated by defaecation and may protrude at the anus
like rectal mucosa prolapse. Polyps high in the rectum and
lower colon require sigmoidoscopy under general anaesthe-
sia and may be removed by snaring. Occasionally, juvenile
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Fig. 4.41 (a, b) Haemangioma: liver

Fig. 4.42 (a) Plain X-ray with stomach displaced medially from hae-  cal uptake of contrast in the periphery of each tumour and poor uptake
mangioendothelioma. (b) Haemangioendothelioma involving the left in the centre. Haemangioendothelioma
lobe of the liver (¢) Scan showing the liver in cross-section with a typi-
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Fig. 4.43 (a) Polyposis coli. Operative specimen showing a carpet of
polyps arising from the mucosal surface in the opened bowel. (b)
Colonic polyp Solitary polyp seen on a double contrast examination. (c)

polyps are multiple and may be demonstrated by double con-
trast studies. True familial polyposis is very rare under the
age of 12 years, but the rectum and colon can be carpeted
with polyps that histologically are papillomas or adenomas
of the adult type. This disease is usually carried as a
Mendelian dominant and cancer of the colon develops in
young adult life. Peutz-Jegher’s syndrome is a familial con-
dition in which polyps of the small intestine are accompa-
nied by brown pigmentation of the lips and buccal mucosa.
Symptoms and signs include repeated episodes of abdominal
pain due to transient intussusceptions, blood loss from the
intestinal tract, and anaemia. Polyps may be demonstrated
incidentally on fluoroscopic contrast examinations as mural
filling defects, but radiology is not used in the diagnosis or
follow-up of lesions (Fig. 4.43b—d).
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Colonic polyp delivered on a long stalk after an enterotomy carried out.
(d) Contrast inserted into the rectum demonstrating a solitary polyp

4.,5.8 Teratoma/Sarcoma
(Fig. 4.44a)/Germ Cell

On sonography, mature ovarian teratomas are complex and
appearances reflect the pathological constituents of the indi-
vidual lesion with echogenic, hypoechoic, and anechoic ele-
ments. The most characteristic appearance is of a hypoechoic
“cystic” mass with an echogenic nodule. The presence of
calcification and hair may cause posterior acoustic shadow-
ing. There may be fat and fluid levels within the mass
(Fig. 4.44b).

On CT, the presence of fat attenuation, hair, and calcium
(occasionally with recognisable structures such as teeth)
within the lesion is diagnostic. On MRI, fat signal and fat
suppression can be demonstrated, and calcium-containing
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Fig. 4.44 (a) Plain X-ray of
the abdomen showing a large
pelvic sarcoma displacing all
the pelvic contents by a pelvic
sarcoma. There is contrast
that has been inserted into the
bladder to show how
displaced it is. (b) Plain X-ray
of the abdomen showing a
well-defined pelvic calcified
structure in an ovarian
teratoma

structures appear low signal in T1- and T2-weighted
sequences. Secondary features such as hydronephrosis from
ureteric compression may be demonstrated on either
modality.

Sarcomas of the genitourinary tract often present as
abdominal masses, and plain X-rays show that a pelvic mass
compresses the sigmoid colon and often causes intestinal
obstruction. Imaging by CT scans and MRI scans demon-
strate the origin of the tumour and its extent. Germ cell
tumours arise from gonadal tissue but can also arise from
extragonadal tissue and may be retroperitoneal or even extra
pelvic. The malignant ones may produce a useful tumour
marker, alpha-feto-protein (AFP). Screening by ultrasound,
CT scans, and MRI scans demonstrate this mass, and histol-
ogy confirms the tumour.

4,59 Hamartoma

Mesenchymal hamartoma of the liver may be visualised on
plain radiography as a right upper quadrant mass/
hepatomegaly.

Sonographic appearances are complex and variable, from
a hypoechoic septated cystic mass to an echogenic solid
mass containing a few cystic areas. Solid areas are relatively
hypovascular. On CT the lesions are hypodense, with water
attenuation and some enhancement of the septal and solid
elements.

On MR, the cystic components show high T2 water sig-
nal and the solid components are relatively low signal on
both T1- and T2-weighted imaging, compared to the sur-
rounding hepatic parenchyma. As on CT, the septae and stro-
mal elements show some enhancement following contrast
administration (Fig. 4.45a—c).

4.5.10 Lymphoma

Sonography is often the initial abdominal investigation in
patients with suspected or histologically proven lymphoma.
It allows assessment of nodes, including retroperitoneal
lymphadenopathy, solid organ involvement, both focal and
diffuse, including enlargement of the spleen. It also allows
assessment of the mesentery, bowel wall, ascitic fluid, and
peritoneal deposits present in T cell (Burkitt’s) lymphoma. It
is the best method to assess testicular involvement.

Abdominal CT can determine solid organ involvement and
provide an assessment of lymphadenopathy. MRI imaging,
both abdominal T2-weighted sequences and contrast enhanced
T1-weighted imaging, demonstrates solid organ involvement
and mesenteric peritoneal disease, but whole body T2-fat-
saturated (e.g., STIR) imaging is increasingly used to assess
lymphadenopathy burden, including skeletal lesions (Fig. 4.46).

Technetium 99m bone scintigraphy may be used to assess
bony involvement in patients with bony pain or abnormal
bone biochemistry.
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Fig. 4.45 (a) CT scan showing a hepatic hamartoma. (b) CT scan of a hepatic hamartoma with multiple cysts. (¢) Hepatic hamartoma, multiple

cysts, angiogram

Fig. 4.46 Operative picture of an abdominal lymphoma

4.5.11 Burkitt’s Tumour

Sonography is often the initial abdominal investigation in
patients with suspected or histologically proven lymphoma.
It allows assessment of nodes, including retroperitoneal
lymphadenopathy, solid organ involvement, both focal and

diffuse, including enlargement of the spleen. It also allows
assessment of the mesentery, bowel wall, ascitic fluid, and
peritoneal deposits present in T cell (Burkitt’s) lymphoma. It
is the best method to assess testicular involvement
(Fig. 4.47a—c).

Abdominal CT can determine solid organ involvement
and provide an assessment of lymphadenopathy. MRI imag-
ing, both abdominal T2-weighted sequences and contrast
enhanced T1-weighted imaging, demonstrates solid organ
involvement and mesenteric peritoneal disease, but whole
body T2-fat-saturated (e.g., STIR) imaging is increasingly
used to assess lymphadenopathy burden, including skeletal
lesions.

Technetium 99m bone scintigraphy is used to assess bony
involvement in patients with bony pain or abnormal bone
biochemistry.

4.5.12 Neurofibromatosis (Von-
Recklinghausen’s Disease)

Neurofibromatosis in the abdomen often presents with signs
of obstruction from multiple ganglioneuromata affecting the
intestine. These can grow to enormous size and even turn
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Fig.4.47 (a) Plain X-ray showing a tumour mass in the abdomen. Burkitt’s lymphoma. (b) Plain X-ray of Burkitt’s lymphoma showing little gas
in the bowel due to compression of the lymphoma. (¢) Barium meal and follow through in Burkitt’s lymphoma

malignant as neurofibrosarcoma. CT scans may demonstrate
the multiple ganglioneuromata within the wall of the intes-
tine growing relentlessly in all directions.

Neurofibromatosis is a phakomatosis with manifestations
in the skin, eye, bone, soft tissues, and the central nervous
system. As in tuberous sclerosis the earliest sign of neurofi-
bromatosis is pigmentary change on the skin. Café au lait
spots or patches are irregularly shaped macules and are often
present at or shortly after birth and may increase in size and
number with age. This cutaneous manifestation is virtually
pathognomonic of neurofibromatosis. Therefore, a diagnosis
of neurofibromatosis should be considered in children who
have six or more café au lait spots greater than 0.5 cm in
diameter. Other cutaneous manifestations are the presence of
pedunculated neurofibromas.

This hereditary disease is also transmitted as a dominant
characteristic. It is characterised by multiple tumours of the
peripheral and central nervous system, café aulait spots,
and various lesions of the vascular system and viscera. Two
gene defects have been identified; the first, on chromosome
17, predisposes to the cutaneous features and peripheral
nerve abnormalities, and the second, on chromosome 22, is
associated with central nervous system tumours and acous-
tic neuromas. In childhood a progressive severe kyphosco-
liosis in association with multiple caféaulait spots on the
skin is a common mode of presentation. In some cases, pal-
pable neurofibromata are to be detected along the course of
subcutaneous nerves. The brain may be a site of focal
pathology and various types of tumour (glioma, ependy-
moma, meningioma) may occur in the brain, spinal cord, or

spinal nerve roots. Approximately 10-20% of patients
manifest with seizures, intellectual deficit, and speech and
motor delay.

4.5.13 Pheochromocytoma

This is very rare in childhood. The tumour may arise in the
adrenal medulla (pheochromocytoma) or from chromaffin
cells elsewhere such as the organ of Zuckerkandl (paragan-
glioma). In children both adrenals may be simultaneously
affected. In some cases, the tumour is locally malignant.
There is also an association in the adult with thyroid medul-
lary carcinoma and multiple true neuromata.

In some cases, hypertension occurs in paroxysms that
coincide with the liberation of the catecholamines by the
tumour. These cause headaches, palpitations, and epigastric
pain. Sweating may be profuse, and the child becomes pros-
trated. They may have a characteristically “startled” expres-
sion with wide palpebral fissures and dilated pupils. More
often, however, the hypertension becomes chronic and pro-
duces retinal changes (papilloedema and exudates), cardio-
megaly, and proteinuria. There may be hyperglycaemia and
glycosuria. The intravenous pyelogram is usually normal
unless the tumour itself is obstructing the ureter. Whenever
recurrent or chronic hypertension is documented in the pae-
diatric patient, pheochromocytoma should be considered in
the diagnosis.

In every case it is essential to prove the diagnosis by dem-
onstrating an excessive urinary excretion of VMA
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(3-methoxy-4-hydroxymandelic acid) over 25 mmol/24 h;
5 mg/25 h. The site of the tumour can be defined by MRI
computed tomography, or ultrasonography. The use of phar-
macologic agents such as phentolamine (Rogitine) and hista-
mine to aid in diagnosis of pheochromocytoma should be
reserved for cases in which repeated measurements of cate-
cholamines and their metabolites are normal and suspicion
of pheochromocytoma is high.

Although the vast majority of pheochromocytomas
(around 90%) are adrenal, they have the potential to arise
anywhere within the sympathetic nervous system.

Appearances on sonography are heterogeneous with
hypoechoic cystic areas, echogenic haemorrhage, and
calcifications.

On CT, smaller tumours can be uniform in attenuation,
but only rarely contain significant fat (and thus usually have
Hounsfield units measured at >10). Larger tumours can be
heterogeneous with cystic, necrotic, and haemorrhagic areas.
Typically, enhancement of solid areas post contrast is avid,
with lower washout rates than adenomas on dynamic studies,
although care should be taken in the interpretation of find-
ings if tumours are haemorrhagic or necrotic. Although risks
with modern low osmolar contrast agents are low, in general
if a pheochromocytoma is suspected clinically pre-imaging,
contrast scans are avoided, and another modality used.

On MRI, pheochromocytomas are characteristically low
signal on T1 and high signal on T2-weighted imaging (with
higher signal on fat supressed T2 sequences) and enhance
avidly with gadolinium contrast. In and out of phase imaging
may help to differentiate from fat containing adenomas, but
the technique is not infallible and overall MR appearances
overlap significantly with other adrenal lesions. The pres-
ence of metastatic spread is the only reliable imaging criteria
for malignancy.

As with neuroblastomas, 1123MIBG scans may be used
to identify adrenergic tumours. This is highly specific, but of
limited sensitivity

4.6 Acquired

4.6.1 Portal Hypertension

On sonography the portal vein may be dilated and demon-
strate abnormal flow in Doppler examination, with reversal
of the normal hepatopetal flow a late and pathognomonic
finding.

On sonography, CT, and MRI, the dilation of the portal
vein may be accompanied by dilation of the mesenteric veins
and abdominal wall veins, recanalization of the umbilical
vein, and the formation of porto-systemic collaterals, includ-
ing gastric and oesophageal varices. There may be spleno-
megaly and ascites (Fig. 4.48a—d).

Other findings depend on the aetiology of the portal
hypertension, whether due to intrinsic liver disease, internal
or external portal vein thrombosis, or obstruction. There may
be changes of cirrhosis or fibrosis of the liver on ultrasound,
with a shrunken irregular liver, other parenchymal disorders
including polycystic disease, or cavernous transformation of
the intrahepatic portal venous system following previous
thrombus and occlusion.

Although rarely performed in children, radiological
placement of a porto-systemic shunt may be a treatment
option (trans-jugular intrahepatic porto-systemic shunts or
TIPS).

4.6.2 Pyloric Stenosis (Fig. 4.49a, b)

Plain abdominal radiography may demonstrate a dilated gas-
filled stomach, although this is a non-specific finding that
can be replicated by air swallowing.

A contrast meal is now rarely employed in making the
diagnosis of pyloric stenosis. Gastric dilation, marked peri-
stalsis with delayed/obstructed pyloric opening, and a thin
“string-like” pyloric canal are demonstrated.

Ultrasonography is now the modality of choice and is
both sensitive and specific in making the diagnosis of pyloric
stenosis. The length of the pyloric canal and the thickness of
the pyloric muscle is assessed and should be <15 and <3 mm
respectively. Pyloric opening can also be determined by gen-
tly filling the stomach with fluid. This may be useful in the
presence of pylorospasm. In low-birth-weight and premature
infants with pyloric stenosis, the length of the pyloric canal
may not reach the 15 mm criteria (Fig. 4.49a, c).

4.6.3 Intussusception

Intussusception is a telescoping of one portion of the bowel
into the adjacent segment. Most cases of intussusception
(over 60%) occur during the first year of life, but the condi-
tion is rarely seen under the age of 1 month. The peak inci-
dence is between the fourth and ninth months, and boys are
more frequently affected than girls (3:2). In infants there is
rarely any demonstrable cause, and a change from milk to a
more solid diet may alter peristalsis in such a way as to initi-
ate an intussusception. Infective causes have been sought but
there is no clear pathogen that causes the intussusception.
Enlarged mesenteric glands are almost always found at oper-
ation, and although the glands may be secondary to the intus-
susception, they may also be associated with a preceding
lymphoid hyperplasia from infection. Only rarely is a definite
mechanical factor found to be responsible for initiating the
invagination. In older children, a Meckel’s diverticulum or a
polyp may be the apex and lead point of an intussusception,
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Fig. 4.48 (a) Portal hypertension-MRI showing dilated portal vessels
and an enlarged spleen. (b) Ultrasound of portal hypertension showing
dilated portal vessels. (¢) Ultrasound of portal hypertension. Doppler

but definite anomalies such as Meckel’s diverticulum are
found in only 2% of patients. Other underlying causes include
angiomas, lymphoma, and intestinal haematoma. The peak
incidence in the U.K. is in the winter months. There is no
relationship between intussusception and seasonal diarrhoea,
but upper respiratory infections commonly precede the onset
of intussusception. The ileo-ileal and colo-colic type of intus-
susception are uncommon in childhood, and 90% are ileo-
colic or ileo-caecal. Where the mesentery of the caecum and
ascending colon has failed to become obliterated, the caecum
is mobile and the apex of the intussusception may reach the
sigmoid or even the rectum, where it may be felt by digital
rectal examination. As the ileum advances through the ileo-
caecal valve, its mesentery soon becomes constricted. As a
consequence, the venous return is obstructed, causing oedema
and congestion. The obstruction of blood supply may be fol-

NOT FOR MEDICAL USAGE

scan showing dilated very prominent tortuous portal venous system fol-
lowing previous portal thrombosis. (d) Ultrasound of portal hyperten-
sion. Another view of Fig. 4.49¢

lowed by gangrene of the intussuscepiens. Obstruction of the
lumen of the bowel is a consequence of intussusception, but
symptoms and signs usually result in the infant or child pre-
senting before intestinal obstruction is clearly established.
The patient is usually a healthy vigorous male infant of
3 months or older who was previously well. Onset is dra-
matic, as the child, without warning, screams, drawing up his
knees as though in abdominal pain, and becomes pale. The
attack ceases as suddenly as it began, and in a few minutes
the child seems at peace and may even pass a stool and fall
asleep. Parents are reassured by the apparent quick recovery
and may postpone seeking medical advice. After a short
lapse of time, varying from minutes to several hours, a fur-
ther similar attack of colic occurs. This continues recurring
at shorter and shorter intervals. A feature in these children is
the pallor during spasms, probably due to a vaso-vagal reac-
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Fig. 4.49 (a) Pyloric stenosis. A longitudinal ultrasound examination
showing elongation of the pylorus and thickening of the pyloric
muscle. (b) Operative photograph of pyloric tumour in pyloric stenosis.

tion. Vomiting is frequent in these episodes. Pain is not
always a constant feature. The other common sign is the pas-
sage of mucus and blood per rectum. If the diagnosis is
delayed, signs of intestinal obstruction supervene. Abdominal
examination often reveals a sausage-shaped mass to the right
of the umbilicus or in the right hypochondrium. There is no
peritonism but tenderness or guarding directly over the mass
may make its delineation difficult. Rectal examination dem-
onstrates no faeces in the lumen, but blood and/or mucus is
often present on the examining finger. The most important
factor causing delay in diagnosis is the association of the
idea of intestinal obstruction with intussusception. The triad
of colic, vomiting, and abdominal distension are late signs.

(¢) Pyloric stenosis. Diagrammatic representation. (d) Infant with
hypertrophic pyloric stenosis showing visible peristalsis wave passing
from left to right

In the older child, the picture is less dramatic than in infants.
Severe colic is not an outstanding feature and blood may not
be passed per rectum for hours or even days after onset. The
child usually experiences periodic attacks of colic and shows
little interest in food. Between attacks the abdomen is soft,
and no mass may be felt.

Diagnosis may be made on the history alone. Plain X-rays
of the abdomen may reveal a soft tissue mass with signs of
intestinal obstruction such as dilated loops and fluid levels.
Ultrasound examination of the abdomen is now the modality
of choice for diagnosis. An air or fluid enema will achieve
reduction of the intussusception in 60—70% of patients. It is
important when this procedure is carried out to ensure that
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there is a backflow of air into the small bowel so that there is
complete reduction of the intussusception. The differential
diagnosis includes volvulus, which may present a similar
picture, but there is seldom remission of pain. Palpation of
the abdomen reveals an ill-defined swelling, usually in the
central area. Ultrasound should differentiate this from intus-
susception. Gastroenteritis is perhaps the commonest cause
of difficulty, but the onset is less dramatic and the colic rarely
severe. The rectum in this case contains loose faeces or foul-
smelling watery stools. Temperature is usually elevated, and
vomiting may be a prominent feature. Palpation of the abdo-
men of a child with gastroenteritis reveals no tumour, but a
generalised tenderness may be present. On auscultation there
is increase in bowel sounds. In older children (aged 3 years
or more), Henoch Schonlein Purpura may cause difficulty in
the differential diagnosis. Blood in the rectum may be
accompanied by loose motions, and there is evidence of
haemorrhagic effusions elsewhere. A child with Henoch
Schonlein Purpura may develop haemorrhage in the wall of
the bowel and show signs of intussusception and indeed
intestinal obstruction.

Recurrent intussusception occurs in 2% of patients with
intussusception. The interval between the intussusceptions
varies from 24 h to several years. Peutz-Jegher’s Syndrome,
which is the presence of small intestinal polyps associated
with pigmentation of the buccal mucosa, may be a cause of
recurrent intussusception.

Plain abdominal radiography may demonstrate a paucity
of gas in the right iliac fossa, sometimes with a visible soft
tissue mass and evidence of small bowel obstruction. Plain
films, however, may be entirely normal or show non-specific
gaseous dilation, and do not exclude intussusception. They
can be useful to assess for the presence of perforation,
although this is a rare complication at presentation
(Fig. 4.50a—c).

Intussusception may be demonstrated on any cross-
sectional imaging modality, but the modality of choice for the
diagnosis and assessment of intussusception in a paediatric
setting is ultrasound (Fig. 4.50d, e). The classical appearance
of an intussusception is of a complex mass with a “doughnut”
appearance containing layer of bowel wall and mesentery,
often including lymph nodes. Most commonly an ileocolic
intussusception is visualised in the right upper quadrant of the
abdomen inferior to the liver; however, it may be demon-
strated anywhere along the extent of the large bowel from the
right iliac fossa to the left iliac fossa and pelvis.

4.6.4 Pneumoperitoneum/Calcification
Plain abdominal and chest radiographs may demonstrate a

number of signs of pneumoperitoneum. The classic radio-
graphic sign of “air under the diaphragm” is appreciated on

the erect chest X-ray. On supine abdominal films, gas col-
lects in the upper abdomen over the liver as a lucent “football
sign” and under the diaphragm, making it appear continuous
over the midline. Gas may also outline peritoneal ligaments
(particularly the falciform ligament) and be seen on both
sides of bowel wall as “Rigler’s sign,”Small amounts of free
gas can be difficult to appreciate on supine films; in neonates
and critical care situations where an erect chest film is not an
option, therefore, a left decubitus or lateral shoot through
film may demonstrate small locules of intraperitoneal gas
(Fig. 4.51a, b).

Sonography may demonstrate locules of intraperitoneal
gas with echogenicity and posterior shadowing, but absence
of such findings does not exclude perforation, and this
modality should not be used to exclude perforation. Similarly,
pneumoperitoneum cannot be easily appreciated on MRI
(Fig. 4.51c, d).

CT is the cross-sectional modality of choice for assessing
suspected pneumperitoneum and demonstrating underlying
bowel pathology.

Intra-abdominal calcification in the neonate is often due
to an antenatal perforation of the bowel or volvulus or from
a complicated meconium ileus. A chemical reaction results
in calcification in utero.

Other types of calcification can be seen with tumours that
are teratomas and contain all three germ cell layers and
therefore can contain bone and cartilage. Calcification may
also occur following a haemorrhage into an adrenal gland
after a crisis (sepsis, shock, etc.), and healing takes place by
calcification of this. Other infections, e.g., tuberculosis of the
abdomen, can heal up over time and leave their mark with
calcified lymph nodes. Some tumours have a tendency to
produce calcification especially neuroblastoma (with calcific
stippling) and more rarely Wilms’ tumour and renal
carcinoma.

4.6.5 Intestinal Obstruction (Fig. 4.52a, b)

On plain radiography, the most common finding in cases of
intestinal obstruction is gaseous dilation of bowel, with
absence of gas distal to the obstruction. The presence of val-
vulaeconniventes or haustra can help to identify the level of
obstruction, although it should be noted that these defining
features are not visualised in neonates. Sites of obstruction
such as herniae may be demonstrated. In acidotic patients,
generalised distension of bowel may result and can be mis-
leading. Soft tissue masses or areas of gas paucity can guide
further imaging (Fig. 4.52c¢, d).

In children, if a focal pathology such as intussusception,
appendix mass, or tumour is suspected, sonography is the ini-
tial modality of choice. Masses, collections or post-operative
complications may be assessed further on CT or MRL
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Fig. 4.50 (a) Intussusception. Diagram of ileo-colic intussusception
showing the apex within the transverse colon in the right hypochon-
drium. (b) Intussusception. Plain X-ray showing a soft tissue mass in
the right hypochondrium and an absence of gas in the right iliac fossa.
Dilated loops of bowel seen on the left side of the abdomen suggesting
obstruction. (¢) Abdominal plain X-ray with paucity of gas in RIF intus-

In neonates and patients with distal obstruction, fluoro-
scopic contrast examinations can determine site and some-
times cause of obstruction including malrotation, volvulus,
bowel atresia, meconium ileus and plug syndromes, and
Hirschsprung’s disease.

4.6.6 Gallstones

Depending on their chemical composition, a proportion of
biliary calculi may be detected/visible on radiography
(Fig. 4.53a).

SUPINE W15
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susception. (d) Intussusception. Claw sign meniscus seen on air enema
during an attempt to reduce an intussusception by insufflation. (e)
Ultrasound of intussusception showing the target sign, doughnut sign or
Mexican hat sign due to bowel lining the invaginated bowel in an
intussusception

Sonography is the initial modality of choice. The mor-
phology of the biliary tract and gallbladder, biliary tree dila-
tion, and gallbladder wall thickening can be appreciated.
Calculi are echogenic and mobile whilst in the gallbladder
but may become impacted in the common bile duct. The duct
cannot always be visualised adequately, particularly if the
abdomen is gassy (Fig. 4.53b, c).

MR cholangiography, using highly T2-weighted, fat-
saturated sequences that include three-dimensional datasets, has
become the cross-sectional imaging modality of choice. Biliary
tree anatomy and dilation are demonstrated. Calculi are demon-
strated as filling defects within the biliary system (Fig. 4.53d-f).
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Fig.4.51 (a) Intraperitoneal calcification. Plain X-ray showing exten-
sive widespread intraperitoneal calcification from an intrauterine perfo-
ration. (b) Calcified mesenteric glands on a plain X-ray of the abdomen
from tuberculosis. (¢) Pneumoperitoneum. Free gas is seen on this plain
X-ray with a lot of air under both diaphragms. A Hickman central line

can also be seen. There are distended loops of bowel in the left hypo-
chondrium. (d) Pneumoperitoneum post-laparotomy. It is normal to see
some air in the abdomen up to 24 h after operative interventions in the
abdomen
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Fig.4.52 (a) Ultrasound demonstrating loops of bowel below the sur-
face of the abdominal wall. (b) Adhesion obstruction of the small bowel
showing dilated isolated loops of bowel on the left side and no gas in
the rest of the abdomen. (¢) Small bowel obstruction, contrast seen

PINE

within a closed loop of bowel in adhesion obstruction with volvulus.
Note the dilated loops of small bowel with a pattern of circular valvulae
conniventes as part of the wall of the small bowel. (d) Intestinal obstruc-
tion in a closed loop with a classical picture of a volvulus
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4.6.7 Renal Stones (Fig. 4.54)

Renal stones and calculi are discussed fully in Chap. 5.

4.6.8 Constipation

Constipation may be defined as a difficulty or delay in defae-
cation that causes distress to the child and the parents.
Encopresis, or faecal soiling, is the frequent passage of fae-
cal matter at socially unacceptable times. Psychogenic
causes are the most frequent. Faecal continence is the ability
to retain faeces until delivery is convenient. Ingestion of fluid
or food stimulates the gastrocolic reflex and result in two or
three mass colonic propulsive activities per day. This process
delivers faecal material to a normally empty rectum. On dis-
tension of the rectum, stretch receptors start a rectal contrac-
tion and a reflex inhibition is sent to the anal canal. This is

mediated via the myenteric plexus of nerves in the submu-
cosa and the plexus of nerves between the outer longitudinal
and inner circular smooth muscle layers. The process pro-
duces sensation since the upper part of the anal canal has
sensitive sensory receptors as well as stretch receptors. The
motor element of the external sphincter and the puborectalis
muscle make up the striated sphincter, together with the
smooth muscle of the internal sphincter. The striated sphinc-
ter is able to contract strongly to prevent the passage of a
stool at an inconvenient time. This, however, can only func-
tion for 30 s, i.e., long enough to contain a rectal contraction
wave till it passes. The internal sphincter can maintain per-
sistent tonic activity, thereby preventing leakage of stool
between periods of rectal activity by maintaining closure of
a resting anal canal. Clinical experience suggests that the
external sphincters are of much less importance than the
puborectalis sling and the internal sphincter. Defaecation
occurs by inhibiting the activity of the puborectalis sling and

Fig.4.53 (a) Large solitary gallstone seen on X-ray in gallbladder. (b)
Multiple stones seen in gallbladder during cholecystography, (c)
Preoperative cholecystogram outlining the normal anatomy of the gall-
bladder, cystic duct, hepatic ducts and the common bile duct with dye

entering the duodenum. (d) Spherocytosis. Pigment gallstones in the
gallbladder and splenomegaly on ultrasound examination. (e)
Spherocytosis with gallstones in the gallbladder on ultrasound. (f)
Ultrasound of gallbladder with gallstone
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Fig. 4.54 Hyperoxalaemia liver: renal stones
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the sphincter mechanism of the anus, thus allowing faeces to
pass from the rectum into the anal canal. This is augmented
by voluntarily increasing intra-abdominal pressure using the
abdominal wall musculature as well as the diaphragm as
accessory muscles for defaecation.

There are two main clinical states, the acute and the
chronic state, which must be differentiated.

Acute constipation usually occurs in a child after a febrile
illness with a reduced fluid intake. This situation arises when
convalescing after an illness or in the immediate post-
operative period. There is a danger that this acute state of
constipation may progress to a chronic state if it is not identi-
fied early enough.

In chronic constipation, the rectum is overstretched and
ballooned. The sensory receptors are inactive, and the bowel
is flaccid and unable to contract effectively. A greater amount
of water is absorbed from the faecal stream. The stool
becomes harder, more solid, and more difficult and painful to
pass. The faecal mass increases in size, and spurious diar-
rhoea can also occur from stercoral ulceration of the dis-
tended rectal mucosa.

History is important: failure of a normally born term
infant to pass meconium within 24 h of birth makes it likely
that there may be some underlying problem. Infants for
whom childbirth has been abnormal take longer to establish
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a normal defaecation pattern. The delay in establishing nor-
mal stooling may be a sign of other disorders, not only
Hirschsprung’s disease or anal stenosis, but systemic disor-
ders such as hypothyroidism. Psychogenic causes are the
most common origin of constipation in childhood.

In older infants and children, the distress caused by con-
stipation may be related to pain. There may be abdominal
discomfort, usually a dull ache, which may or may not be
related to defaecation. Occasionally the pain may be local-
ised to the right iliac fossa due to a distended caecum filled
with stool. The pain may be in the anal region, particularly
when an anal fissure has occurred, and bleeding may result
from the mucosal tear.

There are occasions when there is no complaint of con-
stipation, but the parents may notice a distended abdomen,
and may even at times feel a mass arising out of the
pelvis.

In a full examination of the child it is important to note the
presence of any dysmorphic features, height and weight, as
well as any signs of failure to thrive. Inspection of the abdo-
men should note any abdominal distension or the presence of
local swelling. The abdomen is then palpated in routine fash-
ion, feeling for any abdominal mass. A faecal mass can usu-
ally be indented through the abdomen, although at times the
impacted mass may be so hard as to make it quite impossible
to indent and may mislead one into thinking it is a malignant
mass. A loaded, impacted colon with a megarectum can in
turn cause retention of urine, resulting in a full bladder,
which may or may not distress the child if this is a chronic
situation.

Fig. 4.55 (a) Constipation.
Faecal masses seen on the
plain X-ray in the pelvis and
central abdomen. (b) Plain
X-ray abdomen showing
faecal loading in a patient
with chronic constipation. (c)
Constipation. Mega rectum
with faecaloma seen on
barium enema. Distended
loops of bowel are seen
proximally caused by the
obstruction. (d) Barium
enema in a child
demonstrating gross rectal
dilatation and obstruction
with a mass of faeces. A
faecaloma in a “terminal
reservoir”

Digital rectal examination must be carefully explained to
the parents and the child before proceeding, explaining the
importance of deciding whether constipation is a problem
especially in the presence of diarrhoea, which may be spurious
in nature. It is helpful to have a nurse in attendance to position
the child in the left lateral position with knees bent in the fetal
position. It is useful to carry on conversation during this inves-
tigation to relax an otherwise tense atmosphere, and also to
explain to the parent and the child what is being done. While
the child is in this position, it is important to examine the spine
and the sacrum for any sign of spina bifida occulta. The posi-
tion and size of the anus should be noted to exclude the possi-
bility of an anterior ectopic anus or an anal stenosis. The skin
around the anus should look normal. Erythema may indicate
the presence of candida or streptococcal infection or may be
due to topical applications by the parents. The presence of
puckering of the anus, as well as the presence of a skin tag, may
indicate an underlying anal fissure that could be the result of
the vicious cycle of retention of stool, chronic constipation, and
painful defaecation. The presence of soiling should be noted,
and the consistency and volume of stool, if it is hard or soft or
liquid in form, as well as whether there is any blood present.

Plain radiography has a limited role in the assessment and
monitoring of constipation. Various scoring systems exist,
but plain radiographs are largely recognised to have poor
validity and reproducibility in the assessment of constipa-
tion. They may identify other pathology responsible for
symptoms, but there is also the possibility that other pathol-
ogy may be wrongly discounted due to the presence of faecal
loading (Fig. 4.55a, b).
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Fig. 4.55 (continued)

Formal total colonic transit studies can be performed by
several methods and modalities. One recognised method is
for markers to be ingested on days 1, 2, and 3 with a radio-
graph on day 6, providing maximum information on bowel
transit with minimum radiation exposure.

Rectal diameter can be measured non-invasively at the
time of urinary tract or abdominal ultrasound. It is recog-
nised that a rectal diameter of 3 cm or greater is abnormal.

In neonates with difficulty stooling or older children who
have never had normal stooling, it may be appropriate to
examination the bowel with contrast fluoroscopy to assess
bowel diameter and ascertain the presence of a transition
zone. The presence of aganglionosis requires confirmation
on biopsy.

4.6.9 Cardiospasm (Achalasia) (Fig. 4.56)

This is discussed fully in Chap. 3.

4.6.10 Colonic Stricture/Colonic Spasm

Colonic stricture presents as an intestinal obstruction and is
due to an inflammatory process that has undergone fibrous

Fig. 4.56 Cardiospasm (achalasia). An oblique view of a contrast
study showing the whole length of a dilated oesophagus with poor wave
pattern. The abdominal oesophagus is seen with intense spasm allowing
a fine stream of contrast through. A fluid level can be seen in the lower
oesophagus
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healing. This may cause luminal narrowing after necrotising
enterocolitis, Crohn’s disease, or a perforation (Fig. 4.57a—d).

Colonic spasm can be seen in the neonatal period and
often, once the spasm goes, the lumen returns to normal.
Imaging of the stricture or spasm is by retrograde contrast
enema. The narrowing can be seen and can be in more than
one area. The stricture may be narrow or long and if signifi-
cant can cause proximal dilatation.

i

Fig. 4.57 (a) Colonic spasm/stricture. A contrast enema showing a
long region in the descending colon with severe stricture and a dilated
proximal transverse colon and caecum with reflux of contrast into the
terminal ileum. (b) Colonic stricture in the transverse colon seen in this
contrast study. (¢) Colonic spasm/stricture. Multiple strictures seen in

4.6.11 Perforation of the Bowel

Perforation of the bowel can be traumatic, from injury
caused by endoscopic procedures or forceful passage of
nasogastric tubes in an ill baby or child. Spontaneous perfo-
ration can occur in septic or embolic states as well as due to
inflammatory conditions, appendicitis, volvulus, meconium
ileus, Crohn’s disease, toxic megacolon from ulcerative

this contrast study done after recovery from necrotising enterocolitis.
(d) Colonic spasm/stricture. Tight stricture in proximal transverse colon
seen after a contrast study. The rest of the colon looks unhealthy with
loss of haustrations
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colitis, etc. The clinical presentation is of peritonism and
plain X-rays will show free gas and air under the diaphragm.
Occasionally in trauma with a ruptured viscus, a plain X-ray
will not pick up the free gas, but a CT scan performed later
will (Fig. 4.58a—d).
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4.6.12 Ovarian Torsion

The most common mass in the abdomen of a neonate
(female) is an ovarian cyst. Torsion of a pathologically
enlarged ovary is often acute and presents with severe
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Fig. 4.58 (a) Perforation of the bowel. A plain X-ray lateral shoot
through showing the presence of free gas following perforation in
necrotising enterocolitis. (b) Umbilical line catheter and femoral line
catheter in a premature neonate with distended loops of bowel, early

signs of necrotising enterocolitis. (¢) Necrotising enterocolitis with per-
foration. Plain X-ray of the abdomen including lower part of the chest.
Pneumatosis seen extensively with evidence of free gas indicating per-
foration of the intestine. (d) NEC with portal venous gas
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Fig. 4.59 (a) Antenatal torsion of the ovary. This scan shows disruption of the ovarian tissue indicating necrosis and the colour Doppler shows
poor flow. (b) Ovarian torsion in a neonate. This is a preoperative view of the fallopian tube and a cyst probably due to an antenatal torsion

abdominal pain. Ultrasound is the investigation of choice to
make the diagnosis. Ovarian tumours in older girls can be
germ cells and may have raised tumour markers (AFP, HCG).
Their size can initiate a torsion of the fallopian tube and
bring them to light. Colour doppler ultrasound can demon-
strate little flow of blood to the twisted ovary (Fig. 4.59a, b).
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5.1 Introduction

Radiological investigation of congenital and acquired renal
pathology constitutes a large part of paediatric radiology
practice and makes use of every available imaging modality.

Ultrasound is the most frequently performed radiological
examination. It carries the advantage of imparting no radia-
tion dose and very rarely requires sedation. Improvements in
sonographic technology allow an excellent view of the renal
parenchyma and assessment of the renal collecting system,
ureters, and bladder. It can confidently identify renal mass
lesions, calculi, and perinephric collections. Serial ultra-
sound is the simplest means of monitoring renal growth.

Nuclear medicine scans such as *"™Tc-dimercaptosuccinic
acid (®™Tc-DMSA) are the most sensitive modality for detect-
ing renal scarring, and *"™Tc-diethylenetriaminepentaacetic
acid (®™Tc-DTPA) or *™Tc-mercaptoacetyltriglycine (*™Tc-
MAG?3) studies provide the best assessment of renal function
and drainage.

Fluoroscopy is utilised in the micturating cystourethro-
gram to investigate for vesicoureteric reflux. Computed
tomography (CT) is the mainstay in assessment of acute
traumatic injury. A more recent development is that of mag-
netic resonance (MR) urography, which provides excellent
detail of the renal parenchyma and collecting system and is
particularly useful in the assessment of complex genitouri-
nary malformations. Both CT and MR can be used in the
investigation and staging of malignancy.
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5.2 Congenital

5.2.1 Renal Agenesis

Renal agenesis may be bilateral and can be diagnosed prena-
tally by ultrasound in pregnancies complicated by oligohy-
dramnios. The baby frequently has low-set ears, a flattened
nose (Potter facies), spade-like hands, and may have club
feet. After birth, respiratory distress due to pulmonary hypo-
plasia is very common, and intubation and intermittent posi-
tive pressure ventilation may be necessary. Abnormalities of
the genitalia might be present. Unless the infant is main-
tained by dialysis and subsequent renal transplant, the out-
look is fatal. Even with full support therapy, the respiratory
aspect may prove fatal. Where renal agenesis is unilateral,
the baby should survive normally (Fig. 5.1). Investigation
usually shows the compensatory hypertrophy of the remain-
ing kidney with some dilatation of the pelvis and the ureter
(Figs. 5.2 and 5.3).

If this condition has not been identified on antenatal ultra-
sound, inability to identify any